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Abstract

Objective—Early deaths from organophosphorus (OP) pesticide self-poisoning result from
respiratory failure and cardiovascular collapse. Therapy requires the urgent use of atropine to
reverse cholinergic excess, thereby improving respiratory function, heart rate, and blood pressure.
We aimed to assess variation in textbook recommendations for early atropinisation and to see
whether this variation affected time to stabilisation using model datafrom 22 severely poisoned
patients seen in a Sri Lankan clinical trial.

Methods—We extracted prospectively recorded data on atropine requirements for 22 OP
poisoned patients who required intubation but survived to discharge. We did a systematic search
for textbook recommendations for initial atropinisation regimens. These regimens were then
applied to data from the Sri Lankan patients.

Results—The patients required a mean of 23.4 mg (standard deviation 22.0, range 1-75 mg)
atropine to clear the lungs, raise the pul se above 80bpm, and restore systolic blood pressure to
more than 80 mmHg. Textbook recommendations varied markedly -atropinisation of an average
patient, requiring the mean dose of 23.4mg, would have taken 8 to 1380 mins; atropinisation of a
very ill patient, requiring 75mg, would have taken 25 to 4440 mins. Atropinisation was attained
most rapidly with aregimen of increasing bolus doses after failure to respond to the previous
bolus.

Conclusions—There is great variation in recommendations for atropinisation, with some
regimens taking hours and even days to stabilise a patient. The guidelines are very flexible —
possibly appropriate for experienced emergency physicians or clinical toxicologists, but
completely inappropriate for the inexperienced junior doctors who see most cases worldwide. We
recommend that a consensus guideline be devel oped by appropriate organisations to bring order to
thisimportant part of OP therapy, while acknowledging the paucity of data to drive the guidelines.

Correspondence: M Eddleston, Dept of Clinical Medicine, Faculty of Medicine, POBox 271, 25 Kynsey Road, Colombo-08, Sri
Lanka eddlestonm@eureka.lk.
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Introduction

Methods

Acute organophosphorus (OP) pesticide poisoning isamajor global clinical problem, 1-3
with hundreds of thousands of deaths occurring every year.4,5 Early deaths result from
respiratory failure - due to central respiratory depression, neuromuscular junction weakness,
bronchorrhoea and bronchospasm - and from cardiovascular collapse.6 Therapy requires
urgent administration of sufficient atropine to reverse signs of cholinergic excess (attain
‘atropinisation’),7-9 as well as airway and ventilatory support.10 Current guidelines
recommend the use of bolus doses to attain atropinisation, followed by an infusion.8

Carrying out arandomized controlled trial (RCT) of activated charcoal in acute self-
poisoning in north central Sri Lanka, we have managed more than 600 OP poisoned patients
over 18 months. Major issues with their management have been how to give the loading
doses of atropine and for which criteria of atropinisation to aim.11 A review of textbooks
found many different regimens with little consensus.

Widely varying regimens of atropinisation have also been reported by doctors seeing OP
poisoned patients in different parts of the world. One group infused atropine 0.02-0.08mg/kg
over one hour to attain atropinisation.12 Such aregimen would take four hours to administer
20mg of atropine to a severely ill 70kg patient.13

Noting the wide variation found in textbooks, we reviewed texts of clinical toxicology for
recommendations on early atropine administration. We aimed to compare the regimens by
calculating the time it would take for each recommended regimen to fully atropinise two
hypothetical significantly ill patients — one requiring the mean amount of atropine given to
severely ill patientsin our study and one requiring the highest amount of atropine given to a
surviving patient.

Patients with OP self-poisoning admitted to Anuradhapura General Hospital, a secondary
district hospital serving 750,000 people, who had been intubated but survived were
identified from the study database. The ingested pesticide was identified by history from
patient or relative, or by the bottle being brought into the hospital; clinical features shown by
patients were consistent with adiagnosis of OP poisoning. The quantity of atropine given to
each patient was noted from entries made in the patient’ s records at the time of initial
management. All patients were managed following a standard protocol; criteria used for
atropinisation are given in Box 1.

