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CURRENT AWARENESS PAPERS OF THE MONTH 

When do the aminotransferases rise after acute acetaminophen 
overdose? 
Green TJ, Sivilotti ML, Langmann C, Yarema M, Juurlink D, Burns MJ, Johnson 
DW. Clin Toxicol  2010; 48: 787-92. 
Context 
Rising aminotransferases (ATs) [either aspartate aminotransferase (AST) or alanine aminotrans-
ferase (ALT)] are one of the first signs of hepatotoxicity following acetaminophen (APAP) overdose 
(OD). However, the timing and speed of such rises are not well characterized, hampering early risk 
prediction.  
Objective 
To describe the kinetics of AT release in acute APAP OD patients who develop hepatotoxicity 
despite treatment.  
Methods 
A descriptive study of acute APAP OD patients with peak AT > 1000 IU/L taken from the derivation 
subset of the Canadian Acetaminophen Overdose Study (CAOS), a large, multicenter retrospective 
cohort of patients hospitalized for APAP poisoning.  
Results 
Of 2488 hospital admissions for acute APAP OD, 94 met inclusion criteria. Treatment with 
acetylcysteine, mostly intravenously, was begun in all cases within 24 h of ingestion. The initial AT 
concentration was already elevated in most patients at presentation [median 211 (IQR 77-511) 
IU/L obtained at 15.3 (12.1-19.2) h postingestion], and exceeded 100 IU/L in almost all patients 
within 24 h of ingestion. Serum AT concentrations rose rapidly [doubling time 9.5 h (95% CI: 8.7-
10.4 h)], especially in patients who developed AT > 1,000 IU/L within 48 h of ingestion. 
Coagulopathy was worse in these patients and in those with an AT > 250 IU/L during the first 12 h 
of treatment with acetylcysteine.  
Discussion and conclusions 
An abnormal and rapidly doubling AT at presentation is more typical in severely poisoned patients, 
as judged by the effects on clotting. These data suggest that risk prediction instruments may be 
improved by incorporating both the serum AT concentration at initiation of antidotal therapy and 
its rate of change. Further studies using such an approach are warranted. 
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Overdose pattern and outcome in paracetamol-induced acute 
severe hepatotoxicity 
Craig DGN, Bates CM, Davidson JS, Martin KG, Hayes PC, Simpson KJ. Br J Clin 
Pharmacol  2010; online early: doi: 10.1111/j.1365-2125.2010.03819.x: 
What is already known on this subject 
Paracetamol hepatotoxicity is the commonest cause of acute liver failure (ALF) in the UK. 
Conflicting data exist regarding the impact of overdose pattern upon subsequent mortality or need 
for emergency liver transplantation. 
What this study adds 
Unintentional paracetamol overdose is independently associated with reduced survival compared 
with intentional overdose. Unintentional paracetamol overdoses should be treated as high-risk for 
the development of multiorgan failure, and should be considered for N-acetyl cysteine treatment 
irrespective of admission serum paracetamol levels. The King's College poor prognostic criteria 
have reduced sensitivity in unintentional overdose patients and alternative prognostic criteria may 
be required. 
Aims & methods 
Paracetamol (acetaminophen) hepatotoxicity is the commonest cause of acute liver failure (ALF) in 
the UK. Conflicting data regarding the outcomes of paracetamol-induced ALF resulting from 
different overdose patterns are reported. Using prospectively defined criteria, we have analyzed 
the impact of overdose pattern upon outcome in a cohort of 938 acute severe liver injury patients 
admitted to the Scottish Liver Transplantation Unit. 
Results 
Between 1992 and 2008, 663 patients were admitted with paracetamol-induced acute severe liver 
injury. Of these patients, 500 (75.4%) had taken an intentional paracetamol overdose, whilst 110 
(16.6%) had taken an unintentional overdose. No clear overdose pattern could be determined in 
53 (8.0%). Unintentional overdose patients were significantly older, more likely to abuse alcohol, 
and more commonly overdosed on compound narcotic/paracetamol analgesics compared with 
intentional overdose patients. Unintentional overdoses had significantly lower admission 
paracetamol and alanine aminotransferase levels compared with intentional overdoses. However, 
unintentional overdoses had greater organ dysfunction at admission, and subsequently higher 
mortality (unintentional, 42/110 (38.2%); intentional, 128/500 (25.6%), p < 0.001). The King's 
College poor prognostic criteria had reduced sensitivity in unintentional overdoses (77.8%, 95% 
confidence intervals (CI) 62.9-88.8) compared with intentional overdoses (89.9%, 95% CI 83.4-
94.5). Unintentional overdose was independently predictive of death or liver transplantation on 
multivariate analysis (odds ratio 1.91 (95% CI 1.07-3.43), p= 0.032). 
Conclusions 
Unintentional paracetamol overdose is associated with increased mortality compared with 
intentional paracetamol overdose, despite lower admission paracetamol levels. Alternative 
prognostic criteria may be required for unintentional paracetamol overdoses. 

