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Abstract

Shark attacks increased 23% globally within the past 20 years on a multifacto-
rial scale through climate change and human impacts, yet healthcare lacks
treatment guidelines for these victims. This systematic review proposed a
shark attack treatment protocol that will potentially reduce the morbidity and
mortality rates by assessing prehospital management with transfusions, hos-
pital management with prophylactic antibiotics, and mental health evalua-
tions to prevent and/or treat psychological impacts. This study screened 463
sources and eliminated 432 sources due to repetition or irrelevance to this
study. The protocol initiates with prehospital management by implementing
emergency medical service (EMS) to follow the SHARC protocol (systolic
blood pressure (SBP) < 90, hemorrhage, appearance, radius of the bite over 15
cm, and coagulopathy) to administer whole blood transfusions in route to a
hospital to prevent hypovolemic shock. The next step is the antibiotic protocol
to administer ciprofloxacin or moxifloxacin, and a third-generation cephalo-
sporin with doxycycline to prevent wound infections commonly caused by
vibrio species. Assessing mental health before and three months after dis-
charge can help prevent and/or treat anxiety, depression, and post-traumatic
stress disorder (PTSD).
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1. Introduction

The purpose of developing a treatment protocol for shark attack victims is to
lower the risk of morbidity and mortality, and improve the quality of care for

nonstandard trauma patients. Developing this protocol will provide quantitative
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values of infection rates, transfusion outcomes, and determine its efficacy. Imple-
menting a protocol for EMS to administer blood transfusions will potentially pre-
vent hypovolemic shock and exsanguination. [1] Hypovolemic shock can be man-
aged with various types of transfusion solutions, but each has its own benefits and
risks. Shark attack victims have been known to develop post-operative infections
due to marine-borne organisms that are not covered by standard trauma antibi-
otics. [2] [3] Assessing mental health post-trauma is crucial for emotional support
and preventative for PTSD, anxiety, and depression. This article explores the clin-

ical approach to creating a unified treatment protocol for a high-risk population.

2. Background
2.1. Shark Attack History

Shark attacks are a multifactorial rare traumatic event that makes headlines inter-
nationally. The most common causes are climate change and alterations in shark
behavior due to human impacts such as recreational activities. [4]-[10] There is a
direct correlation with an increase in climate change leading to an increase in
shark attacks. [4]-[6] As global temperatures rise annually, sharks alter their mi-
gration patterns to swim closer to coastlines to inhabit warmer waters. [4]-[6]
Meanwhile as temperatures rise, higher populations enter the water, which in-
creases the probability of encountering a shark. By using NOAA’s 2007 and 2017
weather maps, and the International Shark Attack File, there was a global increase in
shark attacks from 2007 to 2017. [4]-[6] Recreational activities also contribute to
shark attacks such as shark tours chumming waters, spearfishing, or surfing. [6]-[10]
Although shark attacks are rare, treatment consists of standard trauma guide-
lines, such as transfusions, standard labs, diagnostic imaging, and prophylactic
antibiotics. [11] [12] A primary survey is first performed by the treating provider,
which prioritizes to diagnose and treat life-threatening injuries. This consists of
airway, breathing, circulation, disability, and exposure, also known as the
ABCDE:s. [13] Afterwards, a secondary survey is completed, which is a head-to-
toe physical exam to assess and treat non-life-threatening injuries further. [13]

2.2. Antibiotic Coverage in Trauma

Trauma patients are treated prophylactically with empiric antibiotics upon arrival
to the ED to prevent infections from open wounds. Common causative agents in
trauma inflicted wounds are Bacteroides fragilis, Clostridium perfringens, Staph
aureus, Strep pyogenes, and Strep anginosus. [14] Antibiotics used in trauma in-
clude first or second-generation cephalosporins (cefazolin or cefotetan), or ampi-
cillin for gram positive coverage added with an aminoglycoside, clindamycin, or
carbapenem for gram negative coverage. [11] [12] This is clinically proven to

lower the risk of open wounds and open fracture infections. [12] [15]

2.3. Transfusion Solutions

Transfusion guidelines for hemodynamic instability vary depending on the facility

DOI: 10.4236/0jem.2024.124016

131 Open Journal of Emergency Medicine


https://doi.org/10.4236/ojem.2024.124016

M. Levenson

and patient’s condition. Transfusion solutions range from 0.9% normal saline to
whole blood products. Each solution has their own risks and benefits.

Whole blood is widely used in early acute blood loss due to it containing all the
components of blood: red blood cells (RBCs), hemoglobin, coagulation factors,
plasma, and platelets. Transfusing is simpler because it does not have to be mixed
with another solution. [16] Type O negative blood is the universal donor and is
administered while pending type and screen results. Whole blood can be stored
between 21 - 35 days depending on the anticoagulant at 2°C - 6°C. [16] Stored
whole blood is collected from a prescreened donor and screened for microbes ver-
sus fresh whole blood is collected from a prescreened donor and immediately
transfused. [16] Fresh whole blood is not available for civilian use, and is currently
only used by the U.S. military for severe blood loss. [16] The most common risk
of whole blood transfusions is ABO incompatibility, causing hemolysis.

