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Abstract

Introduction: The World Health Assembly declared violence as a worldwide
public health problem. Homicides have been identified as a leading cause of
death in the United States across all age groups. The national homicide rate for
2004 and 2005 are 5.5 and 5.6 per 100,000 population, respectively. The
reported rates for Virginia are 5.2 (2004) and 5.6 (2005) per 100,000 population,
showing a 16.9% increase. Richmond has been ranked as high as the sixth
most dangerous among similar cities in the United States. This study examines
penetrating trauma injuries identified through 9-1-1 calls as an indicator of the
incidence of homicide in Richmond, Virginia. The purpose of this study was to
determine if Richmond has become a safer city, with respect to this type of injury
over a five year period.

Objectives: (1) To determine if the incidence of penetrating trauma has
changed significantly over the five year study period. (2) To examine possible
trends in descriptive statistics of study variables. (3) To assess trends in the
distribution of response location.

Methods: This is a retrospective study of data collected from 911 calls to

Richmond Ambulance Authority in Richmond, Virginia, with a chief complaint of |
penetrating trauma during the years 2002-2006. Descriptive statistics were |
completed on all transported patients. Chi-square tests were used to determine |
trends. GIS was used to spatially examine the distribution of incident locations.

Results: There was no significant trend in the incidence by year. Annual
distribution of shooting versus stabbings varied significantly over the study period
with the proportions of gunshots decreasing while stabbings increased. There
was no significant trend in age, gender, number of patients transported or
transport protocol over the study period. Level of care varied significantly over
the five year period with BLS decreasing while Basic ALS increased. 39% of
neighborhoods had no known incidents, while 8% of neighborhoods accounted
for 40% of known gunshot and stabbing incidents.

Discussion: These findings show that overall, with respect to known penetrating
trauma incidents, Richmond has not become much safer over the five year
period. A major limitation of this study is that most analyses were completed
using only patients transported by the RAA. Future research should examine
outcome data to determine if the change in type of penetrating trauma
proportions resulted in greater survival rates.



Introduction

Annually, Morgan Quinto Press, a Kansas based research firm, ranks the
cities of the United States according to characteristics they have determined as
important qualification for a safe environment. Richmond, Virginia has been
classified as one of the most dangerous cities with a population between 100,000
and 499,999 in the United States, ranking as high as nhumber six out of 198 cities
in the same population category and ninth overall in 369 cities in 2004,
Recently, police and city officials have made a concerted effort to change this
status and in 2006 the city had dropped to humber eight on the list. The rankings
are based on homicide, rape, robbery, aggravated assault, burglary and arson.
The rankings are computed by scoring the reported rates for each category
against national average crime rates per 100,000 population. The score for each
category is weighted equally and the total is used for ranking among the other
cities or metropolitan areas’. Richmond Police Chief Rodney Monroe claims
that the city has improved along all of these aspects excluding arson’’.

The World Health Assembly declared violence as a worldwide public
health problem'". Violence can result in a variety of injuries or even death.
Death as a result of a violent act is considered homicide. Homicides have been
identified as a leading cause of death in the United States across all age groups®.
Homicide has also been identified as a major cause of pediatric death®. The U.S.
Department of Justice and the Federal Bureau of Investigation report national
and state crime rates. The national homicide rate for 2004 and 2005 are 5.5 and

5.6 per 100,000 population, respectively. The reported rates for Virginia are 5.2



(2004) and 5.6 (2005) per 100,000 population, showing a 16.9% increase?.
There are a wide range of causal factors leading to homicides and methods of
completing the act itself. The most frequent homicides are caused by firearms,
physical beatings and stabbings’. The Bureau of Justice Statistics reports that in
2005, in violent crimes where a weapon was used 71% involved guns, 14%
involved knives and 16% used other weapons®. Penetrating injury is defined as
an injury incurred when an object penetrates into the body. While almost any
sharp object can be used as the mechanism of penetrating injury, the most
prevalent types are guns (shootings) and knives (stabbings) °.

Firearm death rates in the United States have been estimated at
approximately 14.24/100,000 population. This estimate exceeds other high
income countries (defined as gross national income per capita of $10,726 or
more) by 1.76 times''. A study using mortality data from the National Center of
Health Statistics showed an increase of 137% in firearm related deaths over a 32
year period (1962-93) ’. Though there is generally a higher occurrence of
stabbing incidents than shootings, victims of firearm incidents suffer three times
the mortality rate of stabbing victims. Victims of gunshot incidents are more likely
to die on scene rather than at a medical facility’®>. Case studies of hospital
records in Cordoba, Argentina show that as many as 93% of gunshot victims are
male and that the average age is approximately 28 years old?.

