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IF THERE IS A MORE INEXACT STUDY than
the demographics of snakebite, I can’t imagine what
it could be.  You start out with a panic stricken victim
who knows only some folk names for snakes and
may not even have seen what creature bit him, and
you finish with a doctor whose own set of folk names
may not even coincide.  If the victim dies, it must have
been one of the “deadly” ones; if he lives, it must have
been one of the “less dangerous” ones—and to that
end the bite shows up in the records.  Next you have
“official sources” who may not even be in the health
care business, lumping the accident in among all the
other fatal intoxications in the region, from food poi-
soning to drug overdose.  At last comes the snakebite
specialist from overseas who is has in mind to publish
a paper—after that, you can smell the data cooking!
Meanwhile, the snake is still in the woods and has not
said a word about it.  Of those involved, he is the
wiser.

So I feel a little uneasy quoting the latest projec-
tions on world snakebite, with their fine details of in-
cidence, morbidity, lethality and mortality, all neatly
divided up from the real mishmash.  The most ven-
omous species get blamed over and over, while their
not-so deadly cousins are repeatedly exonerated.
Once in a while a so-called “positive ID” is made,
although you never quite understand how the mere
addition of a little protein in people’s veins can pro-
duce so profound an improvement upon their recog-
nition skills.  It will take some coaching above the
hospital bed to reduce the size of the villain to feasible
proportions. While the folk names swing back and
forth giddily between surviving family and friends, and
the debacle begins as to what laid little Pedro to rest,
or sent old Guilherme to the big expensive hospital in
the city, two culprits rear their poisonous heads: a
snake of unknown kind and size, and a doctor, who
may not have had the least idea how to treat the case.

Some doctors, of course, really do save lives,
and some victims know exactly which snakes have
bitten them.  Nevertheless, this percentage is proba-
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bly not very high in tropical countries. In the Old World
with its kraits, mambas and cobras this is a more se-
rious issue than in the Americas, owing to the delayed
effect of some envenomings which may resemble
harmless snakebites almost till the very end.  In these
cases, the formula is usually to wait for symptoms.
But waiting on symptoms in a krait bite is like waiting
for the coroner; by the time the typical breathing dif-
ficulties appear, it may be too late to alter the course.
Then there is “delayed presentation,” a problem oc-
curring pretty much everywhere there are snakebites.
The case may be three days into gangrene before the
doctor sees it, putting the initial symptoms so far along
that what began as a battle against a deadly venom is
now a war against an even deadlier bacteria.  Home-
remedies ranging from tourniquets to poisonous leaves
add to the melee.  Assuming none of this happens,
that all the right things are in place—smart doctor,
early presentation, and good, clearly diagnosable
symptoms—then one can start picking out an anti-
venom.   Polyvalent serums can simplify treatment, at
least regionally, so in some instances this seems hard-
ly important.  However, the bites of certain species
require special attention, not only as regards the type
of antivenom to use (e.g., “neurotoxic” crotalids in
the Americas), but in the whole therapeutic approach.
Genus Lachesis is one of these, and confusion with
the more common and similarly colored Bothrops
could make a significant difference with the approach
to treatment.  Fortunately, some variations in early
presentations exist.  In this section I review bushmas-
ter morbidity, and compare envenomings with its more
common congeners, showing ways for distinguishing
between the bites when the snake has not been seen
or has possibly been misidentified.

Statistically, bushmaster bite shows a low mor-
bidity, but high mortality in all parts of its range (Bo-
laños, 1982; Gutiérrez et al., 1995; Hardy and Silva,
1998).  By contrast, terciopelo (Bothrops asper) bite
shows a low mortality, but (as with all Bothrops) an
overwhelmingly greater bite incidence (Gutiérrez et
al., 1980).  Yet there is a disparity, for as Hardy and
Silva (1998) note, “…venom yields and LD50s from
the laboratory suggest that the terciopelo is potential-
ly more lethal than the matabuey [bushmaster, L.

stenophrys] in terms of an individual human
envenoming…[The bushmaster has] a proportionally
smaller head and venom gland (pers. obs), smaller ini-
tial venom yield (233 mg)…[lower] maximum yield of
407 mg (Da Silva et al., 1989) and lower i.v. venom
toxicity for laboratory mice (LD50 5.6 µg/g in mice).”*
Contrasting the very high mortality rate of bushmaster
bite to the significantly lower mortality rate of the terci-
opelo, the authors conclude, “The lesson to be learned
is that mice are not human beings. The variation in sus-
ceptibility to snake venoms makes extrapolation of le-
thal doses from one species to another an exercise in
futility.”

The truth is that if we compared the LD50s of the
majority of snakes with the medical data, we would
find that bushmasters were not so unusual in this re-
gard.  Numerous snake species frequently implicated
in fatality would be determined in the laboratory to be
unequipped to do so; while some for which fatality
records were rare would be deemed gravely venom-
ous (Chapters 24 - 25).  But the medical record is
distorted by its own artifacts.

Chapter 5 (and Table 8) explores the sizes attained
by Bothrops species and shows that at least one of
them, the terciopelo (B. asper) is quite similar to
Lachesis in length and may even outstrip it in modern
Central America.  Large female B. asper reach 2 m or
greater, are not rare snakes, and in any event, much
more often encountered than bushmasters by native
people.  The really big Bothrops are soon killed out
from agricultural areas, leaving smaller examples to as-
sume their place reproductively.  No matter, the di-
mensions of the venomous apparatus remain nearly the
same.  The head-size (venom gland and fang size) of
an adult female B. asper, at 1.7 m length, is not much
less than that of a specimen of 2 meters, and capable
of expending huge amounts of venom in a bite.  The
really big terciopelos (> 2 m in length) occur mostly in
secondary forest situations (cohabited by occasional
bushmasters), around small farms, and not near the mod-
ern mass agricultural projects where snakebite is less
common.  As with bushmasters, these larger adult indi-
viduals likely account for the minority of bites.  They
are more conspicuous, easily avoided, and live in more
remote situations

______________________________

*L. stenophrys 5.5 mg/kg i.v. and 6.2 mg/kg intraperitoneally (i.p.) (Bolaños, 1971); 95 µg i.v. (5.6 µg/g) and 110.5 µg i.p. (6.5 µg/
g) in 16-18 g mice (Bolaños, 1972) and 112 µg (6.6 µg/g) in 16-18 g mice; and for L. melanocephala 8.9 µg/g. For L. stenophrys
in Colombia 9.8 µg/g (Bolaños et al., 1978), and 6.8 µg/g for L. stenophrys from the Pacific Coast of Colombia (Otero et al., 1992).
For L. melanocephala the LD 50 was 103 µg i.p. (6 µg/g) in 16-18 g mice (Gutiérrez et al., 1987).
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This brings us to our first artifact.  Statistics attempt
to implicate species in snakebite morbidity, but they
almost never record the size (or at least an accurate
size) of the individual specimen involved. While bush-
masters and terciopelos are comparably large snakes,
the lower mortality for the terciopelo (than bushmas-
ter) may be due in great part to the generally large av-
erage size of the bushmasters that usually bite humans,
these being almost entirely adult snakes, while the ter-
ciopelos involved in snakebite are almost entirely ex-
amples of small size, usually juveniles or neonates.  But
this has nothing to do with the potential of Bothrops to
reach large size, for these are at least as common, if not
more common, than the large Lachesis.  It has to do
with the extraordinary reproductive potential of Both-
rops, where at any given time babies and juveniles out-
number adults.

Fecundity and snakebite

The average wild-caught bushmaster measures al-
most exactly 2 meters.  Bushmasters are found so ex-
clusively at this size that hunters, collectors, and wild-
life dealers consider finding smaller ones a rare event,
while the odds of finding a baby bushmaster is proba-
bly less than one in twenty adults (Chapter 5).  Since
finding even an adult bushmaster is a rare thing, this
puts babies in an even more remote category.  Fittingly,
envenomings by baby bushmasters are almost unknown
in the literature.  Torres et al. (1995) mention a single
case of the bite of a “juvenile” snake, but this specimen
is of unspecified size and age.  Prior to my own bites
recorded in Chapter 22, bites by truthfully “baby” bush-
masters had never been recorded.  Thus the encounter
rate reflect almost entirely bites by adult examples, and
with almost none at all by the neonate.  But we have a
disparity, for in Bothrops this is quite the reverse.  Here
neonate and juvenile bites outnumber those of adults
by many, many times.

This is easy to prove, both from personal interviews
with the bite victims, and from the treatment data itself,
where the sizes of the snakes can to some extent be
inferred by the anatomical placement of the bites.  In
Costa Rica (probably the country best documented),
about 50 percent of all bites occur on the bare feet,
and 32 percent on the upper extremities, mostly the
hands (Bolaños, 1982; Gutiérrez et al., 1995).  People
step on the snakes bare footed, or accidentally put their
hands on them. These snakes are undoubtedly small
examples whose inconspicuous size has rendered them
unseen.  The majority of these accidents are believed
to involve Bothrops, and as these are most populous,

this is reasonable.  Without, however, implicating the
probable sizes of these Bothrops as yet (but see be-
low), let’s compare these with accidents involving
bushmasters, whose body length we can almost al-
ways assume to be in the 2 m range.

