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Snakebite management in Iran: Devising 
a protocol

Seyed Mostafa Monzavi, Bita Dadpour, Reza Afshari
Addiction Research Center, Department of Internal Medicine, Imam Reza Hospital, Mashhad University of Medical Sciences, Mashhad, Iran

Background: Snakebite in Iran has been a health concern. However, management of snakebite is not standardized and varies from 
center to center. Th is study is aimed at devising an evidence-based comprehensive protocol for snakebite management in Iran, to 
reduce unnecessary variations in practice. Materials and Methods: A narrative search in electronic databases was performed. Fifty 
peer-reviewed articles, guidelines, and textbooks were reviewed and practical details were extracted. Our currently used protocol 
in the Mashhad Toxicology Center was supplemented with this information. Consequently an improved wide-range protocol was 
developed. Th e protocol was then discussed and amended within a focus group comprised of medical toxicologists and internal 
medicine specialists. Th e amended version was fi nally discussed with expert physicians specialized in diff erent areas of medicine, to 
be optimized by supplementing other specifi c considerations. Results: During a one-year process, the protocol was fi nalized. Th e fi nal 
version of the protocol, which was designed in six steps, comprised of three components: A schematic algorithm, a severity grading 
scale, and instructions for supportive and adjunctive treatments. Th e algorithm pertains to both Viperidae and Elapidae snakebite 
envenomations and consists of a planned course of action and dosing of antivenom, based on the severity of the envenomation. 
Conclusion: Snakebite envenomation is a clinical toxicologic emergency, which needs to be treated in a timely and organized manner. 
Hence, a multi-aspect protocol was designed to improve the clinical outcomes, reduce unnecessary administration of antivenom, 
and help physicians make more proper clinical judgments.
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management strategies for snakebite envenomation 
in Iran are still not standardized, and they are mostly 
modeled from subjective experiences and even adapted 
from other countries. Snake species from diff erent parts 
of the world, however, are inconsistent with each other 
and also the quality of venom of the same species can 
be infl uenced by the geographical conditions, such as, 
humidity and temperature.[11] In addition, antivenoms 
produced in different countries may be chemically 
dissimilar to each other.[12] Therefore, applying a protocol 
which is effi  cient in other parts of the world does not 
seem to be judicious. 

In this respect, a unifi ed management strategy that 
encompasses all aspects of snakebite envenomation and 
suits the medical capacity in Iran must be devised. This 
can be achieved by improving the available algorithms 
and protocols [13-25] according to newer valid and local 
data. Hence, this study was designed to elaborate our 
currently used protocol in the Mashhad Toxicology 
Center (MTC),[13] by complying with scientifically 
accepted information and amending some neglected 
aspects. 

INTRODUCTION

Snakebite has been a health concern in Iran.[1,2] 
According to the National Health Statistics, 4500-6500 
individuals are aff ected annually, with three to nine 
deaths.[2,3] Three-quarters of Iran’s ecological regime 
is arid and semi-arid, which is especially suitable for 
diff erent species of desert snakes to live and breed.[4,5] 
The major envenomating species endemic to Iran are 
Vipera lebetina obtusa (a Viperidae), Echis carinatus sochureki 
(a Viperidae), Pseudocerastes persicus persicus (a Viperidae) 
and Naja naja oxiana (an Elapidae).[4,5] Although not very 
common, sea snakebite envenomations may happen 
in the southern borders of Iran (Persian Gulf and Gulf 
of Oman).[4-6] Hydrophis cyanocinctus and Hydrophis 
lapemoides were reported to be the most common sea 
snake species in these areas.[6]

Bites, which mostly occur during the hot seasons,[7,8] 
are considered to be neglected diseases causing high 
morbidity rates and healthcare costs.[9] Therefore, 
the World Health Organization (WHO), in 2009, 
had given priority to the improvement of healthcare 
quality delivered to snakebite victims.[10] Nevertheless, 
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MATERIALS AND METHODS

To design an instructive in-hospital protocol for the 
management of snakebite, a narrative search in electronic 
databases including MEDLINE, EMBASE, Scopus, and 
TOXNET was performed, during the period of May 2011 
to April 2012, using the following search terms: Snakebite 
AND algorithm, snakebite AND protocol, snakebite AND 
treatment. In total, 50 articles, three guidelines, and related 
topics to snakebite in six textbooks were reviewed. The 
quality of all the literature was evaluated by two researchers, 
to identify the articles that were published in peer-reviewed 
journals, guidelines and textbooks that were published by 
reputable institutions. 

In the fi rst phase of the study, useful details from the articles, 
guidelines, and textbooks were extracted and summarized. 
Our current protocol was then supplemented with this 
information and details. Hence, a simple, wide-ranged 
descriptive protocol was developed. 

