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Objectives
• Identify select injuries unique to coastal regions and
describe treatment options
• Apply concepts to patient cases to design safe and
effective treatment regimens for aquatic traumas, bites,
and stings
• Evaluate emergent cases for pertinent information
necessary to guide the treatment of injuries covered
throughout presentation
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Outline
Aquatic and Coastal Injuries

Bacterial infection

Propeller injuries

Shark Bites

Envenomation

Stingray

Jellyfish and man o’ war

Snake Bites
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Self Assessment Question #1
JH is 32 YOM who presents with L hand erythema and
lacerations to L hand and R knee. He reports that 2 days
ago he was working as an oyster farmer in the ICW
(saltwater) and while returning to his boat he tripped and
fell on a bed of oysters. He has no significant PMH.
• Vitals on arrival: BP 112/82, HR 98, Temp 100.6, RR 20,
SpO2 97% on RA
• Emergency department staff has thoroughly cleaned his
wounds but are concerned about possible infection. They
come to you asking which empiric antibiotics would be
the best choice in this situation
5

Self Assessment Question #1
A.
B.
C.
D.

Cefazolin + Azithromycin
Meropenem
Piperacillin-tazobactam
Ceftriaxone + Doxycycline
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Self Assessment Question #2
KP is 24 YOF who presents to the emergency department via EMS in
severe pain after being brought in from walking her dog through the
woods. While walking, she felt a stab in her ankle after stepping on
something and looked down to notice she had been bitten by a snake.
She took a picture of the snake once she moved away and has
identified with EMS that the snake was a Timber rattlesnake. She has
significant swelling to her RLE with 2+ edema. EMS had marked the
border of her swelling upon pickup (approximately 30 minutes ago) and
the swelling has now extended past her knee and she is in significant
pain.
• Vital signs: BP 118/88, HR 96, RR 22, Temp 98.7, SpO2 100% on RA
• Lab results: Hgb 9.2, Hct 40, Platelets 96000, Fibrinogen 60
• The ED provider you are working with has not had experience with a
snake bite before and asks your advice for further management
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Self Assessment Question #2
A. Recommend calling poison control and application of a
tourniquet to prevent the venom from spreading
further
B. Recommend calling poison control and removing
venom from the wound with an extraction kit before
further management
C. Recommend calling poison control, immobilizing the
limb at heart level and administration of 6 vials of
Crofab®
D. Recommend calling poison control and cooling the
wound with ice and waiting for further lab results

8

Coastal Injuries
Lacerations

Punctures

Bites

Abrasions

Envenomation

Marine
Trauma

Spinal Cord
Injuries

9

Coastal Injury Mechanisms

Penetrating trauma

Propeller injury, stingray

Spinal Cord Injury

Swimming, diving, watersports accidents

Lacerations

Oysters, shells, rocks, barnacles, anchors

Abrasions

Ropes, slips, collisions

Bites

Sharks, fish, eels, snakes

Envenomation

Jellyfish, man o’ war, stingrays, catfish
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Marine Injuries: Pre-Hospital Care
• Per AAFP Guidelines:
•
•
•
•
•
•

Remove patient from the water
Ensure airway control
Control bleeding
Do not remove wetsuit if patient wearing one
Identify creature involved in injury if appropriate
Transport patient to hospital

• Additional considerations:
• C-spine precautions

Am Fam Physician. 2004;69:885-90 11

Marine Trauma: Primary Survey

A:

B:

C:

D:

E:

Airway

Breathing

Circulation

Disability

Exposure
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Marine Trauma: Post-stabilization
• Focus on:
Smaller
vascular
injuries

Fractures

Neurologic
compromise

Dislocations

Soft tissue
damage

Critical Care Toxicology. 2016 13

Aquatic Microbiology
Saltwater

Freshwater

Both

Vibrio spp.

Aeromonas hydrophilia

Staphylococcus aureus

Mycobacterium marinum

Pseudomonas aeroginosa

Streptococcus pyogenes

Chromobacterium

Edwardsiella tarda

Pseudomonas spp.

Clostridium tetani

Shewanella spp.
Enteric gram negatives

J Am Acad Orthop Surg. 2005;13:243-53
Am J Med Sci. 2015 Mar;349:269-75
J Trauma Treat 4: 267 14

Aquatic Microbiology
• Organisms involved in fresh and
saltwater injuries

• Staphylococci (including S. Aureus)
• Streptococci (S. pyogenes)
• Enteric gram negative bacteria (E.
Coli, Klebsiella, Proteus): most
common in areas of sewage runoff
• Gram negative non-fermenters
(Acinetobacter)
• Anaerobes (including clostridium
spp., clostridium tetani)
• Candida
Am Fam Physician. 2004;69:885-90
J Am Acad Orthop Surg. 2005;13:243-53
Am J Med Sci. 2015 Mar;349:269-75
. J Trauma Treat. 2015;4: 267 15
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Microbiology: Freshwater organisms
• Aeromonas spp. (Aeromonas
hydrophilia)
•

Anaerobic gram-negative bacilli found
worldwide in freshwater lakes, ponds, and
streams

• Can also be present in brackish or marine water

•

•
•
•

• Can occur if injury sustained in freshwater including
fish, snake, alligator, or leech bites

Erythema, edema, and purulence within 24
hours
Systemic signs of infection
Can rapidly progress to severe infection