Here the clinical data suggests a different anatom-
ical site than that involving Bothrops, primarily involv-
ing the lower limb, but not the feet.  Bushmasters bite
higher up on the body (knees, calves, ankles, etc.,)
resulting from a long striking range and great body
length.  It is reasonable that large Bothrops would
follow this example, and strike high.  With only 18
percent of all bites on the legs above the feet, we can
conclude that this percentile does not involve neo-
nates and juveniles.  Therefore, large adult Bothrops
bite people not more than about 18 percent of the
time.  This puts them in the least category of bite inci-
dence, while the greater, 82 percent, involve their
smaller conspecifics.  Deductively then, we can rea-
son that about 82 percent of all snakebites in Latin
America (50 percent foot bites and 32 percent hand
bites) are caused by snakes smaller than the average-
sized bushmaster (or adult terciopelo) of 2 m length.

How curious that baby bushmasters never bite any-
body, but that baby Bothrops bite the most people of
all!  Indeed, it is the baby, not the adult Bothrops that
are causing the overwhelming majority of snakebites!
What makes this so?  The answer lies in the remote-
ness of the habit where baby bushmasters are hatched,
and the incredible fecundity of Bothrops, which de-
liver their enormous litters of fifty or more living young
near human traffic. During the first months of the birth
season, which occurs in September through Decem-
ber (Solórzano and Cerdas, 1989; and pers. obs), a
hectare of reclaimed agricultural land could be inher-
ited by literally hundreds of neonatal Bothrops, with
only two or three adult females necessary to produce
this number.  Most of these babies will not survive to
become adults; nevertheless, they will survive long
enough to plague snakebite statistics.  The records
are therefore much biased with the bites of these small-
er, inconspicuous, and more numerous babies.  Bites
by their much less populous parents are logically in
the minority, vastly exceeded in number by the young-
er, smaller snakes.

We can predict less severity in the bites of smaller
snakes than large.  Bites by baby Bothrops should
seldom be fatal to adult humans, even without treat-
ment; on the contrary, the bites of large Bothrops
should often be fatal to adults even with treatment.
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So this is a strong artifact affecting our comparison.
We can predict that highly fecund species like Both-
rops will figure more extensively in snakebite statis-
tics than those whose recruitment rate is less prodi-
gious; further, that bites by the less venomous but more
numerous juveniles of these species will always be in
the great majority.  In Africa we should see a similar
corollary with Bitis, where bites by the very prolific
B. arietans and B. gabonica, for example, will again
reflect statistics gathered after the bites of baby or
young snakes, most of the time.  This accounts for the
lower than expected mortality rate from envenomings
of these formidably armed species, and others of their
ilk.

There are other artifacts.  Bothrops has a strong
sexual size dimorphism, producing a dramatically
smaller male with a much smaller head (i.e., less ven-
om and shorter fangs), than the female.  Even when
the adult male Bothrops totals equal length with the
female, the male will be less than half her mass. The
diminutive male is more commonly encountered than
the larger female, by about 2:1 (my collecting data).
The degree to which the drastically smaller male (than
the female) figures in snakebite incidence is certainly
unknown.  Yet we can assume that bites by the small-
er males occupy the greater portion of the 82 per-
centile of foot bites and hand bites, their smaller size
making them difficult to see and avoid, than females.
With their lower encounter rate, the larger females
should (or could) be culled primarily from the 18 per-
cent bites to the lower limb above the foot.  The bites
from larger snakes should then be the most often fa-
tal.  This is important, for we begin to see that very
grave or rapidly fatal Bothrops syndrome (of bleed-
ing to death despite treatment), is a female biased
equation.  The male, being less than half the mass of
the female, and with its dimorphically much smaller
head (and venom glands and fangs), will be the less
venomous of the sexes.

Bites by large snakes are potentially more severe
than bites by smaller snakes of the same species, owing
to a larger volume of venom and longer fangs.  A sub-
cutaneously administered Bothrops toxin is dramati-
cally less potent than an intramuscularly injected one,
and if administered by a neonate in proportion to its
available venom, perhaps could not even kill an adult
human being (Chapters 24 - 25).  Death from Both-
rops bite in adult human beings should, then, always
require the necessary fang length to permit intramus-
cular/intravenous inoculation.  Based on venom yield
and laboratory toxicity, it seems probable that if bites
by 2 m long Bothrops predominated (as they do for

Lachesis) the mortality rate would be much higher than
now.  Extrapolated from tests on rodents (but we can-
not vouch for this accuracy in humans), a large tercio-
pelo possesses enough venom to kill 20 or more peo-
ple if injected by the intramuscular route (up to 1530
mg; Bolaños, 1982).  Its fangs are even longer and
stouter than the bushmaster’s; indeed, B. asper has the
longest fangs of any snake in the world, exceeding 3
cm in large specimens (usurping Bitis gabonica from
that honor; see Chapter 11).  The chance of these for-
midable weapons striking an important blood vessel is
as great as in the bushmaster, and intramuscular injec-
tion is assured.  When snake-size is equal, the fatality
rate for Bothrops bite should as high as Lachesis bite.

The higher than expected survival rate for Bothrops
envenoming is a statistical effect, and not the least bit
factual when applied to bites by large females.  It is
skewed by a preponderance of bites by immature
snakes (ca. 50 juveniles to one adult female born each
year; thus 50:1), and of the dimorphically smaller males
(conceivably > 2:1 females).  As such, when we talk of
Bothrops bites and compare lethality to other species
like bushmasters, our terms are not sufficiently descrip-
tive.  Factually speaking, we are not talking about a
single type of bite at all. So different are the venomous
capabilities of juveniles, males and females, it is as
though we were not even talking about the same spe-
cies.

What’s in a name?

Names don’t mean much in the backwaters of the
tropical world.  Here the snakes are merely actors in a
hereditary drama where the biggest species get first
billing and the most credit for killing the patrons.  Local
monikers like matabuey, cascabel muda, surucucu,
makasneki, and verrugosa, etc., answer for any large-
headed, rough-scaled serpent that is not the familiar
boa constrictor and has a reputation for mayhem.  The
woods may be full of terciopelos, but the largest terci-
opelos are, by some marvelous conversion, bushmas-
ters.  Size is the native standard by which the names
for bushmasters are applied—and misapplied.  The
scientist not taking this problem into account will make
more of local names than is their due, and impose an
even greater sense of disorder upon his statistics.

If most terciopelo bites are by baby or young snakes,
a bite by a neonate bushmaster cannot be substantiat-
ed by a single verifiable case. The literature describes
an envenoming by something vaguely called a “juve-
nile” (in Torres et al., 1995), but this would seem to
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cover a broad area of possible dimensions: what is a
“baby” and what is a “juvenile” in relation to snake-age
and snake-size?  Subjectively speaking, a neonate could
be anything from 1 day to 6 months old, depending on
the reporter’s whim.   A juvenile could be all these,
more than a year old and a meter long. This size differ-
ence would have profound consequences on the re-
corded severity of the bites. If neonate and subadult (<
ca. 100 cm) bushmasters were included in the statistics
to the extent of neonate and subadult (< ca. 100 cm)
terciopelos, what would be the result?  Certainly we
would see fewer bites involving the lower limbs (which
comprise most non-interactive bushmaster bites to date)
and more bites involving the feet and hands.  In all like-
lihood, however, misidentification would prevent these
examples being called “bushmasters” to begin with.  The
local vernacular would connect them with several typ-
ically smaller, more familiar species, and not with
Lachesis.

Bushmasters are nowhere plentiful, but none less
than the almost supernaturally rare babies.  Offering a
bounty in Costa Rica, Panamá, Suriname, Ecuador, and
Brazil, I observed this mystery first hand. Once in a
while the native catchers would bring in a fairly young
example (< 40 cm), but in no case a newborn bush-
master prior to its first skin shed; nor all my years tramp-
ing through bushmaster habitat was I ever blessed by
an encounter with a baby bushmaster myself.  Such
young specimens (> ca. 6 months) as were brought in
were remarkably few, always outnumbered by the pe-
rennial 2 meter adults.  Nearly all specimens were found
in forest that was being slashed for agriculture.  By con-
trast, approximately 20 baby/juvenile (< ca. 100 cm)
B. asper were taken, to every one large (> 1.6 meter)
adult of that species, these numbers snowballing in the
birth season.  As in collecting, where it is the large, 2-
meter-long adult bushmaster that is most often  encoun-
ttered, it is the adult bushmaster bite that has most of-
ten found its way into snakebite statistics, to the extent
that it dominates all others.  Even if newborn or small
bushmasters did often bite people, and were abundant
in agricultural areas and near human dwellings like ter-
ciopelos, the chances of them being described statisti-
cally, is small.  The tendency would be to absorb these
bites into the greater morbidity of Bothrops and relat-
ed genera.  For example, the little tamaga (Porthidi-
um nasutum) makes such a convincing “baby bush-
master” that most of my collectors could not tell the
difference even after I had provided them with photo-
graphs. This proved true in all regions where Lachesis
overlapped with Atropoides nummifer, as well; and
even in regions where they did not overlap, owing to
the transient human populations who had experience

with them.   Jumping vipers became bushmasters when
bushmasters were more than about 1 meter’s length.

Rural doctors are not well educated to tell the dif-
ference either, confusing Bothrops (asper, atrox, etc.)
with other venomous ground vipers as a matter of
course. Whether the bite is by one of the Porthidium
species, or any other potentially less venomous kind,
the easy path is to blame it on the better known terci-
opelo (or other Bothrops taxa).  As with the bush-
master, few rural Costa Ricans bother to distinguish
between the much less venomous tamaga (P. nasu-
tum) and the terciopelo.  One is simply the “baby” of
the other.  Hence an enormous number of bites at-
tributed to the terciopelo may in fact involve the little
tamaga.

