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Abstract  
 

The overall goals of this research project were threefold: to 

characterize how the Helicopter Ambulance system in Arizona is used 

for trauma, comparison of Ground and Helicopter Ambulance usage, 

and recommendations to facilitate effective use of the Helicopter 

Ambulance system. Data for this project were obtained from the 

Arizona Department of Health Services Trauma Registry.  Analysis 

included descriptive statistics, crosstabulation, calculation of two-year 

usage rates, and Z-score (for proportions) comparison between Ground 

and Helicopter Ambulance for statistical significance (using 

SPSS18/20).   

The American Indian/Alaska Native population was the most 

frequently transported (two-year rate 1572.3/100,000 population; all 

transport methods).  Gila County and Yuma County had the highest 

rates of Ground Ambulance transport (Gila 1016.8/100,000, Yuma 

1161.7/100,000) whereas Maricopa County was much lower 

(431/100,000).  For Helicopter Ambulance use, the most common 

counties of transport were Navajo and Gila (414.1/100,000 and 

606.4/100,000) whereas Maricopa county was much lower 

(24.2/100,000). 
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The significance of this project comes in the area of 

recommendations for system improvement.  Recommendations include 

ground-based triage areas to determine whether a patient should be 

transported to a Level I trauma center (or whether a lower level of care 

is acceptable), as well as how the patient should be transported 

(Helicopter v. Ground Ambulance).  
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Note regarding Tables and Figures:  

In the Tables and Figures shown in this document the term “NA” 

should be taken in all cases to mean that the person entering data into 

the Trauma register chose to enter “Not Applicable”, whereas “ND” 

should be taken to mean “Not Documented” and “BL” should be taken to 

mean that the person entering data into the trauma registry left entry 

blank.  Additionally, in Table 2, under the column of Ethnicity “H” 

should be taken to mean “Hispanic” while “N” should be taken to mean 

“Non-Hispanic”. 
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I. Introduction 
 

a. Background 
 
 Current literature on the topic of Helicopter Ambulance patient 

transportation have generally been focused on one of several areas.  

The first addresses exactly how Helicopter Ambulance systems are 

used in a specific locale.  For example, several journal articles describe 

the use of Helicopter Ambulance systems in Australia and Japan 

(Crandon, Harding, Williams, & Cawich, 2008; Tsai et al., 2006; Wills, 

Eno, Walker, & Gani, 2000).  These articles describe the demographic 

data of the patient (e.g. age, sex), as well as the nature of their injuries 

(e.g. Traumatic Brain Injury, Cardiac arrest) and the severity of the 

patient’s injuries as measured by such tools as the Injury Severity 

Scale (ISS) and the Glasgow Coma scale (Crandon et al., 2008; Tsai et 

al., 2006; Wills et al., 2000).  While data describing the use of 

Helicopter Ambulance systems in other countries and cities has been 

found, no such study of the Helicopter Ambulance system in the State 

of Arizona was located.  

A second segment of the available literature relating to 

Helicopter Ambulance transport studies the effectiveness of specific 

interventions taking place during transport.  Such studies have been 
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published for several different interventions, including but not limited 

to emergency intubation and strategies for preventing hypothermia 

during transport (Gunning et al., 2009; Schmelz et al., 2007).   While 

such studies are certainly important and beneficial to the community 

at large, they are more specific than the scope of this project and as 

such are not generally appropriate for consideration in this scholarly 

project.   

A final segment of the available literature studies the benefit to 

patients in terms of survival and other patient outcomes.  As in the 

studies describing demographic data, studies looking at outcomes are 

again limited to relatively small geographic locations and no articles 

were located on specific benefits or lack thereof to Air Ambulance 

services in the State of Arizona or the City of Phoenix. 

 This study was conducted by analyzing patient data obtained 

from the Arizona Department of Health Services Trauma Registry 

(Arizona Department of Health Services, Division of Public Health 

Services, ).  The Arizona Trauma Registry began receiving data from 

11 hospitals throughout the State of Arizona in 2005.  These data are 

limited to patients who are the victims of trauma.  Patient information 

is included in the Trauma Registry if it fulfills one of several possible 
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entrance criteria: Emergency Medical Services worked at the scene of 

the accident, a hospital trauma team was activated for the patient, or 

the patient was admitted to a hospital/died as a result of injuries 

sustained as a result of trauma.  In the year 2007, information for over 

20000 patients was reported to the Trauma Registry, although exact 

numbers in the trauma registry vary from year to year.  This 

information includes the patient's age, sex, geographic location where 

trauma occurred, method of transportation to the hospital, nature of 

injuries, method of injuries, and other appropriate medically related 

information.  The large number of patient records, as well as the 

specific data contained in the trauma registry, makes the registry 

perfectly suited for studying use of the Helicopter Ambulance system 

for trauma in Arizona.   

 
b. Significance 

 
This study will describe the current Helicopter Ambulance system 

and provide direct comparison to Ground Ambulance transports (in 

terms of demographics, socioeconomic status, Race/Ethnicity etc) and 

use such comparison to make recommendations for when first 

responders might immediately consider Helicopter Ambulance 
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transport.  The question of when to use Helicopter Ambulance 

transport is particularly significant to the state of Arizona given that a 

large proportion of hospitals (specifically level 1 trauma centers) are 

located within a relatively small radius, requiring transport of patients 

into large population centers from more distant locations.  

Additionally, the continuing spread of the Phoenix metropolitan area 

into a decentralized county has caused continually increasing 

transportation distances for patients needing care at a relatively small 

number of hospital Emergency Rooms.  The fact that Helicopter 

Ambulance transport adds a great deal of expense to patients and 

insurance companies indicates that analysis and streamlining of the 

system might also be useful from a standpoint of reducing cost. 

 
c. Goals and Objectives 

 
 The overall goals of this research project are threefold: to 

characterize how the Helicopter Ambulance system in Arizona is used 

for trauma patients, to compare said usage to Ground Ambulance 

usage, and to determine what recommendations (if any) may be made 

based upon these results in order to maximize effective use of the air 

ambulance system and also spur further research into pre-hospital 
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care.  The characterization of the Air Ambulance system in Arizona for 

trauma patients will be based upon the specific questions listed below: 

 

1. Who uses the air ambulance system (demographically, 

socioeconomically)? 

2. What injuries are most commonly transported? 

3. What severity of injuries is most commonly transported? 

4. In what geographic areas of the state of Arizona is the 

system most commonly used? 

5. How does air ambulance usage (in terms of questions 1 

through 4 above) compare to ground ambulance transport in 

terms of percentage of total ambulance use? 

 

The exact manner in which each requested data item maps to these 

questions will be addressed in the “Research Materials and Methods” 

section (below).  No directly identifiable patient data was requested, 

nor was any attempt to identify the patient made at any point during 

this project.   
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II. Research Materials and Methods 

 
a. Research Materials  

 
 Data for this project were obtained from the Arizona 

Department of Health Services Trauma Registry.  The Trauma 

Registry is a state program for tracking instances and victims of 

trauma in Arizona.  While the Trauma Registry was originally started 

in the year 2005 in a limited form, it underwent a major change in 

structure in 2007 to include much more complete records (in terms of 

both which trauma victims were included in the registry and what 

patient information was documented in the registry).  Due to 

incomplete records in the trauma registry, data for this project start in 

2008 and goes through 2009.  As of the data request for this project, 

data for 2010 and 2011 were not yet available to public request. The 

data items listed in Table 1, below, were requested and obtained from 

the Trauma Registry.   
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Table 1. Requested Trauma Registry Entries. 

 
Demographic Section
Tablename Fieldname Description

MAINDATA ADMDATE Date of Admission
PERHIST AGE Patient Age
PERHIST AGE_UNIT Units of Age
PERHIST SEX Gender
PERHIST RACE Race
PERHIST ELGBL_ALIN Ethnicity
PERHIST PT_ZIP Zip Code of Residence
PERHIST PT_CITY City of Residence
PERHIST PT_CNTY County of Residence
PERHIST PT_STATE State of Residence
PERHIST PT_CNTRY Country of Residence

Injury Section
Tablename Fieldname Description
FLDDETAI FL_ENT_DT Date of Injury
FLDDETAI FL_ENT_TM Time of Injury
INJDETS SITE_CLASS Place of Inj Occurrence
INJDETS INJ_ZIP Zip of Injury 
INJDETS INJ_CITY City of Injury
INJDETS INJ_CNTY County of Injury
INJDETS INJ_STATE State of Injury
GENMECH ECODE_ICD9 ICD9 Injury descriptor
INJDETS INJ_CLASS Injury Classification

Prehospital/ Transport Section
Tablename Fieldname Description
TRANSPRT (FLD) TRANS_MODE Transport Type/Mode
VITALS (FLD) GCS Glasgow Coma scale
VITALS (FLD) RTS Revised Trauma Score

Trauma Section
Tablename Fieldname Description
TRA TR_ENT_DT Date of Arrival in ED/Hospital
TRA TR_ENT_TM Time of arrival in ED/hospital
VITALS (TRA) GCS Glasgow Coma Scale
VITALS (TRA) RTS Revised Trauma Score

Discharge Section
Tablename Fieldname Description
INJDIAG (TRA) INJ_COMP ICD9 Injury Diagnosis Codes
INJDIAG (TRA) AIS AIS-90 Value (Severity score of…)
INJDIAG (TRA) BODY_PART Body Part injured
MAINDATA ISS Injury Severity Score
HOSPREV PAYOR Primary Payor
HOSPREV PAYOR Secondary Payor
FINANCE T_HOS_CHRG Total Hospital Charges  
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As shown above, this included the zip code of residence for each 

patient.  The United States Decennial 2000 Census public data on 

Income was sorted based upon Zip Code allowing for the determination 

of median household income for each zip code. (U.S. Census Bureau). 

