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Background: Coagulation abnormalities following cro-
taline (pit viper) snakebite have traditionally been con-
sidered short-lived, but laboratory studies have rarely been
reported beyond the first few days of treatment for en-
venomation. During the course of an antivenom clinical
trial, we observed coagulation defects as late as 2 weeks
following envenomation.

Objectives: To document and characterize the recur-
rence or persistence of coagulopathy among patients en-
venomed by pit vipers and treated with a Fab antivenom.

Methods: Patients with moderate pit viper envenom-
ation were enrolled in a multicenter, prospective clini-
cal trial. A Fab-based antivenom preparation, antiven-
om polyvalent crotalid (ovine) Fab, was administered in
all cases. Platelet count, fibrinogen level, presence of fi-
brin split products, prothrombin time, and partial throm-
boplastin time were determined before treatment and at
standard intervals during the following 2 weeks.

Results: Of 38 patients completing the study, 20
(53%) had recurrent, persistent, or late coagulopathy
2 to 14 days after envenomation. Thrombocytopenia
occurred in patients with prior thrombocytopenia;
hypofibrinogenemia occurred only in those with prior
hypofibrinogenemia or positive fibrin split products.
No patient experienced significant spontaneous bleed-
ing. One patient with coagulopathy developed minor
bleeding following minor surgery 12 days after enven-
omation.

Conclusions: Prolonged or recurrent coagulopathy
may occur after envenomation by North American pit
vipers. Patients treated with Fab-based antivenom may
benefit from periodic rather than single-bolus dosing.
Patients with coagulopathy should undergo close moni-
toring during the first 2 weeks after snakebite.
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N ORTH AMERICAN snakes of
the Crotalinae subfam-
ily (pit vipers) include
rattlesnakes (Crotalus
species), pygmy rattle-

snakes and massasaugas (Sistrurus spe-
cies), and moccasins (Agkistrodon spe-
cies). The coagulation defects observed
in patients treated for pit viper envenom-
ation have traditionally been considered
short-lived. Long-term coagulation moni-
toring is rarely described in the litera-
ture, and very few reports of late coagu-
lopathy have been published. It is common
practice to discharge patients from the
hospital, once coagulation abnormalities
have apparently resolved, without expec-
tation of follow-up blood evaluation.

For many years, the mainstay of pit
viper envenomation treatment in the
United States has been a horse serum-
based, whole antibody preparation, An-
tivenin (Crotalidae) Polyvalent (ACP;
Wyeth, Marietta, Penn). Recently, use of

Fab-based preparations has been re-
ported as an alternative to whole IgG im-
munotherapy for snakebite1 and in treat-
ment of digoxin overdose,2 largely in an
effort to minimize the risk of immediate
hypersensitivity and delayed serum sick-
ness.3 Consroe et al4 have reported the ef-
ficacy of such a product, antivenom poly-
valent crotalid (ovine) Fab (CroTAb;
Therapeutic Antibodies, Inc, Nashville,
Tenn) (FabAV), to prevent crotalin venom-
induced lethality in mice with a potency
4 to 5 times greater than that of ACP.4 Dart
et al5 have reported the first use of this
agent in the treatment of humans with pit
viper envenomation.5 In the present study,
blood coagulation parameters were moni-
tored beyond the usual in-hospital obser-
vation period. We observed late coagula-
tion abnormalities in some patients. Our
purpose was to document and character-
ize the persistence or recurrence of venom
effect in these patients, during the 2 weeks
following envenomation.
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RESULTS

Of 42 patients enrolled, 4 withdrew within 4 days of
study involvement, leaving 38 with evaluable late
coagulation data. Consistent with the study design, all
patients demonstrated progressive local injury at the
time of enrollment. All patients received initial stabiliz-
ing doses of the study antivenom (range, 4-12 vials); 28
received subsequent doses. The average total dose was
10.9 vials (range, 4-18 vials). Local manifestations in all
patients stabilized by 24 hours after study enrollment,
and none of the patients showed extension of local
injury during follow-up.