In the second phase, the initial version of the protocol 
was discussed within a focus group comprised of medical 
toxicologists and Internal Medicine specialists. Thus, the 
second version of the protocol was provided, with some 
elaborations to fi t our medical capacity in Iran. 

In the final phase, the second version of the protocol 
was discussed with expert physicians specialized in 
Immunology, Hematology, Infectious Disease and Tropical 
Medicine, Neurology, and Orthopedics, to be optimized 
and augmented with other specifi c considerations. The 
fi nal version of the protocol was released, to be practiced 
for snakebite cases. 

RESULTS

The final version of the protocol comprised of three 
components, a schematic algorithm, a severity grading scale, 
and instructions for supportive and adjunctive treatments. 
The algorithm which is illustrated in Figure 1 pertains to 
both Viperidae and Elapidae snakebite envenomations and 
consists of the planned course of action and dosing of 
antivenom, based on the severity of envenomation. The 
snakebite envenomation severity scale (SESS), which was 
developed and enhanced during this study, is an instrument 
for grading the severity of envenomation according to the 
clinical manifestations and laboratory fi ndings [Table 1]. It is 
mostly based on 30 years of experience on treating snakebite 
victims in MTC and has been fi ne-tuned according to peer-
reviewed literatures.[3,13-20,26] In addition to antivenom, some 
patients may need supportive and adjunctive treatments, 
which are displayed in a separate table [Table 2].[3,13-26] The 
protocol was designed in six steps. Each step includes some 

actions, in order. The necessity, details, and controversies 
of some actions are further explained under the section of 
‘Discussion”. 

Step 1 (Initial assessment and stabilizing the patient)
1. The victim should be reassured if agitated
2. Immediate assessment of vital signs should be 

performed[16,21]

3. The bite site should be washed with sterile saline or clean 
water.[15,17,18] Any constriction bands, pressure bandages, 
jewelry, watches, and rings adjacent to the bite site should 
be removed. Sterile dressing and other wound care should 
be considered in case of incised or manipulated wounds 
and extensive tissue destruction.[22,23] General directions 
of tetanus immunization should be taken into account.

4. The bitten extremity should be immobilized and 
slightly elevated. Circulation of the biĴ en limb should 
be evaluated and the edge of edema should be marked 
with a pen.[15,16,21-23]

5. A careful physical examination, including assessment 
of the neurologic status and a search for evidence of 
bleeding should be considered.

6. A brief, but targeted history, including description of 
the off ending snake, history of allergies and tetanus 
immunization should be obtained.

7. Based on the history and physical examination, the 
physician should try to determine whether the off ending 
animal was a snake or not. 

8. Defi nitive snakebite cases should be hospitalized.[20,21]

9. Based on the history and the patient’s clinical 
manifestations, the offending snake brought with 
the victim, and available local information, the type 
of offending snake (Viperidae or Elapidae) can be 
identifi ed.[11-13] An atlas of regional snakes (if available) 
would be helpful in such cases.

10. Essential laboratory examinations including complete 
blood count (CBC), electrolytes, creatinine, creatine 
phosphokinase (CPK), coagulation tests (prothrombin 
time (PT), partial thromboplastin time (PTT), 
international normalized ratio (INR)), and urinalysis 
should be obtained.[13-25] In case of defi nite Viperidae 
snakebites, ABO and Rh typing, and fi brinogen level 
test (if available) may also be useful.

Step 2 (Grading the severity of envenomation)
1. Using the SESS, the severity of envenomation should be 

graded [Table 1]. 
2. Patients with minimal Viperidae envenomation can be 

managed with watchful waiting. These patients should 
be closely monitored by serial checking the clinical 
manifestations (evidence of bleeding and/or edema 
progression) every 30 minutes and performing the 
20-minute whole blood cloĴ ing time (20-min WBCT) 
test every six hours.[18,22-25,27,28]
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graded as severe and very severe according to the SESS. 
Furthermore, for patients who were initially graded as 
minimal Viperidae envenomation, but with subsequent 
abnormal WBCT test or progression of venom-induced 
eff ects, antivenom is also indicated.

2. Epinephrine should be drawn up in readiness for all 
patients.[13,22,23]

3. Specific precautions for allergies including β2 agonist 
inhaler (two puff s) for asthmatic patients and administration 
of hydrocortisone (100 mg intravenously (IV)), and 
chlorpheniramine (10 mg IV) for severely atopic patients and 

3. A case graded initially as minimal envenomation that 
develops WBCT for over 20 minutes or progression of 
other venom-induced eff ects in later stages, should be 
treated as a severe case. 

