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Abstract

Background Rattlesnake envenomations are a significant cause of morbidity in the USA. While pediatric rattlesnake
envenomations are relatively common, data comparing adult and pediatric patients with rattlesnake envenomations remain
limited.

Methods This multi-center retrospective study used the North American Snakebite Registry (NASBR), a sub-registry of the
Toxicology Investigator’s Consortium (ToxIC). All cases of rattlesnake envenomations between January 1, 2013, and December
31, 2017, which were entered into the NASBR, were reviewed. Clinical and laboratory parameters, as well as treatment and
outcome measurements, were compared between adult and pediatric patients.

Results A total of 420 unique cases were identified, including 94 pediatric patients. Adult patients were more likely to be
male (76% vs. 62%; OR 1.98) and sustain upper extremity envenomations (57% vs. 25%; OR 4.4). After adjusting for bite
location, adults were more likely to exhibit edema compared with pediatric patients. After controlling for envenomation location,
there was no difference in rates of necrosis between adult and pediatric patients. Adults exhibited early hematologic toxicity less
frequently than pediatric patients, but there was no difference in the rates of late hematologic toxicity. There were no differences
in the rates of hypotension or intubation.

Conclusion While adult and pediatric patients have some differences in envenomation characteristics and laboratory parameters,
adults and pediatric patients had similar rates of systemic toxicity, severity, length of stay, and late hematologic toxicity.

Keywords Rattlesnake - Pediatric - Snake - Envenomation - Antivenom

Supervising Editor: Eric Lavonas, MD, MS Introduction

In the USA, rattlesnake envenomations are the most signifi-
cant source of morbidity and mortality among patients bitten
by native venomous snakes. Each year, nearly 9000 patients
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are treated for snakebites [1]. In 2018, US Poison Control
Centers received more than 4000 calls regarding rattlesnake
bites [2]. Pediatric patients generally account for 15-20% of
patients in published reports that include rattlesnake
envenomations [2—4]. In the first 3 years of the American
College of Medical Toxicology (ACMT)’s North American
Snakebite Registry (NASBR), children aged 12 and younger
comprised 28% of cases [5].

Rattlesnake envenomation most commonly results in tissue
edema that expands from the envenomation site. Hematologic
toxicity and a variety of other systemic or neurological effects
can also occur. The severity of clinical effects that develop
after a rattlesnake envenomation varies greatly and is not
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easily predicted, although the dose and composition of venom
injected likely play the most important role in determining
clinical severity. Some authors suggest children are at an in-
creased risk for severe envenomation compared with adults [6,
7]. While there are some data to support increased severity in
children with Vipera lebetina envenomations in Turkey, ob-
jective data supporting differences in envenomation severity
between adult and pediatric patients bitten by North American
rattlesnake species are lacking [8].

The primary purpose of this study is to compare pediatric to
adult patients with rattlesnake envenomation, with regard to
envenomation characteristics, clinical characteristics, treat-
ment strategies, and outcomes.

Methods

This is a multi-center, retrospective study utilizing the
NASBR. The NASBR is a sub-registry of the Toxicology
Investigator’s Consortium (ToxIC) Registry, a toxico-
surveillance registry of patients treated by physician medical
toxicologists at 50 participating centers in the USA, plus three
international sites. Toxicologists enter de-identified clinical
data on North American snakebites into the NASBR at the
time of the patient encounter. Prior to 2013, there was no
prospective database detailing patients with snakebites. The
NASBR sub-registry includes detailed clinical information,
including patient characteristics, clinical and laboratory pa-
rameters, treatment rendered, and outcome from a select num-
ber of sites in the ToxIC registry who see the majority of
snakebites. All patients in the NASBR were evaluated directly
by a medical toxicologist at the bedside. The ToxIC registry
has approval from the Western Institutional Review Board.
Many individual sites also achieved approval from their
Institutional Review Board (IRB) for participation in the reg-
istry. This study also received IRB approval.

Investigators reviewed all cases entered into the NASBR
between January 1, 2013, and December 31, 2017.
Envenomations from species other than North American rat-
tlesnakes were excluded. Patients were divided into adult and
pediatric groups for comparisons of demographics, envenom-
ation and clinical characteristics, treatment strategies, and out-
comes. Pediatric patients were further stratified according to
age (0-6 years, 7—12 years, 13—17 years).