There are other confusions of size.  For example,
when a terciopelo reaches about 2 meters in length it
automatically becomes a matabuey in the popular
mind.  It can do what its name implies—kill an ox—
so why not?  Matabuey (ox killer) and cascabel
muda (silent rattler), although names intended for
bushmasters, means a viper of large proportions, lit-
tle more.  For example, when I put out a bounty for
live matabuey in rural areas near primary forest, I was
disappointed to receive almost all large terciopelos
(>1.5 m) until my catchers (and in turn their catchers,
for they were quick to make a business of it) learned
to tell the difference.  Hence, to be bitten by a large
terciopelo was to be bitten by a matabuey, as far as
the local people were concerned.  With inverse logic,
bites by baby bushmasters would probably have been
blamed on terciopelos (or else on tamagas, which is
what the few baby bushmasters brought to me by
native collectors were typically called), had any oc-
curred.  In effect, to many residents there were no
small bushmasters, only terciopelos, just as there were
no large terciopelos, only matabuey.  I have encoun-
tered similar phenomena in all parts of the bushmas-
ter’s range.  Even in mainland South America local
collectors confused the smaller Bothrops atrox with
bushmasters, once the Bothrops exceeded a certain
size.

Identification through symptoms

All this reflects statistically when doctors start ask-
ing their patients what bit them.  They may be left with
only the symptoms to identify the culprit, and yet build-
ing a picture of snakebite according to this sort of
diagnosis is a haphazard affair, for the treatment pro-
tocols for bushmaster are very different.  In the next
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pages I devise a workable diagnostics based on vis-
ible alterations easily seen on presentation, and that
will hopefully make treatment simpler and more suc-
cessful.

In cases of severe envenoming, differential diag-
nosis of Lachesis with Bothrops can be summed up
by two words: shock and hemorrhage.  If the victim
presents skin blistering or blackening of local tissue,
or any systemic hemorrhagic sequelae within a short
time frame (ca. 5 hours) after the bite, the culprit is
Bothrops and not bushmaster.  Reports in literature,
TV nature programming, etc., of bushmaster bites
causing “bleeding from eyes, nose and mouth” are
undoubtedly based on misidentification by resident
persons.  However, systemic alterations such as early
shock (i.e., hypovolemia) are definite signs of bush-
master envenoming.  Although there is no doubt that
the bite of a large terciopelo could produce shock
effects analogous and as severe, these would likely
be delayed and already accompanied by some visi-
ble blood incoagulability and/or early skin necrosis.
Indeed, posing so severe an envenoming from Both-
rops that it would produce the rapid systemic alter-
ations of bushmaster bite is to pose concomitant hem-
orrhage, with extravasation, thrombocytopenia, mul-
tiple local hematomas, and systemic hemostatic dis-
orders including mucosal bleeding (e.g., epistaxis),
hemathidrosis, occult bleeding in the GI and GU tracts
(presenting as hematamesis, hematochezia, urticaria,
&c.), and in severe cases, deep visceral hemarthro-
sis.  Renal and hepatic bleeding and even cerebral
hemorrhage are an expected prognosis.  In bushmas-
ter bite, the patient would already have died from
shock before these delayed effects could take place.
If he were not experiencing severe shock to go with
his free-bleeding, then it would not be a bushmaster
that had bitten him (see descriptions of bushmaster
bite shock, i.e., Lachesis-syndrome in Chapter 22).

The effects of bleeding to death can be seen on
the small scale in the edematous area surrounding the
puncture wounds in Bothrops.  The latter will turn
quickly black, making a blood-blister.  Blood and

serum filled bullae will appear on the bitten extremity
within as little as 2 to 4 hours and usually before 12
hours (Fan and Cardoso, 1995; and pers. obs).  This
blistering may advance over the course of days, reach-
ing large size.  But there is little or no blistering in
bushmaster bite.  In the Bothrops bite the patient may
feel the skin “stinging with fire” throughout the ex-
tremity, and be unable to distinguish this feeling from
that of an actual fire burn; however, in bushmaster
bite, while there is a feeling of a germinating fire (ini-
tially), the oncoming sensations of “having one’s limb
plunged into boiling oil” may be absent.  Bushmaster
bite pain is primarily like that of blunt trauma; a con-
centrated, heavy, pounding ache, emanating from
within the muscle and tendons, rather as though one
had shut ones hand in a car door and were repeating
this operation till a sense of near numbness super-
vened in tissue no longer equipped to feel anything.
Or, if into deep muscle, the pain may take the feeling
of impalement, as of a sharp dagger plunged through
the limb and being twisted back and forth.  The pain
is mindboggling, and may be so severe that the vic-
tim’s teeth chatter and his whole body jumps convul-
sively.  For all that, the feeling of fire-burn is mostly
absent, probably from the venom being less hemor-
rhagic.  The pain dulls down after some days to a
crashing repetitive throb, and you can tolerate it.  In
Bothrops, however, the fiery pain is continuous, and
feeling of “flames” dancing transiently about the limb
in areas remote from the inoculation site, may persist
for more than 6 weeks.  In Bothrops bite, the fang
punctures will always turn black, and if presenting as
dark blue or purple will soon turn black, while the
bite wounds and/or surrounding areas will blister.  In
bushmaster bite the wounds may appear darkly
bruised, but they are basically clear and will not ne-
crotize (but if any necrosis occurs at all, it will likely
be here).  Exorbitant edema may give the skin an ap-
pearance of near bursting.* If blood escapes beneath
the skin surface (extravasation), it will be due mostly
to the pressure of the swelling rather than from the
degradation of the blood vessels by the venom.  If
sufficient antivenom is given soon enough there should
develop little or no skin discoloration other than bruis-

________________________

* Bushmaster envenoming produces some of the most extreme edema of any snake species.  I have endured swelling so tense
that even to twitch the fingers or elbow was to cause the skin to split open.  Nevertheless, I believe fasciotomy to relieve
compartmental pressure is never indicated in these or any other species.  It causes permanent scarring, increases likelihood of
infection and advances necrosis.  Moreover, it prolongs and exacerbates deadly shock.  The dangers of compartment syn-
drome are wildly exaggerated.  Watt (1989) notes, “Tense edema in the bitten limb rarely leads to vascular compromise.”
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ing.  Not so with a Bothrops bite, where the blood
from ruptured blood vessels always turns black, hav-
ing hemorrhagic or necrotic contents.  The fang
wounds in the bushmaster bite may cease bleeding
within a few minutes of the inoculation, the pressure
of the swelling literally closing the wounds shut, al-
though there may occur a clear serous discharge.  With
prompt and sufficient antivenom the fang wounds will
rarely abscess, except from secondary contamina-
tion.  In the Bothrops bite, the fang wounds will turn
black regardless of antivenom treatment and will al-
most always abscess with bloody pockets of hemor-
rhagic cellular debris regardless of infection.  Note
that a “venom abscess” reflects the hemorrhagic prop-
erties of the venom and is distinct from a bacterial
abscess, but both may occur in concord.  A scorched-
looking, blackened limb covered with bullae and grow-
ing hard with necrosis is not from the bite of the bush-
master.  It is the signature of the Bothrops.

Silva (1980/81) made the first attempts to differ-
entiate these symptoms diagnostically.  His conclu-
sions reflect bites by Lachesis muta muta so they
may differ somewhat from my first hand reports of
bites by the Central American species, with respect
to skin necrosis (perhaps greater in L. muta muta
although still milder than in Bothrops); however, the
systemic effect remains remarkably similar.  Cardio-
vascular changes occur within 15 minutes of the acci-
dent, with severe hypotension, bradycardia, blurred
vision, intense abdominal pain, colic, diarrhea, and
vomiting before 1 hour.  In Bothrops, he concludes,
the hypotension occurs much later, 10 hours or more
after the accident. And as I have reported in the pre-
vious chapter, hemorrhagic effects are much more in-
tense in Bothrops and may be altogether lacking in
Lachesis.

As noted from my own bite experiences, a dis-
tinction should be made about the “abdominal pain”
syndrome associated with bushmaster bite.  This has
been attributed, wrongly, I believe, to colic and diar-
rhea.  Although the latter occurs in consort, the stab-
bing pains are not gastric in origin.  If they are not
actually nerve-related (e.g., from vagal stimulation),
they are more nearly distributive, related to hypov-
olemia. This thronging, convulsive, and altogether
unique agony is peculiar to what I have dubbed the
“Lachesis-syndrome.”  Chapters 25 - 26 explore new
data and pursues this theme further.

Muscle necrosis—is surgery warranted?

Muscle necrosis has been reported in bushmaster
bite, historically in a review of four cases of L.
stenophrys bite in Costa Rica (Bolaños, 1982); in a
case of L. muta muta bite in Colombia (Hardy and
Silva, 1997); and more recently in an interactive bite
involving a professiona snake-catcher, also in Costa
Rica.  In all cases the muscle necrosis was encoun-
tered during fasciotomy-incision, relatively soon after
the bite (within four days).  In all cases the muscle
necrosis was described as “extensive.”  All patients
received varying amounts of antivenom therapy, how-
ever, in the Colombian case antivenom was given
sparingly, and long after the bite occurred.  In this
section I review these cases, and compare them to
my own bites and some others.  I review the effects
of surgery in bushmaster envenomations, and con-
clude overwhelmingly that it causes serious deficit and
leads to death in early treated cases.