4. Elapidae envenomations cannot be graded as minimal. 
Antivenom should be administered for all Elapidae 
envenomed cases.[14,15,22,23]

Step 3 (Antivenom administration-aĴ ack dose)
1. Antivenom is indicated for patients with clinical 

manifestations aĴ ributable to snake venom who are 

Figure 1: Algorithm for the management of snakebite envenomation in Iran
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patients previously sensitized to biologic products should 
be considered, prior to antivenom administration.[13,22,23]

4. The fi rst aĴ ack dose should be determined based on the 
severity of the envenomation.

5. The fi rst aĴ ack dose for severe envenomation (Viperidae 
or Elapidae) is recommended to be fi ve vials of Razi™ 
Polyvalent Antivenin and for very severe envenomation, 
it should be doubled to ten vials.[3,13,14] 

6. Subsequent aĴ ack doses for very severe envenomation 
are recommended to be fi ve vials, same as severe 
cases.

7. If the type of off ending snake could not be identifi ed and 
the patient is without any apparent clinical manifestation 
(unknown envenomation), administration of a fi ve-vial 

aĴ ack dose is recommended. Administration of the next 
doses should be considered according to the patient’s 
subsequent clinical condition.

8. Each dose of antivenom is recommended to be diluted 
in 5-10 mL/kg (250-500 mL) of isotonic fl uid (normal 
saline) and should be administered via IV line in the 
unaff ected extremity.[13,21-23] 

9. The fi rst dose of antivenom should be infused slowly 
and vigilantly during the fi rst 20 minutes to avoid any 
adverse reaction. If the antivenom is tolerated by the 
patient, the rate of infusion should be regulated in 
an incremental trend to administer the whole dose in 
one hour. Subsequent aĴ ack doses need no titration of 
infusion rate and should be infused in one hour.[14,15,18]

10. The patient should be reassessed within one hour 
aĞ er each aĴ ack dose, to determine treatment success 
(achievement of therapeutic response). The aĴ ack dose 
should be repeated until achievement of therapeutic 
response.[13-25] 

11. Except some rare cases, including uncontrolled bleeding 
and critically ill patients, the general recommendation 
is to limit the maximum aĴ ack dosing to 20 vials.[21]

Step 4 (Supportive and adjunctive treatments)
1. In case of hypersensitivity reactions during antivenom 

infusion, antivenom should be discontinued 
immediately and a second IV line should be established. 
Epinephrine, H1 antagonists, such as, chlorpheniramine 
or diphenhydramine, and H2 antagonist such as 
cimetidine or ranitidine should be administered 
[Table 2].[13-16,18-25] The need for continuing antivenom 
infusion should be re-evaluated based on the severity of 
the envenomation and the seriousness of the reactions. 
The infusion can be restarted in lower rates aĞ er the 
patient has stabilized. 

2. If pyretic reactions occur, discontinuation of antivenom can 
be postponed, while deceleration of antivenom infusion 
and administration of epinephrine and antipyretic agents 
(acetaminophen) are recommended [Table 2].[22,23] 

3. For bites in the head and neck region, which are 
associated with the risk of airway compromise, active 
airway management should be considered.[22,23]

4. Administration of blood products along with adequate 
doses of antivenom should be considered for patients 
with active uncontrollable bleeding, spontaneous 
bleeding together with hemodynamic instability, 
necessary surgical procedures, and major trauma 
[Table 2].[15,16,19,22,23,29,30]

5. In addition to adequate doses of antivenom, 
anticholinesterase agents, including neostigmine or 
edrophonium chloride, along with atropine should be 
administered for neurotoxin-induced paralysis.[14,15,22,31-34] 

Moreover, in cases with severe paralysis, mechanical 
ventilation is necessary. 

Table 1: Snakebite envenomation severity scale
Viperidae Elapidae

Minimal Local manifestations: 

Local swelling (erythema 

or ecchymosis) less than 

2.5 cm around the fang 

marks

Sustainable pain

Mild discomfort

Systemic manifestations:

None

Elapidae snakebites 

cannot be graded as 

minimal.