Medications used in overdose and how they are acquired - an 
investigation of cases attending an inner Melbourne emergency 
department 
Buykx P, Loxley W, Dietze P, Ritter A. Aust N Z J Public Health  2010; 34: 401-4. 
Objective 
This study aimed to investigate which categories of medication are most commonly implicated in 
overdose, to compare this information with prescription data and to explore how the medications 
used in overdoses are typically acquired.  
Methods 
A 12-month audit (11/2003-10/2004) of all medication overdose presentations to an inner-
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Melbourne ED was conducted and the medications compared to published population-based 
prescription data. Interviews were conducted with 31 patients who attended the ED following a 
medication overdose and typical stories regarding the acquisition of medications reported.  
Results 
The same broad categories of medications identified in earlier studies were found to contribute to 
the majority of overdoses in this study, namely benzodiazepines, antidepressants, analgesics and 
antipsychotics. Two benzodiazepine medications, diazepam and alprazolam, appeared to be over-
represented in the overdose data relative to their population rates of prescription. Patient 
interviews revealed three main reasons for the original acquisition of the medications used in over-
dose: treatment purposes (77%); recreational use (16%); and overdose (7%). The most common 
source of medications (68%) used in overdose was prescription by the patient's usual doctor.  
Conclusion 
The high representation of benzodiazepines among medications used in overdose is of ongoing 
concern.  
Implications 
The time of medication prescription and dispensing may be an ideal opportunity for overdose 
prevention, through judicious prescribing, consideration of treatment alternatives, patient 
education and encouraging the safe disposal of unused medications. 

Low-molecular-weight heparin overdose: management by 
observation 
Monte AA, Bodmer M, Schaeffer TH. Ann Pharmacother  2010; 44: 1836-9. 
Objective 
To describe 3 episodes of low-molecular-weight heparin (LMWH) overdose in 2 patients and 
discuss the clinical presentations, outcomes, and therapeutic options.  
Case summaries 
The first patient, a 35-year-old female, presented after an intentional overdose of 72 000 units of 
dalteparin. The peak measured anti-Xa activity was 6.2 U/mL at 7.5 h postinjection. No inter-
ventions were performed and there were no bleeding complications. The patient presented 20 
days later following another overdose of 72 000 units. Anti-Xa activity was 4.5 U/mL 2 h post-
injection. No treatment was given and the patient was discharged with plans for follow-up the next 
day. There was no evidence of bleeding complications on follow-up. The second patient, a 29-
year-old male, presented after an intentional overdose of 480 mg of enoxaparin. The anti-Xa 
activity was 1.9 U/mL measured 2 h postinjection. The patient was observed without intervention. 
There were no bleeding complications.  
Discussion 
To our knowledge, there is only one previous report of an LMWH overdose in the literature, an 
iatrogenic overdose in an infant treated with protamine. In our 3 presented episodes of LMWH 
overdose, no therapeutic interventions were performed and there were no bleeding complications. 
Review of the literature regarding the efficacy of protamine and recombinant factor VIIa for 
reversal of LMWH coagulopathy revealed that protamine is only partially effective and recombinant 
factor VIIa is effective in in vitro studies and case reports.  
Conclusions 
In cases of LMWH overdose, observation seems to be appropriate in the absence of clinically 
significant bleeding. Prolonged monitoring may be necessary for patients with renal failure. Use of 
protamine or recombinant factor VIIa is not supported by this case series in patients without 
significant bleeding. There is a lack of data regarding how to treat patients with significant 
bleeding. 
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Benzene and human health: a historical review and appraisal of 
associations with various diseases 
Galbraith D, Gross SA, Paustenbach D. Crit Rev Toxicol  2010; 40(S2): 1-46. 
Abstract 
Over the last century, benzene has been a well-studied chemical, with some acute and chronic 
exposures being directly associated with observed hematologic effects in humans and animals. 
Chronic heavy exposures to benzene have also been associated with acute myelogenous leukemia 
(AML) and myelodysplastic syndrome (MDS) in humans. Other disease processes have also been 
studied, but have generally not been supported by epidemiologic studies of workers using benzene 
in the workplace.  