Gutiérrez et al. (1990) notes in laboratory tests on
mice “abundant erythrocytes and mild myonecrosis
in muscle injected with venoms of adult, two-year old
and one-year old specimens of L. stenophrys.”  In
these cases, there were abundant erythrocytes in the
interstitial space and a relatively small amount of ne-
crotic muscle cells.”  In other words, the necrosis,
however mild, was always located in areas of abun-
dant hemorrhage.  Granting that venom susceptibility
in human beings may be different than in mice, the
resemblance between hemorrhagic cellular debris to
necrosis is certainly striking.  Both appear black (or
very dark) in color, indurate, and certainly constitute
an accumulation of “dead” material.  This could pro-
vide a convincing mimic of necrosis to physicians un-
accustomed to seeing it, and in the resulting anoxia
caused by surgery, catch more than a little blame for
what it is due.  In extremely edematous tissue such a
mock necrosis could appear extensive, especially
where hemorrhage has been increased by surgery.
Significantly, in the five envenomings described in
Chapter 22, neither muscle nor skin necrosis occurred.
In ten envenomings in Souza and Buhrnheim (1995),
necrosis was not a problem.  Given these disparities,
we can at least concede that a large window of un-
certainty exists for an accurate diagnosis of muscle
necrosis in bushmaster bite cases.

As such, myonecrosis in promptly treated bush-
master bite might be either:  (1) confusion with Both-
rops bite, where the long fangs of the Bothrops have
delivered the potent myotoxin deep into muscle; (2)
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misdiagnosis based on confusion with erythrocytic
debris in the muscle cell interstices (sensu Gutiérrez
et al., [1990]); (3) tissue anoxia from hemorrhage
started by the surgical procedure; or (4) actual myo-
necrosis.

I strongly suspect that the majority of all early treat-
ed bushmaster bites, where sufficient antivenom is giv-
en and severe skin and muscle necrosis is reported,
are either cases of misidentification of the snake (e.g.,
it was really a Bothrops species), examples of tissue
anoxia resulting from secondary infection and/or in-
creased hemorrhage enhanced by surgery (fascioto-
my, excision, &c.,) and/or confusion with existing
erythrocytic debris also enhanced by surgery.  Any of
these local alterations could convincingly imperson-
ate muscle necrosis to physicians inexperienced with
the effects of snakebite (as most are); especially those
physicians persuaded by medical literature to expect
myonecrosis in envenomings by all large vipers.

Perhaps medical literature has used the term “my-
onecrosis” too liberally, not only in regard to bush-
master bite, but in many other snakebites, as well.
Russell (1983) remarks on the rare occurrence of
necrosis in the North American crotalid envenomings

he has treated; and I would suppose all of these to
possess more strongly necrotizing venoms than
Lachesis.  Fan and Cardoso (1995) note the occur-
rence of necrosis in less than 10 percent of Bothrops
envenomings; and in laboratory tests on mice, the
venom of Bothrops has been shown to have a more
necrotic action than that of Lachesis (Gutiérrez et al.,
[1990, 1980], Rucavado et al., 1999).  Yet some
recent literature on bushmaster bite would have us
believe that muscle necrosis occurs in a majority of
cases.

Consider the ethical justifications in a medical pro-
fession already determined to use surgery for other
reasons (e.g., to prevent or relieve a suspected “com-
partment syndrome; but see below).  An averred
“muscle necrosis” expiates the damage caused by
surgery, and supports the importance of surgery as a
valid means of resolving an always uncertain condi-
tion.  A diagnosed “muscle necrosis” can always be
dragged out after the fact even though the surgery
itself may have encouraged its development.  It is not
unexpected that inaccurate or misleading medical re-
ports should find their way into the medical statistics,
giving the impression that myonecrosis is rather more
common in snakebite than it actually is.  Sadly, this
may have resulted in many unnecessary surgeries,
keeping this expensive and damaging procedure in
use as a standard practice.  Ultimately, however, the
debate over muscle necrosis is less important than
the radical methods chosen to deal with it, and vitally,
the time-period during when these selected methods

 Fasciotomy after bite from a captive Crotalus oreganus hel-
leri.  Figure 2.  Intracompartmental pressure is measured in
the arm.   Figure  3.  Intraoperative view of fasciotomy.   Fig-
ure 4.  Three years post-bite after skin grafts and muscle
transfer.  Photos Robert Norris.
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are applied.  It is this critical time-period that will have
most to do with whether the patient survives of not to
pay the medical bill.

Bear in mind that surgery is not usually elected to
correct some unseen necrosis whose existence the
physician might suspect, but cannot really determine,
before opening the bitten extremity.  The initial sur-
gery is usually performed to relieve edema.  This tech-
nique, called fasciotomy, attempts to sever the con-
stricting band of the fascia which, with gross swelling,
might cut off the blood supply to the extremity (or is
so feared).   The fascia, unable to expand with the
swelling, becomes a sort of inner tourniquet.  Fas-
ciotomy provides an opportunity for other sympa-
thetic invasions afterwards, such as surgical debride-
ment and excision.  It gives the physician a chance to
see what horrors may be stewing beneath the skin
surface.  A case of, “well, we were there anyway so
we cut out some nasty stuff.”  It is difficult to imagine
a surgeon zealously exploring for an unknown necro-
sis in a recently, near fatal snakebite, with all the add-
ed systemic trauma this entails, without even the jus-
tification of fasciotomy, but we must conclude that
this is often the case.  Contradicting Watt (1989) who
reports “severe local necrosis” in bushmaster bite
(probably summarizing Rosenfeld, 1971), I believe
that surgical debridement is never indicated under any
circumstances, if that surgery is intended to relieve a
supposed “venom necrosis.”  Even in Bothrops en-
venoming, surgery is probably useful only in manag-
ing infection and gangrene (never to be confused with
venom necrosis) which usually requires days to man-
ifest, and almost always results from too little antiven-
om given at the start, and/or previously mismanaged
first aid.  As Reid (1976) notes (in Russell, 1993):
“By using surgery in all cases … some necrosis de-
velops in all ... victims.”  In other words, from the
moment the first incision is made the patient is already
worse off than when he presented.

Watt’s (1989) remark, “Careful, prompt surgical
management is the key to minimizing damage in cases
complicated by necrosis” is grossly underdefined—
just the sort of statement that sends doctors reaching
immediately for the scalpel.  The medical practitioner
inexperienced with snakebite, confronted with the rare
case of venom necrosis, believes he is acting for the
patient’s benefit, and reducing the overall damage that
would occur.  Quite the contrary, excepting those very
rare instances where surgery has application (e.g., gan-
grene), surgery should never be attempted “prompt-
ly” but only after swelling and inflammation have re-

ceded.  This is a period requiring weeks, not hours or
days, hence surgery at this time cannot be considered
“prompt” by any means.  In the first days post-enve-
noming, with edema, inflammation and hemorrhage
at its peak, surgical exploration is diagnostically fruit-
less: there will be more damage to come.  Presented
with an oozing extremity distorted by swelling, inflam-
mation and incoagulable blood, all of which will have
been aggravated by the surgical incision itself, few if
any physicians will be able to distinguish between ne-
crotic tissue and erythrocytic debris in still vascular,
living tissue.  Yet damage will be increasing day by
day.  Only after the swelling has receded, and the
destructive agents become static, can the true extent
of the damage be ascertained.  Since local damage
evolves slowly even if the spread of venom does not,
it is of little worth to “check the cake before it is done.”
Because necrosis seems never to start without hem-
orrhage, it follows that the best way to increase ne-
crosis is to increase hemorrhage; that is, use surgery.
And because surgery amplifies the probability of in-
fection, and contributes to the shock state by reduc-
ing the blood pressure, it may even kill the patient
(see cases below).