Severe Local manifestations:

Any swelling in fi ngers

 Swelling (erythema or 

ecchymosis) beyond 2.5 cm 

around the fang marks 

Rapidly progressing swelling

Marked pain

Local tissue destruction 

(dermal or muscle necrosis), 

bulla and blister formation

 Bites in the head and neck 

region

Regional lymphadenitis

Systemic manifestations:

Uncontrollable vomiting 

Generalized weakness 

Spontaneous bleeding

Cardiac dysrhythmia and 

abnormal ECG

Increased creatinine

Thrombocytopenia 

(<150×103/mm3)

Increased coagulation tests 

(INR>1.2, PT>20 seconds, 

PTT > 50 seconds)

Local manifestations:

Any extent of swelling 

Any level of pain

 Local tissue destruction 

(dermal or muscle 

necrosis), bulla and 

blister formation

Bites in head and neck 

region

Regional lymphadenitis

Systemic manifestations:

Ptosis

Fasciculation

Extraocular 

ophtalmoplegia

Limb paralysis

Diplopia

Very 

Severe

Local manifestations:

Bites in head and neck 

region with possibility of 

upper airway obstruction 

Compartment syndrome

Systemic manifestations:

Cardiovascular collapse 

(cardiac arrest, overt 

shock (SBP<80 mmHg 

and reduced peripheral 

perfusion))

Rhabdomyolysis 

Severe active bleeding

Local manifestations:

Bites in head and neck 

region with possibility 

of upper airway 

obstruction 

Compartment syndrome

Systemic manifestations:

Bulbar palsy 

Respiratory paralysis 

Rhabdomyolysis

www.SID.ir



Arc
hive

 of
 S

ID

Monzavi, et al.: Protocol for snakebite management

Journal of Research in Medical Sciences | February 2014 |157

should be elevated (less than 5-10 degrees or at the level 
of the heart).[18,22,23,38,39] Diuresis with mannitol should 
be administered. Intracompartmental pressure should 
be determined with direct measurement.[18,21-23,38,39] 
Fasciotomy is only indicated for high intracompartmental 
pressure (over 30 mmHg in children or over 45 mmHg 
in adults) unresponsive to antivenom and mannitol 
diuresis.[18,22,23,39] Fasciotomy should not be done unless 
the coagulopathy is corrected.[18,22,23,38,39]

9. Rhabdomyolysis should be treated with early aggressive 
intravenous hydration and correction of electrolyte 
imbalance.[40-42] The serum electrolyte (sodium, 
potassium, calcium, and magnesium), serum and urea 
creatinine, blood urea nitrogen, urinalysis, acid-base 
status, uric acid and CPK should be checked. Diuresis 

6. Antibiotics are only recommended in case of the 
following conditions: Fever (axillary temperature over 
38oC), incised or manipulated wounds, major swelling 
unresponsive to antivenom, abscess formation or tissue 
necrosis.[18,22,23,35-37]

7. Due to the potential threat of nonsteroidal anti-
inflammatory drug (NSAID)-induced platelet 
dysfunction, only opioids are theoretically safe to be 
recommended for reducing the local pain.

8. If symptoms are suggestive of the compartment 
syndrome, constrictive dressings (if present) should 
be removed. The patient should be kept under serial 
examination of the aff ected limb. Urinalysis, CPK, and 
creatinine should be checked.[38] Supportive splinting is 
recommended to ease the pain. The aff ected extremity 

Table 2: Supportive and adjunctive treatments in snakebite envenomation*
Complication Treatment
Pyretic reactions  Discontinuation of antivenom might not be needed

 Acetaminophen: 325-650 mg (PO) q4 hours PRN 

 Epinephrine: 0.3-0.5 mg for adults (bolus IM or slow IV in 5 minutes); 0.01 mg/kg for children 

(bolus IM or slow IV in 5 minutes)

Hypersensitivity reactions  Antivenom infusion should be discontinued

 Epinephrine: 0.3-0.5 mg for adults (bolus IM or slow IV in 5 minutes); 0.01 mg/kg for children 

(bolus IM or slow IV in 5 minutes)

 H1 antagonists:

 Chlorpheniramine: 10 mg (IV) single dose for adults; 0.2 mg/kg (IV) single dose for children

OR

 Diphenhydramine: 50–100 mg (IV) single dose for adults; 1.25 mg/kg (IV) single dose for children

 H2 antagonist:

 Cimetidine: 300 mg (IV) single dose for adults; 5-10 mg/kg (IV) single dose for children 

OR

 Ranitidine: 50 mg (IV) single dose for adults; 1-2 mg/kg (IV) single dose for children

 β2 agonists sprays (for asthmatic patients): 2 puffs every 15-20 minutes until relieving bronchospasm.

 Intubation for airway swelling

  For severely envenomed patients, if it is necessary, antivenom administration can be resumed at a 

slower rate after stabilization. 

