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BACKGROUND:

METHODS:

RESULTS:

CONCLUSION:

Between January 2000 and September 2016, there have been 27 documented shark attacks on La Réunion Island. The
insular nature of La Réunion has allowed us to perform an extensive survey of these attacks. The objective was to describe
the clinical features of these shark attacks, as only case reports have been published up to now.

This was a retrospective observational study of the 27 cases of nonprovoked shark attacks that have occurred between January
2000 and September 2016. Post-humate predation, provoked attacks, and isolated attack on devices were excluded. All bone
and vascular injuries were documented in the 21 remaining cases. Prehospital tourniquet use was specifically recorded.

Among the 21 victims, eight died (38%) despite rapid use of resuscitation techniques in five cases when it was feasible; these tech-
niques were not needed in the survivors. Thirteen patients were immediately treated in the operating room. Amputation or dis-
articulation occurred 13 times in 10 victims, five of whom died. Twelve injuries to major vascular structures were found in 11
victims, six of which died. A prehospital tourniquet was applied in four of the five surviving victims who had injuries to major
vascular structures (including one victim with major humeral and femoral artery damage) and in one victim who died (the very
proximal wound was not controlled).

Our study found that quickly applying a tourniquet to the injured limb(s) contributes to the victim's survival. Disarticulation is a
particular feature of shark attacks. The number and severity of shark attacks at La Réunion Island are worse than in the rest of
the world. (J Trauma Acute Care Surg. 2017;82: 952-955. Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.)
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B etween 2000 and 2016, an average of 87 nonprovoked shark
attacks occur each year throughout the world, leading to 8.82
deaths per year on average.'” During this period, there was an
average of 3.6 shark attack cases per year in France, with 0.9
deaths per year on average. All of these attacks occurred in
France's overseas departments and territories: 1 in Wallis-and-
Futuna, 11 in French Polynesia, 20 in New Caledonia, and 27
in La Réunion Island.

There are no large clinical studies on shark attacks in the
literature. We have only found clinical case reports.** Forensic
medicine studies have put forward hypotheses on the circum-
stances of these incidents based on accounts from local authori-
ties, witnesses, and victims.>® However, it is not always possible
to identify the cause of death based on a study of human remains
when posthumous predation occurred or the attack was fatal.’
Clinical data surrounding the care, treatment, or intraoperative
observations are not always available in that type of study, which
is another limitation. Other studies have extracted the details of
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shark attacks from databases.” ® The International Shark At-
tack File compiles all of the shark attacks throughout the world;'
there are also country-specific databases such as the KwaZulu-
Natal Sharks Board in South Africa'® and the Australian Shark
Attack File."" These databases are populated using a questionnaire
that is sent to witnesses to collect information about the attack.'"'?
However, this questionnaire does not capture data from the
medical records. The injury descriptions are not exhaustive,
and the survey of the victims is often incomplete.'?

The shark attack rate is higher in La Réunion Island than
in any other geographic area in the world. Since 2000, there have
been 3.11 shark attacks per 100,000 inhabitants; the island's
population was 835,103 in 2013."* This is 15 times higher than
in South Africa, 14 times higher than in the United States, and
3 times higher than in Australia (which has 35,000 km of coast
line and 1,680,000 surfers). Given the estimated 500 participants
in water-based activities'* and the 40 km of coast line suitable
for swimming at La Réunion Island, this shark attack rate is
unusually high relative to the rest of the world.!' Because of the
geography of La Réunion Island, shark attack victims are treated
by a limited number of hospitals and orthopedic surgeons.

The purpose of our study was to describe the clinical char-
acteristics of the injuries induced by shark attacks and to explore
which factors contribute to their severity and the victim's death.

METHODS

This was a retrospective observational study of shark at-
tacks on La Réunion Island. All the victims of nonprovoked shark
attacks on the island between January 2000 and September 2016
were included. This was a continuous case series. A nonprovoked
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shark attack was defined as aggressive physical contact between
one or multiple sharks and a human in a shark's natural habitat,
without human provocation,'® that results in physical injuries.

Provoked attacks were excluded. A provoked attack was
defined as one in which a human initiates physical contact with
a shark.!" The single case of posthumous predation was ex-
cluded.'® Five attacks on objects in which the victims were un-
harmed were excluded: two surfboards, one bodyboard, one
Hawaiian outrigger, and one waveski.'

The data were taken from the medical records of patients
admitted to the Centre Hospitalier Gabriel Martin de Saint-
Paul, the Centre Hospitalier Universitaire de La Réunion, and
the Groupe Hospitalier Est Réunion. These three hospital facil-
ities are the only trauma centers on La Réunion Island. The phy-
sicians present at the time of the attack or who provided medical
care were questioned to collect data related to victims who died
at the site of the attack before they could be transported to a hos-
pital (five cases).

We also collected general data about the victims, circum-
stances of the attack, injuries observed during the physical ex-
amination, and information about the treatment provided.
Some of the victims had multiple injuries. The most serious in-
jury to each limb was retained. The injuries were classified as
suprafascial (abrasion/contusion, skin/soft tissues) or subfascial
(tendon/muscle/bone, major vascular structures). Proximal ar-
tery damage (carotid, humeral, femoral) was recorded, as were
amputations and disarticulations.