Definitions

Pediatric patients were defined as those less than 18 years of
age. Length of stay was calculated in 24-hour blocks.
Consistent with prior rattlesnake studies, coagulopathy was
defined as a prothrombin time (PT) > 15 s or a fibrinogen less
than 170 mg/dL, whereas thrombocytopenia was defined as
platelets less than 120 x 10°/L [9].

Hematologic toxicity was defined as the presence of either
coagulopathy or thrombocytopenia. If hematologic toxicity
occurred during the initial presentation and treatment phase
(typically within 48 hours of the envenomation), it was con-
sidered to be “early.” Platelet count, fibrinogen, and PT were
entered into the database at presentation to healthcare, at their
nadir (for platelets and fibrinogen) or peak (for PT), and at
hospital discharge. “Late” hematologic toxicity was defined as
the development of thrombocytopenia or coagulopathy during
the follow-up phase and after treatment was considered com-
plete (typically after hospital discharge). Late hematologic
toxicity included either delayed onset of hemotoxicity in pa-
tients who had normal laboratory values during the initial
treatment phase, or recurrence of early hemotoxicity that had
initially improved with treatment. Late bleeding was defined
as any bleeding that developed after the initial treatment
phase. We have categorized bleeding episodes as major, mi-
nor, or trivial based on previously published literature involv-
ing rattlesnake envenomation [10]. Major bleeding was de-
fined as fatal bleeding or bleeding associated with hemody-
namic instability, bleeding requiring transfusion or red blood
cells or an invasive procedure, or bleeding into an enclosed
space. Minor bleeding was bleeding associated with
prolonged observation or admission, but not otherwise meet-
ing criteria for major bleeding. Trivial bleeding was defined as
bleeding not requiring any interventions or prolonged obser-
vation (e.g., persistent oozing from puncture wounds, or self-
limited epistaxis).

A plasma fibrinogen or platelet count less than the lower
limit of detection (e.g., fibrinogen less than 30 mg/dL) was
considered to be zero for calculations. Similarly, a PT above
the upper limit of detection (e.g., more than 120 s) was con-
sidered to be 120 s for calculation purposes. Rhabdomyolysis
was defined as a CK greater than 1000 TU/L.

Data Abstraction and Analysis

Study data were collected by member toxicologists and man-
aged using REDCap electronic data capture tools hosted at the
Vanderbilt University Heath Core under contract to ACMT
[11]. Data were entered by the treating medical toxicologist
and/or medical toxicology fellows into REDCap. The file was
exported into Excel version 14.0.7224.5000 (Microsoft
Corporation, Redmond, WA). The collected data included de-
mographic information, envenomation characteristics, key ex-
amination findings, laboratory parameters, treatment charac-
teristics, and outcome (including presence/absence of recur-
rence or delayed hematologic toxicity).

Data were subsequently imported into STATA (version
15.1, StataCorp, College Station, TX). Continuous variables
were reported as medians and interquartile ranges (IQR). The
Kruskal-Wallis nonparametric testing was used to compare
medians for the adult and pediatric patients. Categorical
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variables were compared with Fisher’s exact test or chi-square
test, as appropriate. Logistic regression was used for dichoto-
mous outcomes of interest, including envenomation location,
hematologic toxicity, edema, late hematologic toxicity, and
functional impairment. Given the paucity of patients with
envenomations to locations other than extremities (e.g., face),
such patients were excluded from bite location analysis.
Cluster analysis was performed to ensure no single center
was contributing a disproportionate number of cases of hema-
tologic toxicity. Adjustments for multiple comparisons were
not made.

Results

A total of 870 unique cases were identified; 450 were exclud-
ed as they involved snakes other than rattlesnakes, leaving 420
rattlesnake envenomations from 10 states (AZ, CA, CO, MO,
NM, NC, PA, SC, TX, UT) (Figs. 1 and 2). The exact age was
not recorded in 5 people and thus they were excluded in age-
specific variables (Fig. 3).

