l Case Report

SPOTLIGHT ON

SOMtijgsye

Stingray Injury to the Webspace of the Foot

HANNAH C. JARVIS, MBBS, BSC(HONS), MRCS(ENG); LAUREN M. MATHENY, BA;

THOMAS O. CLANTON, MD

Full article available online at Healio.com/Orthopedics. Search: 20120426-38

Stingrays are cartilaginous fish that are related to sharks. They are one of the largest
groups of venomous marine animals. Stingrays account for 750 to 2000 injuries an-
nually. They are generally passive, reclusive creatures that only sting in self-defense.
Most injuries caused by these animals are nonfatal. A stingray possesses between 1
and 4 venomous stings, which are located along the caudal spine. If a stingray injury
is sustained, parts of the spine may be left in the lacerations, which prolongs exposure
to venom and increases the risk of subsequent wound infection. Stingray venom is
unique in its enzymatic composition and results in distinct soft tissue injury patterns.
Typically, a pattern of acute inflammation occurs, with a predominantly lymphoid
cellular infiltrate followed by necrosis. The environment in which stingray injuries oc-
cur presents unique bacterial flora, and subsequent wound infections require careful
antibiotic selection.

This article describes a case of a healthy 31-year-old woman who sustained a stingray
injury to the webspace of the foot while in Costa Rica. Initial basic first aid measures
were applied. However, the wound subsequently became infected, and formal irriga-
tion and debridement were performed. The initial wound cultures grew Staphylococcus
viridans. Two months postoperatively, the incision was well healed, and the patient
was pain free and returned to work.
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Figure: Postoperative photograph of the wound at
1-month follow-up.
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tingrays are cartilaginous fish that
are related to sharks and account
for 750 to 2000 injuries annually
in the United States.! They are gener-
ally passive, reclusive creatures that use
their stings in only self-defense. These
venomous marine animals inhabit warm,
temperate, subtropical, and tropical wa-
ters worldwide.? Most injuries caused by
stingrays are nonfatal. If a fatality occurs,
it is usually due to exsanguination or the
penetration of a vital organ. Reported fa-
talities range from 1 to 2 cases or fewer
per year in the United States.'3
A stingray possesses between 1 and 4
venomous stings, which are located along
the caudal spine. This part of the spine
can measure up to 37 cm in length* and is
a bilateral retroserrate cartilaginous struc-
ture that extends as a whip-like tail.! When
struck by a stingray tail, a nonvenomous
injury may be sustained. If the integument
over the spine ruptures, a venomous injury
may occur. On penetration, parts of the
spine may be left in lacerations, which pro-
longs exposure to venom and increases the
risk of subsequent wound infection. This
article describes a case of a stingray injury
to the webspace of the foot.

CASE REPORT

A healthy 31-year-old woman sus-
tained a penetrating stingray injury to the
dorsal aspect of the proximal first web-
space of her left foot during a vacation in
Costa Rica. Initial medical care consisted
of the injury’s immersion in hot water,
with regular irrigation from other mem-
bers of the vacation party, all of whom
were nurses. No formal medical attention
was sought in Costa Rica.

On returning to the United States, she
presented to another hospital. Two incision
and drainage procedures were performed.
The first procedure was performed 13
days following the initial injury, and puru-
lent material was evacuated. Twenty-nine
days following the initial injury, a second
incision and drainage procedure was per-
formed, with minimal fluid release.
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Cultures of the drained material grew
Staphylococcus viridians. During treat-
ment at the other hospital, she had re-
ceived cephalexin, doxycyline, and le-
vofloxacin. The patient was allergic to
amoxicillin and sulfa-based antibiotics.

The patient presented to our office 35
days after initial injury and reported night
sweats, chills, and continual drainage
from the open wound. Her pain level was
constant, rated as 2/10 at rest and reach-
ing 10/10 at times. Examination revealed
an open wound to the dorsal aspect of
the foot at the proximal end of the first
webspace. The wound was surrounded
by an erythematous ring and was tender
to palpation in a surrounding 1-cm cir-
cumference. The surrounding tissue was
edematous. Serosanguinous fluid was eas-
ily expressed from the wound. The patient
underwent formal irrigation and debride-
ment that same day.

The patient was placed in a supine po-
sition under sedation and an ankle block.
Chronic fibrotic changes and necrotic fatty
tissue existed along the tract of barb pen-
etration. The capsule to the first metatar-
sophalangeal joint was intact. The wound
was explored to the transverse metatarsal
ligament, and no deeper infection existed.
All necrotic tissue was excised.