We searched for textbooks of clinical toxicology published between 1993 and 2003 using
www.amazon.com and the keywords ‘ clinical toxicology’, and ‘ poisoning’. The searches
produced 2386 and 16848 hits, respectively. The title and accompanying description was
reviewed for the first 450 and 800 hits for each search — 200 past the last text found to be a
clinical toxicology textbook. The ‘clinical toxicology’ search revealed nine texts,14-22 the
‘poisoning’ search an additional fifteen.23-37 One text27 was an updated concise version of
another;28 only the former was therefore included.

We also searched three library catalogues: Royal Society of Medicine (http://
www.rsm.ac.uk/librar/library.htm) using the complex search option, ‘poisoning’ or ‘clinical
toxicology’ in thetitle, for 1993-2003, search restricted to books. 44 texts were retrieved,;
four texts were relevant, one not previously found.38 British Library (http://www.bl.uk/
catalogues/toppage.html) using ‘all catalogues’ option, ‘poisoning’ or ‘clinical toxicology’
inthetitle, for 1993-2003. 144 texts were retrieved; 12 texts were relevant, one not
previously found.39 National Library of Medicine (http://locatorplus.gov/) using advanced
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menu search option, ‘poisoning’ or ‘clinical toxicology’ in thetitle, for 1993-2003,
restricting the search to books in English - 471 texts were retrieved; 18 texts were relevant,
two not previously found.40,41 One of these texts 41 could not be obtained because it is not
yet in print.

Online sources were also checked: INTOX project of the WHO/IPCS (four texts9,42—44);
Hypertox (Australia),45 Poisindex (USA),46 Toxbase (UK),47 and Toxinz (New Zealand).
48 Interview of colleagues and communication with the AACT central office revealed four
other books.10,49-51 Data were also extracted from WHO,52 UK ,53 and Australian54
formularies, and from international textbooks of internal medicine.55-57

Regimens for atropine administration in acute OP poisoning were sought in each text. The
following information was extracted: administration rate of atropine, criteriafor full
atropinisation, and maximum amount of atropine that might be required in a severely
poisoned patient (tables 1 and 2). Such information was not given in five sources,
21,33,35,36,51 which were therefore excluded from the analysis.

These atropine administration rates were then applied to the mean dose of atropine required
by the Sri Lankan patients and to the highest dose of atropine required by one patient
(75mg).

Cohort of OP poisoned patients

Between 315 March and 3" December 2002, 1000 patients with acute poisoning were
reviewed on admission to Anuradhapura Hospital. 226 had ingested OP pesticides; a further
44 had ingested an unknown pesticide that required atropine and was most likely an OP (less
commonly, carbamates).

Sixty one patients required intubation. Of these patients, 38 died after admission while 23
required intubation but survived to hospital discharge. Data on atropine administration and
intubation timing was available in the notes made by the study team at the time of admission
for al but one of these patients.

All the patients were seen on admission by a study doctor and 0.6-3mg of atropine
administered to patients with signs of cholinergic poisoning. If there was no response after
five minutes, thisinitial dose was doubled until the patient was judged to be stable (for
example, 1.2mg initial bolus, then 2.4mg, then 5mg, etc). Criteriafor atropinisation are
givenin Box 1. All patients received pralidoxime 1g qds for 1-3 days.

The 22 patients required a mean of 23.4 mg of atropine on admission (standard deviation
22.0, range 1-75 mg; the patients requiring the lower doses had previously received atropine
at a periphera hospital before transfer). This quantity of atropine given to attain
atropinisation does not include the atropine that was subsequently given by infusion.
Seventeen patients were intubated on admission; the other five were intubated during the
next few days for the intermediate syndrome.

Recommended atropine regimens in textbooks of clinical toxicology

We obtained thirty eight recommendations for atropinisation from clinical toxicology
textbooks and electronic sources, national formularies, and international textbooks of
internal medicine (tables 1 & 2). All 15-17,20 the texts commonly used by American poison
control centers were included (R Soloway, AAPCC, personal communication). Overall,
thirty three different recommendations were obtained.
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Most sources gave arange of atropine dosages and/or intervals between repeat doses, for
example, ‘give 2 to 5mg of atropine every 5-10 minutes'. Using this regimen, the time to
give 10 mg varies from 5 minutes after the first dose (5mg every 5 minutes) to 40 minutes
after the first dose (2mg every 10 minutes). In thisway, arange of times to atropinisation
was calculated for each recommendation.