Packed red blood cells (PRBCs) are prepared by centrifuging whole blood and
removing 80% of plasma with an anticoagulant. [16] One unit of PRBCs can raise
an adult’s hemoglobin by 1 gram/dL and hematocrit by 3%. [16] The disadvantage
of PRBCs for acute blood loss requires a crystalloid solution to be adjunctively
transfused, typically 0.9% normal saline, to increase intravascular volume for ad-
equate tissue perfusion. PRBCs also require crossmatching and screening a pa-
tient, which can take up to 1 hour before transfusing. This can delay transfusions,
increasing morbidity and mortality in hemorrhagic patients. [16] Another disad-
vantage is that PRBCs do not replenish lost platelets or coagulation factors, which
often requires a transfusion of fresh frozen plasma (FFP). [16]

FFP is created from whole blood that was separated into plasma containing co-
agulation factors and fibrinogen to help stop blood loss. [16] Although this solu-
tion is beneficial to help form clots to prevent further blood loss, it is not beneficial
for volume resuscitation unless it is mixed with PRBCs and a crystalloid solution.
FFP is usually stored frozen and takes ~45 minutes to thaw and prepare for trans-
fusion. Trauma centers usually store unfrozen FFP, which can be kept up to 5 days
to avoid delays in transfusion. [16] FFP also has to be ABO compatible, but the
Rh group is insignificant. FFP compatibility differs from whole blood or PRBCs
because type AB blood is the universal donor instead of type O. Type AB FFP can
be transfused while awaiting type and crossmatch results. Since type AB blood is
rare, type A FFP can be transfused in emergent situations with close patient mon-

itoring. [16]

2.4. Artificial Blood Products

Artificial blood products, also known as blood substitutes, have been in develop-
ment since the 1960s, but have yet to become FDA approved. The primary func-
tion of artificial blood is oxygen transport whereas whole blood aids in oxygen
transport as well as coagulation, immunologic response, and hormone and nutri-
tional transport. [17] Artificial blood products were created to eliminate ABO in-

compatibility, prevent blood-borne pathogen transmission, solve blood shortages,
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and extend the shelflife. [17] The first artificial blood products were oxygen ther-
apeutic agents (OTA) in the 1980s in Japan. OTAs are composed of perfluorocar-
bons, which contains fluorine and carbon. [17] The benefit was that the rate of
oxygen transport was not affected by temperature, whereas temperature can alter
hemoglobin in whole blood. Because of this, OTAs were only able to transport
34% of oxygen that was equal to whole blood, which required patients to be on
supplemental oxygen. [17] OTAs were revised and underwent different clinical
trials, however, the FDA suspended further trials in the 1990s due to increased
risk of strokes. [17]

The other type of artificial blood are hemoglobin-based oxygen carriers
(HBOC), which eliminated the need for patients to be on supplemental oxygen.
The benefit of using hemoglobin-based substitutes was that it had potentially min-
imal adverse reactions and well mimicked PRBC transfusions. [17] [18] During
clinical phases, HBOCs were found to be highly influenced by pH and tempera-
ture. The hemoglobin had a much higher affinity to oxygen, which led to oxygen
toxicity in surrounding tissues, resulting in necrosis. HBOCs were redeveloped by
different pharmaceutical companies into generations to lower adverse reactions.
Hemopure is the only HBOC that is FDA approved for emergency use in South
Africa and Russia for severe anemia as a last resort. [17]-[19] Other second-gen-
eration HBOC products were discontinued during phase II or III clinical trials due
to severe adverse reactions, such as myocardial infarction (MI), stroke, acute renal
injury, liver damage, and death. [17] [18] As of 2016, Erythromer underwent clin-
ical trials in rats and proved to function similarly to RBC, but require further trials
in larger animals to prove its efficacy and adverse effects. [19]

After discovering that severe reactions from HBOCs were caused by hemoglo-
bin not being identical to human hemoglobin, researchers developed PEGylated
hemoglobin. [17] PEGylated hemoglobin differed by having a higher molecular
weight and lower viscosity than human hemoglobin. Studies revealed that mole-
cules with a higher molecular weight affect vasoconstriction less. This allowed
PEGylated hemoglobin to provide adequate tissue oxygenation by not causing vas-
oconstriction and allowing proper gas exchange within the capillaries. PEGylated
products are only FDA approved in certain countries outside the United States.
[17] PEGylated hemoglobin products are in different clinical phases internation-
ally. [20] However, there is a lot of controversy about the efficacy of artificial blood
products in the U.S. [21]

The latest study on artificial blood products were phase I clinical trials in 2020
on hemoglobin vesicles (HbV). HbV is a cellular structure of HBOCs containing
a liposome configuration to help prevent hemoglobin toxicity from the artificial
lipid bilayer membrane. [19] The mechanism of action is to mimic RBC mem-
branes to ideally eliminate the adverse effects of MI and stroke. [19] The study
used 12 healthy adult males aged 20 - 50 years old. Adverse reactions were limited
to elevated body temperature, highest of 38.1°C, low back pain, and rash. Once
the infusions were stopped, the majority of reactions resolved without medical
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intervention. [19] Because the subjects were healthy adult males, it is unclear if it
aided in tissue oxygenation. Artificial blood products are currently cutting edge
in research. Pharmaceutical companies and researchers are expecting new clinical

trials in the nearby future to ensure products’ safety and efficacy.

2.5. Emergency Medical Service Transfusion Guidelines

EMS does not have a clear transfusion protocol for trauma patients. Guidelines
differ between healthcare facilities or EMS companies. It is primarily based on a
clinical scenario. Paramedics are authorized to transfuse blood products when
transporting hemorrhagic patients, but sometimes the clinical signs are not clear
and a patient can deteriorate quickly in route. [22] [23] The majority of ambu-
lances do not carry blood products, which results in solely using crystalloid solu-

tions to be administered during hemorrhagic shock in trauma. [22] [23]

2.6. Mental Health Awareness

Post-trauma patients commonly develop anxiety, depression, or PTSD after being
discharged from the hospital. [24] There are currently no studies that researched
mental health on shark attack victims, but there are only speculated risks. [24]
Common risk factors for PTSD are predisposing mental health disorders, genet-
ics, traumatic childhoods, life-altering events, and hospitalizations. Symptoms for
PTSD include nightmares or terrors, reliving traumatic events, intrusive thoughts,
paranoia, and flat affect. [25] Depression or anxiety can arise from chronic or
acute medical issues, recent trauma, hospitalization, increased stress, female gen-
der, and family history of depression and/or anxiety. [26] Common symptoms of
depression are sadness, hopelessness, lack of interest in activities, alterations in
sleep and/or appetite, and suicidal ideation. [26] Anxiety presents with difficulty
concentrating, feeling worried or overwhelmed, restlessness, and sleep disturb-
ances. [27] Treatment for PTSD, anxiety, and depression can be either psycho-

therapy, pharmacological, or a combination of the two. [25] [28]