1st line

Ciprofloxacin 400 mg IV/750
mg PO BID
Levofloxacin 750 mg daily

Alternate
regimens

Cefepime 2 grams every 8 hrs
Ceftriaxone 2 grams daily
Sulfamethoxazoletrimethoprim 8-10 mg/kg/day

• Improper treatment can lead to osteomyelitis,
myositis, and necrotizing fasciitis

Resistant to ampicillin, penicillin, and cefazolin

• Variability in susceptibility → Beta-lactams,
fluoroquinolone

J Am Acad Orthop Surg. 2005;13:243-53
Am J Med Sci. 2015 Mar;349:269-75 16
J Travel Med. 2014: 21:207-13

Microbiology: Saltwater organisms
• Vibrio species (V. Vulnificus):

• Virulent halophilic gram-negative curve
shaped rod

• Commonly inhabit filter-feeding shellfish→ NC
oysters
• Higher concentrations with temperatures
>18°C and decreased salinity

• Wound contamination can cause
vesicular rash with edema rapidly
progressing to hemorrhagic bullae

• Associated with sepsis and necrotizing
infection, can be fatal in 24-48 hours
• 15% fatality associated with wound infections
Am J Med Sci. 2015 Mar;349:269-75
Am Fam Physician. 2007;76:539-544 17
CDC. 2020

Microbiology: Saltwater organisms
When to suspect Vibrio
infection
• Necrotizing wounds with
recent marine exposure
• During summer month
• With ≥1 risk factors present

Vibrio risk factors
• ↑ Occupational or
recreational exposures
• ↑serum Fe (hematologic
conditions)
• Chronic liver
disease/alcoholism
• Immunosuppression
• ESRD
• DM

J Am Acad Orthop Surg. 2005;13:243-53 18
Am J Med Sci. 2015 Mar;349:269-75

Microbiology: Saltwater Organisms
• V. Vulnificus:
• Antibiotic therapy should be started ASAP
• Delays in the initiation of antibiotic therapy for 24
hours associated with 33% fatality and delays >72
hours with 100% fatality

• Treatment duration of suspected infections: 7-14 days
CDC Recommendations for V. Vulnificus Antibiotic Treatment
1st line

Doxycycline + 3rd generation cephalosporin (ceftazidime)

Alternative

Fluoroquinolone

Children with contraindications to FQ
or doxycycline

Sulfamethoxazole-trimethoprim + aminoglycoside
J Am Acad Orthop Surg. 2005;13:243-53
Am J Med Sci. 2015 Mar;349:269-75 19
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Microbiology
• Mycobacterium Marinum
• Indigenous to both fresh and saltwater
• Associated with fish tank or aquarium exposure, as well as swimming pools

• Develops insidiously and frequently misdiagnosed
• Lesions may develop into soft-tissue infections, tenosynovitis, septic
arthritis, osteomyelitis, or severe infection if immunocompromised
• Treatment requires long term antibiotics (3-18 months)
Treat for 1-2 months after lesions resolve
1st line

Clarithromycin + Ethambutol

Alternative:
Deep tissue involvement

3-drug regimen:
Rifampin + Doxycycline/Minocycline + Clarithromycin

Rifampin + Ethambutol

J Am Acad Orthop Surg. 2005;13:243-53
Am J Med Sci. 2015 Mar;349:269-75
20
Microbiol Spectr. 2017;5:2

Aquatic trauma
• When to use antibiotic prophylaxis

• WHO criteria for antibiotic prophylaxis → Wounds at high risk for infection
•
•
•
•
•
•
•

Contaminated wounds
Penetrating wounds
Abdominal trauma
Open fractures
Lacerations greater than 5 cm
Wounds with devitalized tissue
High risk anatomical sites such as hand or foot

• Almost all wounds sustained in marine environment should be
considered contaminated with marine organisms

• Additionally, if patients develop signs of infection following marine
injuries, treatment should be initiated that accounts for marine
microorganism exposure
WHO. Accessed Feb 2021. 21

Limited Guidance for Antibiotic Selection
• AAFP Poisoning, Envenomation and Trauma from Marine Organisms Guidelines:
• Outpatient: Ciprofloxacin, sulfamethoxazole-trimethoprim, or doxycycline
• Inpatient: 3rd generation cephalosporin, ciprofloxacin, gentamicin, sulfamethoxazoletrimethoprim, or cefuroxime
• IDSA SSTI Guidelines: Recommendations for defined treatment but not for empiric
• Vibrio vulnificus: Doxycycline plus ceftriaxone/cefotaxime
• Aeromonas hydrophilia: Doxycycline plus ciprofloxacin/ceftriaxone
• EAST Guidelines:
• Cefazolin for all open fractures, Gentamicin with Type III, +/- for type II

Am Fam Physician. 2004;69:885-90
Clin Infect Diseases. 2014;59:e10–e52 22
J Trauma. 2011;70:751-4

Antibiotic Selection: Considerations
Geographic
location/ type of
body of water

Freshwater vs.
Saltwater/Brackish

Mechanism of
injury (ie. Oyster
laceration)

Animals involved

Patient specific
factors/comorbid
conditions

Severity of
wound/infection
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Aquatic Trauma: Antibiotic Selection
Saltwater Regimens