Of the 38 patients analyzed, 29 (76%) developed co-
agulopathy at some point during their course (Table).
Twenty-eight (74%) had at least 1 element of coagulo-
pathy before or within 1 hour of the first antivenom
administration. Twenty patients (53%) had multicompo-
nent coagulopathy (eg, hypofibrinogenemia and throm-
bocytopenia). In all, 14 patients (37%) developed throm-
bocytopenia, 22 (58%) developed hypofibrinogenemia, and
17 (45%) developed prolonged PT or PTT. Extremely pro-
longed PT or PTT (greater than twice normal) occurred
in 4 patients (11%), all of whom had simultaneous se-
vere hypofibrinogenemia (below detection limit for the
participating laboratory). Thirty-two patients (84%) ex-
hibited positive FSPs at some time during their course;
6 patients developed positive FSPs as their only labora-
tory abnormality during the first 48 hours and were not

scored as having coagulopathy at that time. Three pa-
tients (8%) had normal coagulation studies throughout
their courses.

Among the 29 patients with coagulopathy were 20
with late, persistent, or recurrent thrombocytopenia or
hypofibrinogenemia. Among these patients were 12 with
thrombocytopenia, 8 with prolonged PT or PTT, and 19
with hypofibrinogenemia. Thrombocytopenia was noted
at follow-up only in patients with prior thrombocytope-
nia. Hypofibrinogenemia and PT or PTT prolongation
were noted at follow-up only in patients with early
hypofibrinogenemia or prior FSP elevation.

Among the 20 patients with late, persistent, or re-
current coagulopathy, 16 were observed without fur-
ther treatment. Twelve of these cases resolved sponta-
neously within 2 weeks, and 4 patients had ongoing
hypofibrinogenemia (2 with elevated PT) 14 days after
enrollment. One patient with recurrent coagulopathy
withdrew from the study at 1 week, and 1 was lost to fol-
low-up after 4 days. Two received supplemental doses
of FabAV during follow-up and had normal laboratory
findings 2 weeks after the bite.

All patients with hypofibrinogenemia on presenta-
tion showed an increase in fibrinogen levels between hours
1 and 12 after the first antivenom dose, suggesting re-
sponse to treatment. Hypofibrinogenemia within the first
12 hours of treatment predicted subsequent hypofibrin-
ogenemia with 67% sensitivity, 70% specificity, 59% posi-
tive predictive value, and 76% negative predictive

PATIENTS AND METHODS

The first multicenter, prospective clinical trial of FabAV
in 11 patients has been presented by Dart et al.5 For our
study, institutional review board approval was granted at
all participating institutions. Inclusion criteria included
age older than 10 years and presentation with progressive
symptoms within 6 hours of mild or moderate envenom-
ation by a North American pit viper. Exclusion criteria
included bite by the copperhead snake (Agkistrodon con-
tortrix); prior infusion of more than 1 vial of ACP; pres-
ence of major organ disease that, in the investigator’s
judgment, would interfere with evaluation of the patient;
history of hypersensitivity to any sheep-derived product;
pregnancy or lactation; and use of systemic corticoste-
roids, experimental drugs, or other contraindicated
medication in the judgment of the investigator.
Informed consent was obtained from all patients after
the nature of the study had been explained. All patients
received an initial stabilizing dose of 4 to 8 vials of anti-
venom. Total antivenom dose was determined by indi-
vidual investigators, on the basis of progressive local
change or ongoing coagulopathy.

Following the first patient series, 31 subsequent pa-
tients were enrolled in a companion trial, with random-
ization between 2 dosing schedules. Patients in the sec-
ond trial were subject to the same inclusion and exclusion
criteria, and all provided informed consent. They initially
received 6 to 12 vials of antivenom, then were random-
ized to receive subsequent doses on either an as-needed or

a scheduled basis. Patients in the scheduled group re-
ceived three 2-vial doses, 6 hours apart. Patients remained
hospitalized for 36 to 48 hours and returned for follow-up
evaluations through 14 days after discharge.

For this analysis, recordsof allpatients receiving thestudy
drug and completing at least 4 days of either trial were re-
viewed. Because timing of administration and overall anti-
venom dose varied among individual patients, study groups
were combined for analysis, rather than compared. Abnor-
malities inprothrombin time(PT),partial thromboplastin time
(PTT), platelet count, fibrinogen level, and presence of fi-
brin split products (FSPs) were noted whenever values were
outside the reference ranges defined by the participating hos-
pital laboratories. The term “coagulopathy” was applied in
cases of thrombocytopenia, prolonged PT or PTT, or hypo-
fibrinogenemia.

