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Abstract

Introduction Few data exist to understand the recovery phase of pit viper envenomation. A recently published placebo-controlled
clinical trial affords this opportunity. The purpose of this study is to examine the time course of recovery from copperhead snake
(Agkistrodon contortrix) envenomation patients managed with and without the use of antivenom, stratified by age, sex, anatomic
site of envenomation, initial severity of envenomation, and geographic region.

Methods This is a post-hoc subgroup analysis of data from a multi-center double-blinded clinical trial of Fab antivenom (FabAV)
vs. placebo. Outcomes were the Patient-Specific Functional Scale (PSFS) score at 3, 7, 10, and 14 days after envenomation.
Least-squares mean PSFS score curves were calculated for each subgroup, and repeated measures ANOVA was used to estimate
between-group comparisons.

Results Seventy-two subjects were included, of whom 44 received FabAV. Males demonstrated better overall recovery
than females (model predicted PSFS score 6.18 vs 4.99; difference 1.19; 95% CI 0.12 to 2.25; p =0.029). No sex difference
was found in response to FabAV. Overall recovery and effect of FabAV were similar in adult vs adolescent patients, patients with

This study has not been presented previously.
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upper vs lower extremity envenomation, and patients with initially mild vs moderate envenomation signs. Analysis by geo-
graphic location was not successful due to ANOVA mode instability.
Conclusions Male victims of copperhead snake envenomation demonstrate slightly better recovery than females, but response to

Fab antivenom overall is similar across all subgroups studied.

Keywords Envenomation - Snake - Agkistrodon - Antivenins - Snake - Fab - Copperhead

Introduction

Approximately 5000-9000 people seek treatment in US emer-
gency departments each year due to snake envenomation,
nearly half of whom are envenomated by a single species,
the copperhead snake (Agkistrodon contortrix) [1, 2].
Because the clinical manifestations of copperhead envenom-
ation tend to be less severe than rattlesnake envenomation,
copperhead victims were excluded from the preclinical studies
of the ovine Fab snake antivenom (Crotalidate Polyvalent
Immune Fab (ovine), BTG International Inc., West
Conshohocken PA; hereafter, FabAV), but copperhead enven-
omation has been an approved indication for FabAV adminis-
tration since the drug’s initial approval in October, 2000 [3-5].
Subsequent studies showed lasting limb morbidity following
copperhead envenomation [6, 7].

Data from the US National Poison Data System suggest
that FabAV use is less common in copperhead envenomation
victims (36% of whom received FabAV in 2007) than rattle-
snake victims (55%), although these proportions are increas-
ing [6]. This is likely because copperhead envenomation pa-
tients rarely develop life-threatening systemic effects, such as
hypotension, neurotoxicity, severe defibrinogenation, or se-
vere thrombocytopenia [8—11]. Although the previous,
equine-derived antivenom had serious problems with acute
hypersensitivity reactions and serum sickness that restricted
its use to more serious envenomation cases, FabAV is gener-
ally safe and well-tolerated [ 12—15]. However, antivenoms are

expensive. The author of a 2004 editorial in Annals of

Emergency Medicine opined, “the routine use of [FabAV] in
the patient with mild to moderate local swelling alone should
be based on evidence of improved outcome...In addition, it is
important that any potential benefit be determined in a pro-
spective controlled manner to obtain the best evidence for
cost-effective treatment of these patients.” [16]. A random-
ized, double-blinded clinical trial demonstrated that patients
receiving FabAV recover more quickly than placebo recipi-
ents, although spontaneous recovery in the placebo-treated
subjects closes the gap by 28 days after treatment [17].
Subsequent analyses have shown that early treatment with
FabAV produces better improvement than delayed treatment
with FabAV and that the duration of opioid analgesic use is
shorter in patients who receive FabAV [18, 19].

Neither the original studies of short-term response to
FabAV nor the more recent trial of the effect of FabAV on
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limb recovery has examined whether the natural history of
snake envenomation or response to therapy differs between
different groups of patients. This study seeks to determine
whether important differences exist in overall recovery and/
or the response to FabAV between men and women, between
patients bitten on the upper extremity vs. the lower extremity,
between patients with initially mild or moderate local tissue
venom injury, and between patients envenomated in different
geographic locations within the range of the copperhead
snake.