3. Methods

Two databases were used, Access Medicine and Google Scholar. Sources were cho-
sen based on relevance, nonrepetitive, credibility, and published after 2020. Cer-
tain articles were exempt from the publication date criteria due to lack of studies
on shark attack victims. The article “Direct and indirect psychological impacts of
shark-bite events” published in 2019 was used because it was the only article that
discussed psychological impacts on shark attack victims. [24] Additionally, the
article “Shark Attack: Review of 86 Consecutive Cases” published in 2001 was the
only article that determined the dimensions of shark bites affecting morbidity and
mortality. [27] “Administration of intravenous antibiotics in patients with open
fractures is dependent on emergency room triaging” published in 2018, was used
to reiterate antibiotics used in standard trauma and if regimens were updated. [12]
NOAA’s weather maps from 2007 and 2017 were used to prove the effect of climate
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change mitigating shark migration patterns utilizing the “2023 International
Shark Attack File.” [4]-[6]

Only the first 3 pages on both databases were screened due to high volume.
There were no duplicates of the sources screened. Search terms “marine-borne
bacteria,” “shark attacks,” “hypovolemic shock,” “PTSD,” “anxiety/depression,”
and “antibiotic marine coverage” were searched in Access Medicine. During the
search of “marine-borne bacteria,” sources that did not discuss sharks were ex-
cluded. The term “shark attack” was used to provide background information on
shark attack trends. “Hypovolemic shock” was used to provide the benefits and
risks of various transfusion solutions. “PTSD” and “anxiety/depression” were
searched to supply symptoms and risk factors of each disorder. “Antibiotic marine
coverage” was used to determine antibiotic resistance to marine-borne organisms.

Google Scholar was used for the remaining sources. Innumerable versions of
the shark attack file were found, but the Florida Museum of Natural History was
used due to citations in countless articles. “NOAA weather map” was used in a
previous paper, which helped prove shark migration patterns are correlated with
climate change. “Shark attack trends” was also searched to provide trends and
historical information on shark attacks. “Shark attack mental health” was searched
to evaluate any studies on the psychological impacts of shark attacks. “EMS trans-
fusion guidelines” were found through paramedic educational sources. An exten-
sive number of sources for “artificial blood products” were seen in Google Scholar,
but many were excluded due to high volume and repetition. Many sources of “in-
fected shark bites” and “trauma antibiotics” were omitted due to case studies that
excluded treatment details. “Sharks and vibrio species” was assessed to configure
the correlation vibrio species contains with sharks and the clinical significance.

Articles that did not directly discuss antibiotics that are routinely used in
trauma or used for vibrio species and/or shark bites were excluded. Sources refer-
encing artificial blood products and transfusion solutions regarding only anemias
were eliminated. Papers that contained information that was already obtained

from prior sources were also disqualified.

4. Results

Out of 5,365,326 sources, 31 sources were used. Google Scholar contained
5,343,920 and Access Medicine composed 21,408 sources (see Figure 1). No du-
plicates were detected of the 463 sources screened. 12 studies included a quantita-
tive synthesis and 19 studies had a qualitative synthesis (see Figure 1). Of the
sources screened, 432 were eliminated because they were irrelevant to this study
based on title and/or abstract. In Access Medicine, the term “marine-borne bac-
teria” yielded 3 sources whereas “shark attack” yielded 6 sources. “Hypovolemic
shock” generated 400 sources, while “PTSD “generated 841 articles, and “anxiety”
and “depression” generated 6477 and 13,677 articles in Access Medicine.

In Google Scholar, the search term “EMS transfusion guidelines” composed

16,000 sources, whereas “artificial blood products” composed 4,150,000 sources.
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Records identified through database

searching Records identified through other
(n=5,365,326) ] sources
Access Medicine (n = 5,343,920) (n=0)

Google Scholar (n = 21,408)

Records after duplicates removed

(n = 5,365,326)
Records screened Records excluded other sources
(n = 5,365,326) (n =5,364,863)

Full text articles assessed for eligibility

(n = 463) Full-text articles excluded (n = 5,364,863)

Repetition (n=7)
Not relevant to study (n =11)

Studies included in qualitative synthesis
(n=19)

Studies included in quantitative
synthesis (n =12)

Figure 1. Diagram represents methodology of evaluating full number of sources. 5,365,326
sources were generated. 463 sources were screened due to high volume. No duplicates were
detected out of the 463 sources screened.

“Infected shark bites” obtained 17,000 articles and “trauma antibiotics” obtained
1,090,000 sources. “Sharks and vibrio species” yielded 6920 sources. The terms
“shark attack trends” and “shark attack mental health” generated 32,000 sources

each.

5. Discussion
5.1. SHARC Protocol for Emergency Medical Services (EMS)

The leading cause of fatal shark attacks is exsanguination. Shark attack victims
have a greater risk of hypovolemic shock and hypothermia because victims have
to swim or be rescued to shore. This eliminates the possibility of estimating blood

loss and exerts reserved energy. Treatment should be immediately initiated. While
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lifeguards have minimal training and equipment to handle severe injuries, EMS is
not always on scene at the time of the incident.

