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Abstract The American College of Medical Toxicology
established the North American Snakebite Registry
(NASBR), a national database of detailed, prospectively col-
lected information regarding snake envenomation in the
United States, in 2013. This report describes the epidemiolo-
gy, clinical course, and management of snakebites in the
NASBR. All cases entered into the NASBR between
January 1, 2013 and December 31, 2015 were identified.
Descriptive statistics are used to report results. Fourteen sites
in 10 states entered 450 snakebites. Native species comprised
99% of cases, almost all of which were pit viper bites. 56.3%
were identified as rattlesnakes and 29.4% as copperheads.
69.3% were male and 28.2% were children age 12 and under.
Fifty-four percent of bites were on the lower extremity.
Twenty-seven percent of patients with lower extremity bites
were not wearing shoes. Common tissue findings associated

with envenomation were swelling, ecchymosis, and erythema.
Systemic effects and hematologic toxicity were more common
in ra t t l esnake than copperhead or co t tonmouth
envenomations. Crotalidae Polyvalent Immune Fab antiven-
omwas given to 84% of patients. Twelve patients (4.3%) were
re-admitted to the hospital after completion of treatment. Eight
were re-treated with antivenom. The NASBR gathers detailed
data on venomous snakebites across the US. In its initial years,
useful information has already been gained. Data regarding
footwear will inform public health interventions and educa-
tion, and information regarding the clinical presentation may
help physicians better anticipate effects andmanage snakebite.
As the number of cases in the NASBR grows, associations
between patient-related factors and outcomes may be studied.
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Background

On average, 5000 venomous snakebites are reported to poison
centers in the United States (US) each year [1]. Snake enven-
omation is responsible for significant morbidity and evenmor-
tality in some victims. Despite the large impact snakebites
have on affected individuals, it is a relatively uncommon
event, and many physicians have never encountered a patient
with this diagnosis. Medical toxicologists are unique among
physician specialists in that they receive specific training in
the management of snakebites. In hospitals around the country
that offer medical toxicology services, medical toxicologists
are typically involved in the bedside care of patients with
snake envenomation.

Current understanding of the pathophysiology of snake
venom, factors that may influence morbidity and mortality
after snakebite, and ideal management of patients suffering
from snake envenomation is incomplete. Much of what is
known derives from retrospective case series describing geo-
graphically limited cohorts of patients with snake envenom-
ation and case reports of unusual presentations following a
snakebite. Even well-designed, prospective trials of treatment
of snake envenomation with antivenom tend to be small, with
the largest recent trial including only 121 cases distributed
across 18 centers in eight states throughout the US [2]. The
largest published US series of snakebites derives from nation-
al poison center data, which provide very limited and non-
verified information regarding clinical presentations, response
to treatment, and outcomes [1].

In an attempt to enhance scientific knowledge of the com-
plex processes inherent to snake envenomation in humans, the
American College of Medical Toxicology (ACMT)
established the North American Snakebite Registry
(NASBR) in 2013. Prior to establishment of the NASBR,
there was no national database of detailed, prospective infor-
mation regarding snake envenomation in the United States.
The NASBR is a sub-registry of the larger Toxicology
Investigators Consortium (ToxIC) Registry, a toxicology sur-
veillance and research tool that prospectively gathers de-
identified patient information from medical toxicologists that
care for patients at almost 100 healthcare facilities around the
country [3]. In order to participate in the Toxicology
Investigators Consortium and enter cases into the ToxIC
Registry and the NASBR sub-registry, medical toxicologists
must perform direct, in-person evaluations of patients in the
inpatient or ambulatory setting. Telephone consultations are
not sufficient for participation and the ToxIC Registry data-
base is not affiliated with poison centers. Participation in the
Registry is voluntary and ACMT invites all medical toxicolo-
gy physicians who engage in the clinical practice of medical
toxicology to participate.

The purpose of the NASBR is to gather de-identified, de-
tailed, prospective information regarding snakebites,

including patient characteristics, clinical effects of envenom-
ation, response to treatment and outcomes. Case information
in the NASBR is provided by medical toxicologists across the
United States who are directly involved in the bedside care of
the patient, assuring a high degree of accuracy of the toxico-
logical data entered.

The purpose of this report is to present data on the epide-
miology, clinical course, and management of snakebites in the
US obtained over the first 3 years following creation of the
NASBR.

Methods

In 2012, the ACMT established a focus group of individuals
with expertise in snake envenomation to create a detailed data
collection tool for the NASBR. All ToxIC Registry partici-
pants with a history of entering snakebite cases into the
Registry were invited to review and comment on the proposed
data collection tool, which lead to revision and creation of the
final data collection instrument. In early 2013, all ToxIC
Registry sites were invited to participate in the new NASBR.
Invitations were distributed through email, social media, an-
nouncements at national society meetings, and personal com-
munication with practicing medical toxicologists in snake-
endemic regions. Prior to joining, prospective participants
were asked to sign a memorandum of understanding in which
they agreed to enter all of their snakebite cases into the
NASBR.