 The Arizona State Trauma Registry provided their data sets 

from 2008 and 2009, including only the requested information.  This 

original report consisted of 52,467 total entries.  Of these 52,467 

entries 91.3% (or 47,927 entries) were within the state of Arizona (with 

Zip Codes starting in 85 or 86) and 5.7% of the original entries had 

documented Zip Codes that were not within the state of Arizona, while 

1.1% of the entries were completely blank, 1.1% were marked “Not 

Applicable”, and 0.8% were marked “Not Documented”.  Only the 

entries with documented Zip Codes of Residence within the state of 

Arizona were retained, leaving 47,927 entries in the new data set.  

This data set was then merged in SPSS (statistical software) with the 

data set from the 2000 US Census, using Zip Code of Residence to 

determine median household incomes for each patient. Due to the 

manner of US Census data collection, median household income values 

for all Zip Codes are not available.  After merging the Trauma Registry 

data with the 2000 Census Zip Code/Median Household Income data 
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and removing entries where no income data is available, the new data 

set contained 44,519 entries.  The US Census Bureau did not list 

Median household income for the Zip Code of ~7.7% (or 3,408) of 

entries in the Trauma Registry.  See Figure 1 for a graphical 

representation of the evolution of the final data set. 
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Figure 1. Evolution of Data Set.   
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Additionally, 88 entries were removed from the data set because of 

apparent data entry errors, leaving a total of 44,431 cases. The final 

data set, which now includes median household income based upon the 

patient’s zip code of residence, was then prepared for final statistical 

analysis by breaking specific variables into more discrete categories.  A 

new variable of categorical household income was created to group a 

patient’s income into one of 5 classes (<$10,000, $10,001 - $20,000, 

$20,001 - $30,000, $30,001 - $40,000, >$50,000).  In this way patients 

with very similar but non-equal household incomes could be grouped 

together and compared with a group that had a higher median 

household income.   

Similarly, the final data set originally included separate entries 

for each patient for Race (e.g. Black, White, Asian, Hawaiian-Pacific 

Islander, American Indian Alaska Native, etc.) and ethnicity (e.g. 

Hispanic, Non-Hispanic).  This then produced a total of 24 categories, 

whose counts and percentages of the total are shown in Table 2, below.  

This large number of different variables within the “Race/Ethnicity” 

category required that categories be condensed in order to perform 

appropriate and useful analysis.  The final eight categories are listed 
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in Table 3, as shown below.  Categories were condensed as shown due 

to the very small numbers of cases within multiple categories. 
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Table 2. Original Categories for Race/Ethnicity 

Frequency Percent
*BL            H 1 0
*NA            H 7 0
*NA            N 4 0
*ND            *ND 293 0.6
*ND            H 14 0
*ND            N 84 0.2
AMER IND/ALASKA*BL 2 0
AMER IND/ALASKA*ND 44 0.1
AMER IND/ALASKA H 46 0.1
AMER IND/ALASKA N 4981 9.5
ASIAN          *ND 2 0
ASIAN          H 3 0
ASIAN          N 386 0.7
BLACK          *ND 7 0
BLACK          H 16 0
BLACK          N 2288 4.4
HAWAII/PACIFIC N 34 0.1
OTHER          *ND 203 0.4
OTHER          H 8796 16.8
OTHER          N 1321 2.5
WHITE          *BL 1 0
WHITE          *ND 172 0.3
WHITE          H 6308 12
WHITE          N 27454 52.3
Total 44431 100

        Race           Ethnicity
Valid

 
 
 
  



 

25 
 

Table 3. Final Categories for Race/Ethnicity 
 

1. White Hispanic 
2. White Non Hispanic (includes White-N, White-ND, 

White-BL) 
3. Other Hispanic 
4. Other Non-Hispanic (includes Hawaiian/Pacific 

Islander) 
5. All Black 
6. All Asian (Non-Hispanic, Hispanic (only 3 instances of 

Asian Hispanic) 
7. All American Indian/Alaska Native 
8. All other (blank, NA, ND for race, and then H or N or 

ND for ethnicity) 
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 Age categories were created in intervals of 10 years (<10 years 

old, 10 – 20 years etc. all the way to >70 years of age).  By grouping the 

ages by 10 year intervals, it is possible to compare the most common 

age ranges that are transported via both Helicopter and Ground 

Ambulance respectively. 

 In order to obtain rates of usage per 100,000 population, 

demographic information for the state of Arizona was taken from 

public record US census data.  The census was used to determine the 

overall population for Arizona and each of its counties, as well as the 

Age makeup of the state, the Race/Ethnicity makeup of the state, and 

the Gender makeup of the state as a whole.  These values were used to 

obtain rates of transport for the two year period studied.  It is 

important to note that these rates are for the entire two year time 

period from which the original Trauma Registry data were collected. 

 The locations of the Trauma Center certified Hospitals within 

the state were obtained, under the assumption that injuries serious 

enough to require transportation via Helicopter ambulance would 

require treatment at a facility capable of dealing with a broad range of 

traumatic injury.  Table 4, below, lists the certified Trauma Centers 

within the state of Arizona.   
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Table 4. List of Trauma Centers in Arizona  

 

 
(American College of Surgeons) 
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The Trauma Center certified hospitals are located within major 

population centers within the state of Arizona (Phoenix Metro area, 

Tucson, Flagstaff) (American College of Surgeons).   For the purposes of 

determining distances from a patient’s location of injury to the nearest 

trauma center, no distinction was drawn between the Level 2 Trauma 

Center in Flagstaff and the Level 1 Trauma Centers within Tucson 

and the Phoenix Metro area.  

 The final portion of the project required using the Trauma 

Registry entry “Zip Code of Injury” to determine the approximate 

distance from the site of injury to the nearest Trauma Center rated 

hospital.  In order to accomplish this a separate data set was created, 

in which all instances where “Zip Code of Injury” was left blank, 

marked Not Applicable or Not Documented, or completed with an 

invalid Zip Code were removed.  This new file contained a total of 

36,338 entries that were transported from a total of 456 separate valid 

US Zip Codes.  The distance from each of these Zip Codes to Flagstaff, 

Phoenix, and Tucson was calculated via Google Maps (Google.  Google 

Maps.), thus providing each of the 36,388 cases with a valid distance 

from the site of injury to the nearest Arizona Trauma Center.  This 

new variable (distance to Trauma Center) was used to create two new 
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grouped variables.  In this first grouped variable, the distance to 

trauma center was grouped by 25 mile increment (0-25 miles, 25-50, 

50-75, 75-100, 100-125, 125-150, greater than 150 miles).  Additionally 

a dichotomous variable was created in which all entries were classified 

as being “less than 100 miles from Trauma Center” or “more than 100 

miles from trauma center”.   

   The Trauma Registry includes two main measures of injury 

severity/decreased patient functioning: Injury Severity Score and 

Glasgow Coma Score.  The Injury Severity Score is based off of the 

Abbreviated Injury Scale, and for purposes of completeness its 

derivation is shown below in Figure 2 and Figure 3 (Trauma.org: 

Trauma Surgery, Injury & Critical Care. Abbreviated Injury Scale).  

Additionally, the derivation of the Glasgow Coma Scale is shown below 

in Figure 4. Neither Injury Severity Score nor Glasgow Coma scale is 

an exact measure of the severity of injuries sustained in a traumatic 

accident, however they have become quite commonly used. 

Furthermore, the numerical nature of both of these measurements 

makes them extremely useful in descriptive statistics of large data 

sets, such as in this project. 
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Figure 2. Abbreviated Injury Scale - Used to Calculate Injury Severity 

Score  
(Trauma.org: Trauma Surgery, Injury & Critical Care. Abbreviated 

Injury Scale) 
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Figure 3. Injury Severity Score  
(Trauma.org: Trauma Surgery, Injury & Critical Care.  Injury Severity 

Score) 
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Figure 4. Glasgow Coma Scale  
(Trauma.org: Trauma Surgery, Injury & Critical Care.  Glasgow Coma 

Score) 
  



 

33 
 

b. Research Methods 
 

The data obtained from the Trauma registry were used 

primarily to describe how the Helicopter Ambulance system is used in 

the state of Arizona. This study was intended to be primarily a 

retrospective descriptive study. Descriptive analysis was performed to 

describe how the system was used, including tabulation and graphical 

display, with crosstabulation of Transport Mode with: Age, Age Group, 

Gender, Race/Ethnicity, Median Household Income, Primary Payor of 

Hospital Charges, Injury Location, Injury Mechanism, Zip Code of 

Injury, City of Injury and County of Injury.   To determine geographic 

trends in Helicopter Ambulance usage, the location from which the 

patient was transported was also analyzed by measurement of 

approximate distance from location of injury to the nearest Trauma 

Center certified hospital.  For numerical values (Age, Injury Severity 

Score, Glasgow Coma Score, Estimated Household Income, Total 

Hospital Charges) descriptive statistics within each transport mode 

(Helicopter Ambulance, Ground Ambulance etc.) were calculated. 

