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Background: Around the world, snake bite envenomation remains an underre-
ported human health hazard. Envenomation can cause local and systemic compli-
cations, especially when there is a lack of antivenom availability. Although there
are established guidelines regarding snake bite management acute care, there is a
paucity of data regarding surgical intervention and the plastic surgeon’s role treat-
ing this unique patient population.

Methods: A review was conducted identifying relevant published articles involving
snake bite management and treatment in PubMed and EMBASE.

Results: One hundred ten articles were identified and 77 met inclusion criteria.
Snake bite envenomation can result in complications that are dependent upon a
variety of variables. The literature has shown the best field treatment to be timely
transportation to the nearest medical facility, along with antivenom administra-
tion. The cytotoxic, hemotoxic, and neurotoxic effects of venom can cause a vari-
ety of local soft tissue and systemic complications. Surgical interventions such as
fasciotomies, wound debridements, skin grafts, and tissue flaps may be necessary in
these patients to optimize functional and aesthetic outcomes. Disparities in access
to care in resource limited settings are discussed.

Conclusions: Global health disparities and insufficient antivenom distribu-
tion create an inequality of care in snake bite patients. Plastic surgeons have an
important role in managing acute and chronic complications of snake bite enven-
omations that can lead to improved patient outcomes. (Plast Reconstr Surg Glob Open
2021;9:¢3506; doi: 10.1097/GOX.0000000000003506; Published online 29 April 2021.)

INTRODUCTION

Snake bite envenomation remains a worldwide health
hazard.! The World Health Organization estimates that of
the 5.4 million snake bites that occur annually, 2.7 million
are venomous with a 5% fatality rate (137,880 deaths per
year).' Although mortality following envenomation is low,
secondary complications are common, ranging from 10%
to 44%.”> These include, but are not limited to local tissue
pain, swelling, cellulitis, infection, skin necrosis, coagu-
lopathy, compartment syndrome, muscle contracture, and
various physical deformities.” The wide range in compli-
cations are primarily attributed to a lack of antivenom
availability, healthcare systems infrastructure and patients’
socioeconomic status."*®
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Once a snake bite occurs, the first level of manage-
ment is in the field."*” This is followed by triage and pro-
vision of acute care in a hospital setting with the goal of
limiting the local and systemic effects of envenomation.”
Although envenomation is well studied in regards to field
treatment and management of acute symptoms, there is
a paucity of the literature regarding the management of
secondary complications in this select patient population,
making treatment guidelines unclear. Resulting wound
complications can have permanent and debilitating fea-
tures such as muscle and tendon contracture, gangrenous
and necrotic tissue, osteomyelitis, and chronic wound
infection, some of which may require reconstruction.® To
adequately care for patients affected by snake bites, plastic
surgeons must be well versed in the acute and long-term
management of these wounds.”'’

This article first provides a background and overview
of current medical and surgical management in snake bite
envenomation. The broad applicability of this practical
review is meant to be inclusive and comprehensive for a
global plastic surgery audience that might find themselves
in a variety of practice environments and scenarios. We
also discuss the disparities in global health as related to
epidemiology of snake bites and resultant treatments.

Disclosure: Dr. Janis received royalties from Thieme and
Springer publishing. The other authors have no financial
inlerest to declare in relation to the content of this article.
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METHODS

A scoping review was conducted identifying relevant
published articles using the search terms “manage-
ment” AND “snake bite” AND “surgery.” Initial search
of PubMed found a total of 87 review articles, and 44
additional articles via an EMBASE search of “manage-
ment” AND “snake bite” AND “surgery” along with ref-
erenced articles from relevant initial data base search.
After removing duplicates, 110 articles were screened
for inclusion (Fig. 1). Of these articles, 33 were excluded
as they were not evaluating some form of snake bite
management. Authors manually evaluated the articles’
suitability for the review and removed any that did not
meet inclusion and exclusion criteria. Inclusion criteria

PRS Global Open ¢ 2021

included articles that were published between the years
2000 and 2020, published in English, and referenced
either some form of snake bite management or factors
that attribute to treatment disparities. Articles of all evi-
dence levels were reviewed (Table 1).

