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The clinical evidence base for the use of pressure bandaging in snakebite is limited. 'Ne
aimed to investigate if pres.sure bandages (PR) generated and maintained presumptive
optimal pressures in a simulated setting.

A total of 96 subjects were recruited, 78 health professionals and 18 from the general public.
Participants were asked to apply PB with crepe and with an elastici%ed bandage without
instruction. A paediatric blood pressure cuff attached to a pressure transducer was used to
measure the pressure generated. I'll application with elastici%ed bandages was repeated by
36 participants (18 general public and 18 health professionals) with feedback on pressures
attained, and reassessment on the sixth subsequent attempt. Pres..'mre "'lUS also measured
under correctly applied bandages during an ambulance ride.

The median pres.sure generated under crepe bandages was 28 mmHg (interquartile range
[IQR]: 1742 mmHg) compared with 47 mmHg (IQR 26-8:, mmHg) with elastici7£d ban­
dages, with most subgroups applying the elasticized bandage closer to the estimated
optimal pressure (55·70 mmHg). Following training, the median pressure for the 36 par­
ticipants was 65111mHg (IQR 56--71 mmHg), closer to the optimal range than initial
attempts. On initial bandaging, 5/36 (14%) participants achieved optimal pressure range
with elastici%ed bandages, compared with 18/36 (50%) after training (p~0.OO2). Crepe
bandages initially correctly applied did not maintain desired pres.oure during ambulance
transport on urban roads over 30 min. Elasticized bandages maintained pres..sure.

PH was poorly done by the general public and health professionals. Crepe bandages rarely
generated optimal pressures compared with elastici%ed bandages, but training did improve
participants' ability to apply elasticized bandages. I'll recommendations should be
modified to specify appropriate bandage types.
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Introduction

First aid for snakebite using pressure bandaging with
immobili7.ation (pIE) was formally endorsed by the Ans­
tralian National Health and Medical Research Council in
1979 and has since remained national policy from all
health authorities. Nevertheless, the clinical evidence
base for its use in humans remains limited to anecdotes
and a few published case reports of success in
humans.1,2 A review of the evidence base for the effec·
tiveness of PIE noted documentation of widespread
and ongoing underutilization of PIE and concerns of
bandage application, bandage types and the propensity
for bandages to loosen during transport,'

The use of PIE for snakebite remains controversial
outside Australia, with concerns about confining cyto­
toxic venoms to the bite site and the possibility that this
increases morbidity after certain snakebites.'l';"; In Aus~

tra1ia and Papu3 ~ew Guinea, snake envenoming mar·
tality and morbidity OCCllr as a result of systemic effects
of venoms; morbidity resulting from local effects is rare.
For this 1'&1.80n, the Australian PIB, coined 'the Aussie
wrap' by the eminent Professor David \Narrell, is con·
sidered most appropriate for snakebite in Australia and
Papua ~e\V Guinea and for snakebite with potential
neurotoxic envenoming outside this region/i

The use of PIB was based initially on studies by
Sutherland e/al. that showed that a film crepe bandage
applied to the immobilized limb of an envenomed,
restrained monkey retarded systemic venom move~

ment.7 The same investigators judged that a finn crepe
bandage generated 55 ± 5 mmHg on a human limb.B

Subsequent studies have attempted to assess the poten­
tial effectiveness of pm in humans, using radio-isotopes
to mimic venom transport.lH1

In 1994, it was demonstrated that PIE retarded
the movement of radio-labelled macromolecule.s in the
lower limb for pressures of 55-7011lmHg and in the
upper limbs for pressures between 40 and 70 mmHgY
That study also found that complete immobilization is a
key part of this first~aid technique because even when a
subject had effective bandaging, movement invariably
led to failure of the first aid.' Therefore, for PIB to be
effective the pressure required was considered to
be within these range.c; and there had to be complete
immobilir.ation,