Table 5, below, shows which Trauma Registry entries were analyzed to 

address each Project Question.   
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Table 5.  Data Mapping to Project Questions – Description of System 
Usage 

 
Question Trauma Registry Entries 
1. Who uses the 

Helicopter ambulance 
system? 

-Transport Mode (Ground -
Ambulance, Helicopter Ambulance 
etc.) 
Patient Age (years) 
-Gender 
-Race/Ethnicity (combined as 
described previously) 
-Median Household Income per 
2000 US Census (matched via Zip 
Code of Residence) 
-Primary Payor (e.g. Medicaid, 
Medicare) 

 

2. What injuries are most 
commonly transported? 

-Injury Location (home, work etc.) 
-Injury Mechanism (Cut/Pierce, 
Fall etc.)  

 

3. What severity of 
injuries is most 
commonly transported? 

-Injury Severity Score 
-Emergency Department Glasgow 
Coma Score 
-Total Hospital Charges (Indirect) 

 

4. In what geographic 
areas of the state of 
Arizona is the system 
most commonly used? 

-Zip Code of Injury  
-City of Injury 
-County of Injury 
-Approximate distance from site 
of injury to Trauma Center 
(calculated) 
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In order to determine statistical significance between columns during 

crosstabulation (Helicopter and Ground Ambulance), the SPSS “Z-

score” function was used.  This “Z-score” describes whether columns 

differ in a statistically significant way from one another at the 0.05 

level, and is tallied via the subscript under actual cell counts.  Along 

with this “Z-score”, the p-value Bonferroni correction was performed in 

SPSS.  This correction was suited to this project’s analysis in that it 

“adjusts the observed significance level for the fact that multiple 

comparisons are made,” ( IBM Corporation.  IBM SPSS Help).  

Rates of system use (Helicopter and Ground ambulance usage) 

were created per 100,000 persons.  Rates for each of the counties in 

Arizona were created using the results of crosstabulation and the 

known US Census data for such.  Rates for system usage within 

Race/Ethnicity, Age group and Gender were similarly created per 

100,000 persons using known US Census data for these items. 

Each entry’s “Distance to Trauma Center” value (and its two 

associated grouped variables) was used in several ways.  Firstly, 

descriptive statistics by transport mode were calculated.  Secondly, 

crosstabulation between “Grouped Distance” and transport mode was 

performed.  Using the dichotomous value of “Distance to Trauma 
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Center” crosstabulation was again performed, followed by use of Z-test 

to determine significance of differences between modes of transport.  

Finally, this variable was used to control for the distance from trauma 

center within the data set.  Within both dichotomous categories 

multiple analyses were performed and compared.  Within each new 

category (less than 100 miles from Trauma Center and greater than 

100 miles from Trauma Center) descriptive statistics for Glasgow 

Coma scale for each transport mode were calculated.  In this way the 

Glasgow Coma scales associated with Helicopter and Ground 

Ambulance transport might be compared between the distance groups.  

The hypothesis for this final avenue of testing was that Helicopter 

transport within the closer group would be associated with more severe 

injuries, else the patient would have been transported this shorter 

distance via Ground Ambulance.  Similarly, it was hypothesized that 

within the more distant group injuries transported via Helicopter 

Ambulance system would be of lower severity, as even only moderately 

severe injuries might be transported via Helicopter to prevent 

worsening of symptoms during a long ground ambulance ride. 
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III. Results  
  
Table 6, below, describes the counts of Helicopter Ambulance 

and Ground Ambulance usage, as well as the remaining cases within 

the data set which were transported to the hospital via alternative 

means. The vast majority of the cases that are entered into the 

Trauma Registry are transported to the hospital via Ground 

Ambulance.  Of note, Helicopter Transport (which is the main subject 

of this project) is a close third to Private/Public/Personal 

Transportation.  All other methods of transport (as well as the 

categories which were marked in the field as either Not-Applicable or 

Not-Documented) comprised fewer than 5% of total cases each.  For 

further analysis, tables are occasionally truncated to show only Ground 

Ambulance and Helicopter Ambulance in order to facilitate formatting 

and avoid providing excessive detail.  
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Table 6. Methods of Transport. 

*NA *ND

Fixed-
wing 
Amb

Ground 
Amb

Heli 
Amb Other Police

Private/ 
Public 

Vehicle/ 
Walk-in

Count 1948 289 332 30354 5369 360 93 5686 44431
% within 
Transport 
Mode I

4.4% 0.7% 0.7% 68.3% 12.1% 0.8% 0.2% 12.8% 100.0%

Transport Mode I

Total
Total
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a. Use of Air Ambulance – Demographics, Socioeconomics 
 
Patient ages were grouped into 10-year increment categories, and 

crosstabulation was performed in order to determine which age groups 

are most commonly transported via Helicopter Ambulance.  This 

crosstabulation is shown in Figure 5 and Table 7, below. The most 

common age group of patients transported via Helicopter Ambulance 

was the 20-30 year old group, which mirrors the Ground Ambulance 

population as well as the overall data set.  Similarly, the least common 

age group of patients within the Helicopter Ambulance set, Ground 

Ambulance set, and overall data set was the 60-70 year old population.  

The 20-30 year old age group was the most prevalent group within the 

entire data set, regardless of transportation mode, and the 60-70 year 

old group was the least prevalent group, again regardless of 

transportation mode.  Additionally, Table 7 shows that the highest 

two-year rate per 100,000 population was the 20-30 year old group in 

both the Helicopter and Ground Ambulance populations (Helicopter 

122.7/100,000, Ground 718.3/100,000).  The lowest two-year rate of 

Helicopter Ambulance transport was the “<10 years” group 

(52.8/100,000), whereas the lowest rate of ground ambulance was the 

“60-70 years” group (279.6/100,000).  As Table 8 shows, the difference 
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between rates of transport at all age groups between Helicopter and 

Ground Ambulance was statistically significant. 
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Figure 5.  Age Group by Transport Mode, Histogram 
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Table 7. Age Group and Transport Mode 

 

Ground 
Amb

Heli 
Amb Total

Counts 
within AZ

Ground Amb 
Rate per 
100,000 
people

Heli Amb Rate 
per 100,000 
people

Count 2746 480 4707 909,395 302.0 52.8
% 
Transport 
Mode I

9.0% 8.9% 10.6%

Count 5574 1078 8319 910,246 612.4 118.4
% 
Transport 
Mode I

18.4% 20.1% 18.7%

Count 6340 1083 9112 882,582 718.3 122.7
% 
Transport 
Mode I

20.9% 20.2% 20.5%

Count 4104 743 5945 832,388 493.0 89.3
% 
Transport 
Mode I

13.5% 13.8% 13.4%

Count 4039 725 5719 833,823 484.4 86.9
% 
Transport 
Mode I

13.3% 13.5% 12.9%

Count 3002 526 4236 790,792 379.6 66.5
% 
Transport 
Mode I

9.9% 9.8% 9.5%

Count 1772 344 2535 633,826 279.6 54.3
% 
Transport 
Mode I

5.8% 6.4% 5.7%

Count 2777 390 3858 598,965 463.6 65.1
% 
Transport 
Mode I

9.1% 7.3% 8.7%

Count 30354 5369 44431 6,392,017 474.9 84.0
% 
Transport 
Mode I

100.0% 100.0% 100.0%

50 to 60 
years

60 to 70 
years

Greater 
than 70 
years

Total

Transport Mode I

Age 
(Years) 
(Binned)

Less 
than 10 
years

10 to 20 
years

20 to 30 
years

30 to 40 
years

40 to 50 
years
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Table 8. Age Group and Transport Mode, Z-test with Bonferroni 

correction 
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 The raw score age distribution of those transported is 

demonstrated in Table 9 and Figure 6.    The mean age of a patient 

being transported via Helicopter Ambulance was 35.19 years 

(Standard Deviation 21.00), with a median age of 31 years.  The mean 

for patients transported by Ground Ambulance was 36.23 (Standard 

Deviation 21.87), with a median of 32.  
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Table 9. Descriptive Statistics – Age, by Transport Mode 
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Figure 6. Discrete Age by Transport Mode, Histogram with Statistics  
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 Similar crosstabulation was performed to determine the relative 

percentages of gender within different modes of transportation to the 

hospital. Table 10 shows the results of this crosstabulation of gender 

and transport mode.  In this analysis, men accounted for a slightly 

higher percentage of Helicopter ambulance transports as compared to 

Ground ambulance transports (68.3% to 64.8%), however in all three 

data sets, men were represented in the Trauma Registry by a ratio of 

approximately 2:1.  As Table 11 shows, the difference between the 

number of women transported via Helicopter and Ground Ambulance, 

as well as the difference in men in these two groups were both 

statistically significant.  As shown in Table 11 the two-year rate of 

transport per 100,000 population was calculated for both men and 

women for both ground and Helicopter Ambulance.  For women the 

two-year rate of Helicopter ambulance transport was 52.9/100,000, 

while the rate of Ground Ambulance transport was 332.4/100,000. For 

men the two-year rate of Helicopter ambulance transport was 

115.5/100,000, while the rate of Ground Ambulance transport was 

619.1/100,000.   
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Table 10. Gender and Transport Mode 
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Table 11. Gender and Transport Mode, Z-test with Bonferroni 

correction 
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Table 12 shows the crosstabulation of Race/Ethnicity by 