Applying these recommendations to a Sri Lankan patient, intubated but surviving to
discharge, and requiring the mean atropine dose of 23.4 mg, between 10 and 1380 minutes
were required to give the necessary 23.4 mg (figure 1). For recommendations specifying a
range of atropine doses, there was often marked variation in time to atropinisation: eg, using
the regimen of Harrison’s textbook (0.5-2mg repeated every 5-15 min),56 atropinisation
would have occurred after either 55 or 690 mins depending on whether the larger dose was
given every 5 mins or the smaller dose given every 15 mins. Even when given most
aggressively, some of the regimens took more than 100 minsto give 23.4 mg.

The regimen given in Ford’ s textbook17 had the least variation in time to atropinisation - 15
and 20 mins for the fastest and slowest administration regimens, respectively.

Twenty four texts indicated that large amounts of atropine might be required for a severely

ill patient - specific estimates ranged from 20mg to 3.5¢g (tables 1 and 2). However, using the
fastest regimen suggested by each source, it would take between 25 and 740 minutes (12 h
20 min) to atropinise the Sri Lankan patient who required 75mg (figure 1). With three
regimens, it would have taken more than 37 hours to give 75mg using the slower of their
recommended dosage rates. Some of the regimens required as many as 70 bolus injections of
atropine.

There was also marked variation in the criteriafor atropinisation. Fourteen sources used
reversal of bronchorrhoea and bronchospasm as their main criteria. Some used pupil size,
flushed skin, or heart rate, in the latter case often setting alower limit of 120bpm.

Discussion

Severe OP pesticide self-poisoning isamajor clinical problem in the Asia Pacific region -
some hospitals see 500-1000 patients every year with case fatality over 20%. Since OPs are
responsible for around two thirds of deaths in most case series of pesticide poisoned
patients,3 there are likely to be at least 200,000 deaths every year with these compounds.4,5

Full and early atropinisation is an essential and simple part of early management. Delayed
atropinisation can result in death from central respiratory depression, bronchospasm,
bronchorrhoea, severe bradycardia and hypotension.6 Animal work suggests that these early
deaths may be primarily due to central cholinergic stimulation.58,59 Adoption of aregimen
that resultsin rapid atropinisation to block such stimulation will likely save significant
numbers of lives across the devel oping world where junior doctors manage patients without
advice from clinical toxicologists. Recommended regimens must be simple and easily used
by such doctors.

Our systematic search of clinical toxicology textbooks reveal ed multiple guidelines based on
little evidence and varying from one source to another. For example, five texts stated that
2-4mg of atropine should be given ‘every 5-10 min’, ‘every 5-15 min’, ‘every 10 min’,
‘every 10-15 min’, or ‘every 15 min’ (tables 1 and 2). It is tempting to wonder whether each
new recommendation is simply atweaked old recommendation, made to look different from
its predecessors.
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Most importantly, in inexperienced hands, the regimens could result in atropinisation not
being reached for many hours — over 11 hours to give 23.4mg in two cases and 23 hoursin
one case (figure 1) — leaving patients in a dangerously unstable state.

Many texts state that very large amounts of atropine might be required to stabilise a patient
but still recommend regimens that take hours to give these amounts. Taking the Sri Lankan
patient who required the greatest amount of atropine (75mg, well below the maximum
amount stated in most texts — see tables 1 and 2), time to atropinisation varied from 25 min
to 740 min (greater than 12hrs) using the most aggressive regimens in each text. Time to
atropinisation using some of the less aggressive regimens would have regquired more than
1.5 days. Note that the mean dose of 23.4 mg and maximum dose of 75mg are conservative
estimates since many patients received some atropine at peripheral hospitals, prior to their
admission to the study hospital.

There was also variation in the recommended interval between bolus injections—from 5 min
to 30 min (tables 1 and 2). Since blood levels peak quickly after 1V injection and onset of
action iswithin afew minutes,60 waiting just five minutes for a response before deciding
whether to give another dose is probably sufficient.