Within occupational cohorts with large populations and very low airborne benzene exposures (less 
than 0.1-1.0 ppm), it can be difficult to separate background disease incidence from those 
occurring due to occupational exposures. In the last few decades, some scientists and physicians 
have suggested that chronic exposures to various airborne concentrations of benzene may 
increase the risk of developing non-Hodgkin's lymphoma (NHL) ( Savitz and Andrews, 1997 , Am J 
Ind Med 31:287-295; Smith et al., 2007 , Cancer Epidemiol Biomarkers Prev 16:385-391), multiple 
myeloma (MM) ( Goldstein, 1990 , Ann NY Acad Sci 609:225-230; Infante, 2006 , Ann NY Acad Sci 
1076:90-109), and various other hematopoietic disorders.  

We present a state-of-the-science review of the medical and regulatory aspects regarding the 
hazards of occupational exposure to benzene. We also review the available scientific and medical 
evidence relating to benzene and the risk of developing various disorders following specific levels 
of exposure.  

Our evaluation indicates that the only malignant hematopoietic disease that has been clearly linked 
to benzene exposure is AML. Information from the recent "Benzene 2009," a symposium of 
international experts focusing on the health effects and mechanisms of toxicity of benzene, hosted 
by the Technical University of Munich, has been incorporated and referenced. 

Toxicological analysis of 17 autopsy cases of hydrogen sulfide 
poisoning resulting from the inhalation of intentionally generated 
hydrogen sulfide gas 
Maebashi K, Iwadate K, Sakai K, Takatsu A, Fukui K, Aoyagi M, Ochiai E, Nagai 
T. Forensic Sci Int  2010; online early: doi 10.1016/j.forsciint.2010.09.008: 
Abstract 
Although many cases of fatal hydrogen sulfide poisoning have been reported, in most of these 
cases, it resulted from the accidental inhalation of hydrogen sulfide gas. In recent years, we 
experienced 17 autopsy cases of fatal hydrogen sulfide poisoning due to the inhalation of 
intentionally generated hydrogen sulfide gas.  

In this study, the concentrations of sulfide and thiosulfate in blood, urine, cerebrospinal fluid and 
pleural effusion were examined using GC/MS. The sulfide concentrations were blood: 0.11-31.84, 
urine: 0.01-1.28, cerebrospinal fluid: 0.02-1.59 and pleural effusion: 2.00-8.59 (µg/ml), while the 
thiosulfate concentrations were blood: 0-0.648, urine: 0-2.669, cerebrospinal fluid: 0.004-0.314 
and pleural effusion: 0.019-0.140 (µmol/ml). In previous reports, the blood concentration of 
thiosulfate was said to be higher than that of sulfide in hydrogen sulfide poisoning cases, although 
the latter was higher than the former in 8 of the 14 cases examined in this study.  

These results are believed to be strongly influenced by the atmospheric concentration of hydrogen 
sulfide the victims were exposed to and the time interval between exposure and death. 
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Lead exposure is associated with a delay in the onset of puberty in 
South African adolescent females: findings from the birth to twenty 
cohort 
Naicker N, Norris SA, Mathee A, Becker P, Richter L. Sci Total Environ  2010; 
408: 4949-54. 
Introduction 
One of the suggested, yet under-researched, causes of pubertal delay is lead exposure. In South 
Africa blood lead levels are generally higher than in resource-rich countries. Thus the effects of 
lead exposure on pubertal development may be significant.  
Objective 
The objective of this study is to determine the association between lead exposure and pubertal 
development in adolescent females in the Birth to Twenty cohort (Bt20).  
Methods 
Bt20 is a Johannesburg based birth cohort study that commenced in 1990 and includes 1682 girls. 
At 13 years of age venous blood samples were collected from 725 adolescent female participants 
for lead content analyses; of these, 712 had menarche data. Pubertal measurement was based on 
age of menarche and self-reported Tanner staging for pubic hair (n=684) and breast development 
(n=682).  
Results 
The mean blood lead level for the sample was 4.9 µg/dl. Fifty percent had blood lead levels 
<5.0 µg/dl, 49% were ≥5.0 µg/dl and 1% was >10.0 µg/dl. The average age of menarche was 
12.7 years. At 13 years, 4% and 7% had reached Tanner stage 5 for pubic hair and breast 
development, respectively. Analyses showed that higher blood lead levels were associated with 
significant delays in the onset of puberty (p < 0.001).  
Conclusion 
The study found that higher blood lead levels were associated with a delay in the onset of puberty, 
after adjustment for confounders. Lead exposure in resource-poor countries is generally higher 
compared to resource-rich countries and thus the effects of high blood levels have personal and 
public health significance.  