RESULTS

No level I randomized control studies involving snake
bite envenomation were identified. This review also found
relatively few level II studies classified as nonrandomized
control trials or prospective studies. The majority of arti-
cles were classified as below level I quality of evidence and
included retrospective reviews, systematic reviews, and
case reports. One meta-analysis was identified.

Fig. 1. PRISMA flow diagram.
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Russell et al. ® Surgical Management Post Snake Bite

Venom

Common symptomatology can be identified across
snake species.” Presenting symptoms of any envenomation
can include generalized weakness, numbness, paresthesia,
and pain.” A snake’s venom is composed of a variety of
enzymes and proteins that are responsible for both local
tissue damage and systemic manifestations. Each species
has altering levels of gene expression that control which
proteins and enzymes are expressed. For example, cer-
tain species’ venom primarily expresses metalloprotein-
ases, which can lyse membranes and cellular adhesions,
causing rubor, calor, tumor, and tissue necrosis.*® This
can present clinically as tachycardia, petechia, confu-
sion, vomiting, disseminated intravascular coagulation,
acute renal failure, shock, and compartment syndrome.°
Commonly, laboratory values show depleted fibrin levels,
anemia (intravascular hemolysis), thrombocytopenia, and
elevated BUN, creatinine, and prothrombin time/partial
thromboplastin time."”

Alternatively, gene expression of either alpha protein
or phospholipase A2 can give the venom a neurotoxic
effect in which presynaptic or postsynaptic blockade
prevents signal transmission. This can lead to visual dis-
turbance (ptosis and diplopia), dysphagia, diaphoresis,
peripheral nerve palsy, diminished reflexes, and in severe
cases, respiratory depression, and paralysis.®*

Field Management

When in the field, accurate assessment of the wound is
difficult, as there are no immediate differentiating symp-
toms between a snake bite with or without envenomation.®!
The focus of first aid has shifted from field treatment to
timely transport to the nearest medical facility.”” Once at
the hospital, further assessment, additional resources, and
treatment options can be offered.

After sustaining a snake bite, victims and bystanders
should move out of the snake’s striking distance and take
a picture of the snake, if possible.*® The victim’s airway,
breathing, and circulation should be assessed as enven-
omation can affect these vital functions within minutes.'’
Current recommendations for field treatment include
limiting the victim’s activity while lying them flat and
keeping the bitten extremity immobilized at heart level.™
If local swelling, erythema, or pain are progressing, the
affected extremity can be elevated as long as no systemic
symptoms are present.”’ Importantly, the medical facility
should be called in advance to allow enough time for the
antivenom to be prepared or transferred as it is not uni-
versally stocked.® Antivenom is costly and not available in
most low-middle income countries (LMICs).

Common misconceptions about snake bite manage-
ment abound. The use of a tourniquet, thought to reduce
the return of venom to the central circulation, actually
restricts essential blood flow to the affected tissue, increas-
ing local edema and potentiating the venom’s local
effects.”” A venous tourniquet can be beneficial when kept
below a pressure of 30mm Hg (2 fingers under band),
limiting spread of systemic absorption; however, improper
application limits its use in the field.*” Wound compres-
sion, which involves wrapping the affected extremity distal

to proximal at an optimal pressure of 55 mm Hg, has been
shown to be error prone and is not recommended.” Initial
treatment of wound incision and suction or suction alone
was thought to withdraw a portion of the venom load, thus
limiting the quantity of absorbed venom; however, studies
have shown it can actually worsen patient outcomes and
is therefore no longer recommended.” Application of
medicinal herbs, chemicals, and intense scrubbing/clean-
ing of the wound is also not recommended.'