Transport Mode.  The most frequently transported Race/Ethnicity (by 

total count of transports within Air, Ground, and the Full data set) was 

the White Non-Hispanic population, with a total of 51.6% of all 

transports.  However, after calculation of rates of transport per 

100,000 population, the most commonly transported Race/Ethnicity 

within all three data groups was the American Indian/Alaska Native 

population, with a two-year rate of 1572.3/100,000 population (whereas 

the rate within the White Non-Hispanic population was 

620.4/100,000).  The All-Asian population was the least represented 

Race/Ethnicity within all three data sets, with a two-year trauma rate 

of 160.9/100,000.  Of note, the Helicopter Ambulance system  in 

particular was found to transport a much higher rate of people self-

identifying as American Indian/Alaska native than the ground 

ambulance system (24.4% of total helicopter transports, as opposed to 

8.4% of total ground ambulance transports).  This may be related to 

the location of Indian Reservations within the state of Arizona, and 

their remoteness from major hospital and trauma care. The ground 

ambulance system had a higher proportion of people being identified as 
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“Other Hispanic” and “White Hispanic” than the Helicopter ambulance 

system.  Similar to the overrepresentation of Native Americans within 

the Helicopter Ambulance system, the overrepresentation of people of 

“Hispanic Ethnicity” may be related to the location of population 

centers as well.  As Table 13 shows, the difference in counts of 

transport between Helicopter and Ground Ambulance was statistically 

significant for all entries of Race/Ethnicity except the “All Black” 

category which was not found to be statistically significant (as shown 

by the “d” subscript within the “All Black”/ “Helicopter Ambulance 

entry”). 
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Table 12. Race/Ethnicity and Transport Mode 
 

Ground 
Amb

Heli 
Amb Total

Counts 
within AZ

Ground 
Amb Rate 
per 
100,000 
people

Heli Amb 
Rate per 
100,000 
people

Overall 
Trauma 
Rate per 
100000

Count 222 21 288 178976 124.0 11.7 160.9
% 
Transport 
Mode I

.7% .4% .6%

Count 1520 122 1995 262072 580.0 46.6 761.2
% 
Transport 
Mode I

5.0% 2.3% 4.5%

Count 199 25 281 NA NA NA NA
% 
Transport 
Mode I

.7% .5% .6%

Count 2540 1309 4623 294032 863.9 445.2 1572.3
% 
Transport 
Mode I

8.4% 24.4% 10.4%

Count 5111 582 7725 See White Hispanic
% 
Transport 
Mode I

16.8% 10.8% 17.4%

Count 951 129 1345 NA NA NA NA
% 
Transport 
Mode I

3.1% 2.4% 3.0%

Using all Hispanic totals.
Count 3833 537 5251 1892037 472.7 59.1 685.8
% 
Transport 
Mode I

12.6% 10.0% 11.8%

Count 15978 2644 22923 3694585 432.5 71.6 620.4
% 
Transport 
Mode I

52.6% 49.2% 51.6%

Count 30354 5369 44431
% 
Transport 
Mode I

100.0% 100.0% 100.0%

Other Non-
Hispanic

White 
Hispanic

White Non-
Hispanic

Total

Transport Mode I

Race/ 
Ethnicity

All Asian

All Black

All Other

American 
Indian/ 
Alaska 
Native
Other 
Hispanic
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Table 13. Race/Ethnicity and Transport Mode, Z-test with Bonferroni 

correction 
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 A histogram of median income for the entire data set is shown in 

Figure 7.  The mean estimated income was $38,361.70 with a standard 

deviation of $13,822. Table 14 summarizes descriptive statistics for 

median household income for Helicopter and Ground Ambulance 

transport mode, whereas Figure 8 depicts this income by transport 

mode graphically.  The mean and median household income for 

patients transported via helicopter ambulance was actually lower than 

that of patients transported via ground ambulance (median $33,774 to 

$36,731), with similar standard deviations (helicopter $13,443, ground 

$13,946).  Interestingly, as shown in Figure 8, patients transported via 

Fixed-Wing Ambulance (which one might assume would be the most 

expensive transport mode), had the lowest mean household income 

($25,036), although this was with a much smaller sample size than for 

ground and helicopter ambulance (as shown in Table 6 above).   
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Figure 7. Median Household Income – Full Data Set, Histogram 
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Table 14. Descriptive Statistics – Median Household Income, by 

Transport Mode 
 

Statistic Std. Error

$39,206.84 $80.048

Lower 
Bound

$39,049.95

Upper 
Bound

$39,363.74

$38,207.52
$36,731.00

194497026.024
$13,946.219

$7,917
$117,487
$109,570

$14,934
1.378 .014
3.105 .028

$34,769.65 $183.468
Lower 
Bound

$34,409.97

Upper 
Bound

$35,129.32

$33,823.44
$33,774.00

180722706.794
$13,443.315

$7,917
$117,487
$109,570

$12,293
1.306 .033
3.488 .067

Transport Mode I
Median 
household 
income in 
1999 (2000 
US census)

GRND_AMB Mean

95% 
Confidence 
Interval for 
Mean
5% Trimmed Mean
Median
Variance
Std. Deviation
Minimum
Maximum
Range
Interquartile Range
Skewness
Kurtosis

HELIC_AM Mean
95% 
Confidence 
Interval for 
Mean
5% Trimmed Mean
Median

Skewness
Kurtosis

Variance
Std. Deviation
Minimum
Maximum
Range
Interquartile Range
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Figure 8. Median Household Income by Transport Mode, Histogram 
with Statistics 
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Table 15 provides grouped income counts crosstabulated with 

mode of transport, whereas Figure 9 displays this information 

graphically.  Crosstabulation of income group with mode of transport 

mirrored descriptive statistics for direct median income itself.    As one 

would expect based upon mean and median income levels for each 

transport mode (described previously), the most common income group 

to be transported via both Ground and Helicopter ambulance was the 

$30,000 to $40,000 group.  Additionally, it was found that the $10,000 

to $20,000 income group was more highly represented within the 

Helicopter ambulance transport mode as compared to its 

representation within the ground ambulance group.  Similarly the > 

$50,000 income group was more highly represented within the ground 

ambulance transport mode than within the Helicopter ambulance 

transport mode. As Table 16 shows, the difference in counts of 

transport between Helicopter and Ground Ambulance was statistically 

significant for all entries of Grouped Income except for the “$20,000-

$30,000”, “$40,000-50,000”  and “>$50,000” income groups, as shown 

by the table subscripts.   

 
  



 

59 
 

Table 15. Median Household Income (group) by Transport Mode 

 

Ground 
Ambulance

Helicopter 
Ambulance Total

Count 21 16 52
% 
Transport 
Mode I

.1% .3% .1%

Count 984 667 1950
% 
Transport 
Mode I

3.2% 12.4% 4.4%

Count 6902 1047 9979
% 
Transport 
Mode I

22.7% 19.5% 22.5%

Count 10437 2301 16162
% 
Transport 
Mode I

34.4% 42.9% 36.4%

Count 6696 763 9216
% 
Transport 
Mode I

22.1% 14.2% 20.7%

Count 5314 575 7072
% 
Transport 
Mode I

17.5% 10.7% 15.9%

Count 30354 5369 44431
%  
Transport 
Mode I

100.0% 100.0% 100.0%
Total

Transport Mode I

Median 
household 
income in 
1999

<$10,000

$10,000 to 
$20,000

$20,000 to 
$30,000

$30,000 to 
$40,000

$40,000 to 
$50,000

>$50,000
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Figure 9. Median Household Income Group by Transport Mode, 
Histogram 
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Table 16. Income Category and Transport Mode, Z-test with Bonferroni 
correction 
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Table 17 shows the patient’s primary payor of hospital charges 

crosstabulated with Transport mode, ordered by how often each 

primary payor is found within each mode of transport.  There was very 

little difference between transport modes in terms of primary payor.  It 

was hypothesized that patients whose primary payor was Medicaid 

(and thus one might assume, of lower overall socioeconomic status) 

would be transported less frequently by Helicopter Ambulance, and 

more frequently by Ground Ambulance; however this was not found to 

be the case. 
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Table 17. Primary Payor of Hospital Charges by Transport Mode 
 

Ground 
Ambulance

Helicopter 
Ambulance Total

Count 1 1 4

%  
Transport 
Mode I

.0% .0% .0%

Count 290 12 494
%  
Transport 
Mode I

1.0% .2% 1.1%

Count 2277 442 3429
%  
Transport 
Mode I

7.5% 8.2% 7.7%

Count 10640 2066 16087
%  
Transport 
Mode I

35.1% 38.5% 36.2%

Count 3559 603 5088
%  
Transport 
Mode I

11.7% 11.2% 11.5%

Count 143 13 163
%  
Transport 
Mode I

.5% .2% .4%

Count 56 1 79
%  
Transport 
Mode I

.2% .0% .2%

Count 434 213 770
%  
Transport 
Mode I

1.4% 4.0% 1.7%

Count 772 262 1316
%  
Transport 
Mode I

2.5% 4.9% 3.0%

Total Count 30354 5369 44431
%  
Transport 
Mode I

100.0% 100.0% 100.0%

No Fault 
Automobile

NOT BILLED

Other

Other 
Government

Transport Mode I

Primary 
Payor

*BL

*ND

Blue Cross 
Blue Shield

Medicaid 
(includes 
AHCCCS)