Overall, most patients were male (305/420; 73%) and the
median age was 37 (19-56) years. Upper and lower extremity
envenomations were equally distributed. A total of 208/420
(50%) envenomations involved upper extremities and 211/
420 (50%) envenomations involved lower extremities. Two
patients (0.5%) had head or neck bites, one of whom also
had an extremity bite. The odds of having an upper extremity
envenomation differed by sex. Upper extremity envenomation
occurred much more frequently in males compared with fe-
males (179/208 vs. 29/208; p < 0.001).

Pediatric patients accounted for 94/415 (23%) of rattle-
snake envenomation. There were several differences in bite
location and presentation between children and adults.
Adults were more likely to be male (76% vs. 62%; OR 1.98
[95% CI 1.2-3.2]) and sustain upper extremity bites (57% vs.
25%; OR 4.4 [95% CI1 2.6-7.4)). Bite location also differed by

Fig. 1 Patient inclusion.

age within each sex. Among adult women, 27 of 79 (34%)
bites were on the upper extremity, compared with 2 of 36 in
pediatric girls (6%; OR 8.7 [95% CI 1.9-38.8]). Among adult
males, 157/244 (64%) bites occurred on the upper extremities,
compared with 21/56 (38%) pediatric boys (OR 3.2 [95% CI
1.7-5.8]). Patient demographic factors and envenomation
characteristics are presented in Table 1.

Edema was common in both adult and pediatric patients,
but it was more so in adults (97% vs. 87%; OR 4.7 [95% CI
1.9-10.9]). Even after adjusting for bite location (upper ex-
tremity vs. lower extremity), adults were more likely to exhibit
edema compared with pediatric patients (OR 3.3;95% CI 1.3—
8.2). Children were less likely to have tissue necrosis com-
pared with adults (OR 0.2; 95% CI 0.04—0.84). However, after
controlling for bite location, the likelihood of having necrosis
was no longer different between pediatric and adult patients
(OR 0.4; 95% CI 0.09-1.7).

The percentage of patients with neurotoxicity, hypotension,
and intubation was higher in adults than in children, but the
difference was not statistically significant (Table 1). Early
bleeding occurred in 36 patients, six of whom were pediatric.
Bleeding was considered “trivial bleeding” in all cases (e.g.,
epistaxis, oozing from puncture site). There was no difference
in the rate of early bleeding between adult and pediatric
patients.

The rate of early hematologic toxicity was lower in the
adult population than in pediatric population (45% vs.
586%; OR 0.6, 95% CI 0.4-0.97). Early hypofibrinogenemia
was more common in pediatric patients than in adult patients
(33% vs. 17%; 95% CI 5.9-26.4; p=0.001). Similarly, early
prolongation of the PT was also more common in pediatric
patients than in adult patients (42% vs. 30%; 95% CI 0.4—
22.3%; p=0.04). There was no significant difference in the
rate of early thrombocytopenia in pediatric vs. adult patients
(11% vs. 19%; 95% CI — 0.45-14.9%; p = 0.06) (Table 2). On
cluster analysis, the state in which the envenomation occurred
did not influence development of hematologic toxicity.

870 snakebites
Non-native native

| 9 bites from non-native snakes |

| 861 bites from North American snakes ‘

Non-pit viper
Pit viper

| 15 bites from coral snakes |

| 846 bites from pit vipers

_rattlesnake
M Pit viper

287 bites from copperheads

31 bites from cottonmouths

98 bites from unknown type pit viper
10 bites from unknown species

| 420 bites from rattlesnakes |
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Fig. 2 Map of the USA
demonstrating geographical
distribution of rattlesnake bites.
Numbers represent total number
of bites, with number of pediatric
bites in parenthesis underneath
the total number.

The creatinine kinase (CK) was recorded in 225 cases. The
median (IQR) CK (IU/L) among pediatric patients did not
differ from that of adults (150 [112-246] vs. 158 [111-299];
p=0.53). There was also no difference in the rate of rhabdo-
myolysis between adults (5.9%) and children (4.3%)
(Table 1).

