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Gunshot and Explosion Injuries

Characteristics, Outcomes, and Implications for Care of
Terror-Related Injuries in Israel

Kobi Peleg, PhD,* Limor Aharonson-Daniel, PhD,* Michael Stein, MD,7 Moshe Michaelson, MD,
Yoram Kluger MD, FACS,§ Daniel Simon, MD,** Israeli Trauma Group (ITG), and
Eric K. Noji, MD7171

Context: An increase of terror-related activities may necessitate
treatment of mass casualty incidents, requiring a broadening of
existing skills and knowledge of various injury mechanisms.
Objective: To characterize and compare injuries from gunshot and
explosion caused by terrorist acts.

Methods: A retrospective cohort study of patients recorded in the
Israeli National Trauma Registry (ITR), all due to terror-related
injuries, between October 1, 2000, to June 30, 2002. The ITR
records all casualty admissions to hospitals, in-hospital deaths, and
transfers at 9 of the 23 trauma centers in Israel. All 6 level I trauma
centers and 3 of the largest regional trauma centers in the country are
included. The registry includes the majority of severe terror-related
injuries. Injury diagnoses, severity scores, hospital resource utiliza-
tion parameters, length of stay (LOS), survival, and disposition.
Results: A total of 1155 terror-related injuries: 54% by explosion,
36% gunshot wounds (GSW), and 10% by other means. This paper
focused on the 2 larger patient subsets: 1033 patients injured by
terror-related explosion or GSW. Seventy-one percent of the patients
were male, 84% in the GSW group and 63% in the explosion group.
More than half (53%) of the patients were 15 to 29 years old, 59%
in the GSW group and 48% in the explosion group. GSW patients
suffered higher proportions of open wounds (63% versus 53%) and
fractures (42% versus 31%). Multiple body-regions injured in a
single patient occurred in 62% of explosion victims versus 47% in
GSW patients. GSW patients had double the proportion of moderate
injuries than explosion victims. Explosion victims have a larger

From the *Center for Trauma & Emergency Medicine Research, Gertner
Institute, Sheba Medical Center, Tel Hashomer, Israel; fTrauma Ser-
vices, Department of Surgery, Rabin Medical Center, Petach Tikva,
Israel; fTrauma Unit, Rambam Medical Center, Haifa, Israel; §Rabin
Trauma Center, Department of Surgery, Tel Aviv Medical Center, Israel;
**Trauma Unit, Sheba Medical Center, Tel Hashomer, Israel; and the
FiCenters for Disease Control and Prevention, Atlanta, Georgia.

Reprints: Kobi Peleg, PhD, MPH, Center for Trauma and Emergency
Medicine Research, Gertner Institute, Sheba Medical Center, Tel
Hashomer, Israel 52621. E-mail: kobip@gertner.health.gov.il.

Copyright © 2004 by Lippincott Williams & Wilkins

ISSN: 0003-4932/04/23903-0311

DOI: 10.1097/01.s1a.0000114012.84732.be

Annals of Surgery ® Volume 239, Number 3, March 2004

proportion of minor injuries on one hand and critical to fatal injuries
on the other. LOS was longer than 2 weeks for 20% (22% in
explosion, 18% in GSW). Fifty-one percent of the patients under-
went a surgical procedure, 58% in the GSW group and 46% in
explosion group. Inpatient death rate was 6.3% (65 patients), 7.8%
in the GSW group compared with 5.3% in the explosion group. A
larger proportion of gunshot victims died during the first day (97%
versus 58%).

Conclusions: GSW and injuries from explosions differ in the body
region of injury, distribution of severity, LOS, intensive care unit
(ICU) stay, and time of inpatient death. These findings have impli-
cations for treatment and for preparedness of hospital resources to
treat patients after a terrorist attack in any region of the world.
Tailored protocol for patient evaluation and initial treatment should
differ between GSW and explosion victims. Hospital organization
toward treating and admitting these patients should take into account
the different arrival and injury patterns.

(Ann Surg 2004;239: 311-318)

Terror—related injuries have become a threat for popula-
tions all over the world. With the increase of terror-
related activities, physicians will be increasingly required to
treat victims of mass casualty incidents, requiring a broaden-
ing of their existing skills and itemed knowledge of various
mechanism of injuries.'