Medicare
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b. Use of Air Ambulance – Common Injuries/Mechanisms 
 

The second portion of the project focused on characterizing use 

of the Helicopter Ambulance system in terms of the injuries that were 

transported.  This was addressed in several ways, including location of 

injury (i.e. at home, Street/Highway etc.) and injury mechanism (e.g. 

cut/pierce, firearm). Table 18 shows a crosstabulation of Transport 

Mode and Injury location. The most common location of injury in the 

full data set as well as both Ground and Helicopter Ambulance 

transports was a Street/Highway.  For ground ambulance transports, 

the second most common location of injury was the patient’s Home, 

followed by “Place for recreation or sport”.  For helicopter ambulance 

transports, the second most common location of injury was actually 

“Unspecified place” followed by Home and then “Place for recreation or 

sport”.  Table 19 shows the results of a crosstabulation of mechanism 

of injury and mode of transportation; mechanisms of injury accounting 

for fewer than 2% of total injuries are omitted.  These omitted 

mechanisms of injury include: poisoning, drowning/submersion, 

machinery injuries, overexertion. The majority of injuries occur via 
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Motor Vehicle accident.  Within the full data set as well as Ground 

Ambulance and Helicopter Ambulance transports, the most common 

mechanism of injury was Motor Vehicle Accident – occupant.  The 

second most common mechanism of action for all three categories was 

Fall injuries, followed by the relatively difficult to characterize 

“Transport-Other”.   
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Table 18. Injury Location by Transport Mode (locations <  0.1% 
omitted) 

 
Ground 

Ambulance
Helicopter 
Ambulance Total

Count 468 63 630

% within 
Transport 
Mode I

1.5% 1.2% 1.4%

Count 6247 749 9378
% within 
Transport 
Mode I

20.6% 14.0% 21.1%

Count 50 20 92
% within 
Transport 
Mode I

.2% .4% .2%

Count 503 81 723
% within 
Transport 
Mode I

1.7% 1.5% 1.6%

Count 1837 585 3459
% within 
Transport 
Mode I

6.1% 10.9% 7.8%

Count 16368 2455 21825
% within 
Transport 
Mode I

53.9% 45.7% 49.1%

Count 993 104 1394
% within 
Transport 
Mode I

3.3% 1.9% 3.1%

Count 151 66 248
% within 
Transport 
Mode I

.5% 1.2% .6%

Count 111 32 200
% within 
Transport 
Mode I

.4% .6% .5%

Count 147 9 164
% within 
Transport 
Mode I

.5% .2% .4%

Count 51 4 66
% within 
Transport 
Mode I

.2% .1% .1%

Count 1597 378 2481
% within 
Transport 
Mode I

5.3% 7.0% 5.6%

Count 1798 818 3725
% within 
Transport 
Mode I

5.9% 15.2% 8.4%

Total Count 30354 5369 44431
% within 
Transport 
Mode I

100.0% 100.0% 100.0%

Transport Mode I

Injury 
Location

Not 
Documented

Home

Farm

Industrial 
places and 
premises

Place for 
recreation or 
sport

Street and 
highway

Public building

Residential 
Institution 
(NOS)

Jail / Prison / 
Correctional 
Facility

Nursing Home

Other 
residential 
institution not 
listed

Other specified 
places

Unspecified 
place
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Table 19. Injury Mechanism by Transport Mode (mechanisms < 2% 
omitted) 

 

Ground 
Ambulance

Helicopter 
Ambulance Total

Count 1722 276 2531

% within 
Transport 
Mode I

5.7% 5.1% 5.7%

Count 6201 926 9682
% within 
Transport 
Mode I

20.4% 17.2% 21.8%

Count 1476 167 1947
% within 
Transport 
Mode I

4.9% 3.1% 4.4%

Count 2010 328 2730
% within 
Transport 
Mode I

6.6% 6.1% 6.1%

Count 10072 1656 13469
% within 
Transport 
Mode I

33.2% 30.8% 30.3%

Count 1356 170 1759
% within 
Transport 
Mode I

4.5% 3.2% 4.0%

Count 653 81 993
% within 
Transport 
Mode I

2.2% 1.5% 2.2%

Count 2646 572 4230
% within 
Transport 
Mode I

8.7% 10.7% 9.5%

Count 1837 791 3491
% within 
Transport 
Mode I

6.1% 14.7% 7.9%

Count 30354 5369 44431
Total % within 

Transport 
Mode I

100.0% 100.0% 100.0%

MV_TRAFFIC-
PEDESTRIAN

PEDACYCLIST-
OTHER

STRUCK-BY-
AGAINST

TRANSPORT-
OTHER

Transport Mode I

Ecode1 
Mechanism

CUT-PIERCE

FALL

FIREARM

MV_TRAFFIC-
MOTORCYCLIST

MV_TRAFFIC-
OCCUPANT
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c. Use of Air Ambulance – Injury Severity 
 

Table 20 shows descriptive statistics of Injury Severity Score for 

both Ground Ambulance and Helicopter Ambulance transportations.  

Overall, the highest mean and median Injury Severity Scores were  

found within the Helicopter Ambulance group (mean 10.90, median 

9.00), whereas the lowest mean and median Injury Severity Scores 

were found within the Walk in/ Public/ Private transportation category 

(Mean 5.89, Median 4.00).  The mean Injury Severity Score for patients 

transported via Fixed-Wing Ambulance (which is a more expensive 

level of transportation) was lower than that of patients transported via 

Helicopter Ambulance (mean 9.06).  Descriptive statistics for 

Emergency Department Glasgow Coma Scale were also computed to 

determine how Glasgow Coma Scale compared with Injury Severity 

Score in measuring severity of traumatic injury.  
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Table 20. Injury Severity Score – Descriptive Statistics by Transport 
Mode 

 

 
 
  



 

70 
 

Table 21 shows descriptive statistics for the Glasgow Coma 

Scale for both Ground Ambulance and Helicopter Ambulance 

transports.   As with the Injury Severity Score, the highest mean 

Glasgow Coma Scale occurred in the Walk in/ Public/ Private 

Transportation category (mean 14.83).  Whereas the highest mean 

Injury Severity Score occurred with patients transported via 

Helicopter Ambulance, the lowest mean Glasgow Coma Scale 

(indicating most impairment of function, and thus more severe injury) 

occurred in the Fixed-Wing Ambulance group (mean 12.67), followed 

by the Helicopter Ambulance group (mean 12.99). Table 22 provides 

descriptive statistics of Total Hospital Charges for both Helicopter and 

Ground Ambulance.  Despite “Total Hospital Charges” being an 

indirect measure of injury severity the statistical descriptors of this 

variable tended to mirror those of Injury Severity Score.  As with 

Injury Severity Score, the lowest mean “Total Hospital Charges” was 

found within the Walk in/ Public/ Private Transportation category 

(mean $23,977.79), and the highest mean “Total Hospital Charges” 

was found within the Helicopter Ambulance category (mean 

$66,961.71).  This may indicate that, despite being a flawed 

measurement in that nosocomial infections and other non-trauma 
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related expenses would add to this total, “Total Hospital Charges” 

could be used as an indirect measure of injury severity in situations 

where Injury Severity Score or Glasgow Coma Scale is not available. 
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Table 21. Glasgow Coma Scale – Descriptive Statistics by Transport 
Mode 
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Table 22. Total Hospital Charges – Descriptive Statistics by Transport 
Mode 
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d. Use of Air Ambulance – Geographic Distribution 
 

Table 23, Table 24 and Table 25 show the most common Zip 

Codes, Cities, and Counties of injury respectively, sorted by maximum 

frequencies within the Helicopter Ambulance population.  The vast 

majority of cases (by count) occurred within Maricopa County in the 

full data set as well as within the Ground and Helicopter Ambulance 

groups.  The next most common counties (in terms of total cases) for 

Ground Ambulance transport corresponded to the locations of major 

population centers (Pima County containing the city of Tucson, and 

Yuma County containing the city of Yuma).  However, when rates of 

Ground transport per 100,000 population are calculated, Gila County 

and Yuma County are the most common sites of injury (Gila 

1016.8/100,000, Yuma 1161.7/100,000) where Maricopa County is the 

much lower 431/100,000.  For Helicopter Ambulance transports, the 

second and third most common counties of injury in terms of total 

counts were Yavapai and Navajo, corresponding to more rural areas of 

Arizona where Indian reservations are more prevalent.  In terms of 

rate of Helicopter Ambulance use, the most common counties of 

transport were Navajo and Gila by a wide margin (414.1/100,000 and 
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606.4/100,000) whereas Maricopa county is a much lower 24.2/100,000 

population.   
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Table 23. Most Common Zip Codes for Helicopter Ambulance 
Transport 
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Table 24. Most Common Cities for Helicopter Ambulance Transport 
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Table 25. Most Common Counties for Helicopter Ambulance Transport 
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Table 26 outlines which cities within Arizona correspond to the most 

common Zip Codes, and how far these cities are from Trauma Center 

certified hospitals (as outlined previously in Table 4).  As expected, 

there is a great deal of similarity between the cities corresponding to 

the most common Zip Codes of injury, and the most common cities of 

injury themselves.  One should note that there is some dissimilarity 

between these two lists based upon the fact that larger cities (Tucson, 

Phoenix etc.) contain multiple Zip Codes within them.  For this reason, 

the most specific location of Injury (Zip Code in this data set) was used 

to determine the approximate distance from these sites of injury to the 

nearest Trauma Center certified hospital.  Among the most common 

Zip Codes of Injury, the minimum distance to the nearest Trauma 

Center was 35 miles, from the city of Sacaton to central Phoenix.  The 

weighted average of these Zip Codes to the nearest Trauma Center was 

103.7 miles. 
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Table 26. Most Common Zip Codes for Helicopter Ambulance 
Transport, Distance to Trauma Center (via Google Maps) 
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The next portion of analysis (looking at geographic distribution 

of ambulance system use) involved the more condensed data set, which 

was created by eliminating all entries for which a distance from the 

site of injury to the nearest Trauma Center could not be estimated.  