Antivenom

The mainstay of medical management is antive-
nom administration. Antivenom is made up of purified
IgG antibodies from venom injected into animal hosts.
Adverse reactions range from mild (rash, diarrhea, dia-
phoresis, and pain) to severe (anaphylactic shock, bron-
chospasm, angioedema, and hypotension).” A hospital
should be aware of the most common envenomations to
obtain the most needed antivenoms. Antivenom can be
stored in lipophilic or liquid form and has to be refriger-
ated.®" If an adverse reaction is detected upon administra-
tion, immediate antivenom discontinuation is followed by
antihistamines, corticosteroids, or a combination of both
should follow.'*** Epinephrine can be used in severe cases
with bronchospasm, angioedema, and hypotension.™

Antivenom is indicated when there is a progression of
local symptoms. This includes swelling that is either rap-
idly expanding, encompassing more than half an extrem-
ity, or present at the digits or toes.®” Antivenom is also
given at any sign of systemic illness including any labo-
ratory derangements (Table 3).'**#* Studies have found
early intervention (within 4 hours of envenomation)
along with higher doses of antivenom offer more favor-
able patient outcomes and a decreased risk of requiring
surgical intervention.*”* However, antivenom can be
given within 24 hours of envenomation and still provide
beneficial effects.®®” As there is no maximum dose of anti-
venom—the medication should be given until clinical and
laboratory derangements are corrected.'***” Some studies
report the use of an envenomation scale to aid in this deci-
sion.?! Initial infusion of antivenom should occur at a rate
of 2ml/min or diluted bolus with 5-10ml/kg of isotonic
saline administered at a fixed rate over 1-2 hours.*** With
a slower rate of antivenom infusion, adverse effects are less
likely to occur.”®

Acute Hospital Treatment

Upon arrival to the hospital, intravenous access should
be obtained and fluids administered, this is provider and
patient dependent, as 500-1000ml bolus of lactated ring-
ers or normal saline is typically infused in adult patients.!
Current literature does not recommend prophylactic anti-
biotics, but if signs of infection are present, cultures and
sensitivities of the wound and blood should be obtained
to target the offending bacteria.'” A full patient workup
should be performed, along with irrigation and care-
ful inspection of the wound.'”® The border of swelling
and erythema should be marked and observed every 30
minutes to monitor progression.” Consistent monitoring
of clinical symptoms along with serial laboratory draws
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Table 2. Location Dependent Reconstructive Options

PRS Global Open ¢ 2021

Upper Extremity Reconstructive Options

Comment

Digit Cross finger flap (transposition)
V-Y advancement flap

.
L
¢ Homodigital island flap
.
.

Hand—dorsal Full-thickness skin graft
Posterior interosseous artery perforator
propeller flap

¢ Radial forearm flap (free or pedicled)

Hand—volar Groin flap

Cross finger flap

Thenar flap

Posterior interosseous artery perforator
propeller flap

Radial forearm flap (free or pedicled)
Lateral arm flap

ALT flap

Latissimus dorsi flap

Forearm/arm

Lacks excess tissue for reconstruction, limited blood supply,
restoration of function is important for many occupations and
daily life. Z plasty can be utilized to break up contracted scar

A full-thickness skin graft or flap is often required to survive
on top of the easily exposed bone and tendon. Muscle flaps
are generally avoided on the dorsal hand as the muscle
fibers tend to integrate with the underlying tissue, limiting
extensor tendon function and possibly compromising existing
vasculature

Important to match similar skin characteristics

A variety of flaps can be implemented depending on the severity
of the defect and extent of tissues involved. Lateral arm
flap utilizes the posterior collateral radial artery and can be
pedicled. The thoracodorsal flap can be pedicled or free
(muscle, myocutaneous) and provide a large area of coverage
for upper arm

Lower Extremity Reconstructive Options

Comment

Toes ¢ Lateral toe pulp flap

Foot—plantar Latissimus dorsi muscular flap (larger defect)
Medial plantar myocutaneous flap (smaller
defect)

Lateral calcaneal

Reverse sural

Scapular flap (fascial or fasciocutaneous or

osteocutaneous)

Foot—dorsal

As they are distally located, lack sufficient collateral blood supply
and tissue. Challenge to have successful flap vascularization
and survival