The incidence of stabbings has not changed in the same pattern as
shootings. A six year study showed that there was no significant increase in the

incidence of stabbings®. This study also showed that the majority of stabbing



victims were young males and were injured after 1800 hours on a Friday,
Saturday or Sunday evening. An additional study found that the majority of
victims were young men in urban areas with a median age of 32 years (range: 1-
88 years) >. Researchers at the Glascow Royal Infirmary Accident and
Emergency Department have found that approximately 27% of stabbing victims
are teenagers'®.

Richmond Ambulance Authority (RAA) serves an area of approximately 62
square miles with a day-time population over 1,000,000 and a nighttime
population of approximately 200,000 people. During the study period, 2002-
2005, there were a total of n=3,234 penetrating trauma incidents reported.
Researchers in this study used RAA data collected by emergency dispatchers
and personnel responding to penetrating trauma incidents to assess trends in
this type of injury. This study examines penetrating trauma injuries identified
through 9-1-1 calls as an indicator of the incidence of homicide in Richmond,
Virginia. The purpose of this study was to determine if Richmond has become a
safer city, with respect to this type of injury over a five year period.

Methods

Study Design and Population:

This study is a retrospective study that compares characteristics of
penetrating trauma in the city of Richmond, Virginia over a five year period. The
data was separated into five discrete groups by year and characteristics were
compared to determine if significant changes in penetrating trauma

characteristics had occurred or if the risk remained constant throughout the five



year study period. Along with comparing overall characteristics, this study used
GIS graphing to visually examine the trends in penetrating trauma location by
organizing the city into neighborhoods.
Data Source

The RAA uses a dispatching system that collects information about
each incident occurring in the response area. The system distinguishes the type
of call and severity of the injury or illness and collects basic demographic and
location characteristics. The data set analyzed includes all incidents that were
classified as a “penetrating trauma” from January 2002 to December 2006. The
data set also includes basic characteristics of calls where the victim was not
transported to a medical facility, as long as the incident was reported to the
agency. The majority of analysis was done on cases where one or more patients
were transported.

The annual population statistics for Richmond City used in this study were
obtained from The Weldon Cooper Center for Public Service at the University of
Virginia?'. Though these estimates are often different from census statistics, the
same source was used for all five years so the estimates were considered
acceptable.

Variables

Three groups of variables were included in this study: demographic

variables, basic call characteristics and incident characteristics.

Demographic



Demographic variables included in this study were age and sex. These
are the only variables that are collected by the system and are only collected on
patients that are transported. Age was used as a continuous and categorical
variable during analysis. Age was categorized into four groups: 0-19 years, 20-
29 years, 30-39 year and 40 or older.

Basic Call Characteristics

Basic call characteristics collected were date of the incident and response
location. The response location address was geo-coded into longitude and
latitude for use in GIS.

Incident Characteristics

Incident characteristics included the type of penetrating trauma injury,
level of care provided during transport, number of patients transported and the
transport level. Only incidents classified as a penetrating trauma were analyzed.
These were further classified into three specific types: gunshot, stabbing and
unknown/other. There were two variables used to classify the incident in
severity. The level of care provided during transport and transport level are
based on the medical personnel’s determination of the severity. Level of care
was divided into five categories: death or no care given, advanced advanced life
support (Advanced ALS), basic advanced life support (Basic ALS) and basic life
support (BLS). Among those transported, the transport level was either

emergency or non-emergency.



Data Analysis

Statistical data analysis was completed using SPSS Version 14.0.
Descriptive statistics were calculated for all patients that were transported by
RAA over the five year study period. These included frequencies for categorical
variables and mean, range and standard error for the continuous variables. Chi-
Square (categorical variables) and ANOVA (continuous variables) were used to
test homogeneity in the descriptive characteristics over the study period. Chi-
square for trend was calculated using Epi Info.

ArcGIS version 9.1 Graphing Software was used to examine the
distribution of response location for gunshot or stabbing victims that were
transported by RAA during the study period. Data were graphed by type of
penetrating trauma and year of incident. Richmond Redevelopment Housing
Authority (RRHA) family housing units were added to determine their relationship
to the incident locations. The incidents were also spatially linked to the 148
neighborhoods recognized by the city.