Following thorough irrigation with 0.9%
saline, cultures were taken for aerobic and
anaerobic bacteria, fungus, and mycobac-
terium. Tissue was sent for gross and mi-
croscopic examination, and the foot was
examined under fluoroscopy. On initial ex-
amination, a possible foreign body appeared
to exist under the second metatarsal head.
However, this was confirmed to be a sesa-
moid bone in the plantar plate. The wound
was left open and packed with gauze.

The patient was examined 4, 8§, and 12
days postoperatively. The patient reported
making good progress, performing dress-
ing changes herself, and ambulating in a
stiff-soled postoperative shoe. The wound
was improving, and granulation tissue
existed. Bacterial cultures and gram stain
were negative. Figure 1 demonstrates the

Figure 1: Postoperative photograph of the wound
at 1-month follow-up.

Figure 2: Postoperative photograph of the wound
at 3-month follow-up.

wound’s appearance 1 month postopera-
tively.

At 2-month follow-up, the patient was
pain free and had returned to work, as
well as biking and hiking activities. The
incision appeared to be well healed, with
no evidence of residual infection. All cul-
ture results remained negative. Figure 2
demonstrates the wound’s appearance 3
months postoperatively.

DISCUSSION

Stingrays are one of the largest groups
of venomous marine animals, and approx-
imately 150 different species exist world-
wide. They are nonaggressive fish and are
often buried beneath the sand. Humans
have entered the stingray’s habitat by pur-
suing aquatic occupations or activities,
such as diving and fishing.

Stingray injuries usually occur to
young males and to the extremities, par-
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ticularly the dorsal aspect of the foot,
ankle, leg, and hands.>'° Envenomation
from a freshwater stingray can be more
severe than a marine stingray.!' However,
up to 45% of stingrays have lost or torn
their integumentary sheaths and are there-
fore not capable of a venomous sting.!

Stingray venom can be dangerous.
Venom sufficient to cause a 1.5-half inch
wound, injected intravenously into a rab-
bit, is fatal within a few minutes. The
intravenous median lethal dose has been
established at 28 mg/kg of body weight.
In small doses, the venom acts as a va-
sodilator but then exerts vasoconstrictor
properties.!? The systemic manifestations
of envenomation are intense pain, saliva-
tion, anorexia, nausea, vomiting, diarrhea,
muscle cramps or tremors, tonic paraly-
sis, dyspnea, seizures, headaches, and
hypotension. Cardiac arrhythmias also
occur, including first, second, and third
atrioventricular block or asystole, due to
the cardiotoxic nature of the venom.'? In
sufficient doses, the venom causes cardiac
dilatation and failure. The exact molecular
mechanism of cardiotoxicity is unknown.'

Following a stingray injury, initial man-
agement should consist of maintaining he-
modynamic stability and appropriate life-
saving measures, which may include treat-
ment for anaphylaxis. The wound should
be thoroughly irrigated because venom
is water-soluble, which will also assist in
eluding foreign bodies, such as parts of the
stingray spine. At the accident scene, sea
water can be used for irrigation.>'>!> Parts
of the spine can be removed if they are su-
perficially embedded. If suspicion exists of
deeper penetration, the spine should be left
in situ.! Hemorrhage can be stemmed with
local pressure.

Stingray venom is heat labile and
can be inactivated by hot water. It has
been suggested that the injured extrem-
ity should be submerged in warm water,
at a temperature between 42° and 45°C
(108° and 113°F), so that it does not cause
a scalding burn. The limb should be im-
mersed for 30 to 90 minutes or until the
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pain resolves.>!*15 Although warm water
immersion has not been proven in ran-
domized controlled trials as safe or effec-
tive,' studies have shown that irrigation
and warm water immersion have a benefi-
cial effect on the amount of tissue necrosis
that ensues.'®!”