Due to the lack of EMS guidelines for blood transfusions, I propose that imple-
menting the SHARC protocol will decrease the morbidity and mortality of shark
attack victims. SHARC stands for systolic blood pressure (SBP) < 90, hemorrhage,
appearance, radius of the bite over 15 cm, and coagulopathy history. The protocol
entails that if the victim has 2 or more of the following, EMS is to provide whole
blood transfusions until the patient reaches a hospital. If patients do not meet the
criteria, EMS is to administer 0.9% normal saline due to acute blood loss (see Fig-
ure 2). The value of SBP < 90 was determined from studies that proved poor tissue
transfusion and oxygenation when SBP was less than 90. It also showed an in-
creased risk of hypovolemic shock. [1] Hemorrhage was selected due to the ele-
vated risk of morbidity and mortality, along with poor tissue oxygenation. Ap-
pearance refers to quality of the patient’s circulation, such as cyanotic lips, fingers,
or extremities. The radius of bite over 15 cm was chosen due to studies proving
increased risks of extremity ischemia, limb loss, and exsanguination from prior
shark bites. The study stated that when the bite size is over 15 cm, there is a higher
probability of damaging major blood vessels. [26] Patient history of coagulopathy
was determined due to trauma studies discussing an increased risk with exsan-
guination and post-operative complications. [1] Coagulopathy conditions include
but are not limited to Von Willebrand disease, hemophilia, or thrombocytopenia.

The transfusion solution to be used by EMS would be type O negative whole
blood due to it containing all the clotting factors and plasma. It also results in the
lowest risk of electrolyte imbalances, transfusion induced coagulopathy, requires
lower amounts of blood products, and is easy to store. [16] [29] [30] The first step
when receiving a blood product at a hospital is to perform a type and screen of the
patient to determine the patient’s blood type and screen for specific antibodies to
avoid transfusion reactions. Hospitals routinely administer O-negative blood
products during emergency transfusions because it is the universal donor. Whole
blood is effective at aiding in hemostasis during acute blood loss because it con-
tains all the components. [18] [29] [30] This allows whole blood to be transfused
easily since other solutions do not have to be administered adjunctively, which
lowers adverse effects. [29]-[31] Whole blood can be stored at 2°C - 6°C up to 35
days.

This would require ambulances to carry a minifridge or a cooler that could be
kept at 2°C - 6°C, which some ambulances already contain. [23] [29] [30] To en-
sure blood units to not exceed the expiration date, EMS would check expiration
dates at the beginning of every shift along with their routine checklists. Ambu-
lances will carry 1 - 2 units to limit waste of expired units. Once EMS administers
a transfusion, it will receive a new unit to be stored for its next use. If ambulances
begin to routinely carry whole blood, this will require further guideline develop-
ment for EMS to use for any trauma patient since shark attacks are rare, and could

decrease morbidity and mortality rates for any trauma patient.
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Prehospital EMS SHARC Protocol
Must have 2 or more of the following
Systolic BP < 90mmhg
Hemorrhage
Appearance
Radius of bite > 15cm
Coagulopathy

Meets SHARC Protocol
Administer whole blood transfusion

Does not meet SHARC Protocol
Administer 0.9% normal saline

Antibiotic Protocol
Arrival to ED
Administer ciprofloxacin or moxifloxacin
PLUS ceftriaxone or cefotaxime with
doxycycline

Medically stable for discharge,
Mental Health Protocol

Psychiatric assessment prior to
discharge

Admitted
Continue on ciprofloxacin or

moxifloxacin PLUS ceftriaxone or
cefotaxime with doxycycline

Discharged Admitted without necrotizing fasciitis

Admitted with necrotizing fasciitis

Continue on ciprofloxacin or moxifloxacin
PLUS cefdinir or cefpodoxime with
doxycycline

Continue on ciprofloxacin or moxifloxacin
PLUS ceftriaxone or cefotaxime with
doxycycline

Continue on ciprofloxacin or moxifloxacin
PLUS ceftazidime with doxycycline

Mental Health Protocol
Psychiatric assessment 3 months after
discharge

Mental Health Protocol
Psychiatric assessment prior to
discharge

Discharged
Continue on ciprofloxacin or
moxifloxacin PLUS cefdinir or

cefpodoxime with doxycycline

Mental Health Protocol
Psychiatric assessment 3 months after

discharge

Figure 2. Shark attack treatment protocol algorithm. Treatments for mental health will vary for each individual.

The benefit of artificial blood products for EMS is the long shelf life at room
temperatures, easy to transfuse, and help solve nationwide blood shortages. Be-
cause artificial blood products still have a high-risk profile, further research and

development is needed before it can be considered as a transfusion solution for
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EMS. PRBCs and FFP were excluded due to needing a crystalloid solution to be
transfused simultaneously, and shorter shelf lives at colder temperatures. Crystal-
loids can be continued to be used with whole blood transfusions as secondary so-

lutions to help increase intravascular volume.

5.2. Antibiotic Protocol

Appropriate antibiotic coverage is an essential element of this proposed protocol.
Marine animal bite infections are not widely studied. Shark bites are more vulner-
able to infections due to multiple factors. Shark bites are immediately exposed to
marine-borne organisms in the water, in the shark’s mouth, and debris when be-
ing rescued to shore. Depending on the extent of the wound and amount of debris,
it is sometimes impossible to clean the wound on scene. It is important to consider
what organisms are naturally found in a shark’s mouth. Healthcare professionals
are trained on common bacteria in household pets’ mouths, but lack the training
in wildlife bacteria. There are no statistics on the infection rate of shark bites. Cre-
ating a prophylactic antibiotic regimen for shark bites will also help determine the
infection rate and to adjust the regimen as needed.