The initial data collection tool included: (1) snake informa-
tion including snake type and whether the involved snake was
wild or captive; (2) patient information including demo-
graphics, medical and substance use history; and (3) bite in-
formation, including bite site, clinical signs and symptoms,
diagnostic findings, treatments, complications, and outcomes.
Information was collected throughout the initial hospitaliza-
tion and treatment phase, and during out-patient follow up
when available. BInitial presentation^ was used to describe
the entire time period from when the bite occurred through
when treatment was considered to be complete, usually at the
time of discharge from the hospital. BFollow-up^ was used to
indicate patient assessments occurring after the initial presen-
tation. Follow-up was used to identify late morbidity, includ-
ing the need for re-treatment and/or re-admission to the hos-
pital. Events or effects occurring during the follow-up period
are described as Blate^ as opposed to Bearly^ effects that oc-
curred during the initial presentation. For example, bleeding
could occur during the initial presentation and thus be de-
scribed as Bearly,^ or it could occur after completion of treat-
ment and thus be described as Blate.^ Neurotoxicity was de-
fined as paresthesias, fasciculations ormyokymia, or objective
weakness. Method of species identification was not reported
in the Registry and the determination of snake type was taken
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as that reported by the treating medical toxicologist. Means of
determination of intoxication by ethanol or other drugs of
abuse was not included in the data collection form.

Some additions to the data collection tool were made after
year one as a result of feedback from participants. These ad-
ditions included fields to indicate whether patients with lower
extremity bites were wearing footwear, and if so, what kind,
and whether the bite occurred in an occupational setting.
Another change that was instituted at the beginning of year
two was improved data quality oversight, with a dedicated
research nurse with experience in snake envenomation
reviewing all data entered and communicating with sites to
resolve missing or incongruous data.

Cases were entered into a password-protected, encrypted,
on-line data collection interface maintained by ACMT. The
NASBR, like the ToxIC Registry, is compliant with the Health
Insurance Portability and Accountability Act (HIPAA) and
does not collect any protected health information. Per
HIPAA requirements age for individuals 90 or over were re-
corded as greater than 89. The determination of the mean age
used age 89 for all patients with age over 89. While the ToxIC
Registry and associated sub-registries have been reviewed by
theWestern Institutional ReviewBoard, each participating site
is requested to obtain consent from their own IRB if Western
IRB determinations are not recognized as equivalent to local
IRB determinations.

All cases entered into the NASBR between January 1, 2013
and December 31, 2015 were identified. Descriptive statistics
are used to report results.

Results

Results are presented in Figs. 1, 2, 3, 4, and 5 and Tables 1, 2,
3, 4, 5, 6, 7, 8, and 9. Fourteen sites participated in the
NASBR, distributed across 10 states (Fig. 1). In year one, 8
sites entered cases, in year two 14 sites, and in 2015, 10 sites.
A total of 450 cases were entered over the 3-year period.
Figure 2 provides the number and types of native pit viper
bites reported by state. Most cases were from Arizona
(36.4%) and Texas (35.1%).

Snakes

The vast majority (99%) of snakebites entered into the registry
were from native species (Fig. 2). Over 99% of these were pit
vipers, with only three coral snakebites reported (allMicrurus
tener). Rattlesnakes were responsible for 56.3% of bites and
Copperheads for 29.4%. Five non-native snakebites were re-
ported, with species identified as Crotalus durissus,
Trimeresurus albolabris, Trimeresurus insularis, an African
Bush Viper (Atheris spp.), and one unknown species.
Encounters with wild snakes resulted in 97% of bites, while
3% followed interactions with captive snakes. Nineteen per-
cent of bites were reported to follow intentional interaction
with the snake. (Fig. 3, Table 1) Of those intentional human-
snake interactions, 91% involved male patients and all were
associated with upper extremity envenomations. Of the upper
extremity bites, 42.6% were reported to follow intentional
interactions with the snake.

Fig. 1 Location of 14 sites participating in the North American Snakebite Registry between 2013 and 2015

J. Med. Toxicol. (2017) 13:309–320 311



The specific species was reported in 49 of the 256 (19.1%)
native rattlesnake bites. (Table 2) Of these, the most common
species identified wereCrotalus atrox (Western Diamondback
rattlesnake) in 18 cases and Crotalus oreganus lutosus (Great
Basin rattlesnake) in 12 cases.

Demographics

Demographics and bite location for all patients are pro-
vided in Table 3. Patients ranged in age from 1 year to
greater than 89 years, with a mean age of 34.9 years.
69.3% were men and 28.2% were children age 12 and
under (mean age 6.6 years). No pregnant patients were
reported. Data on race and Hispanic ethnicity were

collected as of July 2014. Among the 304 cases reporting
these fields (2014–2015), 84.5% occurred in Caucasians,
with 5.3% of cases in Native Americans and 6.6%
reporting their race as other. The majority of bites, 245
of 450 (54.2%), were on the lower extremity; however,
more than half of bites in men (54.8%) were to the upper
extremity. By comparison, only 22.5% of bites in women
were to the upper extremity. Bites on the upper extremity
occurred most often on a digit (146 of 202; 72.3%), while
lower extremity bite locations were more evenly distrib-
uted between the foot, ankle or leg. Bites to toes were rare
(6.7%).