Typically, the wound bleeds profusely
in the first moments following injury, ap-
pears erythematous, and changes to a blu-
ish gray or cyanotic hue. Petechiae appear,
and the local tissues and whole limb may
become edematous. Hemorrhagic discol-
oration and blisters appear as the tissues
become necrotic. Tissue necrosis likely
results from the unique enzymatic compo-
sition of stingray venom due to its caseino-
Iytic and gelatinolytic enzymatic compo-
nents, as well as possessing vasoconstrictor
properties.'® The unique inflammatory cell
infiltrate, composed mainly of lymphoid
cells, CD3+ and CD4+ lymphocytes, and
eosinophils, along with their secretory me-
diators, may be responsible for the pattern
of acute inflammation, followed by necro-
sis, delayed healing responses, gangrene,
botulism, osteomyelitis, and necrotizing
fasciitis.!319-20

The wound should be left to heal via
secondary intention or delayed prima-
ry closure due to the risk of infection.
Alternatively, the wound may be closed
with a drain in situ. Patients may require
hospital admission to monitor for signs of
respiratory or cardiovascular collapse for
at least 4 hours.>!3 Tetanus prophylaxis
should be administered.

If the patient displays systemic signs or
has sustained a deep penetrating wound,
he or she should be transferred to a facil-
ity capable of critical care management
with appropriate surgical teams. A local
injection of lidocaine without epinephrine,
which would worsen local vasoconstriction
and subsequent necrosis, may be adminis-
tered for analgesic properties, along with
systemic analgesia. Alternatively, a local
nerve block can be administered, which
allows for wound exploration. The pain is
usually excruciating and not proportional

to a laceration of similar proportions with-
out envenomation.>'? If the patient is ex-
periencing muscle spasms, intravenous cal-
cium gluconate may be administered. The
spine of a stingray is radiopaque; therefore,
radiographs should be obtained to deter-
mine whether retained parts are present.
Ultrasonography may also be helpful.

The most common bacteria implicated
in infection as a result of marine animal
wounds are Staphylococcus aureus and
Streptococcus  pyogenes, most likely
originating from host flora.?! Sea water
presents unique bacterial flora, especially
Vibrio species, which comprises 57% of
the bacterial colony cultures from sea
water in 1 study.* Potamotrygon motoro
stingray mucus contains pathogenic mul-
tiresistant bacteria.?> Prophylactic antibi-
otics are indicated in patients who are im-
munocompromised, have residual foreign
bodies, or have sustained deep wounds.
Antibiotic selection is typically doxycy-
cline, ciprofloxacin, co-trimoxazole, or
tetracycline.>!3

Operative intervention is warranted in
the initial stages to remove foreign bodies
or manage large wounds, which are some-
times extensive due to the serrated spine
and its cutting action. Injuries may also
breach a joint capsule or cause a neurovas-
cular injury, requiring operative explora-
tion.'> In cases of established infection, the
patient should undergo further irrigation,
exploration, debridement, and foreign tis-
sue removal. Magnetic resonance imaging
may be helpful in established cases of in-
fection to locate retained foreign bodies in
soft tissue, gas pockets, or abscesses.

Currently, no stingray antivenin is
available.”® However, case reports have
been published that have shown the ben-
efits of the application of topical recom-
binant human platelet-derived growth
factor-BB and hyperbaric oxygen.?*%
Cryotherapy has deleterious results, and
no proven role exists for antihistamines or
steroids. The application of a cut surface
of a bulb of onion has decreased pain and
possibly inhibited infection.?
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The best way to avoid the sequelae
of a stingray injury is injury prevention.
As individuals enter the stingray habitat,
caution must be exercised in crossing the
seabed and not swimming too closely.
Stingrays can be easily startled by peo-
ple swimming directly over them, which
should be avoided. As individuals spend
more time exploring the seas and oceans,
often venturing to more isolated areas,
the incidence of injuries can be expected
to increase, with a greater potential for
adverse outcomes the farther individuals
travel from health care facilities.

CONCLUSION

Almost 2000 stingray injuries are re-
ported in the United States every year.
These injuries are usually nonfatal and
generally soft injuries.
However, the venom has a unique enzy-
matic composition resulting in a distinct
injury pattern, including tissue necrosis
and delayed healing responses. The bacte-
rial flora found in the environment of the

cause tissue

stingray adds to the risk of subsequent
wound infections. This article describes the
protracted course of infection that can en-
sue following a stingray injury and special
considerations, such as searching for re-
tained foreign bodies and the management
of the more serious systemic sequelae. @

REFERENCES

1. Diaz JH. The evaluation, management, and
prevention of stingray injuries in travelers. J
Travel Med. 2008; 15(2):102-109.

MAY 2012 | Volume 35 ¢ Number 5

10.

11.

13.

14.

STINGRAY INJURY TO THE WEBSPACE OF THE FOOT | JARVIS ET AL

Evans RJ, Davies RS. Stingray injury. J Ac-
cid Emerg Med. 1996; 13(3):224-225.