Time from envenomation to first evaluation at a healthcare
facility was the same in adults and children: adults (1 [0.7-1.5]
hour) vs. children (1 [0.5-1.5]). Median time from bite to
antivenom administration was also similar (2.5 [2-4] vs. 2.5
[2-5]; p=0.79), as was dose administered. The median (IQR)
initial dose of antivenom for adults was 6 (4-6) vials, com-
pared with 4 (4-6) vials for pediatric patients (p =0.06).
Similarly, there was no difference in total amount of antiven-
om administered to adult and pediatric patients (10 [6—14] vs.
12 [6-18]; p=0.32). Adults were more likely to receive anti-
venom compared with children. Antivenom was administered
to 307 (95%) adults, compared with 79 (87%) pediatric pa-
tients (p =0.006). Data on maintenance therapy were not

40
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available in 2 adult cases and 1 pediatric case. For the remain-
ing 305 adult cases and 78 pediatric cases, use of maintenance
antivenom was more common in children compared with
adults (31/79 [39%] vs. 63/305 [21%]; p=0.001).

Late hematologic toxicity occurred in 89 adults (45 cases of
recurrence, and 44 cases of delayed toxicity), compared with
18 pediatric patients (12 cases of recurrence, 6 cases of de-
layed toxicity); these were statistically similar. Late bleeding
occurred in 13 cases, two of which were in pediatrics. On the
first follow-up visit after initial treatment, there were four
cases classified as major bleeding (epistaxis requiring pack-
ing, vaginal bleeding in two patients, and a lower gastrointes-
tinal bleed in one patient) and two cases classified as trivial
bleeding. An additional seven cases of late bleeding were
identified after the first follow-up visit, all of which were
classified as trivial. The median (interquartile range) length
of stay was 2 (1-3) days for adult and 2 (1-2) days for

Table 1 Patient demographics and clinical effects.

Pediatric m=94) Adult (n=323) p value
Male (%) 58 (61.7%) 244 (75.5%) 0.009
Upper extremity (%) 23 (24.5%) 183 (56.7%) <0.0001
Edema (%) 82 (87.2%) 313 (96.9%) 0.0002
Ecchymosis (%) 69 (73.4%) 196 (60.7%) 0.025
Acute kidney injury  0/94 (0%) 1/323 (0.31%) 0.77
Neurotoxicity (%) 6 (6.5%) 32 (10.0%) 0.31
Hypotension (%) 3 (3.3%) 23 (7.1%) 0.22
Intubation (%) 0 (0%) 7 (2.2%) 0.36
Rhabdomyolysis” 4 (4.3%) 19 (5.9%) 0.80

Fig. 3 Age distribution of patients.

* Data available for 225 subjects
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Table 2 Comparison of early

hemotoxicity between pediatric Pediatric (n=94) Adult (n=323) p value
and adult patients.
Early thrombocytopenia 10 (10.6%) 61 (18.9%) 0.06
Early hypofibrinogenemia 31 (33%) 56 (17.3%) 0.001
Early elevation in PT 39 (41.5%) 98 (30.3%) 0.042
Platelets (x 10°/L); median (IQR)
Initial 255 (196-311) 214 (163-262) <0.001
Nadir 217 (171-253) 181 (137-225) <0.001
Discharge 237 (210-281) 202 (172-237) <0.001
Fibrinogen (mg/dL); median (IQR)
Initial 238 (206-280) 293 (241-359) <0.001
Nadir 202 (156-239) 238 (191-283) <0.001
Discharge 255 (217-305) 302 (252-376) <0.001
Prothrombin time (Seconds); median (IQR)
Initial 13 (11.7-14.5) 12.4 (10.9-13.7) <0.001
Maximal 14.9 (13.7-16.6) 14 (12.8-15.5) 0.002
Discharge 13.6 (12-14.3) 13.2 (12-14.1) 0.2

pediatric patients (p = 0.14). Similarly, there was no difference
in the median number of follow-up days between adults and
pediatric patients (9 (5-14) and 8 (5-12) days, respectively;
p=0.17) on either univariate analysis or univariate logistic
regression.

Table 3 provides clinical and envenomation characteristics
among pediatric patients, stratified by age. While we did de-
scriptively compare relevant variables among pediatric pa-
tients, stratified by predefined age groups, we did not attempt
to do any statistical comparison, as we feel the numbers are
relatively small in some categories, leading to too great a
chance of creating either a type I or a type II error.