Coagulopathy

Hb<7g/dL or Rapid falling of Hb  Prophylactic packed cell transfusion: Calculate the packed cell unit to achieve hemoglobin >10 

Plt<20000/mm3 or BT >twice the normal  Platelet transfusion: Calculate the platelet unit to achieve Plt >50000/mm3

Fibrinogen level<100 μg/dL  Cryoprecipitate transfusion: To achieve fi brinogen >100 μg/dL

Active uncontrollable bleeding Reservation of iso-group iso-Rh packed cell 

FFP transfusion: 15 mL/kg 

Cryoprecipitate transfusion: 5 units 

Platelet transfusion: 5-10 unit

Neurologic complications Ventilatory support 

Indwelling urinary catheter

Anticholinesterase agents: 

Neostigmine: 0.5-2.5mg+0.6-1.2 mg atropine (slow IV) repeated doses 

OR

Edrophonium chloride: 10 mg+0.6-1.2 mg atropine (IV) repeated doses

Established infection, abscess 

formation, tissue destruction

Antibiotics according to wound culture and antibiogram

If wound culture is unavailable or delays the treatment, empirical antibiotic therapy is indicated:

500 mg Cephalexin (PO) q6 hours

OR

300 mg Clindamycin (PO) q6 hours+1 g Ceftriaxone (IV) q12hr

OR 

300 mg Clindamycin (PO) q6 hours+500 mg Ciprofl oxacin(PO) q12 hours

Rhabdomyolysis Aggressive hydration: Normal saline 2 L in 1 hour

Urinary alkalinization: Sodium bicarbonate 1 mEq/kg (±40-80 mEq potassium chloride) 

Mannitol: 12.5 g (IV) q6 hours to maintain a urinary output of at least 100 mL/hour

*Antivenom administration always takes precedence over additional treatments. These treatments should be considered along with adequate antivenom doses.
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with mannitol should be administered.[40,41] In case 
of a urine pH less than 6.5, urinary alkalinization 
is recommended. If acute kidney injury (volume 
overload, oliguria, symptomatic hyperkalemia) occurs, 
hemodialysis should be taken into account.[40]

Step 5 (Antivenom administration — maintenance dose)
1. To prevent recurrence of venom-induced effects, a 

maintenance dose is indicated.[13,14,20,22] AĞ er achieving 
therapeutic response or exceeding 20 vials as the aĴ ack 
dosing (whichever occurs earlier), the maintenance dose 
should be initiated. 

2. Five vials in 250-500 mL isotonic fl uid are recommended 
to be slowly infused during 18 hours.

3. The patient should be checked six hourly during the 
maintenance dose with targeted physical examinations.[21]

Step 6 (Discharge)
1. After completion of the maintenance dose, a pre-

discharge evaluation including a targeted physical 
examination (to re-evaluate the venom effects) and 
laboratory tests (CBC, coagulation tests, and CPK) 
should be performed for all patients.

2. For a small proportion of patients who experience 
recurrence of venom effects after the maintenance 
dose, close monitoring and serial examination every 
six hours are recommended. Re-administration of a 
fi ve-vial dose of antivenom is recommended for patients 
with renewed swelling progression 24 hours post the 
bite, INR over 3, PTT over 50 seconds, platelet count 
less than 25000/mm3, fi brinogen less than 50 μg/mL, 
multicomponent coagulopathy, comorbid conditions 
with hemorrhagic risk, spontaneous internal or mucosal 
bleeding, and re-manifestation of neurologic symptoms 
(in neurotoxic snakebites).[18,43]

3. In case of minimal Viperidae envenomation, the patient 
can be discharged aĞ er three normal subsequent WBCT 
tests.

4. In case of severe and very severe Viperidae or Elapidae 
envenomation, the patient is safe to be discharged aĞ er 
24 hours following therapeutic response with stable 
minimal swelling, with laboratory results (coagulation 
parameters, platelet count, hemoglobin, creatinine, and 
CPK) within normal limits, and clinical improvement of 
systemic manifestations.[13-15,21,44]

5. In case of an unknown snakebite envenomation, with 
no apparent clinical manifestation, the patient can be 
discharged aĞ er three normal subsequent WBCT tests.

6. Age, comorbidities, bite site, and social support should 
be considered prior to discharge.[21] 

7. After discharge, three consecutive follow-up visits 
are recommended every week to check recurrence of 
manifestations and development of serum sickness. 

DISCUSSION

Devising a treatment protocol for snakebite envenomation 
seems challenging, as clinical trial studies in this scope are 
diffi  cult to conduct. Moreover, most of the information used 
for designing the current guidelines and algorithms are 
derived from retrospective studies. Hence, the validity and 
applicability of each protocol are necessary to be evaluated 
in prospective studies. Furthermore, it should be noted that 
our proposed protocol is not idealized for every situation, 
while the clinical judgment of the treating physician, 
based on the patient’s condition and available medication 
resources, remains the keystone. Moreover, this is an in-
hospital protocol and does not include recommendations 
of pre-hospital care. Details and scientifi c basis of some 
practices in this protocol are discussed under the following 
topics.