Methods

This is a post-hoc analysis of subgroup data collected in the
course of a randomized clinical trial (NCT# 01864200), the
methods and main results of which have been published [17].
In this study, 74 patients who had been envenomated by cop-
perhead snakes were randomized to receive FabAV or visually
identical placebo. Details about study sites, patient selection,
inclusion and exclusion criteria, FabAV dosing, study assess-
ments, and the complete trial protocol have been previously
published [17]. For this study, we used the modified intent-to-
treat population, all subjects who received study medication
and had at least one post-treatment visit. One of the original
study subjects received study drug and then withdrew from
the study to attend to a family emergency without completing
any post-treatment assessments. One patient was determined
to have falsified his history of snake envenomation. Missing
data were imputed using the last observation carried forward
method (LOCF).

As in the original, this study uses results of the Patient-
Specific Functional Scale (PSFS), a patient-oriented outcome
measure that has been widely validated in other musculoskel-
etal disorders and has been specifically validated in copper-
head snake envenomation [20-26]. The Minimal Clinically
Important Difference (MCID) of the PSFS in copperhead
snake envenomation is 1.0 points [27]. Ratings for the PSFS
were collected by in-person assessment performed 3, 7, and
14 days after envenomation, and telephonically on day 10.
Telephonic administration of the PSFS has recently been val-
idated [28]. Missing data were imputed using the last obser-
vation carried forward method. All analyses were conducted
using SAS® (v. 9.4, Cary, NC).
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Raw mean PSFS scores with standard errors were calculat-
ed for each subgroup for each time point and presented
graphically.

In order to use all available data to preserve statistical pow-
er, for tests of significance, a repeated measured ANOVA
model of the mean PSFS was implemented, controlling for
treatment effects over time. Sex, age stratification (adoles-
cent/adult), anatomic bite location (lower/upper extremity),
severity of envenomation at the time of enrollment
(mild/moderate), study site, and treatment group (FabAV/pla-
cebo) were treated as categorical variables, and the PSFS was
treated as a continuous variable. Follow-up times of 3, 7, 10,
and 14 days were treated as equidistant within the model. The
assumption of independent errors for ANOVA is violated

Table 1  Demographics and envenomation characteristics

when repeated measurements are serially correlated; therefore,
an autoregressive error structure of order one was used to
account for stronger correlations of measurements closer in
time and weaker correlations of measurements further apart
in time.

We used backwards stepwise regression to identify any
factors that were independently associated with either overall
recovery or response to treatment. In the base model, all sub-
group variables were added into the model, along with their
interaction terms by treatment group. The subgroup variable
with the largest p value greater than 0.1 was used to remove
the subgroup fixed effect along with any interaction terms
involving the subgroup at each iteration. This iterative process
continued until a final model with all remaining subgroups

Case characteristics

FabAV-treated
patients (N =44)

Total-treated
patients (N =72)

Placebo-treated
patients (N =28)

Age (year)
Mean (SD)
Range
Age strata, No. (%)
Adolescent
Adult
Sex, No. (%)
Male
Race, No. (%)
White
Black
Asian
Other
Ethnicity, No. (%)
Hispanic or Latino
Not Hispanic or Latino
Anatomic location, No. (%)
Lower Extremity
Upper Extremity
Severity at enrollment, No. (%)
Mild
Moderate
Study site, No. (%)
Duke University, Durham, NC
University of North Carolina, Chapel Hill, NC
St. Joseph Regional Health Center, Bryan, TX
Virginia Commonwealth University Medical Center, Richmond, VA
East Carolina University Brody School of Medicine, Greenville, NC
Barnes-Jewish Hospital, St Louis, MO
Other sites

44.1 (18.08) 42,0 (17.42) 433 (17.73)
(12.0, 86.0) (13.0, 69.0) (12.0, 86.0)
3 (6.8%) 4 (14.3%) 79.7%)
41 (93.2%) 24 (85.7%) 65 (90.3%)
22 (50.0%) 15 (53.6%) 37 (51.4%)
39 (88.6%) 24 (85.7%) 63 (87.5%)
2 (4.5%) 2(7.1%) 4 (5.6%)

1 (2.3%) 0 (0.0%) 1 (1.4%)

2 (4.5%) 2(7.1%) 4(5.6%)

3 (6.8%) 4 (14.3%) 79.7%)
41 (93.2%) 24 (85.7%) 65 (90.3%)
29 (65.9%) 16 (57.1%) 45 (62.5%)
15 (34.1%) 12 (42.9%) 27 (37.5%)
39 (88.6%) 25 (89.3%) 64 (88.9%)
5(11.4%) 3(10.7%) 8 (11.1%)
15 (34.1%) 11 (39.3%) 26 (36.1%)
12 (27.3%) 4 (14.3%) 16 (22.2%)
8 (18.2%) 4 (14.3%) 12 (16.7%)
2 (4.5%) 2(7.1%) 4(5.6%)