Results

Descriptive Data

There was a total of 3,234 calls to RAA for penetrating traumas over the
five year study period. The number of cases and the incidence for each year are
provided in Table 1. There was a peak in 2004 where the highest incidence
during the study period occurred (3.52/1000 population). There was no

significant trend identified.



The proportion of 911 calls for penetrating trauma that resulted in
transport varied significantly over the five years with no clear trend seen (Table
2). Data were missing from n=103 multiple unit incidents. Overall 46.4% of
incidents resulted in transport. In 2004, the lowest proportion of patients were
transported (41.8%).

The type of penetrating trauma was known for 2,394 incidents (missing
data on 26%) (Table 3). For the entire study period there were 1720 (71.8%)
shootings and 674 (28.2%) stabbings. The annual distribution of shooting versus
stabbing changed significantly over the five year period (x2=29.2, df=4, p<0.001),
with the proportion of gunshots decreasing while stabbings increased. A
significant chi-square for trend was seen. The rest of the results refer to
transported patients only, a total of 1,452 cases.

The mean age for patients transported during the entire study period was
30.2 with a standard error of 0.3555. The median was 27.0 with ages ranging
from 0 to 105 years old. The mean age per year ranged from 28.8 (2002) to 31.3
(2006). Year specific age summary data is provided in Table 4. An ANQOVA test
showed no significant difference between the mean age per year (F=1.270, df=4,
p-value=0.280).

Age was categorized into four groups (0-19, 20-29, 30-39 and <40). The
20-29 year old group consistently accounted for the highest proportion of patients
transported over the study period. Each of the other groups accounted for
approximately 20% of transports each year, except during 2006 where persons

over 40 represented almost 30% (Table 5).



Overall, the data showed that the patients transported were 81.7% male
and 18.3% female. The proportion of males and females involved in penetrating
trauma incidents varied slightly throughout the five year study period (Table 6).
There was no significant trend seen over the study period.

The level of care provided during transport was classified into four
categories. For the entire study period, the majority of cases were transported
using basic ALS protocols such as starting an intravenous line (74.1%). The
other types of priority were used dramatically less with advanced ALS being the
second highest with only 13.1%. When categorized by year, the transport priority
varied significantly throughout the five year study period, with a significantly
decreasing trend in BLS care and increase in Basic ALS care (Table 7).

Transport protocol was 53.7% emergency status over the entire study
period. Non-emergency was used as transport status for 46.3% of the
penetrating trauma incidents. Table 8 shows the transport protocol by year.

There was no significant difference in the groups per year ( x 2=6.253, df=8, p-

value=0.619)

The maximum number of patients transported was four and the mean
transport number was 1.08 with a standard error of 0.008. The median number
transported was one and there were 93 cases with two patients (6.0%) and less
than 1% (13 cases) of transporting three or four patients. Summary data for
number of patients transported is detailed in Table 9. An ANOVA test showed
that there was not a significant difference between the transport number by year

(F=0.452, df=4, p-value=0.771).



Neighborhood Analysis

There were 1014 cases during the study period where the type of
penetrating trauma, either gunshot or stabbing, was known. The highest number
of incidents was 260 (25.6%) and occurred in 2006, with the lowest number of
incidents 181 (19.9%) in 2005 (Table 10).

The number of incidents in each neighborhood that had at least one
incident during the five year period are reported in Table 11. There were 39
(26.3%) neighborhoods that did not have a known gunshot or stabbing incident
over the 5 year period. There were 109 (73.6%) neighborhoods identified over
the entire study period that had at least one event that met inclusion criteria. The
distribution of incidents by neighborhood is seen in Table 12.

There were 14 neighborhoods identified as having eight or more incidents
any year of the study. Six of these neighborhoods had more than eight or more
incidents during more than one year. These neighborhoods were: Gilpin (5
years), Fulton (4 years), Jeff Davis (3 years), Fairmont (2 years), Mosby (2 years)
and Whitcomb (2 years).

In Richmond there are 13 family housing communities located in 11
neighborhoods, as reported by the RHAA. Of these 11 neighborhoods, eight had
eight or more incidents during one or more years of the study.

Discussion

These findings show that overall, with respect to known penetrating

trauma incidents, Richmond has not become much safer over the five year

period. The city’s incidence did not change significantly over the study period



(Figure 1). There was also no significant trend in age, gender, number of
patients transported or transport protocol.