Freshwater Regimens

First line

Vibrio coverage: Doxycycline 100 mg PO BID +
3rd/4th generation cephalosporin

Aeromonas coverage: Levofloxacin
500 mg PO/IV every 24 hours or
ciprofloxacin 400 mg IV every 12
hours

Alternative

Levofloxacin 500 mg PO/IV daily or ciprofloxacin
400 mg IV every 12 hours

3rd or 4th generation cephalosporin

Antibiotics in both scenarios should empirically cover for gram positive organisms including S.
Aureus and Streptococci, and aquatic-based gram-negative bacteria
Clostridium tetani may be present in salt/brackish water and patients should receive booster if
no immunization in >10 years
Am J Med Sci. 2015;349:269-75
J Trauma and Acute Care Surgery. 2016; 81:765-774 24

Trauma Example: Propeller Injuries
• In North Carolina in 2019, 134 boating
accidents were reported
• Of these, 14 cases resulted in
fatalities

• 2009 - 2013, 915 cases of propeller
injuries were reported, with 129
deaths (14.1%) in the US
• 2.6% of all boating accidents

• Propeller injuries usually occur to
extremities

• Deep, parallel lacerations with
extensive soft tissue and possible
osseous damage
USCG 2019.
NC Wildlife 2019.
Trauma Monthly. 2017; 22:2
J Trauma Treat. 2015;4:267 25
Photo adopted from Aceboater.com

Aquatic Trauma: Propeller Injuries
Price et al., 2015.

• Population: Patients who sustained propeller/skeg injuries over 6 years in Florida hospital (N=13)
• Results: Infection developed in 46% of patients
• Most common: S. aureus (N=5)
• Other organisms: Candida tropicalis, Pseudomonas aeruginosa, Acinetobacter baumannii, and
Achromobacter denitrificans
• Author’s recommendations:
• Empirically cover for beta-lactamase producers, Pseudomonas spp., Aeromonas spp., and add Vibrio
coverage if saltwater
• Use Fluoroquinolones
• Severe injuries use antipseudomonal cephalosporin, beta-lactamase inhibitor, or carbapenem plus
aminoglycoside plus doxycycline if vibrio is a concern

J Trauma Treat. 2015;4:267
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Aquatic Trauma: Propeller Injuries
Hoexum et al., 2017.
• Systematic review and analysis of patients treated at
Netherlands site
• Recommendations:
•
•
•

Treat for 5-7 day duration
Treat based on water type (fresh versus saltwater)
Freshwater:
• Antipseudomonal penicillin (piperacillintazobactam) + aminoglycoside OR
• 3rd generation cephalosporin with
antipseudomonal activity (ceftazidime) OR
• Fluoroquinolone
• Saltwater: Use aminoglycosides to cover for Vibrio
spp.

Trauma Monthly. 2017; 22:4
Photo adopted from medium.com 27

Aquatic Trauma: Propeller Injuries
• Recommendations:

• Data can be applied to evaluate which microorganisms to cover
• Gram positive infection rate high
• Treatment duration of 5-7 days (Vibrio infections not included)

Baseline regimens:
If injured in freshwater, cover for
Aeromonas/Pseudomonas

3rd or 4th generation cephalosporin OR fluoroquinolone

If injured in saltwater, cover Vibrio species

3rd or 4th generation cephalosporin + doxycycline OR
Fluoroquinolone

If open fractures

Consider cephalosporin + aminoglycoside (Ceftazidime or cefepime if
fresh water injury)

Treatment duration

5-7 days guided by clinical course
Extend treatment to 7-14 days if suspicious of Vibrio infection
Am J Med Sci. 2015 ;349:269-75
J Trauma and Acute Care Surgery. 2016; 81 :765-774
J Trauma Treat. 2015;4: 267 28
Trauma Monthly. 2017; 22:2

Question #1
JH is 32 YOM who presents with L hand erythema and lacerations
to L hand and R knee. He reports that 2 days ago he was working as
an oyster farmer in the ICW (saltwater) and while returning to his
boat he tripped and fell on a bed of oysters. He has no significant
PMH.
• Vitals on arrival: BP 112/82, HR 98, Temp 100.6, RR 20, SpO2 97%
on RA
• Emergency department staff has thoroughly cleaned his wounds
but are concerned about possible infection. They come to you
asking which empiric antibiotics would be the best choice in this
situation
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Question #1
A.
B.
C.
D.

Cefazolin + Azithromycin
Meropenem
Piperacillin-tazobactam
Ceftriaxone + Doxycycline
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Question #1
A.
B.
C.
D.

Cefazolin + Azithromycin
Meropenem
Piperacillin-tazobactam
Ceftriaxone + Doxycycline
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Shark Bites

Shark Bites
• In 2020, 129 total shark attacks
globally
• 57 were unprovoked
• 33 of the 57 were in the U.S.