Table 27 shows descriptive statistics for “Distance to Trauma Center” 

for Ground Ambulance and Helicopter Ambulance respectively.  The 

mean distance for Ground Ambulance was 41.1 miles (standard 

deviation of 55.9), with a median of 18 miles.  The mean and standard 

deviation are both increased due to several potentially inaccurate 

outliers, such as one cased which was documented as being 

transported to an Arizona hospital via ground ambulance from a zip 

code located 1037 miles from the nearest Arizona Trauma Center.  The 

mean distance of transport via Helicopter Ambulance was 91.9 miles 

(standard deviation of 58 miles), with a median of 87 miles.   
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Table 27. Distance to Trauma Center by Transport mode, descriptive 
statistics 
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Table 28 shows the crosstabulation of the grouped variable 

“Distance to Trauma Center” by Transport Mode.  The most common 

distance group for Helicopter ambulance was found to be 50-75 miles, 

with 16.8% of all Helicopter transports (in keeping with descriptive 

statistics). However the distribution among all other groups was fairly 

even, with a minimum value being 8.5% for the 100-125 mile group.  

As one would expect the majority (64.7%) of Ground Ambulance 

transports was conducted at a distance of <25 miles, whereas the 

majority (75.4%) of Fixed-Wing ambulance transports was conducted 

at a distance of >150 miles. 
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Table 28. Distance to Trauma Center (grouped) by Transport mode 
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Table 29 shows the crosstabulation of the dichotomous variable 

“Distance to Trauma Center” by Transport Mode.  As with the grouped 

Distance described above, the majority (86.1%) of Ground Ambulance 

transports was conducted at a distance <100 miles, whereas the 

majority (92.8%) of Fixed-Wing Ambulance transports was conducted 

at a distance >100 miles.  This crosstabulation showed a more even 

split for the Helicopter Ambulance group, with 59.9% of transports 

occurring at a distance to Trauma center of <100 miles, and 40.1% of 

transports occurring at a distance >100 miles.  As Table 30 shows, Z-

testing at a level of 0.05 showed that the difference in counts of 

transport between Helicopter and Ground Ambulance was statistically 

significant for both the <100 mile group and the > 100 mile group. 
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Table 29. Distance to Trauma Center (100 Mile increments) by 
Transport mode 
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Table 30. “Distance from Injury to Trauma Center” and Transport 
Mode, Z-test with Bonferroni correction 
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Table 31 shows how “Distance to Trauma Center” was used to 

control for this distance.  Separate analyses for both groups were 

conducted to determine descriptive statistics for the Glasgow Coma 

Score for each transport mode.  For Ground Ambulance transports, in 

the <100 mile group the mean score was 14.1 (standard deviation of 

2.72) with a median of 15, whereas the >100 mile group had a mean of 

14.23 (standard deviation of 2.64) and a median of 15.  For Helicopter 

Ambulance transports, the <100 mile group had a mean score of 13.03 

(standard deviation of 4.064) with a median of 15, whereas the >100 

mile group had a mean of 12.79 (standard deviation of 4.297) and a 

median of 15.   
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Table 31. Glasgow Coma Scale - descriptive statistics by Transport 
Mode, controlling for “Distance from Injury to Trauma Center” 
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IV. Discussion 
 
 Although the project had four total prongs of research (looking 

at patient demographics, patient injuries, severity of injuries, and 

geographic location of system use), the first question was by far the 

most in depth.  As was described previously in the Results section of 

this document, the age group with the highest two-year rate per 

100,000 population of transport via both Helicopter Ambulance and 

Ground ambulance was the 20-30 year old age range.  This shows, as 

has been shown many times to the point that it is now virtually 

common knowledge, that young adults are the most likely age group to 

be in involved in Traumatic accidents.   The lowest two-year rate of 

transport was the 60-70 year old age range for ground ambulance, and 

the 0-10 year old range for Helicopter transport.  It is interesting to 

note that young pediatric patients make up almost twice the number of 

transports as do more elderly age groups, yet are transported at a 

slightly lower rate than either the 60-70 and 70 and older groups.  One 

possible explanation for this discrepancy might be the higher number 

of co-morbid medical conditions present in more elderly populations, 

compared to the relative dearth of co-morbidities among pediatric 

patients.  It is possible that co-morbidities may increase the rate of 
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mortality among elderly trauma victims; however this information is 

outside of the data obtained from the Trauma Registry as well as being 

beyond scope of this project.  Additionally, statistical analysis and 

crosstabulation between Gender and Transport Mode showed that men 

have higher two-year rates of traumatic accidents in general, as well 

as higher rates of Helicopter ambulance and Ground Ambulance 

transport in particular. 

Analysis of Race/Ethnicity and Estimated Household Income 

yielded  quite interesting results which, if accurate and unbiased, 

would likely be very novel findings well worth further study.  It was 

found that patients transported via Helicopter Ambulance were much 

more likely to be of Native American/Alaska Native Race/Ethnicity (in 

terms of rates and absolute counts) than were patients that were 

transported via Ground Ambulance.  Similarly, it was found that the 

Ground Ambulance population was overrepresented by patients falling 

within the Hispanic ethnicity (in this analysis, this would be patients 

categorized as “White-Hispanic” or “Other-Hispanic”). Additionally 

there was dissimilarity in median household income, in which the 

Ground Ambulance system was actually found to have a higher 

median household income than Helicopter ambulance system.  These 
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dissimilarities are exactly the type of result that this project was 

meant to investigate, however it seems quite likely that these results 

are more properly the result of bias in how the project analysis was 

carried out rather than true bias in the use of the Helicopter 

Ambulance system in real life.  The explanation for this dissimilarity 

between Helicopter and Ground Ambulance populations likely stems 

from one or more confounding factors.  The most plausible confounding 

factor seems to be the distance from population centers of a specific 

Race/Ethnicity to Trauma Center hospitals.  A large proportion of 

Indian Reservations (by their very nature as sovereign nations) tend to 

be located far from large population centers.  Additionally, Indian 

Reservations would obviously have a very high proportion of people 

reporting as “Native American/Alaska Native”.  Furthermore, US 

census data indicates that these distant locales tend to also have a low 

median household income (as the crosstabulation in Table 32 between 

Race/Ethnicity and estimated household income confirms).   
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Table 32. Crosstabulation of Race/Ethnicity and Median Household 
Income 

 

<$10,000
$10,000 to 

$20,000
$20,000 to 

$30,000
$30,000 to 

$40,000
$40,000 to 

$50,000 >$50,000

Count 0 1 59 77 70 81 288

% within 
Race 
Ethnicity

0.0% .3% 20.5% 26.7% 24.3% 28.1% 100.0%

Count 0 19 549 784 400 243 1995
% within 
Race 
Ethnicity

0.0% 1.0% 27.5% 39.3% 20.1% 12.2% 100.0%

Count 0 6 50 128 57 40 281
% within 
Race 
Ethnicity

0.0% 2.1% 17.8% 45.6% 20.3% 14.2% 100.0%

Count 49 1637 1263 1207 368 99 4623
% within 
Race 
Ethnicity

1.1% 35.4% 27.3% 26.1% 8.0% 2.1% 100.0%

Count 1 20 2225 3771 1238 470 7725
% within 
Race 
Ethnicity

.0% .3% 28.8% 48.8% 16.0% 6.1% 100.0%

Count 0 37 352 463 275 218 1345
% within 
Race 
Ethnicity

0.0% 2.8% 26.2% 34.4% 20.4% 16.2% 100.0%

Count 0 84 2166 1637 876 488 5251
% within 
Race 
Ethnicity

0.0% 1.6% 41.2% 31.2% 16.7% 9.3% 100.0%

Count 2 146 3315 8095 5932 5433 22923
% within 
Race 
Ethnicity

.0% .6% 14.5% 35.3% 25.9% 23.7% 100.0%

Count 52 1950 9979 16162 9216 7072 44431
% within 
Race 
Ethnicity

.1% 4.4% 22.5% 36.4% 20.7% 15.9% 100.0%

American 
Indian/Alas
ka Native

Other 
Hispanic

Other Non-
Hispanic

White 
Hispanic

White Non-
Hispanic

Total

Median household income in 1999 (2000 US census) (Binned)