The trends in type of penetrating trauma did vary significantly (Figure 2).
The distribution of response location of shooting and stabbing incidents did not
show a clear trend when mapped, and both types of penetrating trauma were
spread throughout the same areas of the city. The proportions of shooting and
stabbings did change, with shootings decreasing while stabbings increased.

The level of care provided during transport varied significantly during the
study period (Figure 4). The increase in Basic ALS care and decrease in BLS
care could be due to increased severity in penetrating trauma incidents. All RAA
ambulance personnel are paramedics and trained with the ability to provide the
same level of care to all patients transported. The level of care provided is
determined by the paramedic and in direct response to the severity of the
patient’s injuries.

The neighborhood analysis showed that while the rates in Richmond did
not significantly change, the distribution of response locations also remained
consistent. Most neighborhoods that had the highest number of incidents,
remained the highest throughout the study period. This shows that while
Richmond has not become safer, there are areas of Richmond that continue to
be safe while other account for a majority of the penetrating trauma incidents.

This study had several limitations. A major limitation of this study is that
most analyses were completed using only patients transported by the RAA. This

excludes patients that refuse transport along with patients that are transported to

10



a medical facility by other means. Individual data was also not available for
incidents where more than one patient was transported. Another limitation is the
lack of neighborhood population data. This would be useful in determining the
incidence rates in the neighborhoods, which would result in a more accurate
analysis of the distribution of events.

Future research should examine outcome data to determine if the change
in type of penetrating trauma proportions resulted in greater survival rates. This
could show that Richmond was safer with the respect to mortality, if stabbing
incidents on average result in less severe injuries than gunshot incidents.
Further studies should also use data sources that provide more information about
incident and patient characteristics and include a more comprehensive study

population (ex: hospital records).
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Table 1: Penetrating Trauma Calls Received and Incidence by Year.

o | Incident | Population-| Incidence

" Year . | Count | Estimate:| . ®er100
2002 607 196380 3.09
2003 660 195200 3.38
2004 683 193915 3.52
2005 642 193777 3.31
2006 642 192032 3.34

*No significant difference between the groups (y° for trend=1.139, p-value=0.286).

Table 2: Distribution of Transport Status by Year
- Year s | Transportf:f—:k ‘No Tranert E Tota|
2002 278 (47.2) 311 (52.8) 589
2003 281 (44.1) 356 (55.9) 637
2004 277 (41.8) 385 (58.2) 662
2005 303 (48.9) 317 (51.1) 620
2006 313 (50.2) 310 (49.8) 623
Total 1452 (46.4) 1679 (563.6) | 3131
*Significant difference between the groups (x“=12.236, df=4, p=0.016).
**Data missing for n=103.

Table 3: Dlstrlbutlon of T pe of Penetrating Trauma by Year.
“Year-| - ‘Gunshot- Stabblng,, ;Totah
2002 336 (77.6) 97 (22.4) | 433 |
2003 382 (77.0) | 114(23.0) | 496 :
2004 354 (72.1) | 137 (27.9) | 491
2005 289 (68.8) | 131(31.2) | 420
2006 359 (64.8) | 195(35.2) | 554
Total 1720 (71.8) | 674 (28.2) | 2394

*Significant difference between the groups (x° for trend=28.2, p<0.001).

**Data missing for n=840.

Table 4: Summary Data of Age of Patients Transported by Year.

' Standard
Year | Count | Mean |-Median: | N um.| Error
2002 265 28.8 25 0 80 0.8
2003 256 30.1 27 5 91 0.8
2004 262 304 26 0 105 0.9
2005 294 30.2 28 0 67 0.7
2006 293 31.3 27 6 87 0.8
Total 1370 30.2 27 0 105 0.4
*No significant difference between the groups (ANOVA: F=1.270, df=4, p-value=0.280).
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Table 5: Distribution of Age of Patients Transported by Year.

Year 0-19 20-29 30-39 240 Total
2002 | 56 (21.1) | 109 (41.1) | 51(19.2) | 49(18.5) | 265
2003 | 53(20.7) | 89(34.8) | 58 (22.7) | 56(21.9) | 256
2004 | 54(20.6) | 99(37.8) | 50(19.1) | 59 (22.5) | 262
2005 | 50(17.0) | 121 (41.2) | 59 (20.1) | 64(21.8) | 294
2006 | 64(21.8) | 96(32.8) | 50(17.1) | 83(28.3) | 293
Total | 277 (20.2) | 514 (37.5) | 268 (19.6) | 311 (22.7) | 1370

*No significant difference between the groups (y°=14.907, df=12, p=0.247).