Debriding, excising, opening to drain or clean, or
in any way breaking the skin surface at the bite site
and surrounding areas increases necrosis and results
in further degradation of the bitten extremity.  Note
the bite on Judge Carr, in Mole (1924), where the
fang wounds were lanced and his thumb withered to
three-quarters normal size; compare to Bites 1-5
(Chapter 22), where the fang wounds were not tam-
pered with and no such damage occurred.  There
would seem to be no good excuse for using surgery
in any bushmaster bite, excepting those cases com-
plicated by poor treatment methods where infection
had become a greater issue than the envenoming.  In
Bothrops bite, the black, blistered skin at the fang
punctures and surrounding areas should be left undis-
turbed.  This veil of hematose tissue, no matter how
gruesome looking, will desiccate and mummify as the
weeks progress.  Dry and hard and continuous with
the still venous skin, it will protect better than any
bandage the compromised underlying tissue.  Hem-
orrhagic venom necrosis (as opposed to bacterial
necrosis and other variants) is basically a kind of scab,
being composed of dead extravasated skin and dried
hemolytic debris.  Cut or tear off this covering pre-
maturely and the new tissue beneath it will itself hem-
orrhage, necrotize and/or suppurate, resulting in the
formation of yet another such “veil” of dead tissue.
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Leave the hemorrhagic-necrotic formation alone, how-
ever, and the dead material, given time, will slough off
on its own and newly restored skin appear.  Since
sloughing will not occur until well after the swelling
has receded, and the tissue regenerated (ca. 45 - 90
days), attempts to rush healing with surgery are not
only pointless but counterproductive.  One must not
yield to the impatience of expecting an immediate cure
to a condition that is irresolvably chronic and some-
what transient, and that requires a long healing time
before any improvement can be seen; nor should one
yield to the persuasion of physicians anxious to “do
something” when doing nothing is the better course
(bearing in mind that physicians often take action simply
to satisfy the expectations of the patient).  Viper bite
is not an injury or trauma, it is a disease, a teleomatic
program evolving, enlarging, changing, pursuing a
course mosaic, never unidirectional.  The patient
should be informed that he will be participating in this
“process” which is first not of healing but of degener-
ation.  Even with prompt treatment, local damage in
viper bite will generally worsen throughout the first
week, and if serious, continue advancing for more
than 20 days.  This “program” cannot be arrested
with a quick-fix like surgery, and cutting out the dam-
aged area in an effort to “keep ahead” of the venom
will only make things a whole lot worse.  One must
begin by protecting the fang punctures and the erup-
tions surrounding them.  Every effort must be made
to keep the tissue from breaking so as to minimize
hemorrhage and exposure to air and bacteria.  It is
precisely where the skin breaks open that necrosis
and anoxia forms—hence necrosis first appears within
the fang wounds, bleb formations, venepunctures, and
other compromised tissue.  To preserve the original
integrity of the bitten extremity should be the fore-
most goal, and frankly, cutting it open is not much
more sensible than backing your car over it.  I sus-
pect the results would be much the same in any event.

The poor overall performance record of surgery
in snakebite speaks for itself.  Russell (1983) remarks
the general worthlessness of surgery in bites by North
American crotalids, and Hardy (1992) among others
have questioned the use of bite excision.  A compar-
ative study of Surgery vis-à-vis No Surgery in all
snakebite would likely prove my case.  Let’s take a
look at some bushmaster bites in this regard.  Here
the track record of surgery cannot be any worse—
and can even be linked to the deaths of the patients.

Hardy and Silva (1998) provide 12 “reliably au-
thenticated” envenomings by bushmasters with treat-

ment details.  Add to these the 5 interactive bites I
described in Chapter 22, and we have a total of 17
bites where management details known.  (I have omit-
ted cases of rapid death, and all cases where treat-
ment details are not recorded; I have also included
the case in Mole [1924], where the fang wounds were
incised.)  Here is the score:

Even if we acknowledge that the more serious bites
that resulted in death and/or caused disability required
surgery to correct the problem, we must admit the
overwhelming failure of surgery to achieve its goals:
All deaths involved surgery, and all cases involv-
ing surgery resulted in serious physical disability.
Without surgery, recovery was 100 percent.  There is
another common denominator: in all cases ending in
death and serious physical disability, all involved sur-
gery prior to 4 days post-envenoming: the surgery
was “prompt.”

 Bolaños (1982) reports three fatal cases of bush-
master envenoming with surgery, and one case of sur-
vival with surgery that resulted in physical disability.
“Extensive myonecrosis” was described in all four
cases.  Note, however, that myonecrosis prior to sur-
gery could not have been known; it was not a preex-
isting complaint of the patients.  Indeed, prior to four
days (and surgery) there was no clue to its existence,
since a phenomenal lack of skin necrosis was men-
tioned in all cases (although in one case some minor
necrosis was noted in a small area around the fang
punctures).  In effect, the “myonecrosis” was discov-
ered inadvertently during surgery.  Whether this diag-
nosis was based on confusion with hemorrhagic cel-
lular debris in the muscle interstices (as in the en-
venomed mice in Gutiérrez et al., 1990), or whether
it was actual myonecrosis as specified, is less impor-
tant than the lamentable outcome of the cases: three
of the four patients died. They did not die of venom
necrosis (a condition so rare as to be unknown), or
from the typical hemostatic interruptions of viperine
venom.  They died from secondary causes, and on

Mortalities with surgery                            4

Recovery with surgery with lasting
physical disability                                     4

Recovery with surgery without lasting
physical disability                                     0

Recovery without surgery and without
disability                                                  9
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the third and fifth day after the bite.  As summarized
by Campbell and Lamar (1989), death resulted from
“shock secondary to massive swelling, suppuration
of tissue, and overwhelming infection.

Readers familiar with the snakebite literature can-
not fail to note that these are very strange mortalities.
They are even stranger considering the early antiven-
om treatment. “Shock, tissue suppuration, and over-
whelming infection” sound more like the effects of
septicemia than venom.  While too little antivenom
probably laid the groundwork for these deaths (the
three patients who died received only 10 vials each; a
fourth patient, who received 20 vials, survived) no
doubt the surgery didn’t do them any good either.
Hardy and Silva (1998), noting from the literature,
report that the three patients “appeared to improve
during the initial 36 h, but then went downhill despite
continued therapy; the fourth patient rallied initially
and continued to improve.”

What did this “continued therapy” consist of?  Ob-
viously surgery (fasciotomy), during which the “ex-
tensive myonecrosis” was encountered and excised.
Since surgery (which requires its own supportive ther-
apy in addition to that of the snakebite) would more
likely be conducted on an improving patient than one
in the death throes (but this only our logic, one that
surgeons don’t seem to have), we may conclude that
it occurred before the 36th hour, that is, before the
“improving” patients began to go downhill.  Logically,
it is likely their conditions worsened because of their
“continued therapy” (surgery) rather than “in spite” of
it.   The surgery, occurring prior to 36 h, encouraged
the “shock, tissue suppuration and overwhelming in-
fection” that later killed them.  Recall that all three
patients reached medical help early (before 4 h).  All
received antivenom and were described as “improv-
ing” during the first 35 hours.  Yet something suddenly
caused them to go “downhill.”  Was it surgery?

There is a fourth bushmaster bite fatality that in-
volved surgery: a case of L. muta muta bite in Leti-
cia, Colombia.   The snake was reported to be over
2.5 meters long (a very large snake).  Hardy and Sil-
va (1998) report the victim received a total of six
ampoules of antivenom—two within the first 15 h,
and four thereafter.  Since two ampoules within 15 h
of a bushmaster bite is little of nothing (my own se-
vere bite from a much smaller snake required 14 vi-
als, and was administered within 1 h), antivenom  treat-
ment  cannot  be  said  to  have  been  “prompt”.  The
4 ampoules subsequently administered (totaling 6)

seems even more inadequate when we consider the
snake’s great size and capacity for injecting multiple
lethal doses of venom (Chapters 24 - 25 explores
this capacity).

Three days post-envenoming there was evidence
of significant infection with ecchymosis.  Coagulation
tests were “unremarkable,” which suggests that the
ecchymosis (in the absence of hemorrhagic bullae)
with its long delay, might be due to the intense swell-
ing and infection rather than a hemorrhagic effect of
the venom.  On the third or fourth day post-bite, the
extremity was subjected to “extensive surgical debri-
dement through an anteromedial incision of the lower
leg, and extensive hemorrhagic necrosis of the mus-
cle was encountered.”  The patient died within 24
hours of the surgery, from “irreversible hypotension.”

Perhaps we have stumbled upon a formula for in-
suring that bushmaster bite lives up to its reputation
and kills the patient regardless of our efforts to save
him.  This formula consists of two simple ingredients:
too little antivenom and a lot of surgery—surgery to
remove a muscle necrosis that the surgeon cannot be
sure is there until he has operated (during fascioto-
my), and perhaps cannot even properly identify once
he has; but that is, at any rate, much less dangerous to
the patient’s life than the surgery that proposes to
correct it.  Within the melange of inflamed and nearly
unrecognizable tissue encountered once breaking the
edematous surface of the skin, the view obstructed
by hemorrhagic debris, probably only subsequent pu-
trefaction could make “necrosis” apparent to the sur-
geon.  And such “necrosis” would as likely result from
the additional damage of the surgery (from anoxia) as
from any verifiable effect of the venom.  No matter,
even here surgery should fail its task, since in these
early days the advancing process of the envenoming
(for snakebite, as I say, is not an injury, but many,
many cumulative injuries evolving along a chemical
time-chain) should continue long past the initial inci-
sion.

In the four cases in Bolaños (1982), extensive my-
onecrosis with no skin necrosis is a strange thing.  Skin
necrosis was seen in only one patient, confined to a
small area around the fang punctures.  The long fangs
had evidently injected the venom so deeply into the
muscle as to have bypassed the skin.  Since bush-
master fangs may reach 3 cm (and penetrate to a
depth of 4 - 5 cm with the compression of the bite)
this is not impossible.  Yet in my four bushmaster en-
venomings, and in the bite on the herpetoculturist in
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New York State, there was no necrosis of any kind,
not even at the fang wounds.  With the shock effects
that surgical intervention may only extend or compli-
cate, we can see that necrosis is the least of the pa-
tient’s worries.  Even if muscle necrosis were a reli-
able (and not misidentified) occurrence, surgery to
correct it is at best inappropriate during the early days
post-envenoming, and should not be performed until
the patient has made a full general recovery.  Venom
necrosis is not life-threatening—surgery is!  Venom
necrosis is not bacterial necrosis, which is of a dis-
tinct character.  The lethal action of bushmaster ven-
om is primarily an effect on blood distribution, and
any restorative
effort should first
concentrate on
managing these
much more dan-
gerous shock
effects, even to
ignoring local
damage, no
matter how dra-
matic or appar-
ently severe.  At
no time should
surgery be per-
formed on the
extremity until
the patient is well
past the danger
zone—when, in
other words,
systemic alter-
ations have entirely abated.  Surgery advances the
hypotensive state and thus precipitates total cardio-
vascular failure.  The physician should be persuaded
to note that only after the edema and inflammation
has receded (requiring sometimes  6 weeks or even
more) can a final appraisal of the local damage be
made, and that surgery prior to this time is not only
premature, it will aggravate the problem.