Total
Race/ 
Ethnicity

All Asian

All Black

All Other
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It seems likely that the dissimilarity in Race/Ethnicity between groups 

is based primarily on the fact that more Native Americans live far from 

Trauma Centers than do members of other categories of 

Race/Ethnicity.  Similarly, the difference in Socioeconomic status 

would seem to be related to the fact that areas farther from Trauma 

Centers also happen to have lower Socioeconomic status (as confirmed 

in the crosstabulation in Table 33 between “Distance to Trauma 

Center” and Median Household Income).  These results are important 

however, in that they would seem to show that minority Race/Ethnicity 

and low socioeconomic status are not the primary indicators of whether 

or not a patient is transported via Helicopter ambulance when one is 

considering the entire state of Arizona.  It certainly is still possible 

that, controlling for distance from population center, there are still 

differences in system usages based upon Race/Ethnicity and 

socioeconomic status.  Possible ideas for future study in this regard 

will be addressed in the “Future Directions” portion of this document.  
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Table 33. Crosstabulation “Distance from Trauma Center” and Median 
Household Income 

 

<$10,000
$10,000 to 

$20,000
$20,000 to 

$30,000
$30,000 to 

$40,000
$40,000 to 

$50,000 >$50,000

Count 3 222 5626 5590 5544 3737 20722

% within 
Median 
household 
income in 
1999

9.1% 14.2% 69.5% 42.1% 72.4% 65.5% 57.0%

Count 0 225 375 1559 1439 1544 5142
% within 
Median 
household 
income in 
1999

0.0% 14.4% 4.6% 11.7% 18.8% 27.1% 14.2%

Count 0 43 331 902 181 135 1592
% within 
Median 
household 
income in 
1999

0.0% 2.7% 4.1% 6.8% 2.4% 2.4% 4.4%

Count 0 229 207 1126 146 110 1818
% within 
Median 
household 
income in 
1999

0.0% 14.6% 2.6% 8.5% 1.9% 1.9% 5.0%

Count 0 36 266 332 112 50 796
% within 
Median 
household 
income in 
1999

0.0% 2.3% 3.3% 2.5% 1.5% .9% 2.2%

Count 0 467 206 533 102 40 1348
% within 
Median 
household 
income in 
1999

0.0% 29.8% 2.5% 4.0% 1.3% .7% 3.7%

Count 30 343 1089 3235 136 87 4920
% within 
Median 
household 
income in 
1999

90.9% 21.9% 13.4% 24.4% 1.8% 1.5% 13.5%

Count 33 1565 8100 13277 7660 5703 36338
% within 
Median 
household 
income in 
1999

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

100 to 125 
miles

125 to 150 
miles

Greater 
than 150

Total

Median household income in 1999 (2000 US census) (Binned)

Total
Distance 
(miles) 
(Binned)

<25 miles

25 to 50 
miles

50 to 75 
miles

70 to 100 
miles
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The second portion of the project focused on where and how 

injuries transported via Ground and Helicopter ambulance occurred.  

This analysis found that the majority of traumas occurred on the 

Street/Highway, and were related by mechanism to Motor Vehicle 

Accident. The fact that injuries occurring on a Street or Highway were 

most commonly transported is not unexpected given that the vast 

majority of medical problems occurring in this location are likely to be 

related to Motor Vehicle Accidents, and thus virtually certain to be 

classified as trauma and included in the trauma registry.   

 Another key portion of this study was focused upon determining 

what severity of injury was most commonly transported via Helicopter 

and Ground Ambulance.  One would naturally hypothesize that a 

higher level of service during transport would be used for more severe 

injuries (i.e. Helicopter Ambulance being called a higher level of care 

than Ground Ambulance because of the potential for a more rapid 

transfer of the patient to Trauma Center resources). Both of the 

variables being used to assess severity of injury (Injury Severity Score 

and Glasgow Coma scale) confirmed that Helicopter Ambulance 

resources were used, on aggregate, to transfer patients with more 

severe injuries.  An interesting result from this analysis however was 
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found when comparing the injury severity of patients transported via 

Fixed-Wing Ambulance to those transported via Helicopter or Ground 

Ambulance.  Whereas the mean Injury Severity Score for Fixed-Wing 

ambulance patients was actually lower than patients transported via 

Helicopter Ambulance (but higher than patients transported via 

Ground Ambulance), the Glasgow Coma Score of patients transported 

via Fixed-Wing Ambulance was actually lower than both Helicopter 

and Ground ambulance.  These conflicting results would obviously 

indicate the need for further investigation of Fixed-Wing Ambulance 

services (as this project was aimed at describing Helicopter Ambulance 

services).  It is potentially possible that injuries transported via Fixed-

Wing Ambulance could be clustered within certain types of injuries 

that might have relatively low Injury Severity Scores but a high level 

of impairment of functioning (leading to lower Glasgow Coma Scale).  

For example if a patient were to have only a Traumatic Brain Injury 

but were otherwise relatively uninjured they very well might have a 

very low Glasgow Coma Scale, but could potentially have only a 

moderately high Injury Severity Score.  In order to confirm or refute 

this hypothesis, further study of the Fixed-Wing Ambulance system in 

Arizona would be required.  As one would naturally expect, patients 
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who were transported to the hospital via Public/Private/Walk-in means 

had the least severe injuries (in keeping with the fact that they were 

capable of bringing themselves to the hospital, and did not require pre-

hospital services).   

Another interesting result related to use of “Total Hospital 

Charges” as a potential indicator of injury severity in Trauma.  From 

the onset of this project, this was understood to be a flawed and 

indirect measurement based upon the numerous potential confounding 

factors that can increase hospital charges that are unrelated to trauma 

(e.g. Hospital-Acquired infections, varying levels of care etc.).  It was 

ultimately found that, while there was a very large standard deviation 

in Total Hospital charges, the Lowest Mean “Total Hospital Charges” 

was found within the Walk in/ Public/ Private transportation category 

(Mean $23,977.79), and the highest mean “Total Hospital Charges” 

was found within the Helicopter Ambulance category (Mean 

$66,961.71), matching the results obtained from using Injury Severity 

Score to classify injuries.  Obviously this is a very indirect 

measurement of injury severity, however if other measures of injury 

severity were lacking it might potentially be used in the future to 

estimate the severity of a patient’s injuries in trauma. 
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 The last portion of the project focused on identifying 

geographical trends in Helicopter Ambulance usage within the state of 

Arizona.  This was accomplished by analyzing the most common 

counties, cities and Zip Codes of system usage.  An analysis of the most 

frequent Zip Codes of Helicopter Ambulance usage showed that the 

system was primarily being used to transport patients from distant 

locations to more centrally located Trauma Centers.  Within the top 25 

most frequent Zip Codes of Injury, the weighted average of distance to 

the nearest Trauma Center was found to be 103.7 miles.  This fact 

would seem to go along with what an outside observer would naturally 

expect, given that distant locales would often lack the advanced 

medical resources to deal with even moderately severe traumatic 

injuries.  Perhaps the most useful recommendations to stem from this 

project would be based upon these geographic results.  Obvious 

recommendations would include appropriate safety precautions and 

designated landing zones for Helicopter Ambulances within cities and 

towns in Rural Arizona where Helicopter Ambulance transports are 

most frequent.  Additionally, an on-the-ground triage system for towns 

in Northern Arizona would likely be useful in order to determine 

whether patients should be transported to the Level II trauma center 
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in Flagstaff or whether they should be transported to the more distant 

but more highly equipped Level I trauma centers in Phoenix.  This 

triage system would likely be based upon the age of the patient (as 

Phoenix Children’s Hospital is the only Level I pediatric trauma center 

in Arizona), the severity of injuries, and the exact nature of injuries 

and expected necessary level of care. 

In relation to geographic trends of system usage, the usage of 

Ground and Helicopter ambulance services was analyzed based upon 

the county in which injury occurred.  While the greatest portion of 

transports occurred within counties with high populations, rates of 

usage based upon county population yielded a vastly different result.  

Whereas Maricopa County had the highest absolute number of 

transports for Ground Ambulance, the highest two-year rates of 

Ground Ambulance usage were found in Gila county and Yuma county.  

Similarly Maricopa County also had the highest absolute number of 

transports for Helicopter Ambulance, but the two-year rates of 

Helicopter Ambulance were found to be much higher with Navajo and 

Gila County by a very wide margin.  As was discussed above, this 

increased rate of transport seems to be related to the distance of these 

counties from higher levels of medical care, however further study 
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would likely be required in order to definitively say whether there is in 

fact a statistically significant difference between usage within different 

categories of Race/Ethnicity after controlling for the distance variable. 

The last variable to be analyzed was the distance between the 

approximate site of injury and the nearest Trauma center.  This 

information was calculated via commercially available websites, and 

could likely be very much improved if more specific locations of injury 

were obtained.  This information is available from the Trauma 

Registry, however was not requested for this project due to concerns 

over patient privacy.  Even with this limitation, analysis showed quite 

clearly that, from the standpoint of distance from Trauma center, 

ambulance resources are being used appropriately in a gross sense.  As 

one would expect, Fixed-Wing ambulance, the mode of transport 

capable of most rapid travel over long distances, was indeed found to 

be transporting a majority of its patients over long distances.  