• Most unprovoked attacks in the
world
• NC 4th leading state in 2020, 5th
overall
• Florida, Hawaii, California, South
Carolina

• 73 confirmed attacks in NC
since 1837

UF Florida Museum. Accessed Feb 2021. 33

Shark Bites
Sandbar

Sand-tiger

Bull

Blacktip

White

Tiger

Atlantic
Sharpnose

Spinner

Thresher

Dusky

Bonnethead

Hammerhead

Most common offenders
worldwide (# of attacks)
• White shark (333)
• Tiger shark (131)
• Bull shark (117)

UF Florida Museum. Accessed Feb 2021. 34

Shark Bites
• Blacktip: Responsible for numerous attacks in Southeast
US. Highly active shark present in saltwater. Inhabits NC
from late spring through fall. Commonly inflicts “driveby” bite.
• Bull: Aggressive and highly lethal. Present in shallow
coastal waters worldwide. Has ability to live in salt,
brackish, and freshwater. Makes multiple bites and
commonly shakes head to remove tissue.
• Sand-tiger: Common saltwater shark. Usually not
threatening to humans but has been implicated in
attacks. Possibly over-accused due to similar appearance
of other sharks in family.
• White: Most lethal shark. Migratory but can be present
in NC year-round. Prefers cold water. In NC usually stay in
deep water near offshore shelves.
• Tiger: Highly lethal saltwater shark. Present in warm and
tropical waters. Usually remain offshore in NC.

NCSU Seagrant. Accessed Feb 2021.
Photo 1 adopted from lamar.edu
Photo 2 adopted from why.org 35

Shark Bite Management
A

Airway

• Ensure patent airway
• GCS <8 warrants intubation
• Stabilize C-spine

B

Breathing

• Thoracic injuries may threaten ability to breathe
• Submersion during attack may compromise gas exchange

C

Circulation

• Assess and control hemorrhage!
• Apply pressure→ May require use of tourniquet in field
• Hypotension: Progression to hemorrhagic shock may require:
• Fluids +/- blood products
• Tranexamic acid
• Anticoagulation reversal
• Prevention of hypothermia, acidosis, and coagulopathy

• Tourniquet applied if bleeding uncontrolled
• Can be homemade using >1-inch-wide
material and stable rod or stick for twisting
• Tourniquet should be applied 2 inches above
injury and not on top of a joint

ATLS 10th edition. 2018.
Photo adopted from firstcareprovider.org

Shark Bites
D

Disability/Neurologic

• Assessment of neurologic status and spinal cord injury
• Assessment of level of consciousness (GCS)
E

Exposure/Environmental Control

• Determination of all injuries and puncture wounds via
exposure
• Temperature management
• Patients likely wet and may be cold
• Maintenance of normothermia → Prevent triad of death
• Warm blankets
• Warm fluids

ATLS 10th edition. 2018.
Photo adopted from kids.nationalgeographic.com

Shark Bite Management: Antibiotics
Prophylactic antibiotics should be administered to patients who
sustain shark bites
• Limited guidance exists regarding prophylactic antibiotic
administration
• Case reports describe infections caused by multiple organisms
• Case reports have reported use of prophylactic antibiotics to
cover:
A. Bacteria present in water
B. Bacteria introduced from shark teeth

• Microbiology studies examine causative organisms and
susceptibilities and offer practical guidance for antibiotic
selection
J Trauma and Acute Care Surgery. 2016; 81 :765-774
J. Emerg. Med. 2016; 51: 552-6 38

Shark Bite Management: Antibiotics
Unger et al., 2014:
• Methods:

• Teeth and gums of 19 wild blacktip sharks were swabbed
• Swabs transported to microbiology lab for identification and antibiotic
susceptibility testing

• Microbiology Findings:

• Gram-negative (GN) vs gram positive (GP) bacteria (61% vs 39%)
p<0.001
• GN bacteria: Vibrio alginolyticus (14%), other Vibrio sp. (14%),
Pasteurella sp. (12%)
• GP bacteria: Various coagulase-negative Staphylococcus sp. (16%), S.
aureus (8%) and Bacillus sp. (6%)
• No anaerobic bacteria were found
• Overall antibiotic resistance ~12%
PLOS ONE. 2014; 9: 1-10 39

Shark Bite Management: Antibiotics
• Bacterial susceptibilities:
• All GN bacteria 100% susceptible to cefotaxime, ceftriaxone,
ceftazidime, carbapenems, fluoroquinolones, aminoglycosides,
piperacillin/tazobactam and sulfamethoxazole/trimethoprim
• All GP bacteria 100% susceptible to fluoroquinolones, daptomycin,
linezolid, sulfamethoxazole/trimethoprim (except E. faecium),
vancomycin and tetracycline
• Author’s recommendations:
• Use of a fluoroquinolone OR 3rd generation cephalosporin plus
doxycycline

PLOS ONE. 2014; 9: 1-10 40

Shark Bite Management: Antibiotics
Buck et al., 1984:
• Methods:
• Teeth and gums of one great white shark off the
coast of Rhode Island were swabbed
• 24 samples were collected and analyzed by lab to
determine microbiology and susceptibilities

J Clin Microbiol. 1984; 20: 849-51 41

Shark Bite Management: Antibiotics
• Microbiology and susceptibilities:
Organism

Susceptibilities

V. Alginolyticus (N=9)

Aminoglycosides, 2nd/3rd generation cephalosporins, sulfamethoxazole,
tetracyclines, chloramphenicol

V. Parahaemolyticus (N=6)

Same as V. Alginolyticus

V. Fluvialis (N=2)

Aminoglycosides, cefoxitin, sulfamethoxazole, tetracyclines, chloramphenicol

Pseudomonas putreificans (N=2)

Aminoglycosides, cefoxitin, sulfamethoxazole, tetracyclines, chloramphenicol

Also isolated N=2 Staphylococcus sp., N=1 Pseudomonas sp., Citrobacter sp., Micrococcus sp.