Common bacteria native to shark mouths are Aeromonas species Chromobacte-
rium violaceum, Edwardsiella, marine Mycobacterium species, Shewanella species,
and Vibrio vulnificus. [2] [30] [31] Infected shark bites pose a greater morbidity and
mortality risk than average trauma patients. Vibrio species is one of the most com-
mon pathogens in infected shark bites with tissue necrosis, necrotizing fasciitis, and
bacteremia. [2] [3] Necrotizing fasciitis caused by Vibrio species presents 7 - 12 days
after exposure beginning with ecchymosis, painful bullae, and edema. [3] If treat-
ment is not promptly initiated, symptoms progress quickly and can be fatal. [3] The
treatment that provides the best prognosis with antibiotics is debridement of the
affected area or amputation if necessary. [2] [3] This occurs in 33% of infected shark
bites with a 33% fatality. [2] [3] It is important to consider that patients with predis-
posing conditions such as diabetes mellitus, liver disease, or immunocompromised
are more susceptible to infections with a higher complication rate. [30]

Marine-borne organisms are often resistant to ampicillin, and first and second
generation cephalosporins. Proper treatment should include a fluoroquinolone
and a third-generation cephalosporin. [30] [31] There are different regimens for
vibrio species skin infections ranging from cellulitis to necrotizing fasciitis. Stud-
ies proved that treatment for vibrio species necrotizing fasciitis should include
ceftazidime and doxycycline, and administer doxycycline and moxifloxacin for
non-necrotic wound infections. [3]

I propose the next step of this protocol is to prophylactically administer ciprof-
loxacin or moxifloxacin, and a third-generation cephalosporin with doxycycline
to shark attack victims (see Figure 2). Levofloxacin was excluded due to the lack
of research on treatment of vibrio species infections. It is advised to reserve
ceftazidime for necrotizing fasciitis and sepsis to prevent resistance. Patients can

be treated with oral antibiotics if being discharged (see Figure 2). Patients should
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be administered these antibiotics on arrival to an ED, and should not be treated
with ampicillin, first or second-generation cephalosporins, aminoglycosides,
clindamycin, or carbapenems as they do not cover marine-borne organisms. Pre-
venting wound infections is vital in decreasing the amount of psychological stress

during recovery.

5.3. Mental Health Protocol

Addressing mental health after a traumatic event is crucial to prevent PTSD, anx-
iety and depression. The two most common patient demographics for shark attack
victims are patients that grew up participating in recreational water sports such as
spearfishing or surfing that now developed a fear to perform their lifelong hob-
bies, or someone who was on vacation and now associates the ocean with fear.
[24] This poses an increased risk of developing depression or anxiety from chang-
ing daily hobbies. Victims reported symptoms of anxiety, depression, and flash-
backs of the incident when returning to the ocean. [24]

There are no current studies on mental health effects of shark attacks. [24] Stud-
ies showed that victims with disfiguring injuries or with complicated recoveries
have a higher risk for developing anxiety, depression, or PTSD. [24] [27] Patients
with debilitating injuries such as extremity amputation or severe muscle loss re-
ported higher stress and aggravation due to having to relearn activities of daily
living. For example, people with an upper extremity amputation had to relearn
how to dress themself, cook, clean, and write if it was their dominant hand. Pa-
tients who had massive muscle loss from their lower extremities may have to re-
learn how to walk. These individuals also have to accept their new body. [24] [27]

The media can negatively affect the psychological recovery from a shark attack
by sharing the story on multiple platforms, interviews, and being contacted by
shark experts to share their story. [24] Unfortunately, it is nearly impossible to
avoid shark media since society has a huge fascination with sharks, such as shark
week and shark movies. As shark week has become more popular, there has been
a higher number of shows that interview shark attack survivors and have actors
reenact incidents. [24] It is more important to help patients overcome media ex-
posure and to prevent developing mental health disorders.

PTSD, depression, and anxiety have two different times of onset, just after the
incident and approximately three months later. This is due to the initial shock of
the event and then progressive frustration with managing life-altering changes.
[24] The final step of the shark attack treatment protocol is mental health assess-
ments before and three months after discharge (see Figure 2). This enables pa-
tients to process the event at the two common time periods these disorders onset
for post-trauma patients. Treatment should be tailored to the patient, which can

vary from psychotherapy, pharmacological, or inpatient hospitalization if needed.

6. Conclusions

Even though shark attacks are a rare event, they are increasing globally and lack
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treatment guidelines. This systematic review concluded that developing a shark
attack treatment protocol could help lower morbidity and mortality rates, but lack
the clinical data. Implementing first-rate pre-hospital management with EMS fol-
lowing the SHARC protocol to initiate whole blood transfusions is imperative to
prevent hypovolemic shock in route to a hospital. Tailoring intrahospital guide-
lines to follow the antibiotic protocol to cover marine-borne organisms could re-
duce the risk of post-operative infections. This entails administering ciprofloxacin
or moxifloxacin, and a third-generation cephalosporin with doxycycline to pre-
vent wound infections, commonly caused by vibrio species and other marine-
borne organisms. To conclude this protocol, the final step is to provide patients
with mental health assessments before and three months after discharge to mon-
itor and/or treat anxiety, depression, or PTSD.

The limitation of this protocol is the lack of clinical evidence to support the
effectiveness of these guidelines. Future directions should include clinical trials to
quantify the effectiveness of the protocol proposed here in comparison to existing
care strategies. Education about the specific medical and psychiatric care consid-
erations should be offered to those responders most likely to encounter an appar-
ent shark bite victim as well as hospital care providers treating acute and lasting
injuries following an attack. This will provide quantitative values that will help

tailor this protocol to maximize quality patient-centered care.

Acknowledgements

Special acknowledgements to Kimberly Bernosky-Smith, Canisius University’s
PA Program, AAPA, and iScan.

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this paper.

References

[1] Somand, D.M. and Ward, K.R. (2020) Approach to Traumatic Shock. In: Tintinalli,
J.E., Ma, O., Yealy, D.M., Meckler, G.D., StapczynsKki, J., Cline, D.M. and Thomas, S.H.,
Eds., Tintinalli s Emergency Medicine. A Comprehensive Study Guide, McGraw-Hill
Education.

https://accessmedicine-mhmedical-com.canisius.idm.oclc.org/content.aspx?sec-
tionid=211002580&bookid=2353&Resultclick=2

[2] Cevik, J., Hunter-Smith, D.J. and Rozen, W.M. (2022) Infections Following Stingray
Attacks: A Case Series and Literature Review of Antimicrobial Resistance and Treat-
ment. Travel Medicine and Infectious Disease, 47, Article ID: 102312.
https://doi.org/10.1016/j.tmaid.2022.102312

[3] Coerdt, K.M. and Khachemoune, A. (2021) Vibrio vulnificus: Review of Mild to Life-
Threatening Skin Infections. Cutis, 107, E12-E17.
https://doi.org/10.12788/cutis.0183

[4] NOAA (2018) Mean Temperature Percentiles: January-December 2017. NOAA.
https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/201801

[5] NOAA (2008) Mean Temperature Percentiles: January-December 2007. NOAA.