In Israel, terrorist acts have been an unfortunate reality
for many years. The most recent uprising has been particu-
larly devastating, causing extensive loss of life and injuries to
young civilians.

Medical care for victims of earlier periods of terror was
predominantly for stabbings,* being hit by objects such as
rocks and stones and explosions due to explosives concealed
and detonated by remote control. The recent eruption of terror
activity comprises of 2 major forms — suicide bomber explo-
sions and gunshots. These attacks resulted in victims sustain-
ing injuries that are more complex and severe than earlier
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periods of terror activity.>® The need to understand the
effects and implications of these 2 terror mechanisms led to
this study. Gunshot and explosion wounds, which vary in
injury profile, hospital services utilization, patient character-
istics, and outcome are described and compared. The com-
parison serves to stress the differences in injury patterns and
help produce specific protocols for each of the 2 injury
mechanisms. The purpose of this study is: (1) to characterize
and compare the effects of gunshot and explosion injuries
caused by terrorist acts; and (2) to see how these findings
contribute to the severity and outcome of terror-related inju-
ries and the implications for care.

METHODS

This study was a retrospective cohort study of all
patients recorded in the Israeli National Trauma Registry
(ITR) between October 1, 2000, and June 30, 2002, due to
terror-related injuries. The definition of terror-related injury
was based on ICD-9-CM external cause of injury E990-E998.

The ITR records all casualty admissions to hospitals,
in-hospital deaths, and hospital transfers at 9 of the 23 trauma
centers in Israel. The 9 hospitals include all 6 level I trauma
centers in Israel and 3 of the largest regional trauma centers
in the country. The remaining 14 hospitals include smaller
hospitals, not included in the registry. Patients seen there
were not recorded unless they were transferred to higher
levels of care. However, on the basis of reports by the
Ministry of Health, 7 in the year 2002, hospitals in the trauma
registry included nearly 80% of hospitalizations due to terror.

The registry includes the majority of severe terror-
related injuries. Patient demographic details and data on the
nature of injuries, treatment, and outcome were obtained from
the registry. Medical diagnoses were classified on the basis of
both ICD-9-CM’ coding and AIS® coding. Severity measures
such as AIS® and ISS’ were used to rank severity. Indicators
on hospital resource utilization included length of stay (LOS),
intensive care treatment (ICU), and surgical procedures. In-
patient survival and disposition were also noted. The frame-
work for injury diagnoses analysis was based on the Barell
body region by nature of injury diagnosis matrix.'®!" The
matrix was modified to include 5 injury types: fractures;
internal injuries; open wounds; burns; and others. This matrix
describes 9 body regions as follows: traumatic brain injury
(TBI); other head; spinal cord and column; chest; abdomen;
pelvis, trunk, back, and buttock; upper extremities; lower
extremities; and other.

These categories enable a broad epidemiologic analysis
of injury distribution and also provide for specific anatomic
characteristics of injury.

The data set includes up to 10 diagnostic codes per
patient. ICD-9-CM diagnosis codes were substituted with
corresponding matrix units for the analysis of injury. Using
matrix terminology, multiple injury profiles'? were defined.
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Internal injuries were defined as injuries in the range of
ICD-9-CM codes 850-—-854, 860—868, subdivided into 3
body regions: head, torso, and abdomen.

SAS statistical software was used for data analysis.
Parameters were described and compared between GSW
patients and patients injured by explosion. Statistical tests
included Pearson x* for categorical data, t-tests for continu-
ous variables, and Wilcoxon nonparametric tests where con-
tinuous variables did not distribute normally. A value of P <
0.05 was considered statistically significant.

RESULTS

Study Population

During the study period, a total of 1155 patients were
recorded in the ITR as sustaining injuries caused by terrorist
acts. The majority of patients were injured by explosion (n =
623, 54%). Thirty-six percent (410 patients) had gunshot
wounds (GSW), and the remaining 10% (122 patients) were
injured by other means. These other injuries were sustained
from a variety of violent acts, including stabbings, rocks and
other propelled objects, and vehicular assaults. Due to the
small number of patients and the diversity of injury mecha-
nisms represented by the “other” cohort, this paper will focus
on the 2 larger patient subsets: GSW patients and patients
injured in explosions, a total of 1033 patients.