To date I have sustained 11 viperid bites.  These
include: Atractaspis (with necrosis), Causus, Por-
thidium, Bothrops asper (with necrosis), B. leucu-
rus, Bothriechis schlegelii, an immense Agkistro-
don piscivorus (when I was a 90 lb, 13-year-old
boy; this required 14 days in ICU and a year’s ther-

apy to regain use of my right hand).  I have had four
bites by Lachesis species, two in the severe category
[Ed. note: Ripa’s fifth, sixth, and seventh bushmaster
bite predates this text].  All these involved intense pain,
inflammation, pronounced and in some cases mas-
sive swelling, various degrees of tissue destruction and
deficits of mobility resolved only after a very long re-
covery time.  All the bites occurred on my hands or
digits.  The reader will be heartened to learn, howev-
er, that I am typing this manuscript with all ten fingers!
Had “prompt surgical management” been performed
in each of my cases, I wonder how many fingers I
would have left? Indeed, I should by now resemble a

maimed circus
freak with flap-
ping noodles for
arms and living
off disability.
And yet I have
no discernible
scars, save one
resulting from the
clinical lancing of
the fang punc-
tures (in the
A g k i s t ro d o n
bite), a relic of
the old days
when “cut and
suck” was still
practiced even in
hospitals.  The
other ten bites,
despite necrosis

in some of them, healed without scarring.  Thus, the
only scar I have sustained out of 11 viper bites in-
volved the scalpel!

The literature is a reservoir of vague, unfounded,
and misleading diagnoses for under-defined symp-
toms, crudely drawn against a background of often
arbitrarily proposed terminologies.  Necrosis, that all-
purpose term for any condition where tissue is irre-
vocably damaged has been blamed more on venom
when it should have been blamed more often on bac-
teria, iatrogenia, and anoxia from surgery.  In Figures
17 - 20, I reclassify necrosis according to its causes
and symptoms, and suggest that different types of
necrosis require different kinds of management.

Another factor commonly misevaluated is the per-
manency of symptoms.  Dart et al. (1992) arbitrarily
defines as “permanent” any alterations persisting for

Figure 5 (above). Insane futily fueled by the medical wive’s
tale of “compartment syndrome.”  Rattlesnake bite on 13-
year-old male treated with fasciotomy.
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more than one month.  Would that venom finished up
with us so quickly!  At one month the limb may still be
“in the cooker,” as it were, with symptoms still esca-
lating, while in other envenomings the damage will only
be starting to recede.  Snakebite is not an injury, it is
a disease.  It is a process resulting from an introduced
chemistry that, like the cancer whose molecular struc-
ture venom more than discretely resembles, advanc-
es through stages.  These stages cannot be inter-
rupted by surgery!  Only living tissue transmits
venom to other tissue! As in cancer, envenomation
is a program in which the victim’s cellular structure
and mode of chemical exchange participate in the cell’s
own breakdown. Indeed, there are forms of necrosis
where the cells so react to the actions of the venom
as to mimic it, auto-destroying the tissue and even
killing the patient!  And this even though the actual
venom has been neutralized!  This Delayed Hyper-
sensitivity Necrosis (DHN; Figure 17-20) is inspired
by anoxia from surgery and is the only kind of ven-
om-induced (non-bacterial) necrosis that can be de-
scribed as systemic and fatal.

We must be very careful when we speak of per-
manency in snakebite.  Granted this terminology may
be only a methodological convenience for classifying
some symptoms in a text (e.g., as in Dart et al., ibid.),
it can only create confusion on the battlefront where
use of invasive means hinges on the diagnostic talents
of the physician who may thus construe damage last-
ing longer than one month to be literally permanent
and so advise surgery accordingly.  In fact, one can
expect local alterations in any serious viper envenom-
ing to last for upwards of one to three months as a
matter of course.  Some deficits may last greater than
a year in many cases.  Hence, after six weeks when
the limb is still livid and swollen and hemorrhagic ne-
crosis has not yet spontaneously resolved (but might
if given more time), some physicians might advise in-
vasive means to correct this seemingly “permanent”
problem.  This can only result negatively for the pa-
tient, who should be patient a little longer, please—
lest he wish his condition to be made to fit the Dart et
al. (1992) definition forever.  Contracture, joint stiff-
ness, hyperplasia, loss of sensitivity, &c., can be ex-
pected to last many months, but these conditions stand
a better chance of resolving on their own than with
surgery.

Perhaps the danger with the advice given in Watt
(1989) and others lies in the vaguely defined terms.
“Prompt surgical management” and “complicated by
necrosis” are just malleable enough statements as to

be without practical meaning.  What exactly are the
complications of necrosis and doesn’t surgery itself
promote many of them?  Doctors naively following
Watt’s (1989) advice will have no idea what “prompt”
means in regard to necrosis and begin debriding tis-
sue as soon as it appears.  By this process well-in-
tended surgeons, through a hideous progression of
operations resembling whittling, convert healthy arms
and legs into crippled, useless nubs—what I call the
“death by a thousand cuts” method.  Each week a
smiling executioner shows up at your beside and
carves off a little more of you—renewing your necro-
sis into the bargain, at no extra charge!  The photog-
raphy in this chapter discloses some pretty graphic
examples.

Hemorrhagic necrosis does not harbor or retain
venom—and being dead and non-vascular it cannot
further transmit venom to the underlying tissue.  It is
not literally “rotting flesh” and does not of itself con-
stitute a source of bacterial infection.  To remove this
hard, desiccated veil of protective tissue is to invite
infection into the wound, increasing tissue anoxia and
perhaps even enkindling the dreaded catastrophic ne-
crosis (DHN), by which model we observe certain
spider venoms (e.g., Loxosceles sp) can devour (de-
flesh) an entire human body over a period of days.
And yet here it is not the venom but the body that is
eating itself!  The venom is only a trigger-mechanism.
At least some forms of necrosis are imitative, born of
disturbed cellular program-sharing.  The cells replace
themselves with unfit counterfeits engineered for an
early death.  Here, the similarity of venom to cancer
becomes obvious.  Venom is deadly but it is also in-
formation.  It takes “two” to make a poison, and it is
the victim who translates the codes.

“Complicated by necrosis” elicits only the vaguest
judgment call—what seems to be implied is that the
necrosis itself is the “complication.”  Does the writer
mean complicated by infection?  Then treat the infec-
tion.  Does he mean complicated by gangrene?  Gan-
grene and venom necrosis are two completely differ-
ent conditions and should be treated as such.  Gan-
grene spreads, having an origin not in venom but in
bacteria. Venom necrosis becomes rapidly inert—the
venom that caused it will have already infiltrated the
tissue well before the physician sees the case. Its ac-
tivity is short, usually about 3 - 5 days (if not surgical-
ly tampered with), and by 17 - 20 days will be in
remission.  If the necrosis persists past this period it is
not venom necrosis; it is either imitative (programmed
by an altered chemical exchange from surrounding
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cells), or anoxia stemming from secondary causes.
My review of different types of necrosis (Figures 17
- 20) shows just how complex the presentation can
be.  Surgical management, if it is used at all, should
proceed cautiously toward specific etiologies, and in
writings on the subject, physicians should not be left
to define these terms haphazardly, for themselves.  A
clear cut guide needs to be developed.  In cases where
days have elapsed before the patient has sought med-
ical help, where antivenom has not been used (or af-
ter its use is no longer efficacious), or when poor first
aid measures (such as tourniquets or cryotherapy) have
been employed resulting in damage secondary to the
venom, perhaps here and only here can invasive meth-
ods be indicated in snakebite—albeit as a last-ditch
action.  But the working physician, who may never
have seen a snakebite before, will not have the least
clue what “prompt surgical management” means when
presented with a massively swollen extremity bub-
bling with bullae.

The recent case of an agricultural worker and part
time snake hunter in Costa Rica, Miguel X, is a prime
example of what not to do in a snakebite.  Bitten by
an adult bushmaster on the forearm, and although re-
ceiving prompt antivenom treatment (200 ml), Miguel
had the misfortune to meet a good surgeon before
escaping from the hospital.  A fasciotomy was promptly
performed, and thereafter some necrotic tissue was
removed each day for one week from the muscle
(pers. comm, A. Solórzano).  Note, however, there
was no skin necrosis in this case—all necrosis oc-
curred in the clinically altered underlying fascia and
muscle.  Note also that even after the initial necrosis
was removed, debridement continued on a daily ba-
sis as new necrosis developed.  Not surprising in a
gaping 9 x 16 cm crater cut to sub-facial depth, ex-
posing muscle, tendon and bone during the early heal-
ing process!  Here is a clear-cut case of necrosis am-
plified by surgery, enhancing anoxia and encouraging
hemorrhage, additionally exposing the affected tissue
to oxygen and bacteria.  A year’s investment in split-
skin grafts has not  restored Miguel’s arm to normal
appearances, nor is it likely that it will ever regain
normal function.  More tragic is a recent case in south-
eastern Peru (recorded in Mellor and Arvin, 1996)
where early surgical tampering in what was probably
not even a severe bite (my view, not the authors), led
to the amputation of a man’s leg at the hip.  Thou-
sands of such mismanaged cases occur every year in
Latin America, Asia, Africa, and even the United
States—victims of “prompt surgical management.”