The regimen that performed best was that of Ford’ s textbook.17 An initial bolus of 1-2mg is
recommended with subsequent doses doubled every 5 minutes until atropinisation is
achieved. This regimen requires no more than 20 minutes to administer 25mg of atropine. It
also works well for the rare patient who requires very large amounts of atropine, permitting
administration of 75mg in 25-30 minutes. It also works well for patients requiring small
doses since the initial bolus can be aslittle as 1mg. Importantly, it permits little variation in
time to atropinisation in the hands of an inexperienced junior doctor. Eight other
regimens9,10,15,18,37,40,42,43 suggested the use of larger bolus doses after the first dose
but did not specify increasing the amount given with each subsequent dose administered.

Criteriafor atropinisation varied widely among sources - some texts recommended giving
atropine until pupils were dilated and pulse more than 120-140/min. Since patients die from
respiratory failure and/or cardiogenic shock, we think it more important to reverse
bronchospasm and bronchorrhoea, and improve systolic blood pressure and heart rate, than
to dilate pupils or produce atachycardia. Furthermore, both dilated pupils and tachycardia
can result from stimulation of nicotinic ACh receptors, and tachycardia result from low total
peripheral resistance with a partially compensatory high cardiac output.61

Thereis currently little clear evidence for selecting atropine endpoints. Giving atropine to
reverse signs attributabl e to specific muscarinic (M) receptor subtypes may not reverse OP
effects at other receptors. In particular, since current endpoints do not include aCNS
endpoint, it is possible that atropinisation is not reversing the CNS cholinergic syndrome,
which may have significant consequences for preventing early death from OP poisoning.
58,59

Excess atropine can be dangerous. Endpoints such as pulse rates >120/min and dilated
pupils suggest that the patients are being given too much atropine. Atropine toxicity causes
confusion, agitation, and hyperthermia.7 Such effects are major problemsin the hot, non-air
conditioned wards of the tropical devel oping world where most patients present. Agitated
patients in ambient temperatures greater than 35C, not sweating because of atropine, can
become very hot. The situation is exacerbated by alcohol or acohol-withdrawal induced
agitation. Patients can die from atropine-induced hyperthermia and cardiac arrest
(Eddleston, unpublished).

J Toxicol Clin Toxicol. Author manuscript; availablein PMC 2006 June 07.



sydLosnue |\ Joyiny siepund D |ANd @doun3 ¢

syduosnue |\ Joyiny siepund DINd @doin3 ¢

Eddleston et al.

Page 6

A further problem with fast heart ratesisischaemic heart disease in elderly patients. We
have noted patients with fairly mild poisoning who died in ICU from myocardial infarctions
after being given atropine to keep their heart rate at 120-140 bpm. We therefore prefer
criteriafor atropinisation to concentrate on clearing lungs, raising systolic blood pressure,
and increasing the heart rate to just 80-100bpm.

Conclusions

Thisreview of the clinical toxicology reference sources reveals avariety of
recommendations for atropinisation, many of which would delay its attainment for hours. In
addition, some sources used criteria for atropinisation that would cause atropine toxicity
rather than resolution of the poisoning. Evidence for the recommendations is weak — there
has been only one comparative study of different atropine regimens and this used historical
rather than parallel group controls.62 This situation is not unique to OPs - rather it appears
to be true for al forms of pesticide poisoning, if not al of clinical toxicology.63

In light of the importance of OP pesticide poisoning worldwide, we call upon clinical
toxicology associations to work with the WHO to review the evidence for atropine
administration and to produce and disseminate a simple guideline that will be useful for
junior doctors faced by this severe form of poisoning across the world. Given the paucity of
existing evidence, strategies should be developed for performing clinical studiesto
determine the optimal dosing regimen of atropine that rapidly and safely achieves
atropinisation in these patients.

Box 1. Target end-pointsfor atropine therapy
e Clear chest on auscultation
e Heart rate>80/min
e  Systolic BP >80mmHg
e Pupilsno longer pinpoint
e Dryaxillae

We aimed to attain at least four end-points, including all of the first three, before
considering a patient atropinised.
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Minutes Hours

30 45

60,2 4 6 & 10 12 1416 18

Range of times to give mean (23.4mg; pale bars) and high (75mg; dark bars) atropine
loading doses for patients with severe OP poisoning, following instructions from each text.
Doses were based on 22 Sri Lankan patients. A range was not given for three
regimensl8,31,54 and they are not included in this figure. The times are curtailed at 18hrs;
eleven regimens took more than 18hrs.
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