Most patients (n = 737, 71%) were male. GSW casu-
alties included a significantly larger proportion of males
compared with explosion injuries as demonstrated in Table 1.
Male predominance persisted when injuries during military
duty were excluded, though the rate declined. More than half
(n = 535, 53%) of the patients were between 15 and 29 years

TABLE 1.
Mechanism

Age and Gender Distribution by Injury

Total Explosion Gunshot

N % N % N %

Total 1033
Gender

Male 737 71 392 63 345 84
Male excluding military 566 66 339 60 227 79
Age group* (years)

100.0 623 60.3 410 39.7

0-14 74 73 52 85 22 55
15-29 535 527 297 485 238 59.1
3044 215 212 127 207 88 21.8
45-59 104 102 66 10.8 38 94
60-74 64 63 51 83 13 32
75+ 24 24 20 33 4 1.0
missing 17 10 7

*P-value for x* test = 0.0002.
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of age, 59% in the GSW group and 48% in the explosion
group (Table 1). Patients injured in explosion had a higher
proportion of children and elderly than GSW patients.

Injury Characteristics

Approximately one third of the patients (n = 318)
suffered internal injuries, 181 in explosion and 137 in GSW
(30% in both groups).

Overall, apart from chest, spine, and abdominal inju-
ries, which are more frequent in GSW victims, all other body
regions are injured more frequently in explosion (Fig. 1).
Most notable is the excess number of head and brain injuries
in patients injured by explosion. The involvement of multiple
body regions in a single patient is significantly more common
in explosion victims at 62% as compared with 47% in GSW
patients (x> P < 0.001), thus the total number of injuries in
this population is larger. Figure 2 shows the number of body
regions involved in the injury for GSW and explosion vic-
tims. The proportion of patients with 1 or 2 body regions
injured in gunshot terrorist attacks is significantly higher than
the proportion in victims of explosion. Patients injured in
explosions have higher rates of involvement of 3 or more
body regions involved in an injury. Only 2 patients with
GSW had 5 or more body regions affected.

GSW patients suffered significantly higher proportions
of open wounds (63% versus 53%, x> P = 0.0009) and
fractures (42% versus 31%, x> P = 0.0005). Burns were
present in 91 patients (8.8%), all were victims of explosion.
The severity of injury of burn patients was high (30% with
ISS of 25 or higher); however, 68% of the patients with burn

injuries had also sustained penetrating or blunt injuries or
both, contributing to the high severity and injury complexity.

More than 40% of the patients sustaining internal inju-
ries had a critical or fatal injury: an injury with an ISS of 25+
(Table 2). For purpose of analysis, internal injuries were
divided into 3 body regions (head, chest, and abdomen) and
their combinations. The most frequent injury for both gunshot
and those injured by explosion was the chest (n = 171).
Single injuries to the abdomen were more frequent in GSW
patients. Injuries to the head only were more common in
explosions. Injuries affecting both chest and abdomen oc-
curred in 18% of GSW and 12% of explosion victims. Other
multiple region injuries to patients with internal injuries were
more common in patients injured by explosion (9% in explo-
sion versus 1.5% in GSW patients). The severity, LOS, ICU
stay, and inpatient death rates by body region injured are
summarized in Table 2.

Injury Severity

A total of 263 patients (26%) suffered severe, ISS =
16, injuries. Table 3 details the distribution of severity groups
for both injury mechanisms. Patients injured by explosion
have a larger proportion of minor injuries and a larger
proportion of critical to fatal injuries. The proportion of
moderate (ISS 9-14) injuries in GSW patients is almost
2-fold higher than in patients injured by explosion (x* P <
0.001). Severity of injury for patients with internal injuries
was higher with 62% of the patients suffering a severe (ISS
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FIGURE 2. Number of body regions
involved by cause of injury (based
on nine body regions defined in
Methods section. % is percent in
each cause population.

16+) injury (61% in the GSW group, and 63% in the the
explosion group). Multidimensional injuries such as burns and
penetrating injuries were also associated with high severity, and
nearly half had an ISS of 16+. The most severe injuries however
were noted in patients with internal injuries, described in Table
2. Ninety-six percent of explosion victims with head and other

Number of body regions involved by cause of injury
(based on nine body regions defined in methods section)

I“Explos.ioh
Ak H Gunshot
(n)
62 48)
(19)
(2)
1 2 3 4 5+

Number of Body Regions Involved

% is percent in each injury cause population

injuries and 86% of patients with chest and abdominal injuries
from explosion had an ISS of 25 or higher.