There have been numerous clinical studies of snake~
hites that have repeatedly shown tbat PIE uptake and
application are poor in patients with suspected snake­
bitesY~ However, there has been little attention given to
whether bandages can be applied by the community
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and health-care profes..,ionals to produce the appropri­
atc pressure, what is the most effective type of bandage,
whether training improves the application of PIB and
whether things, such as patient transport, affect the
pressure under the bandage. Indeed, two recent papers
highlight the conlu" . ,round PIE recommendations
and its useYU4

If PIB cannot be applied and maintained with the
correct pressure, then it might not be any more effective
than immobilization alone. The aims of the present
study were:

To detennine if bandages could be applied at
the presumptive conect pre.~sure by a range of
populations
To compare the pressures generated by different,
commonly available bandage types, with subsequent
focus on crepe and an elasticized sports bandage
To assess whether training improved the chance of
elasticized sports banc1ag"es being applied at the pre­
sumptive correct pressure
To determine the effect of transport on initially cor­
rectly applied bandages

Methods

The study was a human volunteer study where subjects
were asked to apply a pressure bandage to a human
lower limb in a simulated setting of Cl snakebite. The
outcome for the study was the pressure generated on the
limb by the application of the bandage.

Posters advertising the study were displayed and
infol111ation was circulated via email through health
care·related networks to recruit volunteers for the Shldy.
A total of 96 participants, 78 health-care workers and 18
people from the general public, were recruited for the
main part of the study comparing crepe and elasticized
bandages (ACE, BD, North R)'de, :-;SW, Australia).
Health-care workers were defined as undeTgoing a
degree or training programme to be able to care directly
[or patients, including final-year medical students. All
participants were initially asked to bandage a lower
limb and were randomized to either'crepe or elasticized
sports bandage for their first application. Results are
displayed according to prior qualil1cation.

Thirty~six of the participants, divided into six sub­
groups, were also enrolled in an additional study arm to
determine if training could improve bandage technique.
The six groups were: medical practitioners (intern or
higher), nurses, ambulance officers, snake handlers,
members of the general public who lived in metropolitan
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areas and members of tbe general public who cur­
rently, or had in the past, resided in rmal areas.
Re-siding was defined as living for 10 years or more.
These 36 (6 health professionals from each of the 3
groups, 6snake handlers and all 12 participants from the
general public) underwent further training to assess
whether teaching and practice improved application of
elastici7al bandages.

Before the participant studies and to initially assess
different types of bandages and determine the appropri­
ate choice for the further investigations, various com­
mercially available bandages were applied by the same
person to a dummy arm (Adult IV training arm, Laerdal
Medical, Oakleigh, Victoria, Auso-alia) and a human leg
on ao occasions for each different material. Based on
these results, 15 cm ela.sticized bandage..s were chosen
as the best material (including cost considerations) to
compare with traditional crepe bandage..;;, As the elasti­
cized bandages outperfonned crepe in the studies 011 a
dummy arm and human leg, they alone were chosen to
be used in the training ann of the study.

Initially, all 96 participants were asked to perform
two bandage attempts on a leg. For one attempt, two
15 cm elasticized bandages were provided and, for the
other attempt, two 15 cm crepe bandages were supplied.
These attempts were completed without prompting as
to method or tension. If only one bandage was used or
only partial coverage ,vas achieved, this was recorded.
[f a participant attempted a tourniquet or did not
bandage over the bladder where pressure was mea~

sm-cd, they were corrected and allowed a second
attempt. Participants were randomly allocated to either
an elasticized bandage or crepe first using se.aled
sequential envelope" and computer-generated blocks of
four. Two female subjects weighing 55 and 65 kg were
used as simulated patients for all handaging. The par­
ticipant was blinded to the reading on the pres..sme
transducer \"hile bandaging.

For the 36 participants trained with further bandage
applications, the requirements of the technique w('re
explained and then two elasticized bandages ,vere
used on the leg over four further attempts. Before each
subsequent attempt, participants were told the pres­
sure reading. This training method was simple and,
with minimal equipment, could be incorporated into
first-aid training in a gronp or individual setting. Par­
ticipants were then asses.'~ed on their sixth attempt
using the same pressure outcomes. Throughout the
course of the experiment, any bandaging that stopped
short of covering the entire limb \vas noted and
recorded.