DOI: 10.4236/0jem.2024.124016

141 Open Journal of Emergency Medicine


https://doi.org/10.4236/ojem.2024.124016
https://accessmedicine-mhmedical-com.canisius.idm.oclc.org/content.aspx?sectionid=211002580&bookid=2353&Resultclick=2
https://accessmedicine-mhmedical-com.canisius.idm.oclc.org/content.aspx?sectionid=211002580&bookid=2353&Resultclick=2
https://doi.org/10.1016/j.tmaid.2022.102312
https://doi.org/10.12788/cutis.0183
https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/201801

M. Levenson

(7]

[10]

(11]

(12]

(13]

(14]

[15]

[16]

https://www.ncei.noaa.gov/access/monitoring/monthly-report/national/200713
NOAA (2023) International Shark Attack Data Set.
https://www.floridamuseum.ufl.edu/shark-attacks/maps/

Riley, M., Meagher, P., Huveneers, C., Leto, J., Peddemors, V.M., Slip, D., et al. (2022)
The Australian Shark-Incident Database for Quantifying Temporal and Spatial Pat-
terns of Shark-Human Conflict. Scientific Data, 9, Article No. 378.
https://doi.org/10.1038/s41597-022-01453-9

Oury, N., Jaquemet, S., Simon, G., Casalot, L., Vangrevelynghe, G., Landron, F., et al
(2021) Forensic Genetic Identification of Sharks Involved in Human Attacks. Foren-
sic Science International Genetics, 54, Article ID: 102558.
https://doi.org/10.1016/j.fsigen.2021.102558

Maillaud, C., Fournier, J., Guittonneau, A., Tirard, P., Bowling, T. and Naylor, G.
(2022) Tiger Shark Attack on a Scuba Diver in New Caledonia. Wilderness & Envi-
ronmental Medicine, 33, 332-336. https://doi.org/10.1016/j.wem.2022.04.003

Scala, V.A., Hayashi, M.S., Kaneshige, J., Haut, E.R,, Ng, K. and Furuta, S. (2020)
Shark-Related Injuries in Hawai’i Treated at a Level 1 Trauma Center. Trauma Sur-
gery & Acute Care Open, 5, €000567. https://doi.org/10.1136/tsaco-2020-000567
Adegunsoye, A., Naureckas, E.T. and O’Connor, M. (2023) The Pathophysiology of
the Circulation in Critical Illness. In: Schmidt, G.A., Kress, ].P. and Douglas, LS., Eds.,
Hall, Schmidt and Wood s Principles of Critical Care, 5th Edition, McGraw-Hill.

https://accessmedicine-mhmedical-com.canisius.idm.oclc.org/con-
tent.aspx?bookid=3350&sectionid=279556808

Harper, K.D., Quinn, C., Eccles, J., Ramsey, F. and Rehman, S. (2018) Administration
of Intravenous Antibiotics in Patients with Open Fractures Is Dependent on Emer-
gency Room Triaging. PLOS ONE, 13, €0202013.
https://doi.org/10.1371/journal.pone.0202013

Cameron, P., Knapp, B. and Teeter, W. (2020) Trauma in Adults. In: Tintinalli, J.E.,
Ma, O, Yealy, D.M., Meckler, G.D., Stapczynski, J., Cline, D.M. and Thomas, S.H.,
Eds., Tintinalli s Emergency Medicine. A Comprehensive Study Guide, McGraw-Hill
Education.
https://accessmedicine-mhmedical-com.canisius.idm.oclc.org/content.aspx?sec-
tionid=221180871&bookid=2353&Resultclick=2

Chin-Hong, P., Joyce, E.A., Karandikar, M., Matloubian, M., Rubio, L., Schwartz, B.S.
and Levinson, W., Eds. (2024) Laboratory Diagnosis. In: Chin-Hong, P., Joyce, E.A,,
Karandikar, M., Matloubian, M., Rubio, L., Schwartz, B.S. and Levinson, W., Eds.,
Levinson's Review of Medical Microbiology & Immunology, A Guide to Clinical In-
fectious Diseases, 18th Edition, McGraw Hill.

https://accessmedicine.mhmedical.com/content.aspx?sec-
tionid=284618414&bookid=3428

Saavedra, A.P., Roh, E.K. and Mikailov, A., Eds. (2023) Bacterial Colonizations and
Infections of Skin and Soft Tissues. In: Saavedra, A.P., Roh, E.K. and Mikailov, A.,
Eds., Fitzpatrick's Color Atlas and Synopsis of Clinical Dermatology, McGraw-Hill
Education.

https://accessmedicine.mhmedical.com/content.aspx?bookid=3309&sec-
tionid=275944706

Coil, C.J. and Santen, S.A. (2020) Transfusion Therapy. In: Tintinalli, J.E., Ma, O.,
Yealy, D.M., MecKler, G.D., Stapczynski, J., Cline, D.M. and Thomas, S.H., Eds., Tintin-
alll s Emergency Medicine. A Comprehensive Study Guide, McGraw-Hill Education.