BiĴ en extremity elevation
The biĴ en extremity should be immobilized, but should not 
be kept below heart level to prevent extensive swelling and 
the compartment syndrome.[16,17,21-23] Elevation of the biĴ en 
extremity should not exceed more than 5-10 degrees, to 
avoid arterial compromise and poor capillary perfusion.[22] 
The best approach is to place the upper extremities above 
the chest in relative extension (less than 45o fl exion) of the 
elbow joint,[21] and to put two pillows beneath the lower 
extremities.

Identifi cation of the off ending snake 
In some cases, the bite occurs during the night or in a place 
with low light conditions. As the bite of a black widow 
spider and different species of scorpions are common 
in Iran,[7,13] it seems necessary to rule out these kinds of 
envenomations before administration of snake antivenom. 

Identifying the type of off ending snake is the basic step for 
making a proper clinical decision and planning for further 
treatments. This is especially crucial when the patient is 
symptomless and the treating physician is not sure whether 
the offending snake was an Elapidae, a Viperidae (with 
minimal envenomation) or a nonvenomous snake.[16-19] The 
genus or at least the type of off ending snake can be identifi ed 
either with the snake morphological characteristics,[22,23] 

or the patient’s clinical manifestations. Although not a 
defi nitive method, the morphological information of the 
off ending snake can be gathered from the patient’s history, 
local epidemiological reports, and the live or dead snake 
brought by the victim. Hence, it is necessary to prepare an 
atlas of regional snakes containing high-resolution images in 
all medical toxicology centers and emergency departments. 
However, capturing the off ending snake due to the potential 
risk of more bites and also causing a delay in treatment is not 
recommended.[15] A more defi nitive and quicker method to 
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identify the off ending snake is application of snake venom 
detection kits, which are only available in a limited number 
of countries.[24]

Severity grading
Viperidae envenomation can cause severe local effects 
including intense pain and swelling, coagulopathy 
(increase of coagulation tests and/or thrombocytopenia) 
and hemorrhage.[3,9,13-23,26,27,45,46] However, swelling may be 
limited and coagulopathy only occur in some patients, 
while active bleeding is even less common.[3,9,27,45] Therefore, 
administration of antivenom is not recommended for all 
cases and the need for antivenom should be evaluated 
according to the severity of envenomation. The severity 
of envenomation can be judged based on our proposed 
severity grading scale, SESS. Nevertheless, snakebite 
envenomation is known to be a dynamic process.[9,21-23] 

Hence, a patient who is initially graded as a minimal case 
and typically does not need antivenom might deteriorate to 
a severe case requiring antivenom. This suggests constant 
scheduled physical and laboratory examinations for these 
patients, as described in the algorithm [Figure 1]. 

On the other hand, in Elapidae envenomation, which 
manifests with neurotoxic and myotoxic complications, 
including cranial neuropathies, respiratory paralysis, bulbar 
palsy, and rhabdomyolysis; swelling and local eff ects may be 
lacking or be limited, especially in bites of North American 
coral snakes and sea snakes.[13-15,26] Furthermore, the onset of 
systemic manifestations might be delayed up to even more 
than 12 hours.[13-15,26,44] Thus, it is not prudent to grade any 
defi nitive Elapidae snakebite as a minimal case, even when the 
victim has only fang marks without any pain or local signs.[14] 
Therefore, administration of antivenom should be pursued 
in accordance with the algorithm for all Elapidae victims.

Although Viperidae envenomation is mostly known for 
coagulopathy and Elapidae envenomation for neurotoxic 
and myotoxic effects, certain Viperidae species such as 
north American raĴ lesnake can cause neurotoxicity and/
or rhabdomyolysis,[21,47] and some Elapidae species such as 
Australo-Papuan Elapidae can induce coagulopathy.[27]

Pre-antivenom administration care
As a clinical routine, but with no reliable scientific 
background, skin testing has been practiced for many years 
to determine the potential allergy to antivenom. It has 
been ascertained that this test can be misleading and non-
predictive, while it delays the crucial time for antivenom 
administration.[9,21] Moreover, most hypersensitivity 
reactions are minor and can be satisfactorily treated 
with anti-allergic medications.[21-23,48] Thus, this test 
is not advocated anymore.[9,12,21-23] However, abrupt 
hypersensitivity reactions are constant threats during 

the administration of all biological products. Hence, for 
all patients, epinephrine should be ready for immediate 
injection.[22,23] In addition, some studies showed that 
subcutaneous injection of low-dose epinephrine prior to 
antivenom administration was effective in preventing 
immediate allergic reactions.[49-51] However, this remains 
a controversy, as in some other studies no association was 
found between epinephrine pretreatment and prevention 
of these kinds of reactions.[23,48] 