In the final part of the study, the effects of vehicle
transport on amblllance-is...sue crepe PIB were investi­
gated using an off-duly St John Amhnlance Vehicle and
an experienced paramedic. In this case, four digital pres­
sure transducers ,vere used. One was attached to each
leg of two subjects. Subjects were first bandaged to
achieve pre&.'illreS \vithin Hle optimal range while lying
in the hack of an amb\! The ambl1lance was then
driven for ajJproxim~udY ;)0 min on sealed roads for
each run and the pressure recorded every 5 min, Ban­
dages were replaced between nms. Crepe bandage>;
were applied six times, with and without splinting and,
for comparison, elasticized bandages were applied on
two occasions,

The pres.<)ures generated by the bandages were
measured using a paediatric blood pressure bladder
attached to the slandard inllation bulb and a Druck 70R
pressure transducer (Melrose, MA, USA). In the initial
Shldies on a Laerdal adult i. v. ann, the bladder was
taped approximately 50 mm below the elbow crease on
the front lateral side of the al111 (in anatomical position).
On a leg the bladder was taped approximately 75 mm
from the knee· cap on the lateral front of the lower leg.
The tubes of the bladder were secured at the wrist or
ankle for the arm and leg, respectively. The bladder was
inflated So (hat pre..<.:;sure read 1 or 2 mmHg and the
transducer zeroed so, although air was contained in the
bladder this gave no pressure reading. Minimal air in
the bladder kept it as close to the normal limb contonr
as possible. Thrc'" additional pressure transducers (RS
232 manometers - model 8252, SensorsO"E, Rutland,
UK) were sourced for the ambulance recordings.

The main outcome measure was generating a
bandage pressure within an optimal pressure range,
defined as 4~70 mmHg on the upper limb and
55-70 mmHg on the lower limb."" The bandage should
cover the length of the limb.'

Analysis

Data were analysed by comparing the proportion gen­
erating an adequate pressure between each group at
lirst and fmal atternpts. Pre..~sur(,8 wtn~ reported as
medians and interquartile ranges (IQR) and compari­
sons were made with non-parametric testB.

Results

The initial comparison of various commercially avail­
ahle bandage types on the lower limb found that
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Figure 1. Pressures generated by a $ingle operator 011 30 different occasions for earh oondage type using a dummy arm (a) and a
human leg (b).

Figure 2. Scatter plot (lf handagl' tensions generated by all
participants. (,~:.J 1st ACE; (x) 1st crepe.

The initial pres,.c;ures for crepe and ACE bandages by
the six subgroups of participants subsequently trained
is illustrated in Figure 3a, shO\ving that in most groups
the elasticized bandage was more likely to be applied in
the optimal pressure range. Following training with

standard crepe bandages consistently generated pres­
sure below the optimal rangej with a mean pressure of
36 mmHg (SD 8 mmHg), while the elastici7.ed bandages
(ACE) appeared to be the most effective bandage mate­
rial, generating a pressure of 59 mmHg (SD 9mmHg)
(Fig. 1). There were similar results for the upper limb
(Fig. 1).