One doctor in Suriname told me he routinely per-
formed fasciotomy in every case of snakebite, re-
gardless of the severity, and this usually entailed exci-
sion of the bite area as well!  How many mutilations
had this one man performed in his lifetime on guileless
patients who might have been better off trusting the
local witchdoctor?  Perhaps there is more sound ad-
vice to be had from America’s religious snake-han-
dlers (who endure venomous snakebites on a regular
basis and most without serious disability) than from
physicians who, in this modern age, still practice such
witchcraft routinely.  A survey conducted on the en-
tire five-state membership of the Pentecostal church
might find less maimed individuals comparatively—
people who scorn all hospital treatment, including
antivenom.  Ultimately, the responsibility must rest with
those medical authors who persist in making claims
for the success of surgery in spite of mounting evi-
dence to the contrary, or who use hastily concocted
or vague terminologies that provide no clear diagnos-
tics for continuing this outmoded, damaging, and dan-
gerous procedure.

The type of necrosis determines the type of treat-
ment

This is a matter ignored by most if not all writers on
snakebite.  Yet its importance cannot be too strongly
emphasized.  Venom triggers various responses end-
ing in necrosis, and different kinds of necrosis can be
observed.  In general, necrosis results from:

   (1)  The primary necrotic agents of the venom.  Rare

   (2)  Hemorrhagic effects of the venom (recogniz-
able by erythrocytic debris; this will appear blackish
and hard). Common

   (3) Deficits in blood circulation (e.g., vasoconstric-
tion), and this may be combined with either of the
above conditions.  Rare.

    (4) Tissue anoxia due to deficits of blood circula-
tion caused invasive (e.g., surgical) or mechanical
means;  i.e., iatrogenic treatments (tourniquet,etc.).
Common.

    (5) Secondary infection. Common.

    (6) Autoimmune reaction (delayed type hypersen-
sitivity).  Rare.



15

 In severe envenomings by vipers probably some
or even all of the above effects will be seen, although
they should be minimized with prompt immunothera-
py.  Corrective surgery should be used only as a last
resort, however.   Hemorrhagic damage presents as
a hard, fibrous scab and this material, though quite
dead, should be left in place.  It acts as a barrier to
expanding necrosis and secondary infection.  Necro-
sis has a tendency to follow behind surgery, thus each
time more tissue is debrided more necrosis appears.
By slow increments the surgeon’s knife creeps up the
limb—the “death by a thousand cuts” method of in-
cremental amputation.  Hemorrhagic necrosis, by far
the most common form, increases with a weakened
cellular wall, hence it will always bloom first at the site
of an incision.  A good way to give your patient a
serious or even fatal infection is to promptly excise
the inoculation area (or other tissues damaged by ven-
om), eliminating a natural protective barrier to bacte-
ria and weakening the tissue wall against further ven-
om hemorrhage.  If the patient has already presented
with an infection, then it is likely that antivenom has
not been given in time or has been given in low quan-
tity, and surgery to deal with sepsis may be a matter
of course.  However, true venom necrosis is best dealt
with non-invasively.  Certain serious infections (such
as gas gangrene) will probably require some invasive
management regardless, realizing that too early de-
bridement of envenomed tissue where it is not war-
ranted may be laying the groundwork for a later in-
fection that would not otherwise have occurred.  An
autoimmune reaction resulting in catastrophic necro-
sis gradually overtaking the entire extremity (resem-
bling a heparin-induced thrombocytopenia) is usually
secondary to invasive wound management.  As this
will always be complicated by infection, it is very dif-
ficult to differentiate.  Delayed Type Hypersensitivity
Reaction (DTHR) is characterized by swelling, red-
ness, an influx of macrophages and the production of
tumor necrosis factor (TNF) and interferon-g (IFN-
g). This type of necrosis, resulting in a “spontaneous
necrotizing fascitis,” is diagnostically a false-positive,
blamed on envenomation, but the later may be only
one factor triggering the effect.  Surgery enhances this
condition rather than relieving it.

Is fasciotomy for you?

It is not in a snake’s best interest to cause edema
in the prey animal.  A rodent too swollen to move
might also be impossible to swallow!  Moreover, if

edema served a digestive function it would not
“work”—the prey would be dead before the swelling
could take place.  From this it can be deduced that
venom did not evolve agents especially to cause ede-
ma; there is no reason for natural selection to retain
these chemicals in the venomous repertoire.  Edema,
rather, is the victim’s contribution, a response to tox-
ins evolved for other purposes, developing only in
those larger non-prey animals (like man) that survive
long enough to exhibit this symptom.

The problem with edema is contextual; an “ab-
normality” appears and the physician tries to correct
it.  He fails to see that edema, in fact, is the most
normal part of the envenomation and that if he did not
see edema he should be observing a true abnormali-
ty—a sign, perhaps, of something even more gravely
wrong with his patient’s immune response.  We should
not think of venom as “causing” edema; rather, we
should recognize that it is the body’s own contribu-
tion to the envenoming.  The body is reacting to the
venom autopharmacologically, with edema as a pro-
tective strategy.  Gross swelling is a purposeful mech-
anism evolved to dilute the mass of the venom with a
yet greater mass, past the point where the venom can
do fatal damage to the organism.  Swelling performs
a biologically useful role as a defense against tissue
damage, serving to expand the cellular wall with sheer
water mass and prevent concentration of the destruc-
tive substance at the envenomation site, as well as
block its communication past these fluid barriers.
Decrease the swelling prematurely and you will inad-
vertently increase this destructive concentration tak-
ing place.

There is not a single verifiable case of edema alone
contributing to loss of limb in snakebite.  On the con-
trary, the cases of mechanical means to decrease
swelling (e.g., ice-water, fasciotomy, etc.) contribut-
ing to loss of limb are too numerous to recount.

 The term “compartment syndrome” (the alleged-
ly dangerous symptom which fasciotomy allegedly
relieves) is so grossly under-defined as to have no
therapeutic relationship with real-life situations and no
meaning outside of a medical dictionary.  Intended to
describe a condition where edema becomes so in-
tense as to compromise vascularization and constrict
nerve tissue, it has instead become a clinical catchall
for any severe swelling “causing pain on passive
stretch, hypesthesia, tenseness of compartment and
weakness.”  Since all these symptoms are concomi-
tant in snakebite, the diagnosis is muddled from the
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onset.  Compartment syndrome is a word game, and
the methods used to test for it evolved from a mythi-
cal preconception about a never documented result,
responding in a knee-jerk way with a never well com-
prehended traditional approach.  “Compartment syn-
drome” might better be named the we-don’t-know-
syndrome.  When the surgeon responds with fasciot-
omy, it is simply because he observes a lot of swell-
ing, thinks it’s “bad” and “doesn’t know” what else to
do about it.  Not a very safe proposition for the pa-
tient.

Medicine has a long history of iatrogenia and a lot
of what has come down to us as “modern therapeu-
tics” are only reactions against the ill-fated treatment
methods of the past.  Probably the idea of “compart-
ment syndrome” in snakebite arose as a reaction to
the widespread use of tourniquet constriction, and is
a relic from the days when tourniquets were freely
used even by doctors.  What doctors blamed on
swelling they might better have blamed on their own
faulty treatments. To date edema has never yet been
proven to result in any permanent damage that could
not otherwise be attributed to the cytotoxic effects of
the venom itself.  Physicians still defend the use of
fasciotomy on the basis of an apparent but never di-
rectly proven effect.  Fasciotomy always results in
greater deficit to the afflicted extremity than would
otherwise have occurred without it.

Advice to physicians: snakebite + surgery = in-
fection (bacterial necrosis), tissue anoxia, delayed
type hypersensitivity response (catastrophic necro-
sis), amputation, shock, death and/or the abso-
lute certainty of some disfigurement and deficit.
Non-invasive medical management of snakebite (e.g.,
with drug therapy and other nonsurgical methods)
offers increased chance of full recovery with no long
term physical deficit or disfigurement.

Fasciotomy has no value in preventing or control-
ling necrosis (Russell, 1983).  Its efficacy has never
been proven (Dart, 1999).  Its success has been jus-
tified by a false positive, justified by an unknown out-
come.  Performed primarily as a prophylactic mea-
sure, it persists because no evidence can ever be sal-
vaged to show what might have happened had the
procedure not been performed. The logic for fasciot-
omy is a logic by default.  It endeavors to save the
limb by correcting an averred “abnormality,” and ends
up losing the limb and often the patient into the bar-
gain.  It adds trauma to an already traumatic situation
and increases mortality through increasing hypovolemic

shock.  It is a political exercise as much as a medical
one. It is used because it satisfies the patient’s expec-
tations of the physician to produce concrete action in
the face of massive swelling and the physician’s need
to satisfy his own legal liability.