In children 18 years of age and under, lower extremity bites
were much more common than upper extremity bites (69.5 vs.
29.5%). The proportion of bites to the lower extremity in
children (69.5%) was higher compared to adults (43.2%).

Fig. 2 Total NASBR n = 450.
Native pit viper n = 442 (three
coral snake and five non-native
snake bites not included in this
figure). Rattlesnakes n = 256;
copperheads n = 130; cotton-
mouths n = 15; unknown pit vi-
pers n = 41

Fig. 3 Native and non-native snake bites. Eight of 450 cases not included
due to missing interaction detail

Fig. 4 Rattlesnakes n = 256; copperheads n = 130; cottonmouths n = 15;
unknown pit vipers n = 41
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Of the 194 cases of lower extremity envenomation re-
ported in 2014–2015, 27% were not wearing shoes at the
time of the bite. For the 84 cases in which the type of
shoes worn was reported, 64.3% wore sandals or flip-
flops. During this time period there were 27 (11%) bites
that were reported as occupational, and these have been
described separately [4].

Chronic medical conditions were diverse. Hypertension
was reported in 57 (12.7%), asthma in 14 (3.1%), and diabetes
mellitus in 13 (2.9%) patients. Use of antiplatelet or anticoag-
ulant medications was reported in 24 (5.3%) and 6 (1.3%)
patients, respectively. Three patients used both type of medi-
cations. Tobacco use was reported in 66 (14.7%) patients and
ethanol use within 4 h of the snakebite in 38 (8.4%). Twenty-
seven patients (6%) reported stimulant, marijuana or prescrip-
tion opioid use.

Twenty-three patients (5.1%) reported a previous snake-
bite. Up to five previous snakebites were reported in individ-
ual patients. Of these 23 cases, 12 had previously received
antivenom, although the specific type of antivenom was not
reported.

Clinical Presentation

Local tissue findings were reported in 100% of patients with
native pit viper bites. A breakdown of findings by type of
snake is presented in Fig. 4 and Table 4. Swelling was present
in 96.2% of patients. Ecchymosis, present in 62%, was the
next most common finding, followed by erythema in 38.9%
of cases. Necrosis was most common in rattlesnake bites,
occurring in 7.8%.

Systemic effects are reported in Table 5. Vomiting was
the most common systemic effect, occurring in 13.6% of
cases. However, vomiting occurred prior to administra-
tion of opioid analgesics in only 7.2%. The next most
common systemic effect was bleeding, occurring in 6.3%
of cases. Although most often associated with rattlesnake
envenomation, bleeding was also reported with copper-
head bites. Neurotoxicity was reported in 5.2% of cases,
again with rattlesnake bites responsible for the most
reports.

Of the 28 patients reported to have bleeding, this was de-
scribed as nuisance bleeding in all cases, manifesting as epi-
staxis, gingival bleeding, or oozing blood from wounds. One
of these 28 patients reported use of an antiplatelet medication.
There were no cases of severe bleeding reported during the
initial presentation.

Assessment

Laboratory findings during the initial presentation are de-
scribed in Fig. 5 and Table 6. Thrombocytopenia, defined as
platelet count ≤ 120 K/mm3, and hypofibrinogenemia, defined
as fibrinogen ≤ 170 mg/dL, occurred at similar rates and were
more common findings in rattlesnake versus copperhead or
cottonmouth envenomations.

Progression of envenomation was assessed using various
methods, with most clinicians reporting use of several param-
eters (up to five) to assess progression. These included asking
patient how pain and swelling are doing (83%), monitoring
leading edge of swelling (63%), sequential measurement of
extremity circumference (62%), clinical judgment without

Fig. 5 Rattlesnakes n = 256; copperheads n = 130; cottonmouths n = 15;
unknown pit vipers n = 41. Thrombocytopenia = platelets ≤ 120 K/mm3;
low fibrinogen = fibrinogen ≤ 170 mg/dL; coagulopathy = prothrombin
time (PT) ≥ 15 s; any hemotoxicity = laboratory finding for at least one
threshold value (platelets, fibrinogen and/or PT)

Table 1 Snake interactions
(native and non-native species) Interaction Total n (%) Men n (%) Women n (%) UE only

n (%)
LE only
n (%)

Other/multiple
location n (%)

Intentional 86 (19.1) 78 (25.0) 8 (5.8) 86 (42.6) 0 (0.0) 0

Unintentional 356 (79.1) 228 (73.1) 128 (92.8) 111 (55.0) 242 (98.8) 3 (100.0)

Missing* 8 (1.8) 6 (1.9) 2 (1.4) 5 (2.5) 3 (1.2) 0

Totals 450 312 138 202 245 3

N = 450 includes eight cases with no interaction detail (*); % based on column totals; UE = upper extremity
(N = 202 UE only); LE = Lower extremity (N = 245 LE only); multiple location/other = UE and LE or UE and
face/neck or groin/torso (N = 3 cases)
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objective measurement (33%), monitoring laboratory studies
(20%), and calculation of snakebite severity score (0.9%).