• Reader conclusions:

• Empiric antibiotics should cover Vibrio species, staphylococcus, and gram
negatives
J Clin Microbiol. 1984; 20: 849-51 42

Shark Bite Management: Antibiotics
• Antibiotic recommendation:

• 1st line: Cephalosporin with Pseudomonas/Aeromonas coverage + doxycycline 100
mg BID
• Ceftazidime 1-2 grams IV every 8 hours
• Cefepime 2 grams every IV 8 hours

• Alternative: Levofloxacin 500 mg IV/PO daily or Ciprofloxacin 400 mg IV/500 mg
PO BID
• If penetrating abdominal trauma, coverage of enteric organisms should be
considered including anaerobic coverage (ie. Metronidazole 500 mg IV/PO every 8
hours)

• Duration:

• No specific guidance exists on duration of therapy
• Reasonable to treat duration consistent with Vibrio species coverage (7-14 days)
• Duration of antibiotics to be guided by clinical scenario
J Am Acad Orthop Surg. 2005;13:243-53
PLOS ONE. 2014; 9: 1-10
J. Emerg. Med. 2016; 51: 552-6
J Trauma and Acute Care Surgery. 2016;81:765-774 43

Envenomation

Jellyfish

Stingray

Sea
Urchin

Catfish

Coral
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Envenomation

Jellyfish

Stingray

Sea
Urchin

Catfish

Coral
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Jellyfish/Cnidarian Envenomation
• NC coast hosts many different types of
jellyfish

• Lion’s mane Cyanea Capillata
• Sea Nettle Chrysaora quinquecirrha
• Potuguese Man O’ War Physalia physalis

• Stings may be severe, but not commonly
fatal
• Fatal species: Box jellyfish endemic to
Australia

• Toxicity exerted by nematocyst (tentacle)
releasing coiled harpoon which allows
venom to penetrate skin

• Toxicity may still be exerted when
nematocyst is detached from the body
and when organism is dead

Am Fam Physician. 2009;80:793-802
Critical Care Toxicology. 2016
Photo adopted from wect.com

Jellyfish/Cnidarian Envenomation
• Symptoms of cnidarian
envenomation:

• Moderate to severe local
pain, paresthesia, headache,
nausea, vomiting, malaise

• Severe reaction may rarely cause
fatal anaphylaxis, or
respiratory/cardiac arrest

Treatment
Goals
Prevent future
discharge of
nematocysts

Control pain

Am Fam Physician. 2009;80:793-802
AAFP. 2014; 89: 823A-C 47

Jellyfish/Cnidarian Envenomation
• Treatment:

• Prevention of nematocyst discharge

• Remove patient from water
• Remove visible nematocysts using
gloves/forceps
• 5% acetic acid (household vinegar) should
be applied prevent further discharge: Apply
liberally (Man o’ war, box jellyfish)
• Alternatives:
• Isopropyl alcohol
• Salt water
• 50% baking soda slurry or shaving cream
may be applied to facilitate removal

Remedies
to avoid
Urine

Meat
tenderizer

Fresh water

Ammonia

Papaya
Am Fam Physician. 2009;80:793-802
48
NEJM. 1991; 325:486-93

Jellyfish/Cnidarian Envenomation
• Treatment: Pain Relief

• Hot Water Immersion (HWI)

• 2 mechanism of action theories exist:
1. Heating causes denaturation of venom proteins and
enzymes, diminishing venomous effect
• Debate if human skin can tolerate temperatures
where this effect has been seen
2. Heating causes analgesia via modulation of pain
pathways

• Efficacy has been proven

Emerg Med J. 2006; 23: 503–508 49

•.

Jellyfish Envenomation: Pain Relief
Loten et al., 2006
Methods: N= 96 patients Physalia physalis (Portuguese man o’ war) sting victims
randomized to treatment with hot water vs ice pack therapy
Results: Patients randomized to hot water (N=49) reported less pain than patients who
were treated with ice packs (N=47)
• At 10 minutes: 53% of hot group reported less pain vs 32% treated with ice (21%;
95% CI, 1%–39%; P = 0.039)
• At 20 minutes: 87% of hot group reported less pain versus 33% treated with ice
(54%; 95% CI, 35%–69%; P = 0.002)
Med J Aust. 2006;184:329-33 50

Cnidarian Envenomation
• Additional management:

• OTC NSAIDs or acetaminophen
• Anaphylaxis can occur

• Treat with epinephrine, antihistamines, and corticosteroids

• After decontamination, PRN:
• Topical anesthetics
• Topical antihistamines
• Topical corticosteroids

• Antibiotics not necessary
• Ulcerations should be protected with antiseptic
ointment and bandages
Am Fam Physician. 2009;80:793-802
Ann Emerg Med. 2012;60:399-414
Emerg Med Clin North Am. 2014;32:223-43

Stingray Envenomation
• 1500 injuries in US annually
• Most common marine
vertebrate envenomation
• Stingray injuries have 2
problems to consider:
• Trauma (Steve Irwin)
• Envenomation

• Venom has vasoconstrictive
properties
• Pain (peaking in 15-90 min),
erythema, edema, may cause
cyanosis, necrosis, nausea,
vomiting, hypotension, cardiac
arrythmias