2 (4.5%) 1 (3.6%) 3 (4.2%)

1 (23%) 1 (3.6%) 2 (2.8%)
4(9.1%) 5 (17.9%) 9 (12.5%)

Other sites enrolling subjects were Ben Taub General Hospital and Texas Children’s Hospital, Houston, TX; Marshall Health Medical Center,
Huntington, WV; University of Virginia Medical Center, Charlottesville, CA; and Augusta University Medical Center, Augusta, GA

FabAV Crotalidae Polyvalent Immune Fab (ovine)
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was found such that all subgroup p values were less than 0.1.
Visual residual diagnostics were performed on the final model
to review model assumptions and assess model fit. The least
square means for these subgroups of significance were sum-
marized, and the difference was calculated with a correspond-
ing 95% confidence interval and p value.

A sensitivity analysis was also completed on the final mod-
el, reinserting the subject who falsified his snake envenom-
ation. The sensitivity analysis was performed to see if the
significance of least square means or model fit drastically
changed from the addition of one outlier subject.

Results

Demographic and envenomation characteristics of the 72 in-
cluded subjects are presented in Table 1. Missing data were
imputed using LOCF for 5/288 (1.7%) of observations.
Subgroup results for sex, age, anatomic bite location, and
initial severity are presented in Figs. 1, 2, 3, and 4. The same
information is presented with a direct comparison by treat-
ment group, in On-Line Resource 1. As expected in an

FabAV

10 H

Placebo

T T T T
3 7 10 14

Time point (Days)

[Sex Female ——— Male |

Fig. 1 Mean scores on the Patient-Specific Functional Scale during re-
covery from copperhead snake envenomation, by sex and treatment. Raw
mean Patient-Specific Functional Scale (PSES) scores and standard error
for each time point (days after treatment) and treatment group. FabAV
Fab antivenom
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analysis of small subgroups, the estimates of functional recov-
ery (raw mean PSFS scores) were not significantly different
for any given subgroup and time point, though with a single
exception (adolescents at day 7), the results tended towards
better recovery in FabAV-treated subjects.

ANOVA model convergence could not be obtained when
including a random effect for treatment study site, including
logical geographic combinations of sites, so site was removed
from the model. Raw data for the highest-enrolling study sites
are presented in On-Line Resource 2.

In the tests for significance, age, initial severity of enven-
omation, and anatomic bite location were all found not to be
associated with either overall recovery or response to FabAV
therapy and were sequentially removed from the model. Sex,
treatment group, the interaction of treatment group, and visit
number remained significantly related to PSFS score in the
final model, as shown on Table 2. Although non-significant,
the interaction of treatment group and sex was retained in the
final model to control for differences within treatment for each
sex in predicting the least-squared means in the final model.

The final model showed that men had a higher predicted
PSFS (6.18 vs 4.99; difference 1.19; 95% CI for difference

FabAV

Placebo

T T T T
3 7 10 14

Time point (Days)
Adolescent — — — Adult]

[Age strata

Fig. 2 Mean scores on the Patient-Specific Functional Scale during re-
covery from copperhead snake envenomation, by age group and treat-
ment. Raw mean Patient-Specific Functional Scale (PSFS) scores and
standard error for each time point (days after treatment) and treatment
group. FabAV Fab antivenom
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FabAV

10 H

Placebo

44

T T T T
3 7 10 14

Time point (Days)

[Anatomic location Lower Extremity — — — Upper Extremity |

Fig. 3 Mean scores on the Patient-Specific Functional Scale during re-
covery from copperhead snake envenomation, by envenomated extremity
and treatment. Raw mean Patient-Specific Functional Scale (PSFS)
scores and standard error for each time point (days after treatment) and
treatment group. FabAV Fab antivenom

0.12 to 2.25; p=10.029), after controlling for treatment effects
and time. There was no significant difference in the response
to FabAV treatment between men and women.

In the sensitivity analysis, re-insertion of the factitious en-
venomation patient resulted in no significant change to the
main model results.

Discussion

In patients with mild to moderate severity copperhead snake
envenomation, treatment with FabAV leads to more rapid re-
covery of limb function than placebo therapy [15]. In this
study, it appears that short-term recovery (3—14 days after
treatment) was similar for adolescents, patients bitten on the
upper extremity, and patients with mild initial swelling, com-
pared with adults and those with lower extremity bites or
moderate initial swelling. Men had better functional status
than women overall. No differences in the response to
FabAV therapy were found based on age, sex, bitten extrem-
ity, and initial severity.