Concern for compartment syndrome was documented in
eight patients, with only two undergoing measurement of
compartment pressure. The compartment pressures in these
two cases were reported at 69 and 65 mmHg.

Treatment

Thirty-eight patients (8.4%) were reported to have received
some type of field therapy after pit viper bite. The extremity
was immobilized in 15 patients. Field therapy not supported
by standard consensus recommendations occurred in 33 cases
[5]. Tourniquets were placed in 14 cases, ice was applied in
10, a suction or Sawyer device was used in seven, and two
patients incised the wound. The mean time from the bite to a
healthcare facilitywas 2.75 h, with a range of 15min to 6 days.
Initial therapy in the emergency department included eleva-
tion of the extremity in 92.9% of patients. Opioids were ad-
ministered to 83% of patients, anti-emetics to 33%, and anti-
biotics to 6%. Intravenous fluid resuscitation was used in 22%
of patients. Five patients received vasopressors, four to treat
hypotension and one to treat an allergic reaction. Two patients
were intubated.

Eighty-four percent of patients with pit viper envenomation
were treated with the antivenom Crotalidae Polyvalent
Immune Fab (FabAV; CroFab®). Four additional patients with
copperhead envenomation were enrolled in a placebo-
controlled trial and received a blinded study drug. Time to
treatment with antivenom and details regarding dosing are
provided in Table 7. Forty-seven percent of patients treated
with FabAV received maintenance doses of antivenom after

Table 2 Rattlesnake Species

Rattlesnakes Number (%)

Unknown species 207 (80.9)

Western diamondback (Crotalus atrox) 18 (7.0)

Great Basin (Crotalus oreganus lutosis) 12 (4.7)

Prairie (Crotalus viridis) 5 (2.0)

Sidewinder (Crotalus cerastes) 3 (0.8)

Southern Pacific (Crotalus oreganus helleri) 3 (0.8)

Grand Canyon (Crotalus oreganus abyssus) 2 (0.4)

Arizona Black (Crotalus cerberus) 1 (0.2)

Massasauga (Sistrurus catenatus) 1 (0.2)

Mojave (Crotalus scutulatus) 1 (0.2)

Pygmy (Sistrurus millarius) 1 (0.2)

Speckled (Crotalus mitchelli) 1 (0.2)

Timber (Crotalus horridus) 1 (0.2)

N = 256 (100%) rattlesnake bites

Table 3 Bite locations (native
and non-native species) Location Total n (%) Men n (%) Women n (%) ≤ 18 years^

n (%)
≥ 19 years^
n (%)

UE bite 202 (44.9) 171 (54.8) 31 (22.5) 56 (29.5) 146 (56.4)

Finger 146 (32.4) 125 (40.1) 21 (15.2) 44 (23.2) 102 (39.4)

Hand 40 (8.9) 32 (10.3) 8 (5.8) 9 (4.7) 31 (12.0)

Forearm 8 (1.8) 8 (2.6) 0 1 (0.5) 7 (2.7)

Upper arm 2 (0.4) 2 (0.6) 0 1 (0.5) 1 (0.4)

Multiple UE sites 5 (1.1) 3 (1.0) 2 (1.4) 1 (0.5) 4 (1.5)

UE NOS* 1 (0.2) 1 (0.3) 0 0 1 (0.4)

LE bite 245 (54.2) 138 (44.2) 107 (77.5) 132 (69.5) 112 (43.2)

Toe 30 (6.7) 18 (5.8) 12 (8.7) 21 (11.1) 8 (3.1)

Foot 93 (20.7) 43 (13.8) 50 (36.2) 49 (25.8) 44 (17.0)

Ankle 74 (16.4) 37 (11.9) 37 (26.8) 37 (19.5) 37 (14.3)

Lower leg 45 (10.0) 37 (11.9) 8 (5.8) 23 (12.1) 22 (8.5)

Thigh 1 (0.2) 1 (0.3) 0 1 (0.5) 0

Multiple LE sites 1 (0.2) 1 (0.3) 0 0 1 (0.4)

LE NOS* 1 (0.2) 1 (0.3) 0 1 (0.5) 0

Groin/Torso 1 (0.2) 1 (0.3) 0 1 (0.5) 0

UE and LE sites 1 (0.2) 1 (0.3) 0 0 1 (0.4)

UE (hand) and Face/neck 1 (0.2) 1 (0.3) 0 1 (0.5) 0

Totals 450 312 138 190 259

UE upper extremity, LE lower extremity

*Location on UE or LE not specified

^Age missing for one male patient with LE bite (toe)
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the doses given to obtain control of the envenomation.
Maintenance doses were identified as such, as opposed to
additional doses given after control, on an Bas needed^ basis.
The number of maintenance doses ranged from 2 to 12 vials.
Maintenance doses were used in 43.5% of copperhead bites
and 25.4% of rattlesnake bites treated with antivenom. Acute
adverse reactions to antivenom were reported in 2.7% of pa-
tients. Additional details regarding adverse events have been
published separately [6].