The injuries were classified according to the score and in-
jury level in the Shark-Induced Trauma (SIT) Scale.” This score
includes a measurement of the initial blood pressure, the loca-
tion of the injury, the depth of the injury, the impairment due
to the injury, and the complexity of the required treatment. The
arithmetic sum of these scores defined the severity of the inju-
ries on a five-level grading system. We also used the three-level
prognostic score of the Durban classification described by Davies
and Campbell’ to establish a prognosis based on the main vascu-
lar structures damaged. If the victim's body was not found, we
assumed that a major vessel in the trunk region had been dam-
aged. The use of a tourniquet at the attack site was documented.
Standard descriptive statistics were calculated.

RESULTS

Of 27 nonprovoked attacks, 21 victims (19 men and 2
women) were included in this case series. The average age was
29.8 £ 11.4 years (13—51 years). At the time of the attack, 18 vic-
tims (86%) were surfing or bodyboarding, and 3 were swim-
ming or underwater hunting. Eight (38%) died. Accidents
involving the bulldog shark (Carcharhinus leucas) were the
most frequent, 11 cases having been documented and 6 of which
were fatal. The tiger sharks (Galeocerdo cuvier) were implicated
in four attacks, one of which was fatal. The sharks were not iden-
tified in six cases. Attacks occurred 2 times before 9 AM, 7 times
between noon and 3 PM, and 12 times after 4 PM. Seventeen at-
tacks occurred during austral winter. Chest compressions were
carried out in five victims (none survived), and open-chest car-
diac massage was done in one of these victims in the operating
room. Resuscitation maneuvers were not relevant in the other
three cases (body not found, severing at the trunk or long delay
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before the body could be recovered). Dead or brain-dead status
was presumed immediately in seven of the eight cases. In the
other case, the patient died within 24 hours in the intensive care
unit after surgical treatment because of disseminated intravascular
coagulation secondary to hemorrhagic shock. This patient was
in cardiac arrest at the attack site for an estimated 30 minutes.

The victims were treated in the emergency room in 2 cases
and in the operating room in 13 cases by an orthopedic surgeon,
who works with a vascular surgeon in four cases and a third sur-
geon (urologist) in one case (scrotal wound).

A single site was injured in nine cases, two sites in five
cases, and three or more sites in seven cases. The injuries are de-
scribed in Table 1. Disarticulation (seven injuries in six patients)
corresponded to the presence of bare bone in a limb segment
stripped of its soft tissues, associated with distal disarticulation
(photo 1). A trunk injury (thorax, abdomen, or pelvis) was pres-
ent in five victims, all of whom died; two had fatal intracavity
organ injuries. The scores in SIT Scale and the Durban classifi-
cation were associated to death (Table 2). Among the 13 surviving
victims, five had injuries to major vascular structures, including
two injuries in the same patient. All eight of the victims who
died had injuries to major vascular structures; six had isolated
major vascular lesions in a limb.

TABLE 1. Description of Victims’ Injuries

Total, n =21 Surviving, n =13 Died,n=8
Upper limb 4 3 1
Lower limb 8 6 2
Upper and lower limb 9 4 5
Arm 3 2 1
Forearm 6 3 3
Hand 4
Thigh 9 4 5
Lower leg 8§(m=7) 6 2(m=1)
Foot 2 2
Trunk 5 0 5
Abrasion/contusion 0
Skin/soft issues 3
Tendon/muscle/bone 6
Major vasculature of limbs 12 (n=11)* 6 (n=5)* 6(n=06)
Humeral 3 2 1
Femoral 9 4 5
Prehospital tourniquet use 4 4 0
Amputation/disarticulation 13 (n=10)** 7(n=5) 6 (n=25)
Arm 2 1 1
Forearm 2 0 2
Wirist 2 1 17
(Fingers) (1) (1
Thigh 2 1 1
Knee 2 2 0
Ankle 3 2 1

*One surviving patient had two major vascular injuries: humeral and femoral.

**One surviving patient had an arm amputation and ankle disarticulation; one surviving
patient had a wrist and ankle disarticulation; one patient who died had a forearm and thigh
amputation.

TAssociated with a major vascular injury to the thigh in one patient.

In cases of multiple injuries, only the most severe injury in each limb is listed.
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TABLE 2. The SIT Scale and the Grade in the
Durban Classification

Total, n = 21 Surviving, n =13 Died,n=8

SIT level

Level 5 8 1 7

Level 4 5 4 1

Level 3 1 1 0

Level 2 5 5 0

Level 1 2 2 0
Durban classification

Grade 1 11 3 8

Grade 2 2 2 0

Grade 3 8 8 0

Among the 13 surviving victims, six suffered surgical am-
putation, including two double amputations (arm and thigh; fore-
arm and leg; Table 1). In one case, revascularization of the upper
limb at the elbow was attempted but not successful, requiring
secondary amputation. In two cases, reoperation was needed:
one case for iterative debridement of a forearm wound associated
with a skin autograft and the other previously mentioned case of
secondary amputation. There were two cases of delayed wound
healing that required treatment by second-intention healing.
Negative-pressure wound therapy was used in these two cases. In
two other cases, the victims underwent hyperbaric oxygen therapy.