Am Fam Physician. 2009;80:793-802
Critical Care Toxicology. 2016
Photo adopted from marinesanctuary.org
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Stingray Envenomation
Treatment
• If mild→ Home management
• Cleansing of wound and removal of spine/fragments
• Fresh water or normal saline may be used
• Immerse in hot water as tolerated
• 15-minute intervals for up to 2 hours
• Additional analgesia may be achieved using OTC medications
• Medical management:
• Control of bleeding
• Removal of spine/fragments; imaging recommended
• May require surgical exploration
• Review tetanus status
• Analgesia
• Immerse in hot water 42-45°C (108-113°F) for 30-90 minutes or until pain resolves
• Topical anesthetics (ie. Lidocaine) may be used
• May require nerve blocks or narcotics
Am Fam Physician. 2009;80:793-802
J Emerg Med. 2007;33:33-7
WEM. 1997; 8: 24-28
Journal of Travel Medicine. 2008; 15:102-9 53

Stingray Envenomation
Clark et al., 2007:
• Methods: Retrospective review of 119 cases of stingray envenomation
• Key Results:
• 97% of patients presenting within 24 hours required pain relief
• 74 patients received hot water immersion alone
• 88% of this group had pain relief and did not require further therapy

• 70% of patients were treated with 5 days of prophylactic antibiotics
(commonly fluoroquinolone)
• Of 30% not given antibiotics, 17% (5 patients) returned with infection

• Author’s recommendations:
• Heat immersion
• 5 days of antibiotic therapy covering Staph sp., Strep sp., and gram negative (including Vibrio)

J Emerg Med. 2007;33:33-7 54

Stingray Envenomation
Antibiotics:
• Not typically indicated
• May be indicated if:
•
•
•
•
•

Immunosuppressed/Immunocompromised
Residual debris in wound
Large lacerations or deep puncture wounds
Joint involvement
Infected appearance

• Empiric antibiotic regimens include those covering Staphylococcus species,
Streptococcus species, and marine specific organisms (Vibrio species)

• Coverage may be achieved with doxycycline, ciprofloxacin/levofloxacin, or
sulfamethoxazole-trimethoprim
• Case reports have treated for 5-7 days, which may be extended based on clinical
status
Am Fam Physician. 2009;80:793-802
J Emerg Med. 2007;33:33-7
WEM. 1997; 8: 24-28
Journal of Travel Medicine. 2008; 15:102-9 55

Question
• RF is a 41 YOF who is brought in from Wrightsville Beach after
swimming in the ocean. She took a walk into the water to cool off
after sunbathing and after taking a few steps, felt a sharp jab and
immense pain to her R foot. When she removed her foot from the
water, she pulled out a spine, but she was not sure what it could
be from. Her vital signs are normal and no labs have been drawn
yet. She remains in immense pain (9/10) and received 650mg of
acetaminophen from EMS on transport. The ED provider has
diagnosed this as a stingray envenomation, and CT scan did not
show any residual spines. She asks you your recommendation on
how to manage the patient’s pain
56

Question
• A: Cool the patient’s foot with ice packs and administer
50 mcg of fentanyl
• B: Immerse foot in hot water and ensure patient is sent
home with a prescription for hydrocodone
• C: Immerse foot in hot water for 30-90 minutes and reevaluate the pain
• D: Administer 50 mcg of fentanyl and discharge the
patient with a prescription for hydrocodone
57

Question
• A: Cool the patient’s foot with ice packs and administer
50 mcg of fentanyl
• B: Immerse foot in hot water and ensure patient is sent
home with a prescription for hydrocodone
• C: Immerse foot in hot water for 30-90 minutes and
re-evaluate the pain
• D: Administer 50 mcg of fentanyl and discharge the
patient with a prescription for hydrocodone
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Snake Envenomation

Snake Envenomation
• Approximately 7000-8000 venomous snake bites in United States
per year
• 99% of envenomation caused by pit vipers (Crotalidae)
• 5-7 snake bites result in death annually
• More likely to die from lightning strike than snake
envenomation

• 38 species of snake in NC

• Of these, 6 are venomous
• Copperhead is responsible for most bites

• NC poison control reports 10x more calls regarding Copperhead bites vs all
other species combined
• Rural and suburban habitat

• Bites generally occur from April to October
• Most bites occur to extremities

CDC. Accessed Feb 2021.
Am Fam Physician. 2002;65:1367-74
WHO. Accessed Feb 2021 60

Snake Envenomation
North Carolina’s venomous snakes:

Rattlesnakes
(Ex. Diamondback,
Timber
rattlesnake,
Pygmy
rattlesnake)

Copperhead

Cottonmouth
“Water Moccasin”

Eastern Coral
Snake

Photo 1 adopted from nationalgeographic.com
Photo 2 adopted from cnn.com 61
Photo 3 and 4 adopted from brittanica.com

Snake Envenomation: Symptoms
• Snake fangs deliver venom comprised of
various proteins, polypeptides, and enzymes→
necrosis, hemolysis, hemotoxicity,
neurotoxicity
• Symptoms
• Local symptoms: Pain (may be severe and
immediate), erythema, bleeding, edema,
ecchymosis, blistering, joint stiffness,
fasciculations, numbness
• Systemic symptoms: Tachycardia, dyspnea,
chest pain, nausea, vomiting, hypotension,
angioedema, myalgia
• Full extent of symptoms may not be realized
for 6-8 hours