A total of 34 patients (7.6%) received at least one dose of
antibiotics during their stay. Use was described as
Bprophylactic^ or Bempiric^ in 94% of cases. Only two pa-
tients were reported to have a confirmed infection during the
initial hospitalization, with one of these due to a pre-existing
staphylococcus infection and unrelated to the snakebite. The
second patient underwent multiple procedures (multiple inci-
sion and drainage, multiple debridements, skin graft) during
initial treatment. After hospital discharge, the patient was re-
admitted to the hospital due to an abscess and underwent
additional treatment including surgery.

Twenty-five procedures were performed during the initial
hospitalization. Debridement of bullae was the most common,
accounting for 18 (72%) procedures, and was performed only

in patients with upper extremity bites. Six patients, two with
lower and four with upper extremity bites, had a fasciotomy.
Of these, two (both lower extremity bites) had documentation
of elevated compartment pressure prior to the procedure. One
patient underwent a dermotomy.

Two patients received packed red blood cells during their
initial treatment. Both had documented pre-existing anemia as
the indication for the transfusion and neither were reported to
have envenomation-related bleeding.

Outcomes

Among all pit viper envenomation cases, 205 patients
(46.6%) were admitted to an intensive care unit (ICU),
with one-half for less than 24 h. Total hospital length of
stay was documented in 24-h increments and is reported
in Table 8. Total length of stay was less than 48 h in
78.4% of cases . For ty percent of cot tonmouth
envenomations were hospitalized between 49 and 72 h,
and length of stay lasting more than 72 h was most com-
mon in rattlesnake bites, reported in 9.4% of cases.

Two hundred and eighty patients, 63.3% of native pit viper
bites, received some form of follow-up assessment including

Table 4 Local tissue effects
following native pit viper bites Clinical Finding Rattlesnakes

(n = 256)
Copperheads
(n = 130)

Cottonmouths
(n = 15)

Unknown pit
viper (n = 41)

Swelling n (%) 242 (94.5) 130 (100.0) 15 (100.0) 38 (92.7)

Ecchymosis n
(%)

152 (59.4) 81 (62.3) 10 (66.7) 31 (75.6)

Erythema n (%) 109 (42.6) 43 (33.1) 5 (33.3) 15 (36.6)

Necrosis n (%) 20 (7.8) 5 (3.8) 1 (6.7) 1 (2.4)

% based on species total n

Table 5 Systemic effects
following native pit viper bite Clinical Effect

n (%)

Rattlesnakes (n = 256) Copperheads

(n = 130)

Cottonmouths

(n = 15)

Unspecified pit viper

(n = 41)

Vomiting 32 (12.5) 17 (13.1) 3 (20.0) 8 (19.5)

prior to opioids 20 (7.8) 7 (5.4) 2 (13.3) 3 (7.3)

after opioids 12 (4.7) 6 (4.6) 1 (6.7) 3 (7.3)

Diarrhea 5 (2.0) 2 (1.5) 1 (6.7) 0

Hypotension 13 (5.1) 2 (1.5) 0 0

Tachycardia 16 (6.3) 3 (2.3) 0 2 (4.9)

Angioedema 5 (2.0) 0 0 0

Neurotoxicity 21 (8.2) 1 (0.8) 1 (6.7) 0

*Rhabdomyolysis 10 (3.9) 0 1 (6.7) 2 (4.9)

^Bleeding 21 (8.2) 4 (3.1) 0 3 (7.3)
#Respiratory Failure 2 (0.8) 0 0 0

*Rhabdomyolysis defined as CPK ≥ 1000 IU/L; % based on species total n

^Bleeding that occurred early, during initial treatment phase
# Respiratory failure = requiring mechanical ventilation
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the majority of the rattlesnake (73.4%) and copperhead
(55.4%) bites. However, laboratory studies were repeated as
part of the follow-up assessment in only 1 of the 130 patients
with copperhead bite. In contrast, 62.9% of rattlesnake bite
patients had at least one follow-up laboratory assessment.
See Table 9. Timing for first follow-up laboratory assessment
ranged from 1 to 20 days following antivenom treatment. Late
bleeding was reported to be present in five patients. Bleeding
complications included one major (vaginal) and four nuisance
(sites: gingiva, rectal fissure, cat scratch wound, nose) reports.
The patient with the late major bleeding episode was re-
admitted and treated with antivenom and platelet transfusion.
None of the patients with late bleeding reported use of antico-
agulant or antiplatelet medications.

Twelve patients (4.3% of those with follow-up) were re-
admitted after initial presentation and hospital discharge,
11 with rattlesnake and 1 with a copperhead bite. Among
the 11 re-admissions post-rattlesnake envenomation, five
patients received additional antivenom due to late hemato-
logic toxicity (with one report of bleeding) while three
received additional antivenom for treatment of swelling.