Utilization of Hospital Services
A total of 235 patients (23%) were hospitalized in the
intensive care unit (ICU) (Table 4). While the proportion

TABLE 2. Distribution of Internal Injuries by Three Body Regions by Injury Mechanism

Total ISS 25+ Inpatient Death Los 14+ days ICU
N % % In group % In group % In group % In group
Total 318 100 40.9 16.0 304 48.4
Explosion
Total 181  56.9 46.4 14.9 33.9 53.6
Head 49 271 18.4 10.2 14.6 26.5
Chest 61 33.7 52.5 11.5 333 58.3
Abdomen 32 17.7 25.0 9.4 36.7 54.8
Chest & abdomen 22 12.2 86.4 9.1 77.3 86.4
Head & other* 17 9.3 95.8 69.3 38.7 92.5
Gunshot
Total 137 431 33.6 17.5 25.7 41.6
Head 22 16.1 22.7 27.3 4.6 36.4
Chest 48  35.0 20.8 8.3 16.7 43.8
Abdomen 40 292 37.5 20.0 41.0 40.0
Chest & abdomen 25 18.3 60.0 24.0 36.0 44.0
Head & other* 2 1.5 - - - -

*Head and other includes: head and chest, head and abdomen, and head and both chest and abdomen.
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TABLE 3. Distribution of Injury Severity Score by Injury
Mechanism, Nature, and Number of Body Regions Injured

Injury Severity Score (ISS)

Group
Total 1-8 9-14 16-24 25-75

Total

n 1033 571 183 97 166

% 100 56.2 18.0 9.5 16.3
Nature of injury

Internal 318 157 220 214 409

Other 715 737 163 4.6 5.4
Injury mechanism

Gunshot 410 499 25.1 10.2 14.9

Explosion 623 603 134 9.1 17.3
Number of body regions

injured

1 439 754 162 4.6 39

2 283 551 209 8.5 15.6

3 144 292 20.8 1838 313

4 81 235 247 173 34.6

5 or more 50 80 4.0 24.0 64.0

Percentages in each row sum up to 100%.

Body region groups are defined as: TBI, other head, VCI/SCI, chest,
abdomen, pelvis back and buttock, upper extremities, lower extremities, and
other.

requiring ICU treatment did not differ between GSW and
explosion victims, the duration of stay was significantly
longer for patients injured by explosion (P = 0.048). Patients
with multiple body regions injured had higher rates of ICU
stay, increasing from 9% in patients with 1 body region
through 23% for those with 2 body regions and up to 71% of
patients with more than 2 body regions. Fifty-five percent of
the patients with burns and penetrating injuries had been to
the ICU. Internal injury patients, particularly those with
multiple injuries had the highest rates of ICU admissions
(Table 2).

Total length of stay (LOS) was longer than 2 weeks for
196 patients (20%) (Table 4). Patients with internal injuries
had increased LOS, and the number of body regions involved
in the injury also correlated with LOS. The longest hospital-
izations were of patients with multidimensional injuries in-
cluding a combination of burns and penetrating injuries in 1
patient.

Slightly more than half (51%) of the patients underwent
a surgical procedure, 58% in GSW group and 46% in the
explosion group (Table 4).

Inpatient Mortality
Inpatient death rate was 6.3% (65 patients). There was
no statistically significant difference between the groups in

© 2004 Lippincott Williams & Wilkins

death rate (x> P = 0.11); however, a significantly larger
proportion of GSW victims died during the first day (Fig. 3,
P < 0.0001). No patients injured by gunshot who survived
longer than 7 days died. The outcomes for internal injury
patients were significantly worse, with a death rate of 16%.
Multiple internal injury patients had death rates ranging from
17% in chest & abdomen patients to 80% in patients with
head, chest, and abdomen internal injuries. Overall, patients
with multidimensional injuries to multiple body regions had
higher inpatient mortality rates. Of the patients with 5 or
more body regions injured, 18% died, compared with 4% in
patients with only 1 body region injured.