Based on a usual hospital-phase treatment course of
48 hours’ duration, coagulation abnormalities were
defined as stabilized, persistent, recurrent, or late. Coagu-
lopathy patterns were defined as follows: “stabilized,” the
abnormality corrected within 48 hours and did not recur;
“persistent,” the value did not return to normal by the
time of discharge; “recurrent,” the value was abnormal
within the first 12 hours, became normal, and then
returned to abnormal; and “late,” abnormality occurred de
novo 12 hours or more following the first antivenom
administration.

Variability among patient subsets with and without spe-
cific coagulation abnormalities was compared using 2-
tailed Fisher exact tests, with sensitivities, specificities, and
predictive values calculated from standard definitions.

ARCH INTERN MED/ VOL 159, APR 12, 1999
707

©1999 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ on 09/23/2013



value (P,.05). Presence of FSPs within the first 12
hours of treatment predicted subsequent hypofibrino-
genemia with 87% sensitivity, 69% specificity, 65%
positive predictive value, and 89% negative predictive
value (P,.05).

One hypofibrinogenemic patient developed com-
plications of bleeding during his course of treatment. This
occurred 12 days after the bite, when he underwent in-
cision and drainage of external hemorrhoids. Fibrino-
gen was undetectable. Hematocrit, which had been 0.36
on the second day following the bite, reached a low of
0.30. Local bleeding was controlled with pressure, no
blood products were administered, and findings of co-
agulation studies began to normalize within the next 24
hours.

Of the 8 patients with initial platelet counts less than
100 3 109/L, all showed a rise in platelet count over the
first 12 hours, with recurrent thrombocytopenia be-
tween 36 hours and 7 days after the bite (Figure, solid
lines). Three patients presenting with mild thrombocy-
topenia (platelet count 100 3 109/L to 150 3 109/L), re-
mained relatively stable over time (Figure, dashed lines).
Two patients developed late, mild thrombocytopenia, at
12 and 48 hours. Thrombocytopenia of platelet count less
than 150 3 109/L within the first 12 hours of treatment
predicted subsequent thrombocytopenia with 78% sen-
sitivity, 83% specificity, 58% positive predictive value,

and 93% negative predictive value (P,.01). Severe throm-
bocytopenia (platelet count ,100 3 109/L) within the first
12 hours of treatment predicted subsequent severe throm-
bocytopenia with 100% sensitivity, 97% specificity, 88%
positive predictive value, and 100% negative predictive
value (P,.01).

COMMENT

Our observations suggest that significant hypofibrino-
genemia and thrombocytopenia, lasting up to 2 weeks,
may be common after envenomation by North Ameri-
can pit vipers. Rates of recurrence and persistence of co-
agulopathy this long after pit viper envenomation have
not been addressed previously in the medical literature;
to our knowledge, this is the only case series in which
such an analysis has been done.

The clinical significance of late pit viper–associated
coagulopathy is uncertain. None of our patients had spon-
taneous, clinically significant bleeding, consistent with
most previous experience. In crotalin snakebite, hypo-
fibrinogenemia alone is generally not associated with
bleeding,6-8 although complex coagulopathy in the first
days following crotalid snakebite has been associated with
life-threatening bleeding disorders.9 The case in this se-
ries, in which bleeding followed hemorrhoid surgery in
the presence of an unmeasurable fibrinogen level, is con-
sistent with reports that patients with hypofibrinogen-
emia of other causes are at increased risk of hemor-
rhagic complications from surgery or significant trauma.10

In the absence of definitive data, low fibrinogen levels,
prolonged PTs, and low platelet counts should be con-
sidered potentially clinically significant, and persis-
tence or recurrence of these coagulopathies should be
managed with close follow-up and perhaps additional
antivenom.