Nevertheless, for high-risk patients, including patients 
previously sensitized to biologic products, asthmatic 
patients, and patients with a strong history of other atopic 
diseases, specifi c supportive treatments are necessary.[22,23]

Antivenom aĴ ack dose
Administration of antivenom should be initiated in a 
clinical seĴ ing, with skilled staff  and prepared medications. 
Antivenom should be administered with serial attack 
dose(s) until achievement of the therapeutic response. 
The aĴ ack dose of a specifi c brand can be determined by 
the manufacturer through the premarketing process and 
studies.[13,52] 

The only available antivenom for treatment of snakebite 
envenomation in Iran is Razi™ Polyvalent Antivenin, 
which has been approved by the Iranian Ministry of 
Health and Medical Education.[12,13,53] It is an equine F(ab’)2 
antivenom, capable of neutralizing the venom of six of the 
most common snakes in Iran, including Echis carinatus 
sochureki, Vipera lebetina obtusa, Vipera albicornuta, Agkistrodon 
halys, Pseudocerastes persicus, and Naja naja oxiana.[12,53] 

The manufacturer has recommended one to two vials of 
antivenom as the aĴ ack dose. However, local experience 
from the past four decades in MTC has revealed that 
treatment success is less achievable with such low aĴ ack 
doses, causing higher morbidities.[3,13] 

Moreover, in a recent study, it was shown that the median 
of antivenom vials used for achieving therapeutic response 
in northeast Iran was fi ve.[3] Consequently, in our proposed 
protocol, fi ve vials were recommended as the aĴ ack dose. 
In addition, it was demonstrated that at least 10 vials were 
required to help in subsiding the life-threatening venom-
induced manifestations such as respiratory distress and 
spontaneous bleeding.[3] Thus, the fi rst aĴ ack dose for very 
severe manifestations [Table 1],was recommended to be 
doubled.[3,13,14] 

Therapeutic response 
Therapeutic response, which is also known as ‘Initial control’ 
is the arrest of venom-induced eff ects and damages, and 
improvement of the patient’s clinical condition.[3,14,18,20-23] This 
means that the antivenom has reached enough concentration 
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to neutralize the injected venom in the body. Therapeutic 
response can be judged based on the local and systemic 
manifestations. For all snakebite envenomation, cessation 
of progression of swelling and/or other local manifestations 
can be considered as the therapeutic response.[3,14,21-23] To 
judge according to systemic manifestations, improvement in 
coagulation tests and platelet count for hemotoxic snakebite 
envenomation, reversal of cranial neuropathies, respiratory 
paralysis, and bulbar palsy for neurotoxic snakebite 
envenomation and reversal of pain and myoglobinuria, 
decrease of creatinine and CPK for myotoxic snakebite 
envenomation should be regarded as the goal.[3,14,18,20-24,26] For 
evaluation of the therapeutic response in the fi rst 24 hours, 
it is more pragmatic to consider systemic manifestations 
rather than local eff ects, as local eff ects in the fi rst 24 hours 
might progress even when the antivenom has reached 
enough concentration to block the venom.[18] Nevertheless, 
it should be kept in mind that neurotoxic features, especially 
following presynaptic blockade of the neuromuscular 
junction (NMJ) are poorly reversible and may last days 
to weeks, even when the envenomation has been totally 
resolved.[14,22-24,33]

Maximum aĴ ack dose
Although in most cases, one or two aĴ ack doses are enough 
for achieving the therapeutic response, few patients may 
experience progression of venom-induced eff ects aĞ er such 
doses.[3,21,54] It has recently been found that the presence 
of major swelling, coagulopathy, respiratory distress, 
spontaneous bleeding, and neurologic eff ects on admission 
are the signifi cant risk factors of diffi  culty in the achievement 
of the therapeutic response.[3,54] Patients with these clinical 
manifestations require over 10 to 12 vials of antivenom.[3,54] 
However, in some studies it has been reported that patients 
who do not respond to 20 vials of antivenom will not benefi t 
from more doses.[21] Moreover, presynaptic NMJ blockade 
may potentially persist for some days.[14,22-24,33] Hence, 
administration of over 15 to 20 vials as the aĴ ack dosing 
is not advocated (unless the patient is critically ill or has 
uncontrollable bleeding). Thus, in such conditions, close 
expectant observation, initiating the maintenance dose, and 
adjunctive treatments, in addition to consultation with a 
physician — expert are recommended.[14-21]

Adverse reactions to antivenom 
Two major immediate adverse reactions following 
antivenom administration are pyretic reactions and acute 
hypersensitivity reactions.[9,19,22,23,55] The pyretic reactions, 
which manifest with fever (oral temperature over 38oC), 
shaking chills, vasodilatation, and a fall in blood pressure are 
due to contamination of the antivenom with the components 
of the killed bacteria during the production process.[9,22,23,55] 