Perkins RA, Morgan SS. Poisoning, enven-
omation, and trauma from marine creatures.
Am Fam Physician. 2004; 69(4):885-890.

Weiss BF, Wolfenden HD. Survivor of a
stingray injury to the heart. Med J Aust. 2001;
175(1):33-34.

Agnew PS, Borden EL. Pedal envenomation
by a stingray. A case report. J Am Podiatr
Med Assoc. 1987; 77(10):559-561.

Cook MD, Matteucci MJ, Lall R, Ly BT.
Stingray envenomation. J Emerg Med. 2006;
30(3):345-347.

Enad JG, Espiritu JM, Fisher D. Stingray in-
jury of the hand: review of management. Trop
Doct. 2001; 31(3):174-175.

Forrester MB. Pattern of stingray injuries report-
ed to Texas poison control centers from 1998 to
2004. Hum Exp Toxicol. 2005; 24(12):639-642.

Isbister GK. Venomous fish stings in tropical
northern Australia. Am J Emerg Med. 2001;
19(7):561-565.

Smarrito S, Smarrito F, Leclair O, Labbe JL.
Surgical management of stingray injuries.
About two clinical cases [in French]. Ann
Chir Plast Esthet. 2004; 49(4):383-386.

Pedroso CM, Jared C, Charvet-Almeida P,
et al. Morphological characterization of the
venom secretory epidermal cells in the sting-
er of marine and freshwater stingrays [pub-
lished online ahead of print June 23, 2007].
Toxicon. 2007; 50(5):688-697.

. Russell FE. Stingray injuries. Public Health

Rep. 1959; 74(10):855-859.
Edmonds C, Lowry C, Pennefather J. Diving
and Subaquatic Medicine. 3rd ed. Oxford,

United Kingdom: Butterworth and Heine-
mann; 1992.

Strickland GT, ed. Hunter’s Tropical Medi-
cine and Emerging Infectious Diseases. 8th
ed. Philadelphia, PA: WB Saunders; 2000.

. Lim YL, Kumarasinghe SP. Cutaneous inju-

ries from marine animals. Singapore Med J.
2007, 48(1):e25-e28.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Barss P. Wound necrosis caused by the ven-
om of stingrays. Pathological findings and
surgical management. Med J Aust. 1984;
141(12-13):854-855.

Clark RF, Girard RH, Rao D, Ly BT, Davis
DP. Stingray envenomation: a retrospective
review of clinical presentation and treat-
ment in 119 cases [published online ahead
of print May 30, 2007]. J Emerg Med. 2007,
33(1):33-37.

Haddad V Jr, Neto DG, de Paula Neto JB, de
Luna Marques FP, Barbaro KC. Freshwater
stingrays: study of epidemiologic, clinic and
therapeutic aspects based on 84 envenom-
ings in humans and some enzymatic activi-
ties of the venom. Toxicon. 2004; 43(3):287-
294.

Barber GR, Swygert JS. Necrotizing fasci-
itis due to Photobacterium damsel in a man
lashed by a stingray. N Engl J Med. 2000;
342(11):824.

Germain M, Smith KJ, Skelton H. The cu-
taneous cellular infiltrate to stingray enven-
omization contains increased TIA+ cells. Br
J Dermatol. 2000; 143(5):1074-1077.

Auerbach PS. A Medical Guide to Hazard-
ous Marine Life. 3rd ed. Flagstaff, AZ: Best
Publishing; 1997.

Domingos MO, Franzolin MR, dos Anjos
MT, et al. The influence of environmental
bacteria in freshwater stingray wound-heal-
ing [published online ahead of print May 25,
2011]. Toxicon. 2011; 58(2):147-153.

Yarbrough JR. Freshwater creatures. Alert
Diver. 2000; July/August:40-47.

Auerbach PS, Yajko DM, Nassos PS, et al.
Bacteriology of the marine environment:
implications for clinical therapy. Ann Emerg
Med. 1987; 16(6):643-649.

Rocca AF, Moran EA, Lippert FG III. Hy-
perbaric oxygen therapy in the treatment of
soft tissue necrosis resulting from a stingray
puncture. Foot Ankle Int. 2001; 22(4):318-
323.

. Auerbach PS. Wilderness Medicine. 5th ed.

Philadelphia, PA: Mosby-Elsevier, 2007.

e765