Am Fam Physician. 2002;65:1367-74
WEM. 2015; 26, 472–487
Photo adopted from livescience.com
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Snake Envenomation: Symptoms
• Hematologic toxicity: (Pit vipers- Rattlesnakes)
• Anemia, thrombocytopenia, bleeding (gingival,
epistaxis, internal, retinal), coagulopathies

• Neurotoxicity: (Coral snake)
• Diplopia, perioral parasthesias, metallic taste,
widespread numbness/tingling, fasciculations,
altered mental status, ptosis
Am Fam Physician. 2002;65:1367-74 63

Snake Envenomation: First Aid

Do

•
•
•
•
•

Get away from the snake
Call 911
Transport to ED ASAP
Hold upper extremity at heart-level
Photograph snake from safe distance if able

Don’t

•
•
•
•
•
•

Attempt venom extraction (oral or mechanical)
Cut the wound
Ice the wound
Apply electricity
Apply a tourniquet
Take NSAIDs

Am Fam Physician. 2002;65:1367-74
WEM. 2015; 26, 472–487
64
BMC Emerg Med. 2011; 11:2

Snake Envenomation: ED Management
•
•
•
•
•
•

Poison control notification 1-800-222-1222
Cleansing of wound
Elevation and immobilization of extremity
Mark leading edge of swelling every 15-30 minutes
IV fluids
Labs
•
•

•
•
•
•

CBC w/ platelets, BMP, PTT, INR, fibrinogen, D-dimer, blood type cross/match, LFTs, CK
On admission and at 4-8 hours

Treat pain (IV opioids)
Tetanus immunization
Blood products NOT routinely recommended
Antibiotics NOT routinely recommended

Am Fam Physician. 2002;65:1367-74
WEM. 2015; 26, 472–487
BMC Emerg Med. 2011; 11:2 65

Snake Envenomation: ED Management
• More than 25% of snake bites are “dry”
• Venom is not imparted

• Must evaluate for signs of envenomation:
• Swelling, tenderness, redness,
ecchymosis, or bleb at bite site
• Systemic signs
• Lab abnormalities

• If bite is determined to be “dry”:

• Do NOT administer antivenom → Monitor
patient in ED for 8-12 hours and repeat
labs prior to discharge
Am Fam Physician. 2002;65:1367-74
BMC Emerg Med. 2011; 11:2 66
Photo adopted from cdc.gov

Antivenoms
• Composed of antibodies used to boost victim’s immune response to
venom and aid in neutralization
Snake venom collected

Small amounts injected into
host animal

Blood collected from animal
and venom neutralizing
antibodies separated

Antibodies are purified,
fragmented, and combined
for use in humans

• Dosing by quantity of vials of antivenom

• Estimation made given clinical presentation
• Lack of validated references and guidance for use
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Crotalidae Antivenom
• FDA approved in 2000
• Generated from sheep using venom from:
•
•
•
•

Western Diamondback rattlesnake
Eastern Diamondback rattlesnake
Mojave rattlesnake
Cottonmouth

• Crotalidae polyvalent immune fab (ovine) Crofab®
mechanism of action:
•

Venom-specific fragment of immune globulin that
binds and neutralizes venom toxins and diverts away
from target tissues

• T ½: 12-23 hours

• Costs $6396 per vial
Crofab. Package insert. Accessed Feb 2021.

Crotalidae Antivenom
• CroFab® indications

• True envenomation by pit viper (Rattlesnake,
Copperhead, Cottonmouth) AND
• Swelling that is more than minimal and is progressing
OR
• Elevated PT, decreased platelets, decreased fibrinogen
OR
• Systemic signs of envenomation
• At NHRMC, verification of Crofab® is restricted to
ED/ICU pharmacists
BMC Emerg Med. 2011; 11:2
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Crotalidae Antivenom
• Crofab® dosing:

• Initial dose 4-6 vials, based on severity
• Severe bleeding or shock, 8-12 vials initially and expert
consultation recommended

• Preparation:

• Each vial diluted with 18 mL NS and manually inverted, all
vials added to 250 mL NS bag, use within 4 hours of
preparing
• Previous mixing instructions used 10 mL of diluent and gentle
swirling

• Administration:

• Initial dose is given over 1 hour
Crofab. Package insert. Accessed Feb 2021. 70

Crotalidae Antivenom
• Initial Monitoring:

• Within 1 hour of completion of initial dose, monitor for initial
envenomation control

• Initial envenomation control: Halt of progression of swelling/tenderness,
normalized or resolving PTT, fibrinogen, and platelets, clinically stable,
neurotoxicity resolved or improving

• If initial control not obtained: Repeat dosing (4-6 vials) and consult
expert

• After initial control → Maintenance dosing

• To prevent recurrence of swelling and coagulopathy

• Not mandatory if less severe envenomation or close physician observation

• 2 vials every 6 hours x 3 doses

Crofab. Package insert. Accessed Feb 2021. 71

Crotalidae Antivenom: Monitoring
• Additional monitoring

• Monitor patient for 18-24 hours after initial control
• Labs should be repeated at 6-12 hours and prior to discharge