DOI: 10.4236/0jem.2024.124016

142 Open Journal of Emergency Medicine


https://doi.org/10.4236/ojem.2024.124016
https://www.ncei.noaa.gov/access/monitoring/monthly-report/national/200713
https://www.floridamuseum.ufl.edu/shark-attacks/maps/
https://doi.org/10.1038/s41597-022-01453-9
https://doi.org/10.1016/j.fsigen.2021.102558
https://doi.org/10.1016/j.wem.2022.04.003
https://doi.org/10.1136/tsaco-2020-000567
https://accessmedicine-mhmedical-com.canisius.idm.oclc.org/content.aspx?bookid=3350&sectionid=279556808
https://accessmedicine-mhmedical-com.canisius.idm.oclc.org/content.aspx?bookid=3350&sectionid=279556808
https://doi.org/10.1371/journal.pone.0202013
https://accessmedicine-mhmedical-com.canisius.idm.oclc.org/content.aspx?sectionid=221180871&bookid=2353&Resultclick=2
https://accessmedicine-mhmedical-com.canisius.idm.oclc.org/content.aspx?sectionid=221180871&bookid=2353&Resultclick=2
https://accessmedicine.mhmedical.com/content.aspx?sectionid=284618414&bookid=3428
https://accessmedicine.mhmedical.com/content.aspx?sectionid=284618414&bookid=3428
https://accessmedicine.mhmedical.com/content.aspx?bookid=3309&sectionid=275944706
https://accessmedicine.mhmedical.com/content.aspx?bookid=3309&sectionid=275944706

M. Levenson

(17]

(18]

(19]

(20]

(21]

[22]

(23]

(24]

(25]

(26]

(27]

https://accessmedicine.mhmedical.com/content.aspx?sec-
tionid=221179053&bookid=2353&Resultclick=2

Khan, F., Singh, K. and Friedman, M.T. (2020) Artificial Blood: The History and Cur-
rent Perspectives of Blood Substitutes. Discoveries, 8, e104.
https://doi.org/10.15190/d.2020.1

More, A., Sayeed, S., Morankar, P., Churi, S., Gawli, S., Karandi, R. and Gorade, R.
(2022) A Comprehensive Insight into Artificial Blood. International Journal of Phar-
maceutical Sciences and Researchx, 14, 1000-1012.
https://www.researchgate.net/profile/Sohail-Sayyed-2/publica-

tion/379654769 A COMPREHENSIVE INSIGHT INTO ARTIFI-

CIAL BLOOD/links/661395557476d47e4447bf50/A-COMPREHENSIVE-IN-
SIGHT-INTO-ARTIFICIAL-BLOOD.pdf

Azuma, H., Amano, T., Kamiyama, N., Takehara, N., Jingu, M., Takagi, H., et al
(2022) First-in-Human Phase 1 Trial of Hemoglobin Vesicles as Artificial Red Blood
Cells Developed for Use as a Transfusion Alternative. Blood Advances, 6, 5711-5715.
https://doi.org/10.1182/bloodadvances.2022007977

Cooper, C,, Silkstone, G., Simons, G., Gretton, S., Rajagopal, B., Allen-Baume, V.,
Syrette, N., Shaik, T., Popa, G., Shen, X., Bird, M., Choi, J.W., Piano, R., Ronda, L.,
Bettati, S., Peredi, G., Mozzarelli, A. and Reeder, B. (2024) Engineering Hemoglobin
to Enable Homogenous PEGylation without Modifying Protein Functionality. Bio-
materials Science, 8, 3896-3906.
https://pubs.rsc.org/en/content/articlelanding/2020/bm/c9bm01773a

Chen, L., Yang, Z. and Liu, H. (2023) Hemoglobin-Based Oxygen Carriers: Where
Are We Now in 2023? Medicina, 59, Article 396.
https://doi.org/10.3390/medicina59020396

West Virginia Office of Emergency Medical Services (2024) State CCT Guidelines
1903/2903 Blood Transfusion.

https://www.wvoems.org/media/241707/1903 2903%20blood%20administra-
tion.pdf

National EMS Advisory Council (2023) Prehospital Blood Transfusion Initiative Co-
alition.
https://www.ems.gov/assets/Prehospital-Blood-Transfusion-Initiative-Coalition-
Presentation---NEMSAC-August-2023.pdf

Taylor, J., McLean, L., Korner, A. and Glozier, N. (2018) Direct and Indirect Psycho-
logical Impacts of Shark-Bite Events. Australian & New Zealand Journal of Psychia-
try, 53, 27-36. https://doi.org/10.1177/0004867418808899

DeSelm, T.M. (2020) Mood and Anxiety Disorders. In: Tintinalli, J.E., Ma, O., Yealy,
D.M., MecKler, G.D., Stapczynski, J., Cline, D.M. and Thomas, S.H., Eds., Tintinalll s
Emergency Medicine: A Comprehensive Study Guide, McGraw-Hill Education.
https://accessemergencymedicine.mhmedical.com/content.aspx?bookid=2353&sec-
tionid=226635666

Woolgar, ].D., Cliff, G., Nair, R., Hafez, H. and Robbs, J.V. (2001) Shark Attack: Re-
view of 86 Consecutive Cases. The Journal of Trauma: Injury, Infection, and Critical
Care, 50, 887-891. https://doi.org/10.1097/00005373-200105000-00019

Reus, V.I. (2022) Psychiatric Disorders. In: Loscalzo, J., Fauci, A., Kasper, D., Hauser,
S., Longo, D. and Jameson, J., Eds., Harrison’s Principles of Internal Medicine,
McGraw-Hill Education.

https://accessmedicine.mhmedical.com/content.aspx?bookId=3095&sec-
tionId=265468363