DISCUSSION

This study focused on patients injured and hospitalized
after a terrorist attack during 21 months of increased terrorist
activities in Israel, from October 2000 to June 2002. The differ-
ences between GSW and explosion victims were explored.

The first difference is in the arrival fashion; explosion
victims are usually part of a mass casualty event and arrive at
the hospital as part of a group while GSW patients are more
often injured in sporadic events and arrive as individuals.
This point has important implications for hospital organiza-
tion and may affect patient care. The treatment of severe
patients that arrive as an isolated event can be handled within
the resources of the trauma center based on physicians from
general surgery and other surgical subspecialties, as well as
nursing staff. Handling a multiple or mass casualty event
demands a different organization of the hospital setting. The
sudden influx of patients creates a simultaneous demand on
resources that may cause bottlenecks, for example in opera-
tion rooms, diagnostic imaging, ICU and specialist staff,
particularly in subspecialties.

In a mass casualty scenario, “minimal acceptable care™’
is provided. Minimal acceptable care refers to concentrating
efforts on a maximal number of salvageable patients. Al-
though this may seem alien to the usual strive for excellence,
the conservation of critical hospital resources is a key con-
sideration. In the initial phase, during which there is an
ongoing flow of casualties and the eventual number of vic-
tims is still unknown, minimal acceptable care is applied on
a temporary basis only until the mass casualty situation
subsides. The definitive phase begins when no new casualties
are arriving, things are under control, and optimal care can be
provided.'

The literature reports that the patterns of injury in
patients injured by explosion vary. The initial blast can cause
tissue damage, and propelled fragments can cause penetrating
injuries. Falling objects or impact from blast displacing the
victim’s body against a stationary object usually cause blunt
injuries but could also cause penetrating injuries. Addition-
ally, victims often suffer burns from the heat discharged by
the explosive device or by fire ignited by the blast."!*!* The
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TABLE 4. Injury and Hospitalization Characteristics by Injury Mechanism
Total Explosion Gunshot
N % N % N %
Total 1033 100 623 60.3 410 39.69
ICU stay*
Yes 235 22.8 149 24.0 86 21.0
No 794 77.2 471 76.0 323 79.0
Median (IQR)" 4 (2-9) days 3 (1-5) days
Length of stay*
1-6 days 574 59.5 334 58.0 240 61.7
7-14 days 195 20.2 117 20.3 78 20.1
15 days or more 196 20.3 125 21.7 71 18.2
Median (IQR) 4 (1-11) days 4 (2-10) days
Surgical Procedures®
Yes 524 50.7 287 46.07 237 57.8
No 509 49.27 336 53.93 173 42.2
Inpatient death**
Died 65 6.3 33 53 32 7.8
Time of inpatient death:
Within 1 day 50 76.9 19 57.6 31 96.9
2-7 days 10 15.4 9 27.3 1 3.1
8+ days 5 7.7 5 15.1 0 0.0
*P-value for x* test = 0.2611.
P-value for Wilcoxon test = 0.0482.
*P-value for x* test = 0.3857.
$P-value for x* test = 0.0002.
##P_yalue for x* test = 0.
Time of inpatient death by cause of injury recent upri.sing in Israel introduced a previgusl'y unknown
(patients who died in the hospital only) form of injury created by new types of projectiles such as
100 @31) nails, bolts, and other sharp metal objects included in the
90 explosives. These projectiles are propelled in all directions,
causing penetrating injuries that are often difficult to detect.
oe As a result, even victims who arrive at the hospital with
0 (19) apparently minimal injuries may require close observation
60 and diagnostic screenings. The critical patients who are
% 50 4 Time of inpatient death transferred to the operating theater immediately after injury
40 maay1 ™ should have total body fluoroscopy to find metal foreign
30 Odays 27 bodies that may complicate their course if not detected. Other
20 4 L 5) Dday 8 or later patients who can wait for further investigation in a delayed
10 - 1) —— fashion, should have total body computed tomographic scan.
0 . (0 The combination of multiple injuries from various
Explosion Gunshot mechanisms has been described recently.'>'® Complex inju-
N N=32 ries of such nature are demonstrated here by the relatively

% is percent in each injury cause population

FIGURE 3. Time of inpatient death by cause of injury (patients
who died in the hospital only. % is percent in each cause
population.
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large proportion of burn patients who had also sustained
penetrating injuries. Such multidimensional injury pattern'®
deserves special attention and indicates special investigatory
protocols and management strategies. For example, a patient
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who suffers blast lung injury will need fluid restriction. A patient
who suffers burns will need liberal fluid administration. The
combination of blast lung with burn injury will require sophis-
ticated invasive monitoring for fluid management.