Two of these patients were re-admitted twice. One patient
received additional antivenom on both re-admissions. The
first was for late hypofibrinogenemia occurring 5 days af-
ter last FabAV treatment, and the second was after an ad-
ditional 8 days for recurrent thrombocytopenia. The second
patient with two re-admissions was re-treated with FabAV
due to recurrent thrombocytopenia 6 days after last FabAV
treatment, and was re-admitted again 9 days later for treat-
ment of an abscess. Two additional patients were re-
admitted due to late thrombocytopenia but did not receive
additional antivenom, and another was re-admitted for
treatment of an abscess. One patient with a copperhead
envenomation was re-admitted for pain and swelling but
refused treatment with antivenom.

There were no deaths reported. Themedian length of follow-
up after the envenomation was 9 days (IQR = 6–12). Thirty of
the 280 patients (10.7%) with follow-up information were re-
ported to have residual functional deficit at the final follow-up.
Loss of mobility in the hand or foot was reported most often (19
cases, 63.3% of those reporting deficit), followed by residual
deficit in the knee or elbow (13.3%) or digit (26.7%).

Table 6 Early Hematologic
Toxicity following Native Pit
Viper Bite

Finding n (%) Rattlesnakes
(n = 256)

Copperheads
(n = 130)

Cottonmouths
(n = 15)

Unspecified pit viper
(n = 41)

Thrombocytopenia
(platelets ≤ 120 K/mm3)

42 (16.4) 2 (1.5) 1 (6.7) 1 (2.4)

Hypofibrinogenemia
(fibrinogen ≤ 170 mg/dL)

44 (17.2) 5 (3.8) 1 (6.7) 1 (2.4)

Coagulopathy
(PT >15 sec)

84 (32.8) 14 (10.8) 3 (20.0) 10 (24.4)

Any hemotoxicity 97 (37.9) 17 (13.1) 3 (20.0) 10 (24.4)

Total number of native pit viper cases N = 442; % based on species total n

Table includes only initial presentation

Any hemotoxicity = laboratory finding for at least one threshold value (platelets, fibrinogen and/or PT)

Table 7 Crotalidae Polyvalent
Immune Fab antivenom treatment
for native pit viper bite

n Time to AV hours
@ [median (IQR)]

Initial AV dose (# vials)
[median (IQR)]

Total AV dose^ (# vials)
[median (IQR)]

All patients* 371 3.0 [2–5] 4 [4–6] 10 [6–14]

Age 19+ 216 2.5 [2–4] 5 [4–6] 10 [6–14]

Age ≤ 18 154 3.5 [2–6] 4 [4–6] 10 [6–12]

Rattlesnakes 229 2.5 [2–4] 6 [4–6] 10 [6–15]

Copperheads 93 4 [2.5–8] 4 [4–5] 6 [4–10]

Cottonmouths 13 3 [2–5.5] 4 [4–4] 10 [10–18]

Unspecified pit vipers 26 5 [3–10] 4 [4–6] 10 [6–12]

Total N = 371 based on any Native Pit Viper receiving antivenom (excludes n = 4 cases involved RCT)

*Excludes 1 case with missing age

@Excludes 10 cases missing time to antivenom

^Excludes 3 cases missing vial detail (initial and total vial)
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Discussion

In most parts of North America, snakebite is an uncommon or
rare event. Even in states such as Texas or Florida, where the
greatest number of snakebites are reported, the number of
patients presenting to any given hospital annually with the
diagnosis is quite low, and most physicians have never en-
countered a patient with a snake envenomation [1]. Despite
approximately 5000 cases of venomous snakebite reported to
poison centers each year, even the largest published case series
and studies are generally limited to a few hundred cases. In
such reports, cases often derive from a single center or geo-
graphic region [1, 7–10]. While clinical trials of antivenom
may better represent the geographic diversity of species re-
sponsible for snakebite in the US, these studies also tend to
be limited by small numbers [2, 11]. National poison center
data – based studies include the largest numbers of patients
with snakebites and can provide interesting epidemiological

information, but rarely contribute useful clinical information
to the medical literature [1, 12, 13].

The NASBR is the first and only national, multicenter reg-
istry for collection of detailed information relating to snake
envenomation. In the first 3 years of existence of the NASBR,
450 snakebite cases were entered into the registry. Distribution
of cases among men, women, and children age 18 years and
younger was very similar to that which has been reported in
other national databases [1, 14]. The predominance of rattle-
snake and copperhead bites reported to the registry, as com-
pared to cottonmouth, coral snake and non-native venomous
snakebites, is also comparable to that noted in poison center
based studies of North American snakebites [1, 15].