FabAV

Placebo

T T T T
3 7 10 14

Time point (Days)
Mild — — — Moderate |

[Severity at enrollment

Fig. 4 Mean scores on the Patient-Specific Functional Scale during re-
covery from copperhead snake envenomation, by initial severity of en-
venomation and treatment. Raw mean Patient-Specific Functional Scale
(PSFS) scores and standard error for each time point (days after treatment)
and treatment group. FabAV Fab antivenom

The small number of subjects in several subgroups makes it
possible that true differences were not apparent. This is par-
ticularly true for adolescents and patients with moderate initial
envenomation severity, where subgroups were very small.
Random-cause variation affecting small subgroup data is also
apparent in our results.

In our multivariate model, we were unable to test for dif-
ferences based on the geographic location where the enven-
omation occurred. The interaction between treatment group
and time was significant, indicating that patients who received
FabAV improved more rapidly than placebo-treated patients.

Table 2 Tests of fixed effects from the backward model selection
Model effect P value (F-test)
Treatment 0.0292
Treatment X visit number <.0001

Sex 0.0290
Treatment X sex 0.7665
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To our knowledge, no previous manuscript has examined
variations in crotaline envenomation presentation or response
to therapy by sex, bitten extremity, or severity on initial pre-
sentation. Although many stand-alone pediatric manuscripts
exist, we are not aware of publications comparing outcomes in
adolescent to adult populations.

These data are useful to the front-line clinician in two ways.
First, this study did not identify a group that was likely to
respond differently to FabAV administration than another;
thus, patient-centered shared decision making incorporating
discussions of benefit, risk, and cost can proceed in a similar
fashion for all patients. Second, this study did not identify a
group with a differentially better or worse prognosis for re-
covery; all patients with mild to moderate copperhead enven-
omation can be told that return to normal, on average, takes 2—
4 weeks, with faster recovery in men and in patients treated
with FabAV [16].

It is particularly surprising, and counterintuitive, that no
significant difference in limb recovery was found in patients
with mild vs. moderate severity envenomation signs prior to
treatment. This is likely due to lack of statistical power given
the small number of patients (8) with moderate initial enven-
omation. Though defined by objective criteria, the definition
of “mild” envenomation used in this study encompassed some
patients who would be considered to have “moderate” local
tissue swelling in some other systems.

It is interesting to note that in one Texas center, patients
receiving placebo appeared to have better outcomes than
FabAV-treated subjects (Fig. Al). Given the small number
of subjects involved, the lack of biologic plausibility for harm
to recovery of limb function from antivenom (as opposed to
no effect), and the large number of comparison performed, we
suspect that this was a random result (i.e., epiphenomenon).
However, regional differences in envenomation outcomes and
response to FabAV are a worthwhile topic for future research.

An alternative explanation for the observed differences be-
tween men and women is that sex and/or gender affect re-
sponses to the PSFS instrument. Although we can find on
indication that such differences exist, it does not appear that
the question has been formally studied.

Limitations

This is a secondary analysis of prospectively collected clinical
trial data. The overall dataset is relatively small, and subgroup
analyses are underpowered and highly susceptible to beta er-
ror. Put another way, it is possible that important differences in
either overall outcomes or the benefit of antivenom exist
based on patient age, bite severity, envenomated limb, or
across the geographic range of the copperhead snake that were
not detected in this analysis. In order to fit a linear model, this
study did not measure the phase of recovery from day 14,
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when the difference between FabAV and placebo-treated sub-
jects was greatest, and day 28, when average recovery be-
tween FabAV-treated and placebo patients converges. The
overall magnitude of benefit from FabAV, a 1.2 point differ-
ence on the PSFS metric on day 14, is close to the MCID.
Imprecision in the estimate of the treatment effect is much
greater in subgroup analyses than in the larger study, particu-
larly when a subgroup is small, and in virtually all of these
subgroup analyses, it is possible that treatment benefit is too
small to be clinically meaningful to the patient. Although the
repeated measures ANOVA modeling methods we used takes
the number of comparisons into account when calculating
statistical significance, the model cannot compensate for our
multiple approaches to attempt to evaluate study site as a
variable.

Conclusion

Recovery during the first 14 days after copperhead snake en-
venomation appears to be greater among men than women,
but response to Fab antivenom is similar. No differences in
recovery were seen between adolescents and adults, between
victims bitten on the upper vs. lower extremity, and between
those with initially mild or moderate venom effects.
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