The plantar surface and heel of the foot need special
consideration as it is more glabrous kin that is responsible
for weight bearing pressure. To sustain eventual force, larger
muscle flap is needed to be able to sustain

Dorsum of foot does not have excess subcutaneous or adipose
tissue. Therefore, flaps with less bulk are typically used unless

* Latissimus dorsi muscular flap (if larger defect) there is a large defect that needs to be covered
¢ ALT fasciocutaneous flap
Leg ¢ Scapular osteocutaneous flap Anterior leg is bony and also has little subcutaneous and adipose
e Fibular osteocutaneous flap tissue. This allows for underlying structures to be more easily
* lliac osteocutaneous flap, affected. Osteocutaneous flaps are useful in this area
® Gastrocnemius or soleus muscle flap
¢ Perforator flap (propeller or keystone)
Thigh e ALT flap More surrounding soft tissue to use for local grafts and flaps
¢ Latssimus dorsi muscle, fascial or depending on severity of defect. Bulkier flaps can be used to
fasciocutaneous flap fill in severe defects
Face Reconstructive Options Comment
Face ® Local V-Y advancement flaps Depending on location of defect, can use any of the mentioned

® Rotational flaps (single/bilobed flap) and
transposition flaps (Limberg flap)

Median forehead flap

Parascapular flap

Rectus abdominis flap

Radial forearm flap

flaps. Median forehead flap utilized in nasal reconstruction.
Parascapular, rectus abdominis, and radial forearm flaps can
all be used in larger soft-tissue defects of the face

ALT, anterolateral thigh.

(CBC, CMP, coagulation studies, and liver function tests)
should be performed every 2-3 hours to evaluate possible
progression of systemic complications.®®

An identified envenomation with primarily hema-
tological sequelae and no signs of secondary complica-
tions should be monitored for a minimum of 12 hours to
ensure no development or progression of symptoms.® If
bitten by a snake and neurological symptoms are present,
a minimum observation period of 24 hours is required
with specific neurological monitoring to ensure no fur-
ther progression of symptoms (Table 4).>%

If compartment syndrome is clinically suspected,
action needs to be taken in a timely manner as ignor-
ing the need for a fasciotomy can lead to further tissue
necrosis, ischemic complications and even loss of limb.**
The patient will present with pain that is disproportional
to examination, diminished peripheral pulses and par-
esthesia, increased firmness upon palpation, or have a

8

sustained intracompartmental pressure greater than the
normal values of 0-8 mm Hg."****" In children, more accu-
rate signs and symptoms that identify acute compartment
syndrome are agitation, anxiety, and analgesia.”’ The lit-
erature has reported independent risk factors associated
with a patient needing a fasciotomy such as a hemoglobin
<11mg/dL, leukocytosis and an INR >1.2.%

Physician disagreement regarding fasciotomy post
envenomation centers around local tissue complications
(pain, tense, and numb) that can potentially mimic com-
partment syndrome.'** In the past, this has led to unneces-
sary fasciotomies.” To further ensure a true compartment
syndrome, several studies have used various cutoffs (30, 40,
45, and 55mm Hg) indicating a need for fasciotomy.”*%0
Current literature, however, supports serial clinical evalu-
ation with an accompanying clinical picture of compart-
ment syndrome.” The definitive role of measurements
of elevated intracompartmental pressure to confirm
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Table 3.Venom