Discussion

Clinical findings after rattlesnake envenomation vary widely
in severity. Patients may present with only mild swelling at the
envenomation site and without associated venom effects or, at
the other end of the clinical spectrum, they may very rapidly
develop systemic toxicity with bleeding, shock, and airway
compromise. Many patients with rattlesnake envenomation
fall somewhere in between these extremes, with some combi-
nation of local tissue, hematologic, neurotoxic, myotoxic, or
anaphylactoid effects. There are likely multiple factors that act
together to determine clinical severity after a rattlesnake

Table 3 Clinical and bite
characteristics among pediatric

0-6 years (n=32) 7-12 years (n=32) 13-17 years (n=30)

patients, stratified by age.
Female

Upper extremity bites

Hematologic toxicity

Edema

Ecchymosis

Necrosis

Number of vials for initial control*

Total number of vials*

Length of stay in days*

Late hematologic toxicity"
Recurrence

Delayed toxicity

11 (34%) 16 (50%) 9 (30%)
4(12.5%) 10 31%) 10 (33%)
17 (53.1%) 18 (56%) 18 (60%)
29 (90.6%) 27 (84%) 26 (87%)
25 (78.1%) 24 (75%) 19 (63%)
1 3%) 2 (6%) 0 (0%)
5(4-5) 5 (4-6) 4 (4-6)
10 (6-18) 13 (8-16) 10 (8-16)
2(1-3) 2(1-2) 2(1-2)

8 (25%) 3 (9%) 7 (23%)
7 (21.9%) 3 (9%) 2 (6.7%)
1 (3.12%) 0 (0%) 5 (16.6%)

Values are presented as whole number and percent, unless otherwise specified

*Values represent median and interquartile range

T Number of recurrent cases plus delayed toxicity does not add to number of late hematologic toxicity as some
patients had both recurrence and late toxicity (e.g., recurrent coagulopathy but late thrombocytopenia)

@ Springer
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envenomation. Snake-specific factors, such as species, age of
the snake, and venom composition, play a role, as do patient
factors, such as medical comorbidities and, possibly, body
weight. It makes intuitive sense that children would experi-
ence more severe consequences than adults since they gener-
ally receive a larger dose of venom per unit body weight.
However, most literature to date does not support a difference
in severity between adults and children, although available
data are very limited [8].

Recommendations for management of patients with snake-
bite are the same for children and adults [12]. Patients are
assessed to determine if an envenomation has occurred using
a combination of clinical manifestations and serial laboratory
parameters. When antivenom is indicated, the initial dose rec-
ommended varies based on severity of clinical findings rather
than on body weight or age [1, 13, 14]. However, whether or
not additional doses of antivenom are indicated is based on
clinical progression of the envenomation and response to
treatment, so total dose administered can vary tremendously,
and in retrospect can be an indirect, imperfect, measure of
severity [5, 15]. In a retrospective study by Tanen et al.
looking at patients with rattlesnake envenomation in
Arizona, 44 children under 14 years were compared with
138 adults. The mean dose of antivenom used was the same
in both groups [4]. We too found no difference in timing or
initial or total dose of antivenom received between children
and adults. This finding suggests that envenomation severity
was not worse in the pediatric age group.

We found very few differences between adults and chil-
dren. Regarding local tissue effects, children appeared to fare
somewhat better than adults. They had less edema reported
and, at first look, a lower rate of tissue necrosis. There are
several potential reasons why children might be less likely to
have edema reported. One is that they might present to care
and receive treatment earlier; however, this was not the case in
our study. Practitioners may also have a lower threshold to
treat children with antivenom, but we did not find that more
children were treated than adults. Another potential reason is
that children more often present with lower extremity bites.
Edema and swelling after a snakebite to the leg can be subtle
and more difficult to perceive than edema associated with a
finger or hand envenomation. However, when controlling for
bite location, the difference in this finding remained. One
remaining possible explanation is that adults without edema
are less likely to present for care after a snakebite than chil-
dren. This may also explain why more adults were treated with
antivenom. Some adults without symptoms may not present to
healthcare while more children present after an envenomation
regardless of symptoms.

The most common manifestation of tissue necrosis follow-
ing rattlesnake envenomation is in the form of superficial
hemorrhagic bullae. Bullae typically occur following upper
extremity envenomations, particularly when the

envenomation is to a digit [4, 16]. Not surprisingly, when
we controlled for bite location, the difference in rate of necro-
sis between adults and children disappeared.