The acute hypersensitivity reactions, which manifest 
with pruritus, urticaria, fl ushing, dry cough, wheezing, 

abdominal colic, nausea and vomiting, tachycardia, fever, 
and in few cases with hypotension, bronchospasm, and 
angioedema, are usually due to complement activation 
caused by the Fc component of antivenom protein.[9,55] 

In case of pyretic reactions, antivenom infusion can be 
continued; while following hypersensitivity reactions, 
antivenom must be discontinued immediately. Specifi c 
supportive treatments must be administered in both 
situations [Table 2]. AĞ er stabilizing the patient, the need 
for antivenom should be re-evaluated based on the severity 
of envenomation and the seriousness of the reactions. In 
these conditions, consultation with a physician — expert 
is recommended.

Coagulopathy 
A set of decreased fi brinogen levels, elevated coagulation 
tests, and a high D-dimer are common features, 
especially following Viperidae and Australo-Papuan 
Elapidae envenomations, which resemble the picture of 
disseminated intravascular coagulation (DIC).[15,27,56,57] 
However, recent studies showed that DIC does not occur 
following snakebite, as the signifi cant features of DIC, 
such as, systemic microthrombi and end-organ failure are 
absent in these victims.[45,56,57] In hemotoxic envenomation, 
the coagulation factors are depleted through a diff erent 
mechanism, and thus, it is suggested that it be called 
venom-induced consumption coagulopathy (VICC).[56] 

Accordingly, the administration of heparin is ineff ective 
and prohibited for these patients.[27]

Besides, most coagulation abnormalities following 
snakebite envenomation are not clinically signifi cant and 
do not result in active bleeding.[3,14,24,27,45] Therefore, in 
case of thrombocytopenia and VICC, administration of 
antivenom must always take precedence over transfusion 
of blood components.[21,24,27,56] Immediate administration of 
blood products along with additional doses of antivenom 
must be considered for patients with active uncontrollable 
bleeding, spontaneous bleeding with hemodynamic 
instability, necessary surgical procedures, and major 
trauma [Table 2].[16,19,22,23,29,30,56,57] 

Neurotoxin-induced paralysis
In the fi rst stages of neurotoxic envenomation, diplopia, 
ptosis, and ophtalmoplegia may occur. However, the 
greater concern is when bulbar palsy (impairment of the 
IX, X, XI, and XII cranial nerves, which causes dysphagia, 
slurred speech, nasal speech, nasal regurgitation, choking, 
drooling, absence of gag refl ex, and tongue fasciculation) 
or respiratory muscle paralysis develops. Hence, in the 
presence of diplopia, ptosis, ophtalmoplegia, and the 
fi rst signs of respiratory paralysis, including dyspnea and 
use of accessory muscles of respiration, administration 
of anticholinesterase agents, including neostigmine or 
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Maintenance dose
After achieving therapeutic response, maintaining a 
stable concentration of antivenom is essential to prevent 
recurrence of clinical manifestations.[14,43,52] The recurrence 
of venom eff ects is supposed to be due to the decrease 
of antivenom concentration and redistribution of venom 
from the bite site and surrounding tissues, resulting in 
venom — antivenom mismatch.[43] For Razi™ antivenin, 
a maintenance dose has not been instructed in its package 
insert.[53] However, from local experience, recurrence of 
clinical manifestations is possible without administration of 
a maintenance dose.[13] Hence, slow infusion of fi ve vials in 
18 hours aĞ er achieving initial control is recommended.[13,52] 

Dose adjustment
The antivenom should confront as much venom as has 
entered the body. Therefore, for children and pregnant 
women, dose adjustment is not recommended.[60-63] However, 
for children less than 10 kg, the total volume of fl uid for 
dilution of antivenom should be adjusted. In pregnancy, 
envenomation may cause miscarriage, and also venom or 
antivenom can cross the placenta. Nevertheless, the risk/
benefi t ratio generally favors antivenom administration to 
pregnant women with signifi cant venom eff ects.[62,63] 

CONCLUSIONS

Snakebite envenomation is a clinical toxicologic emergency 
and needs to be treated in a timely and organized manner. 
Hence, a multi-aspect evidence-based protocol has 
been designed to improve the clinical outcomes, reduce 
unnecessary administration of antivenom, and help 
physicians to make beĴ er and proper clinical judgments. 
The eff ectiveness of the protocol forms the subject for debate 
in future prospective studies. The authors recommend 
pursuing this protocol in toxicology centers around Iran, to 
move toward a national consensus with the help of medical 
toxicology experts.
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