DOI: 10.4236/0jem.2024.124016

143 Open Journal of Emergency Medicine


https://doi.org/10.4236/ojem.2024.124016
https://accessmedicine.mhmedical.com/content.aspx?sectionid=221179053&bookid=2353&Resultclick=2
https://accessmedicine.mhmedical.com/content.aspx?sectionid=221179053&bookid=2353&Resultclick=2
https://doi.org/10.15190/d.2020.1
https://www.researchgate.net/profile/Sohail-Sayyed-2/publication/379654769_A_COMPREHENSIVE_INSIGHT_INTO_ARTIFICIAL_BLOOD/links/661395557476d47e4447bf50/A-COMPREHENSIVE-INSIGHT-INTO-ARTIFICIAL-BLOOD.pdf
https://www.researchgate.net/profile/Sohail-Sayyed-2/publication/379654769_A_COMPREHENSIVE_INSIGHT_INTO_ARTIFICIAL_BLOOD/links/661395557476d47e4447bf50/A-COMPREHENSIVE-INSIGHT-INTO-ARTIFICIAL-BLOOD.pdf
https://www.researchgate.net/profile/Sohail-Sayyed-2/publication/379654769_A_COMPREHENSIVE_INSIGHT_INTO_ARTIFICIAL_BLOOD/links/661395557476d47e4447bf50/A-COMPREHENSIVE-INSIGHT-INTO-ARTIFICIAL-BLOOD.pdf
https://www.researchgate.net/profile/Sohail-Sayyed-2/publication/379654769_A_COMPREHENSIVE_INSIGHT_INTO_ARTIFICIAL_BLOOD/links/661395557476d47e4447bf50/A-COMPREHENSIVE-INSIGHT-INTO-ARTIFICIAL-BLOOD.pdf
https://doi.org/10.1182/bloodadvances.2022007977
https://pubs.rsc.org/en/content/articlelanding/2020/bm/c9bm01773a
https://doi.org/10.3390/medicina59020396
https://www.wvoems.org/media/241707/1903_2903%20blood%20administration.pdf
https://www.wvoems.org/media/241707/1903_2903%20blood%20administration.pdf
https://www.ems.gov/assets/Prehospital-Blood-Transfusion-Initiative-Coalition-Presentation---NEMSAC-August-2023.pdf
https://www.ems.gov/assets/Prehospital-Blood-Transfusion-Initiative-Coalition-Presentation---NEMSAC-August-2023.pdf
https://doi.org/10.1177/0004867418808899
https://accessemergencymedicine.mhmedical.com/content.aspx?bookid=2353&sectionid=226635666
https://accessemergencymedicine.mhmedical.com/content.aspx?bookid=2353&sectionid=226635666
https://doi.org/10.1097/00005373-200105000-00019
https://accessmedicine.mhmedical.com/content.aspx?bookId=3095&sectionId=265468363
https://accessmedicine.mhmedical.com/content.aspx?bookId=3095&sectionId=265468363

M. Levenson

(28]

[29]

(30]

(31]

Aliva, J. (2017) Shock. In: Stone, C. and Humpbhries, R.L., Eds., CURRENT Diagnosis
& Treatment. Emergency Medicine, McGraw-Hill Education.

https://accessmedicine-mhmedical-com.canisius.idm.oclc.org/content.aspx?sec-
tionid=165058750&bookid=2172#165058767

Hanna, M., Knittel, J. and Gillihan, J. (2022) The Use of Whole Blood Transfusion in
Trauma. Current Anesthesiology Reports, 12, 234-239.
https://doi.org/10.1007/s40140-021-00514-w

Devlin, J.J. and Knoop, K.J. (2020) Marine Trauma and Envenomation. In: Tintinalli,
J.E., Ma, O, Yealy, D.M., MecKler, G.D., Stapczynski, J., Cline, D.M. and Thomas, S.H.,
Eds., Tintinalll s Emergency Medicine: A Comprehensive Study Guide, McGraw-Hill
Education.

https://accessmedicine-mhmedical-com.canisius.idm.oclc.org/content.aspx?sec-
tionid=220746848&bookid=2353#226628233

Mayersak, R.J. (2020) Initial Evaluation and Management of Orthopedic Injuries. In:
Tintinalli, J.E., Ma, O., Yealy, D.M., Meckler, G.D., Stapczynski, J., Cline, D.M. and
Thomas, S.H., Eds., Tintinalll s Emergency Medicine. A Comprehensive Study Guide,
McGraw-Hill Education.
https://login.canisius.idm.oclc.org/login?qurl=https://accessmedicine.mhmedi-

cal.com%2fcontent.aspx%3fsectionid%3d222324221%26bookid%3d2353%26Re-
sultclick%3d2

DOI: 10.4236/0jem.2024.124016

144 Open Journal of Emergency Medicine


https://doi.org/10.4236/ojem.2024.124016
https://accessmedicine-mhmedical-com.canisius.idm.oclc.org/content.aspx?sectionid=165058750&bookid=2172#165058767
https://accessmedicine-mhmedical-com.canisius.idm.oclc.org/content.aspx?sectionid=165058750&bookid=2172#165058767
https://doi.org/10.1007/s40140-021-00514-w
https://accessmedicine-mhmedical-com.canisius.idm.oclc.org/content.aspx?sectionid=220746848&bookid=2353#226628233
https://accessmedicine-mhmedical-com.canisius.idm.oclc.org/content.aspx?sectionid=220746848&bookid=2353#226628233
https://login.canisius.idm.oclc.org/login?qurl=https://accessmedicine.mhmedical.com%2fcontent.aspx%3fsectionid%3d222324221%26bookid%3d2353%26Resultclick%3d2
https://login.canisius.idm.oclc.org/login?qurl=https://accessmedicine.mhmedical.com%2fcontent.aspx%3fsectionid%3d222324221%26bookid%3d2353%26Resultclick%3d2
https://login.canisius.idm.oclc.org/login?qurl=https://accessmedicine.mhmedical.com%2fcontent.aspx%3fsectionid%3d222324221%26bookid%3d2353%26Resultclick%3d2

	Developing a Treatment Protocol for Shark Attack Victims
	Abstract
	Keywords
	1. Introduction
	2. Background
	2.1. Shark Attack History
	2.2. Antibiotic Coverage in Trauma
	2.3. Transfusion Solutions
	2.4. Artificial Blood Products
	2.5. Emergency Medical Service Transfusion Guidelines
	2.6. Mental Health Awareness

	3. Methods
	4. Results
	5. Discussion
	5.1. SHARC Protocol for Emergency Medical Services (EMS)
	5.2. Antibiotic Protocol
	5.3. Mental Health Protocol

	6. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