Children in our study were more likely to have coagulop-
athy than adults. The reason for this difference is not clear and
it did not translate to more bleeding. Similar results were also
noted in the study by Tanen et al., where more children had
hypofibrinogenemia than adults, and rates of thrombocytope-
nia were similar between adults and children [4].

The statistically different characteristics that we found be-
tween adults and children included bite location, percent with
edema and coagulopathy, use of antivenom, and use of main-
tenance antivenom doses. Similarities in markers of severe
systemic toxicity such as hypotension or need for mechanical
ventilation, total dose of antivenom used, length of stay, and
outcomes such as late hematologic toxicity suggest that the
statistically significant findings may not be clinically impor-
tant. Our findings differ from a recently published systematic
review that aimed to risk stratify patients with pit viper enven-
omation [6]. The authors concluded children under age 12
may have a more severe envenomation. However, this conclu-
sion was based on two publications that may not be applicable
to North American rattlesnakes The first, a Brazilian study of
patients with South American rattlesnake (Crotalus durissus)
envenomations, showed that children under 12 years old were
more likely to have renal failure after C. durissus envenom-
ation than older patients [17]. The South American rattlesnake
produces a different clinical picture than that of a North
American rattlesnake. Neurotoxicity, myotoxicity, and acute
renal injury are prevalent, with C. durissus envenomations,
whereas local findings are generally mild. In the Pinho study,
29% of patients experienced renal injury, compared with a
single patient in our series. The second study that contributed
to their conclusion was a retrospective review of 67 pit viper
envenomations in Texas, which included 18 patients aged 12
and under [18]. The authors concluded that children were
more likely to receive antivenom and undergo surgical proce-
dures than were the adults. Due to the small number of pa-
tients included in this study, the retrospective nature, the fail-
ure to identify number of rattlesnake envenomation in children
vs. adults, and the management approach, which is incompa-
rable to that of modern times, the results are not reliable.

Our study provides the most comprehensive data to date
regarding relative severity of North American rattlesnake en-
venomation between adults and children. Characteristics that
best signify severity, such as systemic toxicity and bleeding,
and unfavorable outcomes such as late hematologic toxicity,
were all statistically similar between the groups. If anything,
pediatric patients had less systemic toxicity (e.g., hypotension,
need for intubation), than adults, albeit not to the level of
statistical significance. It is clear that persons of any age
may develop severe envenomation after rattlesnake envenom-
ation, but age does not appear to be a predictor.
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Limitations

Venom from rattlesnakes is a complex mixture of many
proteins. Furthermore, there is significant inter- and intra-
specific variation among various snake venom [19]. Thus,
it is possible that some of the effects could be biased if
there is a significant contribution from a single geographic
region. However, cluster analysis failed to reveal any sig-
nificant differences between sites, making limitation less
likely.

In addition, while this study is a retrospective analysis, the
data were collected prospectively with existing predefined
definitions, thereby limiting many of the problems with retro-
spective studies. Because the ToxIC database contains patients
that are exclusively seen by medical toxicologists, it is possi-
ble the database is limited by a referral bias, in which a toxi-
cologist only saw select patients. There were no efforts made
as part of this study to independently corroborate the type of
snake. It is possible that the snake was misidentified as a
rattlesnake, and still included in the study.

In addition, because multiple comparisons were made, the
possibility of a type I error exists. Lastly, it is possible that the
adult and pediatric patient populations were systematically
different due to selection bias. It is possible that an adult
may not present following a bite if there were no symptoms,
whereas most parents would presumably bring their child to
the hospital for evaluation, regardless of symptoms. If that is
the case, the adult population may represent a slightly sicker
population, thus creating a selection bias.

Conclusion

When compared with adults, children with rattlesnake enven-
omation were more likely to be bitten on a lower extremity
and to develop coagulopathy and were less likely to have
edema or be treated with antivenom. Markers of severity, such
as systemic toxicity and bleeding, as well as outcomes such as
length of stay and development of late hematologic toxicity,
were similar between adults and children. Given the popula-
tions were overall very similar, it is important that treatment be
tailored to the individual patient, regardless of age.
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