The large proportion of internal injuries in this popu-
lation (30%), both penetrating and blunt, is a further cause for
the high rate of severe injury in terror-related trauma as
compared with other forms of trauma.>!” The most common
injured body regions in this study were the head and the
extremities, similar to results reported from Ireland.'® Inter-
nal injuries were mostly to the chest (54%). This is poten-
tially explained by the majority of explosions occurring in
confined spaces such as busses and shops. Furthermore, the
victims were mainly civilians who are unprotected, and the
use of nails and bolts as part of the bomb, not previously
experienced in Ireland, increased the extent of the wound. A
study comparing injuries of casualties of terror during mili-
tary activity, while wearing protective vests and helmets
confirms this assumption as the distribution of injuries among
patients injured during military activity were mostly to the
head and extremities, with a relatively lower proportion of
internal injuries to the abdomen, chest, and head, resulting in
less severe outcomes (K. Peleg and L. Aharonson-Daniel;
unpublished study).

The involvement of multiple body regions was found to
be more common in explosion victims. Multiple body region
injuries are a significant cause for increased overall injury
severity. The proportion of severe (ISS 16+) injuries in
patients with 5 or more injuries is almost 90%, more than 10
times higher than in patients with 1 body region injured. By
definition, ISS is likely to increase with multiple body regions
injured. However, the distribution of severity of injury is
worthy of note as patients injured in explosions have a larger
proportion of minor injuries and a larger proportion of critical
to fatal injuries. The proportion of moderate (ISS 9-14)
injuries in patients injured by gunshot is almost 2-fold higher
than in patients injured by explosion (x> P < 0.001). This
could possibly be explained by the high proportion of frac-
tures (42%) in patients injured by gunshot, as limb fractures
are usually assigned a moderate severity score.

As explosion injuries include a large proportion of
multiple injuries to the same body region and injuries to more
than 3 body regions (Table 3), ISS may underestimate the
injury severity due to the fact that it scores only the most
severe injury in each body region.®!'? This finding suggests a
need to create a new ISS that would take into account
multidimensional injuries.

The average duration of stay of explosion victims in the
ICU was longer than that of GSW patients. As ICU beds are
a limited resource and require heavy staffing and expensive
care, this finding has important implications on hospital
resource use.

© 2004 Lippincott Williams & Wilkins

When discussing patient mortality, it is important to
remember that the data used in this study exclude patients
who died at the scene as well as those who arrived dead to the
hospital. Comparisons of death rate with other studies is
therefore limited to studies of similar inclusion criteria.?”
Inpatient death rate was 6.3% (65 patients). This rate was
double the inpatient death from road traffic casualties (2.8%)
and 3-fold higher than other trauma (1.8%) in the ITR.!”

Time of death was significantly different between the
groups; patients injured from GSW died mostly on the first
day and never after day 7, while inpatient death in patients
injured by explosion was more likely to occur later during the
hospitalization. This could be due to the fact that patients
with GSW die more often from exsanguinations or brain
injury rather than organ failure and complications seen in
patients injured in explosions.

CONCLUSION

Gunshot and explosion injuries comprise the majority
of terror-related trauma in Isracl during the most recent
uprising. These mechanisms differ in injury severity distri-
bution, in the proportion of patients suffering multiple inju-
ries, in the duration of stay in ICU, and in the body region of
injury. While the inpatient death rate is not significantly
different between the 2 injury modalities, the time of death is
different with GSW patients expiring within 24 hours. These
findings have implications for treatment and for the prepared-
ness of hospital resources and training to treat patients after a
terrorist attack in any region of the world. Tailored protocol
for patient evaluation and initial treatment should differ
between GSW and explosion victims. Disaster management
plans should include the possibility of terrorist bombing, and
medical preparedness should anticipate that a large propor-
tion of the injuries will be nonfatal.
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