• Adverse effects

• Possible hypersensitivity reaction: Hypotension, chills, rash, urticaria, nausea, pain
• Purification has improved → ↓ADRs

• Monitor for recurrent coagulopathy

• Follow up

• Patients should return for abnormal swelling, bleeding, or serum sickness
• Rattlesnake bite victims and patients with abnormal labs should take bleeding
precautions for 2 weeks
• Patients with copperhead bites do not need follow-up, while patients with
rattlesnake bites should return for follow-up CBC with platelets and fibrinogen
twice within 1 week of discharge

BMC Emerg Med. 2011; 11:2 72

Crotalidae Immune F(ab’)2
• Anavip ® FDA approved in 2015, released for
distribution in 2018
• Approved for use in rattlesnake envenomation
• Generated from horses using venom from:
• Terciopelo/ Fer-de-lance (Pit viper found in
southern Mexico and South America)
• South American rattlesnake

• Composed of 2 F(ab’) fragments → 2 venom
binding sites
• T ½: 133 hours
• Initial dose: 10 vials, repeated until initial control
• Cost approximately $1200 per vial
Anavip. Package insert. Accessed Feb 2021.

Comparison of F(ab’)2 versus F(ab’) Antivenom
for Pit Viper Envenomation: A prospective,
blinded, multicenter, randomized clinical trial

Comparing Crotalidae Antivenom
Null hypothesis: F(ab’)2 antivenom will not decrease late coagulopathy when
compared to F(ab’) (Crofab®) antivenom
Methods: Assessed platelet count and fibrinogen from 0-8 days after
administration of either:
F(ab’)2 with F(ab’)2 maintenance Initial dose of 10 vials repeated until initial
doses
control, maintenance dose of 4 vials
F(ab’)2 with placebo
maintenance doses

Initial dose of 10 vials repeated until initial
control, maintenance dose of NS

Fab with Fab maintenance
doses

Initial dose of 5 vials repeated until initial
control, maintenance dose of 2 vials x 3 doses
Clinical Toxicology. 2015; 53: 37–45
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Comparing Crotalidae Antivenom
Results:
Percentage who experienced late coagulopathy (platelets <150,000, fibrinogen <150 up to day 8):
F(ab’)2 /F(ab’)2 (N=39)

10.3%

F(ab’)2 /placebo (N=38)

5.3%

F(ab’)/F(ab’) (N=37)

29.7%

Adverse events similar between groups except “serious adverse events”:
F(ab’)2 /F(ab’)2 14.6%

F(ab’)/F(ab’) 4.9%

• Author’s conclusions: F(ab’)2 (Anavip®) decreases the rate of late onset
coagulopathies versus traditional Fab
• Rationale: Anavip® has longer duration of action as compared to Crofab®

Clinical Toxicology. 2015; 53: 37–45 76

Comparing Crotalidae Antivenom
• Considerations:

• Unknown how many vials required for initial control
vs. maintenance dosing
• Clinical significance of late coagulopathy
• Geographic location

• Anavip® indication:

• Only approved for rattlesnake envenomation at this time

• Cost: Anavip® less expensive than Crofab®
• Crofab® loading dose (6 vials): $38,376
• Anavip® loading dose (10 vials): $11,320

• NC Poison Control does not recommend Anavip® at
this time
Maryland Poison Center. 2019 77

Additional Snake Envenomations
• Many different snakes and antivenoms exist
• Coral snake: NACSA
• Black mamba: FAV Afrique
• King Cobra: QSMI

• Unfortunately, many manufacturers have
stopped producing

• Global efforts are in progress to restore
production

• If exotic bite is suspected, consult local poison
control to determine if antivenom in area is
available

• FDA has extended expiration dates on select
antivenoms
WHO. Accessed Feb 2021.
Photo adopted from kids.nationalgeographic.com
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Question #2
• KP is 24 YOF who presents to the emergency department via EMS. She
was brought in for a snake bite and is in severe pain. While walking her
dog, she felt a stab in her ankle after stepping on something and looked
down to notice she had been bitten by a snake. She took a picture of the
snake once she moved away. EMS has identified the snake as a Timber
rattlesnake. She has significant swelling to her RLE with 2+ edema. EMS
had marked the border of her swelling upon pickup (approximately 30
minutes ago) and the swelling now extends 2 inches more proximal.
• Vital signs: BP 118/88, HR 96, RR 22, Temp 98.7, SpO2 100% on RA
• Lab results: Hgb 9.2, Hct 40, Platelets 96000, Fibrinogen 60
The ED provider you are working with has not had experience with a snake
bite before and asks your advice for further management.
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Question #2
A. Recommend calling poison control and application of a
tourniquet to prevent the venom from spreading further
B. Recommend calling poison control and removing venom
from the wound with an extraction kit before further
management
C. Recommend calling poison control, immobilizing the limb
at heart level and administration of 6 vials of Crofab®
D. Recommend calling poison control and cooling the
wound with ice and waiting for further lab results
80

Question #2
A. Recommend calling poison control and application of a
tourniquet to prevent the venom from spreading further
B. Recommend calling poison control and removing venom
from the wound with an extraction kit before further
management
C. Recommend calling poison control, immobilizing the
limb at heart level and administration of 6 vials of
Crofab®
D. Recommend calling poison control and cooling the
wound with ice and waiting for further lab results
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Questions?