Similarly, the usage of Ground Ambulance services primarily for 

shorter distances was in keeping with the overall strength of these 

services for rapid transport.  The Helicopter Ambulance system 

showed no such clear preponderance of cases, as both shorter distances 

(<100 miles) and longer distances (>100 miles) were transported quite 
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frequently.  As a result, investigation of injury severity was 

undertaken after controlling for distance from the nearest Trauma 

center.  Whereas the hypothesis had been that helicopter ambulance 

services closer in to Trauma centers would be used for more severely 

injured patients (thus leaving Ground ambulance services to transport 

less severely injured patients), the results of this analysis did not seem 

to support this hypothesis.  For Helicopter Ambulance transports, in 

the <100 mile group the mean Glasgow Coma Score was 13.03 with a 

standard deviation of 4.064, whereas the >100 mile group had a mean 

of 12.79 with a standard deviation of 4.297.  These very similar means 

and standard deviations, with overlapping 95% confidence intervals, 

does not seem to support the hypothesis that Helicopter ambulance 

services in this group would be used for more severe injuries.  For 

Ground Ambulance transports, in the <100 mile group the mean 

Glasgow Coma score was 14.1 with a standard deviation of 2.723, 

whereas the >100 mile group had a mean of 14.23 and a standard 

deviation of 2.637.  As with the Helicopter Ambulance analysis, there 

does not seem to be any clear difference between groups. It should be 

noted that the standard deviation in both Helicopter Ambulance 

groups was much larger than the standard deviation within the 
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Ground ambulance groups, thus indicating the greater variability in 

injury severity within the Helicopter ambulance population.  While the 

lack of support for the original hypothesis does not prove that the 

Helicopter ambulance system is being used inappropriately, it 

certainly does make the case for greater study into what factors are 

actually predictors of  Helicopter Ambulance transport as well as 

investigation of possible misuse of the system. 

 One set of limitations of this study derives from the data set 

that was used for the final analyses.  The original intention of the 

project was to use the entirety of the Arizona State Trauma Registry in 

order to obtain a clear picture of Helicopter Ambulance usage in the 

state over time.  Seeing as the Trauma Registry began in 2005, the 

project prospectus original called for using data from five separate 

years (2005-2009) in order to clearly characterize usage. This portion of 

the plan quickly was scaled back to using only data from 2008 and 

2009 due to the insistence of the ASTR administrators that the 2005-

2006 data contained far less data, and the 2007 data was very 

incomplete in terms of patient inclusion and records for patients that 

were included.   



 

104 
 

 Another limitation to the study is the method in which the final 

data set was arrived at for analysis.  The first pruning of the original 

2008-2009 ASTR data set was based upon the Zip Code of Residence 

for the patient.  Seeing as Zip Code of residence is the primary variable 

that is being used to approximate socio-economic status (via Census 

information), it is obvious that entries that do not include a Zip Code of 

Residence (being documented as Not Applicable (NA), Not Documented 

(ND), or simply left blank) cannot be used in the study.  Additionally, 

the fact that a major aim of this study is to describe how the Helicopter 

Ambulance system in Arizona is used in terms of Socioeconomic 

indicators in the state, it is additionally fairly obvious that visitors to 

the state (as determined by their having a Zip Code of Residence 

outside of Arizona) are not appropriate for the final data set.  While it 

certainly might be possible to obtain Median Household income data 

for non-resident’s Zip Codes via the US Census, this would be 

complicated by a very low sample size for each individual non-Arizona 

Zip Code, as well as the fact that those with extremely low 

Socioeconomic status would seem to be generally less likely to travel to 

other states (as opposed with those with higher Socioeconomic status), 
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thus creating a potential bias if residents from outside of Arizona were 

included in data analysis. 

 In addition to the possible limitation to the study based upon 

excluding non-Arizona Zip Codes, there is also a possible limitation to 

the study based upon the fact that there is a small but present 

discrepancy between Zip Codes listed in the Arizona State Trauma 

Registry and those listed in the 2000 US Census.  This discrepancy 

stems from the fact that Zip Codes are created by the United States 

Postal Service, whereas the US Census Bureau operates on a “census 

tract” system, in which the same small area of a county remains in the 

same census tract from one decennial census to the next.  For this 

reason, in larger cities a single zip code could potentially be broken 

into multiple census tracts, whereas in less populous areas of the same 

state a single census tract might potentially encompass multiple zip 

codes (as the Census does not take into account Zip Codes in setting up 

Census Tracts; the fact that data is available based upon Zip code is for 

public convenience).  This discrepancy led to another pruning of data 

down to the final data set.  Other options for approximating 

socioeconomic status could have prevented this reduction in data; 

however other options also increase the data-gathering burden as well 
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as the potential patient risk.  For example, if the patient’s home 

address were obtained registry, this could be used to obtain their exact 

census tract, and from there a much more refined approximation of 

their median household income (Sayegh, A. J., Swor, R., Chu, K.H., et 

al. 1999.).  Additionally, if the patient’s home address were obtained 

from the registry, it would potentially be possible to query state and 

local government databases for the estimated property value of the 

patient’s location (Vaillancourt, C., Lui, A., De Maio, V.J., & Stiell, I.G. 

2008.).   One drawback to either of these methods is that they would 

require a great increase in the amount of time and difficulty it would 

take to obtain the data.  The more major drawback to these methods is 

the fact that the patient’s home address would be used, thus increasing 

the possible risk of disclosure or harm to the original patient.  While 

using the combination of Zip Code of Residence and Census data does 

have drawbacks based upon availability and close approximation of 

data, it has the advantage of having minimal risk to the original 

patient and was fairly easily obtainable from the appropriate 

administrations. 
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V. Future Directions 
 

While there certainly could be many directions for future 

research drawn from the results of this project, the main and most 

obvious directions for future research stem directly from the goals of 

this project itself which, with the benefit of hindsight, might have been 

better investigated in other and better ways.  Firstly, the description of 

socioeconomic status of patients being transported via Helicopter and 

Ground ambulance could likely be improved in a variety of ways.  One 

way that such description could be improved would involve the method 

in which socioeconomic status is determined.  For example, further 

studies may be able to take advantage of property value records in 

order to more closely estimate an individual patient’s home value, and 

from there infer their socioeconomic status.  Alternatively, patient 

questionnaires could potentially be used in order to allow patients to 

self report their yearly household income.  If the current system for 

estimating socioeconomic status (using decennial US census data 

based upon Zip Code) were to be retained, future research would 

almost certainly wish to use the updated census data from the most 

recent US census (which occurred fairly recently in 2010).  Additionally 

the confounding factor of the co-occurrence of low Median Household 
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Income and farther distance from population centers (and thus 

Trauma Center hospitals) could be improved.  This issue might be 

potentially accounted for by limiting analysis and crosstabulation of 

socioeconomic status to only the city of Phoenix (or Tucson).  In this 

way, the distance from Trauma Center might be minimized as a 

confounding variable, thus allowing for socioeconomic status to be 

analyzed.   

A second area of further study might include more advanced 

statistics, including regression analysis in order to determine exactly 

what factors (age, gender, race/ethnicity, socioeconomic status) are 

predictors of a patient being transported by Helicopter Ambulance.  In 

order to analyze these variables as potential predictors of transport, it 

would likely be important to control for injury severity.  Another 

similar avenue of further study might involve the investigation of co-

morbid conditions, and their role in predicting whether elderly patients 

are transported via Helicopter Ambulance. 

A final area of further study could certainly be focused upon 

completing one of the original goals of this project by charting how 

Helicopter Ambulance usage has changed over time, specifically 

looking at the effect of economic recession on Helicopter Ambulance 
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usage.  The goal of charting usage over a span of multiple years was 

sidelined in this project by the fact that the Arizona Department of 

Health Services Trauma Registry only included full and complete data 

from the years 2008 and 2009.  
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VI. Conclusions 
 

From the very the beginning of this project, the overall goals 

were quite broad.  The main goal throughout this project has been to 

describe how the Helicopter Ambulance system is used in the state of 

Arizona for instances of traumatic injury.  Additionally, a second goal 

was comparison between Helicopter and Ground Ambulance services.  

The project was quickly scaled back from a very early original goal to 

describe, year by year, usage from the years 2005-2009 to the final 

project of analyzing only 2008 and 2009 trauma registry data.  

Ultimately, however, in spite of this scale-back to the project, the 

original project goals were accomplished.  Usage of the Helicopter 

Ambulance system was described in terms of patient demographics 

(including patient age, gender, Race/Ethnicity, estimated 

socioeconomic status), patient injuries, injury severity, and geographic 

location of injury.  Multiple interesting results were obtained via 

analysis, leading to the development of multiple avenues for future 

study as well as possible recommendations for improvement of future 

system usage.  Specifically, the usage rates per 100,000 population 

that were obtained for the separate Counties within Arizona (as well 

as overall rates for Gender, Age Group, Race/Ethnicity) provided great 
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insight into how the system is currently used, and how it might be 

studied further.  Analysis of injury severity after controlling for 

“Distance from Trauma Center” showed little difference between 

Helicopter and Ground Ambulance, again indicating future directions 

for further study.  While this project has not been free from bias and 

confounding errors, these problems were identified and discussed 

where appropriate, which in itself sparked even more potential 

avenues for future research.   
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