A prehospital tourniquet was used in four of the five sur-
viving victims who had an injury to a major vascular structure;
one of these patients had two injuries: proximal humeral artery
and femoral artery. In one victim who survived despite a major
vascular injury due to proximal thigh amputation, no tourniquet
was used but a pressure bandage was applied. None of the eight
victims who died received a tourniquet; in one case, the proxi-
mal wound was not controlled by the surfboard leash used as a
tourniquet. A tourniquet was used in two victims who suffered
minor vascular injuries: one patient had a disarticulated wrist
and ankle, and the other patient had a deep muscle wound in
the thigh. In both cases, the tourniquet did not make the situation
Worse or create new injuries.

The average hospital stay in the surgery unit was 11.5 +
9.8 days.

DISCUSSION

This study's findings indicate that injuries following shark
attacks are serious and that prehospital tourniquet use is a deter-
mining factor for a victim's survival. The death rate was 38% in
this study, which is higher than the average 8.3% rate world-
wide,"? 11.6% in South Africa,” and 9.9% in Australia over
the past decade.!' Multiple injuries were present in 57% of
our case series, but in only 1.2% of cases in South Africa.
Amputation was required in 46% of the surviving victims in
our case series (15% on two limbs), whereas this rate was 6%
in a South African study.?

One feature of shark bites is that the limb is stripped down
to bone and the distal joint disarticulated (Fig. 1). Several other
authors have described this injury pattern.>~”- Stripping of soft
tissues over a long bone and rupture of the stabilizers of the
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distal joint can be explained by the shark's interdental space
and powerful jaw.'® Most of attacks were due to tiger and bull-
dog sharks. Bulldog sharks are most often involved in fatal at-
tacks. There were four cases of hand wounds. These may have
occurred when the victim attempted to extract or defend himself
from the shark, as described in some victims’ accounts.>>!!

Although the wounds are initially dilapidated and soiled
by the environment (tropical water, sand), emergency surgical
debridement helps to prevent deep infections. Certain authors
have described frequent infection-related complications.’ There
is no published data that validates a specific course of prophy-
lactic antibiotics.”'* 2! Because there are no recommendations
related to antibiotics, in our practice, we follow the recommen-
dations for care of soft tissue wounds and open fractures.

The strong point of this study is that it is the only pub-
lished study describing a case series of shark attack victims
who were treated at a limited number of hospitals. The data were
taken from medical records or from active or off-duty physicians
who had initially treated the victims. An inventory of all the
shark attacks throughout the world or in a particular region can
be inaccurate, as it may be completed using information from
media sources, nonmedical personnel, or people not involved
in the victim's care.’®'> Medical examiners have published
case reports on pre- and postmortem attacks. However, these
postmortem attacks do not fall in the context of clinical care
needed to save a victim's life. Clinical and treatment-related data
are not always included in their studies. Nevertheless, forensic
studies are important because they include a realistic descrip-
tion of the injuries and the circumstances of the accident, along
with clinical information. Multiple case reports have been pub-
lished in this context.®'>2% It is hard to identify patterns with
these varied cases, and statistical analysis should be interpreted
with caution.

The victims have factors that increase blood flow and that
hinder coagulation and arterial spasm—the typical victim is a
young patient who is participating in an intense sports activity,
who is in pain, and who has an acute stress reaction while strug-
gling in tropical waters.® Only rapid application of a tourniquet
was a determining factor for the survival of victims who suffered
a proximal vascular injury, confirming other studies.®*2%*?
Among the victims who died, all had injuries to major vascular
structures and none received a tourniquet, either because the
body was not accessible or the injuries were too proximal on

Figure 1. Characteristic injuries following a shark attack.
The bare bone is stripped of its soft tissues, and the distal joint
is disarticulated.
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the upper or lower limb. Hypovolemic shock was the most com-
mon cause of death in our case series, as in the literature.>*%!>
The attack was fatal each time subfascial injuries of the trunk oc-
curred (thoracic, abdominal, pelvic).>® Any witness to a shark
attack must not hesitate to apply a tourniquet, given the massive
bleeding and the relative harmlessness of excessive tourniquet
use, considering the availability of surgical treatment.** Im-
mediate surgical care is the next requirement. Each time a victim
was treated who was in cardiac arrest, he could not be revived
despite use of cardiopulmonary resuscitation techniques.

To conclude, the number of human-shark contacts has
increased in recent years due to an increase in the general pop-
ulation and in the participation rate in water-based sports.>'!
Mortality has decreased because of the presence of lifeguards
and rapid transport to a trauma center.>>” The availability of
an emergency response kit with several tourniquets seems essen-
tial for sites that have a high risk of shark attacks.>*3-*

Our hearts and prayers go out to the victims of these at-
tacks and their families.
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