Table 6: Distribution of Gender of Patients Transported by Year.

Year- |. .Female | Male:: | Total:
2002 53 (19.6) 218 (80.4) | 271
2003 56 (21.9) 200 (78.1) | 256
2004 40 (15.2) 223(84.8) | 263
2005 4 (15.9) 248 (84.1) | 295
2006 57 (19.3) 238 (80.7) | 295
Total 253 (18.3) | 1127 (81.7) | 1380

*No significant difference between the groups (3’ for trend=0.683, p=0.409).
**Data missing on n=103.

Table 7: Dlstrlbutlon of Level of Care Provrded to Patlents Transported by Year.

, : Advanced e e sy

- Year» : Death ALS Basrc ALSilfﬁ o "iT‘B‘I:S? Total.~
2002 10 (3.6) 33 (11.9) 193 (69.4) 42 (15.1) 278
2003 | 6(2.1) 35 (12.5) 202 (71.9) | 38(13.5) | 281
2004 6(2.2) 46 (16.6) 210 (75.8) 15 (5.4) 277
2005 | 11(3.6) 35 (11.6) 232(76.6) | 25(8.3) | 303
2006 3(1.0) 41 (13.1) 239 (76.4) 30 (9.6) 313
Total | 36(2.5) | 190 (13.1) | 1076 (74.1) | 150 (10.3) | 1452

*Significant difference between the groups (x° -28 162, df=12, p=0.005).
? for trend for BLS (x*=8. 830 p<0.01).

**Significant decreasing

**Significant increasing x- for trend for Basic ALS (x*=3.916, p<0.05).
** Data missing on n=103.

Table 8: Dlstrlbutlon of EMT determlned transport level by Year.

Non-= -

- Year - Emergency Emergency Total
2002 146 (52.5) 132 (47.5) 278
2003 147 (52.3) 134 (47.7) 281
2004 154 (55.6) 123 (44.4) 277
2005 177 (58.4) 126 (41.6) 303
2006 156 (49.8) 157 (50.2) 313
Total 780 (53.7) 672 (46.3) 1452

*Significant difference between the groups (x°=12.236, df=4, p=0.016).
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Table 9: Summary Data for Number of Patients Transported by Year.

: , Standard
Year Count Mean Median /| Minimum | Maximum Error
2002 278 1.1 1 1 3 0.0
2003 281 1.1 1 1 4 0.0
2004 277 1.1 1 1 4 0.0
2005 303 1.1 1 1 3 0.0
2006 313 1.1 1 1 2 0.0
Total 1452 1.1 1 1 4 0.0

*No significant difference between the groups (ANOVA: F=0.452, df=4, p-value=0.771).

Table 10: Number of Identified Gunshot or Stabbing Incidents Transported by Year.

Year | Incidents "
2002 191 (18.8)
2003 200 (19.7)
2004 182 (17.9)
2005 181 (17.9)
2006 260 (25.6)
Total 1014

Table 11: Distribution of Incidents by Neighborhood, 2002-2006.

#Incidentst- | - #: | Total
Neighborhood.| Neighborhoods | " Incidents -
0 39 (26.3) 0
1to 5 58 (39.2) 131(12.9)
6to 15 29 (19.6) 270 (26.6)
16 to 25 10 (6.8) 208 (20.5)
26 to 35 8(5.4) 232 (22.9)
36 to 58 4(2.7) 178 (17.6)
Total 148 1014
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Appendix A: Dlstrlbutlon of Inmdents Per Year by Nelghborhood
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Appendix B: GIS
Maps
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RAA Transports: Penetrating Trauma Incidents
By Neighborhood, 2006
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RAA Transports: Penetrating Trauma Incidents
By Neighborhood, 2002
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RAA Transports: Penetrating Trauma Incidents
By Neighborhood, 2003
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RAA Transports: Penetrating Trauma Incidents
By Neighborhood, 2004
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RAA Transports: Penetrating Trauma Incidents
By Neighborhood, 2005
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RAA Transports: Penetrating Trauma Incidents
By Neighborhood, 2006
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RAA Transports: Gunshot and Stabbing Incidents,
2002-2006
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RAA Transports: Gunshot and Stabbing Incidents,
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RAA Transports: Gunshot and Stabbing Incidents,
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