The fact that 20 (53%) of the 38 patients in our se-
ries had late, persistent, or recurrent coagulopathy sug-
gests that clinical predictors should be developed to iden-
tify patients at risk of bleeding during the outpatient
follow-up. Our data indicate that like predicts like: the
best indicator of late thrombocytopenia is early throm-
bocytopenia, and the degree of recurrent thrombocyto-
penia may correlate with that noted on presentation.
Similarly, the most promising predictor of late eufibrino-
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Platelet count vs time course for patients presenting with thrombocytopenia.
In general, platelet counts of patients with thrombocytopenia normalized 1
hour after antivenom polyvalent crotalid (ovine) Fab infusion, but many
exhibited recurrent thrombocytopenia 4 to 7 days after treatment. This effect
was more pronounced in patients with initial platelet counts less than
100 3 10 9/L (solid lines) than in those with counts between 100 3 10 9/L
and 150 3 10 9/L (dashed lines).

Number of Patients With Specific Coagulation Abnormalities in Normal, Stabilized, Recurrent, Late, and Persistent Patterns (N = 38)*

Pattern

No. (%) of Patients

Platelet
Count

Fibrinogen
Level

Prothrombin
Time

Partial Thromboplastin
Time

Any
Abnormality

Normal 24 (63) 16 (42) 21 (55) 28 (74) Not applicable
Stabilized 5 (13) 7 (18) 10 (26) 5 (13) 16 (42)
Recurrent 7 (18) 7 (18) 5 (13) 2 (5) 14 (37)
Late 2 (5) 5 (13) 2 (5) 3 (8) 9 (24)
Persistent 0 3 (8) 0 0 3 (8)
Any abnormality 14 (37) 22 (58) 17 (45) 10 (26) 29 (76)

*Coagulopathy pattern definitions were based on platelet counts, fibrinogen levels, prothrombin times, or partial thromboplastin times outside the reference
ranges of participating hospital laboratories. “Stabilized” abnormalities corrected within 48 hours and never recurred; “recurrent” abnormalities were recognized
within the first 12 hours, became normal, and then returned to abnormal at a later time; “late” abnormalities occurred de novo 12 hours or more following first
antivenom administration; and “persistent” abnormalities did not return to normal by the time of hospital discharge.
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genemia is early absence of FSPs; the most specific
predictor of late hypofibrinogenemia is early hypofibri-
nogenemia. In theory, a patient treated very promptly
after envenomation might have entirely normal initial
laboratory findings despite the potential for late coagu-
lopathy, but in this series there was no such case. In other
words, a patient with a normal platelet count and ab-
sence of FSPs during the hospital phase of care is likely
not to show coagulopathy at follow-up. A patient with a
low platelet count or fibrinogen level on presentation
should be monitored closely for recurrence; and addi-
tional antivenom dosing may be needed.

I t is noteworthy that the time course for improve-
ment of local injury was much shorter in our
patients than that for resolution of coagulopa-
thy. Despite the appearance of late and recur-
rent coagulopathy in many patients, all had

much-improved local manifestations at follow-up. This
discordance in course may indicate differences in clear-
ance of the various venom components from the bite site
and the body.

Although no comparable study or case series has
documented postdischarge coagulation studies in ACP-
treated patients, our observation that coagulopathy may
persist or recur following rattlesnake envenomation is con-
sistent with past reports. Bogdan and Dart11 reviewed 354
sequential envenomations reported to a regional poison
center, of which 112 involved ACP-treated patients with
coagulopathy. Of these, 13 (11.6%) showed recurrence
during hospitalization. Hardy et al12 reported recurrent
thrombocytopenia after transient normalization in a pa-
tient bitten by a Crotalus molossus and treated with ACP.
Other authors13-15 described thrombocytopenia persist-
ing for 7 to 14 days following envenomation by Crotalus
horridus horridus; Lyons16 reported a case of a Crotalus
ruber ruber bite treated with 13 vials of antivenom, with
ongoing thrombocytopenia 8 days after the bite. Budzyn-
ski et al17 described a patient with a Crotalus atrox bite
treated without antivenom, with persistently abnormal
PT, thrombin time, and reptilase time 8 days after the
bite. La Grange and Russell18 described a similarly long
course of thrombocytopenia in patients with envenom-
ations by Crotalus viridis helleri.