Primary Affect Effect at Cellular Level Clinical Symptoms Altered Laboratory Values
Hemotoxic Metalloproteinases and other cytotoxic Tachycardia, petechia, confu- Depleted fibrin levels, anemia (intravas-
enzymes lyse membranes and cellular sion, vomiting, disseminated cular hemolysis, thrombocytopenia,
adhesions, leading to rubor, tumor, and intravascular coagulation, elevated BUN, elevated creatinine,
tissue necrosis acute renal failure, shock and elevated prothrombin time, elevated
compartment syndrome partial thromboplastin time
Neurotoxic Inhibit neurotransmission signals in differ- Paresthesia, numbness, visual Patient can have hematologic effects as

ent ways to disrupt neurologic func-

tion. Alpha protein binds post synaptic
nicotinic acetylcholine receptors. Mojave
toxin irreversibly binds presynaptic nerve
receptors, inhibiting the influx of calcium
ions. Phospholipase A2 inhibits neuronal
activity at the presynaptic terminal

disturbance (ptosis, diplo-
pia), dysphagia, diaphoresis,
diminished reflexes, periph-
eral nerve palsy, respiratory
depression, paralysis

mentioned in “hemotoxic” row, how-
ever, less commonly altered laboratory
values and more neurological sequelae

Table 4. Acute Hospital Treatment

Symptoms Observation Laboratories Hospital Course Complications
Hematologic  Monitor CBC Patient receives supportive treatment and If new symptoms arise (fever,
at least CMP appropriate amount of antivenom. If secondary SOB, dizziness, nausea,
12h. Coagulation studies sequelae are absent, there is no progression of vomiting), return to hospital
Liver function tests local symptoms and local erythema/swelling is for further evaluation and
controlled with no proximal progression, patient treatment
can be discharged with follow up laboratory tests
Neurologic ~ Monitor CBC Patient receives supportive treatment and If new symptoms arise (visual
at least CMP . appropriate amount of antivenom. Specific disturbance (ptosis, and
24h. Coagulation studies monitoring of neurological functioning is diplopia), dysphagia,

Liver function tests
Respiratory
function tests

performed. If secondary sequelae are absent,
there is no progression of local symptoms and
an improvement of neurological symptoms,
patient can be discharged with follow-up
laboratory tests

diaphoresis, peripheral nerve
palsy, diminished reflexes, and
in severe cases, respiratory
depression and paralysis), return
to hospital for further evaluation

compartment syndrome and the need for a fasciotomy is
unclear; however, criteria may vary by institution.”"*%*

Surgical Interventions

Overall, the true incidence of envenomation inju-
ries requiring some kind of formal reconstruction is
unknown. Post envenomation, plastic surgeons are fre-
quently consulted regarding wounds where restoration
of form and function are desired."” Surgical interventions
are more common for certain envenomations such as
the cobra, as its venom is known for causing higher rates
of tissue necrosis.” These surgical interventions include
but are not limited to fasciotomies, wound debride-
ment, tissue grafts, local and free tissue flaps, and rarely
amputations.” Resulting sequelae of snake bite enven-
omation that prompt surgical intervention includes
infection, tissue necrosis, compartment syndrome, nec-
rotizing fasciitis, chronic wounds, and ischemic con-
tracture.'*® In the past, delayed wound debridement
has been recommended to prevent the unnecessary
removal of viable tissue.” However, more recent tech-
niques utilizing autolytic and enzymatic debridement,
as well as topical wound staining that specifically targets
dead tissue, may help prevent the removal of healthy
tissue.” Locoregional tissue grafts and flaps can be uti-
lized to restore previous form and function of smaller
defects.” Occasionally, free flaps are required when
there is insufficient soft tissue available for locoregional

flaps.”® When selecting a flap, it is important to consider
matching skin, bulk, composition, and size of vessels, to
the recipient defect.”

Upper Extremity Envenomation

Envenomation of the upper extremity and hand often
requires a graft or flap in a complex reconstruction to allow
for the return of form and function."” Soft-tissue dysfunc-
tion within the hand can be debilitating, as many people
rely on their function to perform activities of daily living,
as well as occupations.'’ Grafts and flaps must be utilized to
reduce contracture of the affected area while maintaining
mobility and function.'” The volar and dorsal hand require
different flap characteristics (Table 2) as the dorsal hand
has little subcutaneous and adipose tissue that easily exposes
tendon and bone upon envenomation induced tissue necro-
sis."** A variety of flaps can also be used in reconstruction of
the upper extremity that closely matches the missing tissue
defect (Table 2)."*%' In any hand or upper extremity injury,
early rehabilitation is key to making a full recovery.'**