Of the 96 participants, 95 applied both a crepe and
elasticized bandage to the lower limb. The median pres­
sure generated for the crepe bandage was 28 mmHg
(lQR 17-42 mmHg) compared with 47 mmHg (IQR
26-83 mmHg) with the elasticized bandage. Of the
trained health-care workers participating in the study,
13 out of 78 (17%) achieved the correct pressure at the
Ilrst attempt. According to the self-reported queMion­
naire, 22 of the 78 (28'1<,) had previously treated snake­
bite in either a hospital or emergency responder setting.
One participant dropped out after attempting to apply a
toumiquet and there were eight others who had to be
corrected hefore the pressure could he judged because
they either attempted a tourniquet or only bandaged the
ankle at the first attempt. Twenty-four participants ban­
daged only to the knee in one or more attempts before
training. The range of pressures for all 95 participauts
for both the crepe and elasticized bandages is shown in
Figure 2.
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Figure 3. Bandage pressures in the six different subgroups for the elasticized bandage (ACE) (dark) and crepe (light) on their initial
attempt (a) and before training (dark) and after training (light) (b).
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the elasticized bandages, the median pressure for all
36 participants was 65mmHg (lQR 56--71mmHg),
which was closer to the optimal range than the initial
attempts that generated a median of 47mmHg (IQR
27-75 mmHg), On initial elasticized bandaging, only
5/36 (14%) participants were able to generate a pressure
in the optimal range compared with 18/36 (50%) after
training (P=0,OO2) (Fig, 3b),

Bandage pressures were measured during a 30 min
ambulance trip and demonstrated that all crepe ban­
dages (with or without splinting) did not maintain pres­
sure after an initial bandage was applied at the correct
tension (Fig, 4), Conversely, in two subjects with elasti­
cized bandages without splints pressure was better
maintained (Fig.4),

Discussion

Overall, pressure bandaging ability was poer in both
the general public and in health pl'Ofes.qionals, Whether
application was being attempted on a mannequin arm
or on a human lower limb, the traditionally recom­
mended crepe bandages consistently failed to achieve
the appropriate pressure range, Elasticized bandages
were shown to be more effective and training improved
participants' ability to apply this type of bandaging,
Even when the correct initial pres.sure was achieved
with crepe bandaging and immobilization was secured,
the transport study suggested that adequate pressures
could not be maintained over a relatively typical
journey to hospitaL

Time (min)

Figure 4. Changes in pressure under the bandage over time
during a 30 min ambulance ride for crepe bandaging without
splinting (dashed line), crepe bandaging with splinting (grey line)
and elasticized bandaging (black line). F..stimated optimum pres­
sures are indicated. (. ) Crepe um;plinted; (- ) crepe
splinted; (--) elastici7.ed bandage ullsplinted.

These studies were limited to simulated scenarios; it
is not ethical to recreate the panic of snakebite, It is
possible that the stress of the situation would mean that
bandaging may be applied tighter, or that the correct
technique would be forgotten altogether, In addition, we
could not determine pressures over the whole limb with
this technique, because measurements were restricted to
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the area of the bladder under the bandage. This could
explain why on onc occasion during ambulance trans­
port the pressure rose under one of the elasticized ban·
dages (see Fig. 4); as pressure was measured below the
knee, we might have exceeded the optimal pressure
above the knee and created a venous tourniquet. This
bandage caused significantly more discomfort than any
other bandage applied in the simulated ambulance
study, No participant applied bandage created undue
discomfort in these studies, except on the occasions
when a participant deliberately applied a tourniquet,
believing this to be the preferred method.

It is important to state that to date there is only one
study that specifically aimed to define optimal pre.o::­
sures for PIB in humans and, for our studies, we have
used those values published by Howarth et al. for
comparison of bandaging pres..<.;uresY Further research
might change these currently recommended bandage
ten~ions and hence our data must be considered in the
context of the assumption that bandages maintaining
pressures in this range are effective.

Suspected snakebite is common at Royal Darwin
Hospital!;3.16 and our study involved members of the
1110st snake-aware subsets of the population, Partici­
pants in the studl' included members of the general
population from rural areas in the :-forthern T'en·itory
who live with snakes as a relatively common neighbour;
local ambulance officers who frequently treat suspected
snakebite case..s; and snake catchers and handlers \vhere
being bitten by the reptiles being caught 01' in their care
is an occupational hazard, [f the study had focussed
on a different subset of the population, results might
have differed.