Treatment with FabAV appears to have been effec-
tive at reversing the presenting coagulation abnormalities
observed in our patients. All patients with significant
coagulopathy showed improvement that persisted until at
least 12 hours after the initial dose of antivenom, consis-
tent with reported pharmacokinetics of other ovine Fab
antivenoms.19

Few studies have elucidated the relationship be-
tween serum venom and antivenom levels in snakebite.
Recurrent coagulopathy, involving both thrombocyto-
penia and hypofibrinogenemia, has been described in Echis
envenomation and linked temporally to the fall of anti-
venom levels in the blood.20 Meyer and colleagues21 have
compared the serum venom and antivenom levels of pa-
tients bitten by Echis ocellatus and treated with Fab or
F(ab9)2 antivenoms. They demonstrated that a more rapid
elimination of the Fab product was associated with re-

turn of venom antigenemia,21 similar to that demon-
strated in our Crotalus-envenomed patients. Ho and col-
leagues22 showed an inverse relationship in the rise and
fall of venom and antivenom (horse IgG) titers in a bite
by the Malayan pit viper (Calloselasma rhodostoma).
Ownby and colleagues23 described a case of envenom-
ation by C atrox in which venom antigen was detectable
in urine at 4 to 6 days, and ACP was detectable up to 4
months after presentation. Theakston et al24 reported re-
current venom antigenemia in patients who received
Haffkine polyspecific antivenom after envenomation by
Bungarus caeruleus or Naja naja naja.

The recurrence of coagulopathy after apparent re-
covery in patients treated with Fab preparations such as
FabAV probably results from the same mechanism re-
sponsible for the persistence of coagulopathy in pa-
tients treated with whole IgG preparations. In envenom-
ated patients, ACP is reported to have a half-life of 61 to
194 hours20,25; FabAV is believed to have an effective half-
life of less than 12 hours, and may require repeated doses
to maintain effective circulating levels.26 Rapid clear-
ance of Fab antivenom may help explain the recurrence
of hypofibrinogenemia and thrombocytopenia in our pa-
tients, assuming that unneutralized venom components
themselves persist for many days after envenomation. Un-
fortunately, there is a paucity of published data on co-
agulation analyses 1 to 2 weeks following treatment of
rattlesnake envenomation with ACP, rendering a com-
plete comparison impossible; further studies are needed
to clarify this point.

One possible mechanism to explain recurrent coagu-
lopathy is a depot of unneutralized venom at the bite site.
While circulating levels of Fab fall, unneutralized venom
may continue to be released into the circulation, resulting
in recurrent coagulopathy. Eventual exhaustion of the de-
pot may then be followed by spontaneous resolution or by
further neutralization of circulating venom by additional
doses of antivenom. Studies demonstrating recurrence oc-
curring in relation to the fall of protective antivenom lev-
els support the theory of a depot of unneutralized venom.21,22

In untreated bites, venom at the bite site should remain ac-
tive until physiologically cleared or deactivated. In pa-
tients treated with antivenom, of either whole IgG or Fab
origin, edema and circulatory injury at the bite site may
limit delivery of antivenom to the venom depot, prevent-
ing or delaying neutralization.

A second mechanism for recurrent coagulopathy may
be reversible binding of antivenom to venom proteins,
with dissociation resulting in the reappearance of free cir-
culating venom components. Recrudescence of antigen
effect, presumably on the basis of dissociation of the Fab:
antigen complex, has been reported in a patient with
chronic renal failure treated with digoxin-specific Fab.27

If this is the case with FabAV, then dissociation of Fab:
venom complexes too large for rapid clearance may con-
tribute to late coagulopathy. The molecular weight of Fab
fragments, at about 50 kd,28 is near the limit for renal ex-
cretion of neutral proteins.29 Fab fragment complex-
ation with venom components of molecular weights more
than 20 kd30,31 may thus result in Fab:venom complexes
with significantly longer clearance times, giving the im-
mune complexes time to dissociate.
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In summary, hypofibrinogenemia, prolonged PT and
PTT, and thrombocytopenia may be present in patients with
pit viper bite up to 2 weeks following envenomation. The
new Fab-based antivenom effectively reverses coagulopa-
thy for the duration of its expected presence in the blood.
The pattern of recurrent coagulopathy observed in our pa-
tients is consistent with ongoing release from a venom de-
pot at the site of envenomation, or with dissociation of the
circulating Fab:venom complex. Local reaction does not
appear to worsen after the first 24 hours following stabi-
lization with FabAV. Envenomed patients with signifi-
cant coagulopathy should undergo close monitoring dur-
ing the first 2 weeks following the bite.
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