      Perhaps the use of fasciotomy in the modern day
has more to do with malpractice insurance than sci-
ence.  It persists because physicians can be held ac-
countable for treatments withheld (e.g., “the doctor
has not done everything in his power”), and are held
less in account for treatments given (e.g., “the doctor
has done everything in his power”).  By performing
fasciotomy, he will be protected by the complexity of
sequelae in an outcome that can never be positively
determined against him. Consciously or unconscious-
ly—he may fully believe in the efficacy of his actions—
he acts less for the patient’s behalf than for his own.
Thus, fasciotomy, without any clear evidence to sup-
port its use, persists in the medical literature as a via-
ble treatment for snakebite. This butchery is wide-
spread, being performed in almost every country in
the world and in some regions as routinely as the use
of antivenom itself!  “Better safe than sorry” is the
tag-line justifying it.  Tragically, one is even more un-
safe and far more sorry the moment Mister Surgeon
enters the treatment room.

So long as fasciotomy is permitted in any cases, it
will be used in all cases where swelling is severe.
And swelling is always severe in genuine envenom-
ings by viperid snakes and many elapids as well.
Fasciotomy is routinely more damaging than the pur-
ported “compartment syndrome” it proposes to re-
lieve.  Fasciotomy always causes some deficit, where-
as “compartment syndrome,” as so vaguely defined,
has never yet been shown to cause any deficit in snake-
bite.  Deficit caused by fasciotomy is a mathematical
certainty.  Deficit caused by a “compartment syn-
drome” is an unknown, a remote possibility at best.
Hedging one’s bets against a mathematical certainty
in favor of an unknown is bad medicine.

Fasciotomy may safely be put to rest along with
the cruciform techniques of lancing and sucking bite
wounds that have also persisted from prior centuries
as a treatment for snakebite.  Surgical debridement
should never be conducted except to relieve infection
(but only if that infection cannot be controlled by non-
invasive means) and should not be performed solely
to correct hemorrhagic venom necrosis.
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     I have endured edema so tense that even to twitch
the skin was to cause it to split open; and yet I for all
that, I would never even consider going under the
knife in a snakebite.  If I were asked when and by
what diagnostics I would accept fasciotomy to treat
one of my own envenomings, my reply would be sim-
ply this: only when I can no longer feel pain or touch
in the extremity, when the limb has lost all response to
neural responses and commands—when, in short, it
has gone completely numb.  I have never experienced
this symptom, and I do not know anybody else who
has either.

The origin of snakebite treatment:  therapeutic
exorcism?

Alien anthropologists landing for the first time in our
frightened little world, and having no inherited fear of
snakes as we do, might conclude that use of certain
treatments in snakebite reflects a deeper cultural ori-
gin than that of a well-intended science.  Crosscutting
throughout human history, they might link our curative
practices not to any provable success rate, but to a
religious esoteric older than medicine itself. Certainly
all diagnoses, and the actions taken, spring from the
neurological (psychological, semantic, cultural, etc.)
dispositions of the actors first, before they find their
way into the medical room.  We comply with certain
traditional practices not because they are proved or
provable, but because belief-inertia makes us inca-
pable of resisting them.  We take pills not because we
need pills (although we may need them); we take them
because we believe in them and expect to be given
them, and to give them in turn.  The correlation with
pills and cures can  range from to zero to any figure
you can imagine; but the correlation with our desire
to both give pills and receive pills is 100 percent.  The
psychological need for some form of treatment will
always dominate its curative effect.

      We live in a world of false positives, medically
prescribed and scientifically “proven.” Our success
rate is higher than in ancient days, but a wild random-
ness has guided us here, through a series of magic
tricks that work—sometimes—and sometimes do not.
When they work, our magic is “good”; when they do
not work, the “evil humors” were too strong.  The
healer’s art arose from shamanism, not Merck’s hand-
book, an art evolved from effects that seem magical
to the patient, and hardly less so to its modern inher-
itors and practitioners, proudly parrotting the spells

and incantations of other medicine-men before them.
Over the ages, powerful correlations with chance have
bequeathed our book-learned shaman a reductionist
philosophy called “science” from which to draw (and
exhibit) power, but the lots are still cast in the sand,
and the entrails read, though they be our own entrails
sometimes, explored for misguided cells rather than
for misguided demons who do not belong there.
Medicine arose from just such a wild randomity, a
psychological slight of hand to make us forget our
desperation when confronted with forces we could
not overpower—and letting the witch doctor taking
credit for our immune systems. In this game “he who
rattles the bones loudest, wins.”  Viewing snakebite
treatment chiefly as the artistic expression of its prac-
titioners, and secondly, from the psychological needs
of the victim to receive a particular kind of treatment
that favors his cultural/religious expectations, we find
the doctor-patient relationship exists as a sort of dev-
il’s bargain where two residual forces work hand in
hand in the battle against a superstitious evil both doc-
tor and patient commonly believe in.  So long as both
actors believe in the same devil, you have a sound
business deal.  The medical artist fulfills the expecta-
tions of the patient—he cannot stray very far and still
have a happy customer.  If it is better to do nothing at
all, the doctor must yet do something because that is
why the patient is there, to see something done. Snake-
bite treatment, which has not advanced significantly
since the development of antivenom more than a hun-
dred years ago, has developed no acceptable new-
age placebo by which to work its special effects.  We
are past the stage where eating certain leaves or do-
ing a certain dance will be believed in by the patient.
Mere antivenom has ceased being exciting to the fast-
talking interactions of modern technological salesman-
ship.  More complex formulas, the more elaborate
the better, win the day, and win the patient’s confi-
dence.  This has happened in all forms of medicine,
which has become so technologically elitist—e.g., “ah,
but we have the latest laser!”—that the Hippocratic
Oath has been thrown out with the patient.  The great-
ness of medical progress has been to make itself un-
affordable to nearly everyone in America, a glorious
state that the corporate money-powers, with their guns
to the heads of our politicians, mean to export to the
rest of the world as well.  The history of snakebite
treatment follows just such a dependency: a compet-
itive technology that so early-on exceeded its own
abilities to do anything new that it reaches back fre-
quently into the ritual smoke it sprang from, out of
sheer desperation to keep up with style.  A treatment
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that ought, at most, to cost a few hundred dollars in
antivenom and fluids, now costs thousands of dollars
in mind-boggling blood testing (to reassure us of what
we already know, that there are clotting problems),
unnecessary surgery, and all the rest, just to show us
that our doctors are using the latest and the best. So
snakebite treatment plods on, looking for something
new to do, or be.  One year you have an electric
stun-gun, the next you have an “extractor”; even the
antivenom is being monkeyed with, requiring gallons
of it nowadays (e.g., CroFab) whereas a few vials
worked just fine formerly.  Rife with ritualized ex-
pressions, relics from the witch’s circle and the med-
icine tent, snakebite treatment continues to mystify
both patient and practitioner alike, while physicians
blindly ransack a grab-bag of never very successful
materials and methods in the hope of keeping up with
Doctor Jones.  As of this moment, somewhere in the
world, somebody’s foot or hand is being split open,
cauterized, branded, frozen, strangled, slashed, rubbed
with painful crystals, excised, electrocuted, or ampu-
tated straight away.  One-sided affairs in which I am
afraid the doctor is having all the fun, promoting an
idea more religious than curative.

Why do the Judeo-Christian countries (where
snakes are equated with evil) lean toward violent,
aggressive treatment of snakebite, rather than toward
the more passive approaches taken in tropical ani-
mistic societies where snakes hold more of a regen-
erative role in mythology, rather than an antagonistic
one?   Why does surgery appeal to the Western mind
as a better alternative than say, eating special leaves
and drawing poultices?  Certainly the cure rate is not
greater when antivenom is not used, and snakes are
even more venomous in the tropics.  Released from
its apparent intent (which is to cure), what does the
artistic expression of surgery (of all possible forms of
treatment selected) represent to both the practitioner
and his patient (who must give ultimate approval for
its use)?  Is it a subconscious need of the physicians
to excise (read exorcise) the evil of the snake, abet-
ted by the patient whose expectation is to see the evil
excised?  Does the method of treatment reflect the
moral expectations of our society, an acceptable means
of retribution against the serpent “whose evil spirit yet
lives within the wound?”  A recidivistic case of, If thy
right hand offends thee, cut it off—?  The patient
contributes through his own tacit expectations, per-
haps needing to be punished for his congress with the
demon-snake (his blood diluted by the devil’s sub-
stance becomes spiritualized, a sin) with only the most

radical and violent ritual capable of expiating him.  The
cruciform brand of the old “cut and suck” method
evolved from a more invocative than practical strate-
gy; the carving of a sacred cross over the devil’s
marks, to drive the demon out.
     The Pentecostal snake-handlers do not require hu-
man intercession to banish their devils—they have a
patriarchal God who asks only faith for His fee.  But
the scientific heathen abandoned in the techno-wil-
derness, must extract his cures from an increasingly
material realm.  Divorced from “divine contact,” and
urged on by vague impulses no less beyond his un-
derstanding than those of his less enlightened forbear-
ers, he digs frantically with his knife in order to banish
the mysterious force of nature whose pharmacology
both intrigues and horrifies him.  His Gods arise and
appear not in religious tracts, but in the equally dog-
matic assertions of other scientists.  Were our extra-
terrestrial visitors Freudians as well as aliens they might
diagnose other causes, such as those originating in
childhood; a puerile curiosity to see what is inside so
gruesome an item as a snake-bitten hand or foot,
which, swelling up with fluid, becomes phallic; the grat-
ification of taking complete license with the body of
another person, of splitting end to end the monstrously
swollen member and watching its insides avulse—a
deeply personal activity between consenting parties,
medically justified.  Old demons die hard.
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