There is controversy as to whether crepe bandages
work at all. there were several differences between the
early animal models of pres.sure immobilization and the
true snakebite scenario. The monkeys used in the origi­
nal research weighed between 2,5 and3 kg!" Through·
out those experiments, three limbs of each monkey were
immobilized on a frame, leaving only one limb free for
the application of first aid.' Immobilization of all limbs
is not possible in life and movement of a patients' free
limbs has an influence on the effectiveness of first aiel in
the clinical scenario.9 The controlled conditions and size
differences might explain why crepe bandages worked
so effectively in the original monkey trials yet in our
study did not produce the appropriate pressure. Fur­
thenno,.e. although Sutherland et al. estimated that a
firm crepe bandage generated 55 ± 5 mmHg and was
effective,S a study by Anker el al. found that a pressure
bandage with immobilization failed at every attempt to
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retard labelled mock venom spread in humans.lO.l1 As an
alternative to pressure bandaging, Anker et 01. devel­
oped the 'Monash Method' that used a pres.sure pad
under a film bandage, A prospective study in Burma
measuring plasma venom concentrations before and
after release of the compression pad first aid showed
objective evidence of benefit from this methad.17

The relatively affordable (AUD 5.15 at the time of the
study) elasticized bandage shows promise in these pre­
liminary studies. Not only was it po..ssible to attain the
desired pressure ranw" but the ambulance study sug·
gested that, in C011l_' T1 with crepe bandages, these
pressures might b~ maintained until definitive hospital
h·eatment can be accessed. However, to have a succe&.s
rate of 50% immediately after training is not, in the
authors' Opillions, an ideal result and supports cans for
further research into first~aid training as well as the
parametem that optimize the potential effectiveness
of pm"

Although snake handlem appeared to have a greater
undemtanding of bandaging for snakebite and several
of the snake catchers enrolled taught this method to
others, overall only 16 of the 36 (44%) elasticized
bandage attempts by the snake catcher group achieved
correct pressures.

Previous studies have documented that education
about PIB in Australia appears to have been inadequate,
with people commonly not applying splints, or even
neglecting any attempt at first aid at all. l2.ll' Our study
suggesrs that, even hy strictly following the current
National Health and Medical Research Couucil
jAush·alian Resuscitation Council guidelines for snake­
bite, first aid with PIB using bandages cUlTcntly avail­
able in mallY first~aid kits might actually not enable
Australians to alter the outcome of a bite beyond the
potential benefit of immobilization itself. On a more
positive note, intensive b-aining did improve per­
formance with elastici7...ed bandages. Although not
everyone succeeded in achieving presumptive COlTect
pressures following training, they did get clo.'-)cr to the
mark in the majority of cases. It was not 'within the
scope of the study to lonk at people a period of time after
the training to see if they had retainl.u the knowledge
gained. 1t should be noted that man)' participants had
completed firSH.tid courses but had forgotten much of
the detail of the technique before the study.

Complacency surrounding snakebite first aid appears
to be the accepted state of affairs in Australia. First aid
for snakebite has nnt been explored to a depth that
provides a strong evidence base for an effective tlrst·aid
technique and there are ~erious concerns alxmt the
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effectiveness of PIB in real snakebite cases. Education
and training have not been designed or maintained at a
level that would render the majority of the population
able to execute the nationally adopted technique of PIB.
FurthemlOre, bandage materials and the technology of
PIB have not been re·evaluated for almost 30 years.

It seems logical that applying first aid promptly
after a snakebite might protect the victim from venom
absorption and, therefore, envenoming if both correct
pressures- are obtained and immobilization is strictly
adhered to. We recommend that PIB should continue to
be promoted as the standard for Aush-alia. However, we
do recommend that immediate changes are mad(-' to
written guidelines in Australia noting the inadequacy of
standard crepe bandages and that elasticized bandages
are superior in obtaining and maintaining adequate
pres..c;ure..s.

Finally, prospective mu1ticentre studies of snakebite
with quantitative plasma venom concenh'ations will
hopefully better elucidate the true effectiveness of PIB
or alternative techniques, such as pre.ssure pads. Pro­
spective studies will also help define the limitations of
timing of application, and determine the optimum types
of bandage materials to use and the optimum pressure
to be achieved and maintained.
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