Face Envenomation

Snake bite envenomation of the face often occurs
in children or agricultural workers working close to the
ground. Envenomation to the face can cause tissue necro-
sis, contracture, and deformity making reconstruction
essential.”** Depending on the extent of damage, local
or free flaps can be used in a range of defects (Table 2)."
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Lower Extremity Envenomation

Envenomation of the lower extremity is most common.
The foot and toes are most often involved, especially if the
victim is not wearing shoes.” Envenomation of the lower
extremity can be difficult for reconstruction as neither the
foot nor the toes have abundant tissue or a robust blood sup-
ply to utilize for local grafts and flaps.” Flaps are selected
based on where the defect is located, along with the defect
characteristics, making each reconstruction unique and indi-
vidualized.* Defects to the plantar surface and heel of the
foot need special consideration as this region contains thick
tissue with glabrous skin to sustain ambulation and weight
bearing.” A variety of flaps can be used to reconstruct defects
of the anterior leg and thigh as well (Table 2).*

6,13

DISCUSSION

Snake bite envenomation is an underreported global
health crisis.”® True incidence is likely underreported
due to lack of contact with healthcare system for less
severe snake bites.”” Multiple studies support the use of
early and sufficient doses of antivenom administration
to reduce the need for surgical intervention. However,
there is a sparse availability of antivenom in rural and
resource poor areas, especially in LMICs as the price of
antivenom is cost prohibitive. Socioeconomic factors and
a lack of access to resources also preclude timely treat-
ment of snake bites in LMICs.>>% This results in higher
rates of secondary complications than seen in HICs, indi-
cating even more of a need for plastic surgeons to treat
the resulting sequelae in this patient population. Efforts
in LMICs should be focused on envenomation education
as treatment myths can potentiate local effects of the ven-
om’s cytotoxic enzymes, worsening local tissue injury, and
patient outcomes. Although antivenom availability can be
limited in LMICs, receiving treatment at a healthcare facil-
ity should be encouraged.

Plastic surgeons are well suited to care for the acute
and chronic management of snake bite victims through
reconstructive procedures.'” These procedures are
essential for allowing patients to regain their normal life."
Post envenomation, wound debridement was among the
most cited procedures which is essential to any success-
ful reconstructive outcome. Although fasciotomies are a
controversial intervention post envenomation, they can-
not be ignored as there are severe consequences if true
compartment syndrome is not acted upon in a timely
manner. Studies also showed that overall amputations are
most common in envenomation to the digits or toes, espe-
cially if antivenom is not administered. After the effects
of envenomation have been controlled, reconstructive
options post envenomation should be evaluated as any
other soft-tissue defect, paying special attention to proper
debridement.

Patient education is important to provide the general
population with knowledge about treatment post enven-
omation. Further global effort is needed among private
companies and governments to provide effective and
affordable antivenom that is widely distributed and read-
ily available to those who need it most.
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This study is limited by the level of evidence of avail-
able studies; many case reports and single-center retro-
spective reviews composed the literature search.

CONCLUSIONS

Plastic surgery has an important role in snake bite
management and the resulting complications. Published
reports have demonstrated multiple ways to manage enven-
omation with a variety of techniques in an effort to reduce
these secondary complications and improve patient out-
comes.® Timing of plastic surgery intervention can range
from immediate (fasciotomy) to days, weeks, or years
(debridement, scar contracture release, and flap) which
is unique to each patient's situation, geographic location,
and timing of presentation. Victims of snake bite enven-
omation need a multidisciplinary team that understands
the underlying pathophysiology and potential complica-
tions to avoid a delay in treatment. It is essential for plastic
surgeons to take responsibility for these patients to help
restore both form and function.

Jeffrey E. Janis, MD

Department of Plastic and Reconstructive Surgery

The Ohio State University College of Medicine

915 Olentangy River Road, Suite 2140, Columbus, OH 43212
Jeffrey.janis@osumc.edu @jjanismd
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