In the NASBR, more bites were located on the lower ex-
tremity than the upper extremity. Although exceptions exist,
lower extremity bites typically occur following an unexpected
encounter with a snake, while upper extremity bites are more
likely to result from a person attempting to handle a snake.
One study of snakebite in the US found the majority of bites to
result from such intentional interactions. The concept has been
described as bite Blegitimacy^ [16]. The predominance of up-
per extremity bites reported in numerous studies is consistent
with intentional interactions with the snake [16–19]. Contrary
to these historical reports, our results reflect a change in this
pattern, and are more consistent with a recent study of snake-
bite reports in the media, which found 68% of bites to be
legitimate encounters [20].

The association between snakebite and presence or type of
shoes worn at the time of the bite has not been previously
examined. We found that more than a quarter of patients were

Table 8 Initial hospital length of stay

Snake Type <24 h
n (%)

25–48 h
n (%)

49–72 h
n (%)

>72 h
n (%)

Rattlesnakes (n = 256) 73 (28.5) 109 (42.6) 45 (17.6) 24 (9.4)

Copperheads (n = 130) 57 (43.8) 60 (46.2) 7 (5.4) 3 (2.3)

Cottonmouths (n = 15) 3 (20.0) 5 (33.3) 6 (40.0) 0

Unknown pit viper (n = 41) 24 (58.5) 15 (36.6) 2 (4.9) 0

Coral (n-3) 2 (66.7) 1 (33.3) 0 0

Excludes non-native cases; data missing for five rattlesnake, two copper-
head and one cottonmouth case; % based on species total

Table 9 Late hematologic toxicity in rattlesnake envenomation

State Total
cases

Total cases
with any
follow-up
n (% total)

Late
bleeding
n (%)1

Re-admission*
n (%)1

Re-treatment
with AV
n (%)1

≥ 1 follow-up
with laboratory
assessment
n (%)1

Platelet count
≤ 120 K/mm3

n (%)2

Fibrinogen
≤170 mg/dL
n (%)2

PT ≥ 15 s
n (%)2

Any late
hemotoxicity@

n (%)2

All 256 188 (73.4) 5 (2.7) 7 (3.7) 5 (2.7) 161 (85.6) 39 (24.2) 39 (24.2) 29 (18.0) 69 (42.9)

AZ 161 139 (86.3) 4 (2.9) 4 (2.9) 3 (2.2) 131 (94.2) 32 (24.4) 37 (28.2) 27 (20.6) 60 (45.8)

CA 33 12 (36.4) 1 (8.3) 3 (25.0) 2 (16.7) 9 (75.0) 4 (44.4) 1 (11.1) 0 4 (44.4)

NM 7 7 (100.0) 0 0 0 7 (10.0) 2 (28.6) 0 0 2 (28.6)

UT 13 7 (53.8) 0 0 0 6 (85.7) 0 0 1 (16.7) 1 (16.7)

CO 14 7 (50.0) 0 0 0 4 (57.1) 1 (25.0) 0 0 1 (25.0)

TX 23 12 (52.2) 0 0 0 4 (33.3) 0 1 (25.0) 1 (25.0) 1 (25.0)

NC 3 2 (66.7) 0 0 0 0 0 0 0 0

PA 1 1 (100.0) 0 0 0 0 0 0 0 0

MO 1 1 (100.0) 0 0 0 0 0 0 0 0

AV antivenom; follow-up based on contact post discharge from initial hospitalization
1N = 188 rattlesnake bites (73.4%) with at least one follow-up; % based on total (and by state) with any follow up
2N = 161 rattlesnake bites (62.9%) with at least one follow-up with labs; % based on total (and by state) with labs at follow-up
@Any late hemotoxicity at F/U, Fib ≤ 170 mg/dL, PT ≥ 15 s, and/or platelets ≤ 120 K/mm3

*Re-admissions include only those re-admitted for hematologic toxicity; 1/7 patients re-admitted and re-treated twice
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not wearing any shoes at the time of the bite. The majority of
those who were wearing shoes wore sandals or flip-flops. This
finding provides evidence to support public education to wear
protective footwear in regions where venomous snakes are
endemic.

The NASBR illustrates the spectrum of clinical find-
ings that may occur following snake envenomation in the
US. While local tissue swelling and necrosis are well-
known effects of pit viper envenomation, other local ef-
fects receive less attention in the medical literature, de-
spite being much more common than necrosis. In the ini-
tial hours to days after a bite, erythema results from in-
flammatory effects of venom. Erythema was reported in
39% of patients in this series. Despite uniform recommen-
dations against routine use of antibiotics in the manage-
ment of North American snakebites, 7.6% of patients re-
ceived at least one dose [21, 22]. A greater awareness of
the expectation of the finding of erythema may lead to
less unnecessary antibiotic use.

Early nuisance-type bleeding was reported in 6.3% of
cases. A previous large retrospective review of patients with
rattlesnake envenomation in Arizona found only 2.0% of pa-
tients to have early bleeding [10]. Considering that the
NASBR population includes copperhead and cottonmouth
envenomations, which are less likely to experience bleeding
due to the lower incidence of venom-induced coagulopathy
and thrombocytopenia, our rate of bleeding is surprisingly
high. This is most likely due to the prospective nature of the
data collection in the NASBR and represents a more accurate
rate of bleeding than has been found when charts are reviewed
retrospectively.

Patients who take anticoagulant or antiplatelet medications
have been reported to have greater bleeding risk following
rattlesnake envenomation than patients not on these medica-
tions [10]. In the NASBR, there were 27 (6.0%) patients tak-
ing anticoagulants or antiplatelet medications and only one
was reported to have nuisance bleeding at initial presentation.
Thus, in this geographically diverse population that includes
both rattlesnake and copperhead envenomations, these medi-
cations did not appear to increase risk of bleeding.

Other patient-related factors such as co-morbid conditions,
medication use, and substance use have the potential to affect
the severity of an envenomation. However, there has been
very little investigation into how these factors may influence
the severity and specific findings associated with envenom-
ation and/or response to treatment. It is logical that conditions
such as cardiovascular disease, asthma, or diabetes may com-
plicate a patient’s presentation and recovery. The small num-
ber of cases included in previous studies have not allowed
evaluation of these associations. As cases accumulate in the
NASBR, a closer examination of the relationship between
patient-related factors and morbidity after snakebite can be
undertaken.

Another important finding in this study is in regard to com-
partment syndrome. Compartment syndrome is uncommon
following snake envenomation, and recommendations exist
against the once common practice of performing fasciotomy
without first documenting elevated compartment pressure
(ICP) [23, 24]. Only eight (1.8%) patients in this study were
reported to have findings on exam that were concerning for
diagnosis of compartment syndrome. Six received
fasciotomies yet only two had ICP measured to confirm ele-
vated compartment pressures. In one of the cases where
fasciotomy was performed without documentation of ICP,
the medical toxicologist indicated the procedure was done
before their involvement. These data reaffirm the rarity of
compartment syndromes following North American snake
bites and serve to emphasize the need for documentation of
elevated compartment pressures before fasciotomies are done.

The only antivenom available to treat native crotaline
envenomations during the time of this study was Crotalidae
Polyvalent Immune Fab (FabAV; CroFab®). The
manufacturer-recommended initial dose for FabAV is 4–6
vials. Initial doses as low as one vial were reported in the
NASBR, which may reflect limited availability of antivenom
at the transferring facility or the initial treating clinician’s lack
of familiarity with treatment of snake envenomation. As per
the US Food and Drug Administration dosing guidelines for
FabAV, maintenance doses should be given after control of the
envenomation has been established [25]. However in 2011, a
treatment algorithm for management of pit viper envenom-
ation with FabAVwas published which suggested that in some
situations, such as with minor envenomations or in facilities
where close observation by a physician expert is available,
maintenance doses may not be necessary [5]. Our results dem-
onstrate a higher rate of maintenance use in treatment of cop-
perhead envenomations than in rattlesnake envenomations.
This is surprising since copperhead envenomations are gener-
ally less severe than rattlesnake envenomations. The pattern
most likely reflects different practices among participating
sites. Some medical toxicologists choose to withhold routine
maintenance doses due to the high cost of FabAVand instead
watch patients for early recurrent venom effects and provide
as-needed doses of antivenom [26]. The doses of maintenance
therapy that were reported in the NASBR ranged from 2 to 12
vials. Standard maintenance therapy involves administration
of two vials every 6 h for three doses, totaling six vials.
Deviations from this standard may occur when clinicians de-
cide to terminate maintenance therapy early or extend main-
tenance therapy, however, reasons for using non-standard
doses were not documented in the NASBR.

Due to the risk for late hemotoxicity following treatment of
rattlesnake envenomation with FabAV, it has been recom-
mended that all patients have platelets and fibrinogen checked
2–3 days after last FabAV dose and again 5–7 days after last
dose, at a minimum [5]. Only 62.9% of rattlesnake
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envenomation patients in the NASBR had laboratory follow-
up documented, however, patients may have followed with
their primary care providers and laboratory results may not
have been available to the medical toxicologists participating
in the NASBR. Only a single patient out of 450 was reported
to develop a major late bleeding complication. This low inci-
dence is consistent with two previous studies which found
very low rates of late major bleeding complications [10, 27].

Limitations

The NASBR includes sites distributed across the United
States, but does not include some states where a large number
of bites occur, such as Florida. As a result, the NASBRmisses
Eastern coral snake envenomations, which produce more se-
vere clinical manifestations than the Texas coral snake. The
strength of the NASBR is also dependent on accurate and
complete reporting of data from participating sites. Although
sites are routinely contacted to provide clarification or missing
data, sometimes omissions occur resulting in incomplete data.
Lastly, the initial data collection tool of the NASBR, which
included the date range of this report, did not determine level
of certainty with species identification.

Conclusions

The North American Snakebite Registry is a powerful tool for
gathering data on venomous snakebites across the United
States. In its initial years, useful information has already been
gained. Data regarding footwear will inform public health
interventions and education, and information regarding the
frequency and severity of clinical findings may help physi-
cians better anticipate effects and manage snakebite. As the
number of cases in the NASBR grows, associations between
patient-related factors and outcomes may be studied.
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