Organophosphate induced delayed polyneuropathy in man: an 
overview 
Jokanovic M, Kosanovic M, Brkic D, Vukomanovic P. Clin Neurol Neurosurg  
2010; online early: doi: 10.1016/j.clineuro.2010.08.015: 
Abstract 
About 80 years have passed since the first cases of organophosphate induced delayed polyneuro-
pathy (OPIDP), as the consequence of human poisoning with certain organophosphorus 
compounds, were described in the literature.  

OPIDP is a relatively rare neurodegenerative disorder in humans characterized by loss of function, 
ataxia and paralysis of distal parts of sensory and motor axons in peripheral nerves and ascending 
and descending tracts of spinal cord appearing 2-3 weeks after exposure or later. The molecular 
target for OPIDP is considered to be an enzyme in the nervous system known as neuropathy 
target esterase (NTE).  

This review discusses OPIDP in man with emphasis on clinical presentation, pathogenesis, 
molecular mechanisms, and possibilities for prevention/therapy. 
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Kinetic prerequisites of oximes as effective reactivators of 
organophosphate-inhibited acetylcholinesterase: a theoretical 
approach 
Worek F, Aurbek N, Wille T, Eyer P, Thiermann H. J Enzyme Inhib Med Chem  
2010; online early: doi: 10.3109/14756366.2010.504673: 
Abstract 
The standard treatment of poisoning by organophosphorus compounds (OP) includes the 
reversible muscarine receptor antagonist atropine and oximes for the reactivation of OP-inhibited 
acetylcholinesterase (AChE).  

There is an ongoing discussion on the benefit of oxime therapy in OP pesticide poisoning, and 
experimental data indicate a limited efficacy of oximes against various nerve agents. Oxime 
effectiveness can be quantified in vitro by determination of the reactivity (kr) and affinity constants 
(1/KD). These constants can be used to calculate reactivation velocities and oxime concentrations 
necessary for the reactivation of a desired fraction of inhibited AChE.  

Model calculations indicate that a kr>0.1 min-1 and KD<100 µM are minimal requirements for oxime 
effectiveness when reactivation is performed in the absence of free OP. In addition, the findings 
demonstrate that selective increase of either reactivity or affinity of an oxime would be insufficient. 
Hereby, it has to be taken into account that an increase of affinity to OP-inhibited AChE is 
generally accompanied by an increased affinity to native AChE and subsequent reduction in oxime 
tolerance.  

Hence, future developments of more effective oximes should consider kinetic demands by 
attempting to achieve a certain level of reactivity and affinity, preferentially towards OP-inhibited 
AChE. 

Short-term outcomes after Fab antivenom therapy for severe 
crotaline snakebite 
Lavonas EJ, Kokko J, Schaeffer TH, Mlynarchek SL, Bogdan GM, Dart RC. Ann 
Emerg Med  2010; online early: doi: 10.1016/j.annemergmed.2010.06.550: 
Study objectives 
We seek to determine the short-term outcomes associated with the use of Crotalidae polyvalent 
immune Fab (ovine) (CroFab; FabAV) therapy for severe crotaline snake envenomation and to 
better define the incidence of hypersensitivity reactions associated with FabAV use.  
Methods 
We conducted a multicenter observational case series study of patients who received FabAV at 17 
US hospitals in 2002 to 2004. A 7-point score incorporating local, systemic, and hematologic 
venom effects was used to grade envenomation severity before and after FabAV therapy. The 
primary outcome for response to therapy was the change in overall envenomation severity after 
FabAV administration. The primary safety outcomes were the rates of immediate hypersensitivity 
reactions and serum sickness.  
Results 
The outcome-evaluable population included 209 patients, of whom 28 had severe envenomation. 
All severely envenomated patients improved after receiving FabAV. The median severity scores of 
severely envenomated patients were 5 (interquartile range [IQR] 5 to 5) before FabAV, 1 (IQR 1 
to 2) at the last FabAV loading dose, and 1 (IQR 0 to 1) at the last clinical observation. The 
proportion of patients with progressive pain, progressive swelling, cardiovascular effects, respi-
ratory effects, neurologic effects, gastrointestinal effects, coagulopathy, and thrombocytopenia all 
improved after FabAV therapy. The safety population included 247 patients. Immediate hyper-
sensitivity reactions were reported in 6.1% (95% confidence interval 3.4% to 9.8%) of patients. 
Serum sickness was reported in 5% (95% confidence interval 0.6% to 17%) of patients with a 
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minimum of 6 days of follow-up after the last dose of FabAV.  
Conclusion 
FabAV therapy is associated with clinical improvement in severe crotaline snake envenomation. 
Immediate hypersensitivity and serum sickness rates may be less than described in the FabAV 
prescribing information. 

Efficacy studies of reactive skin decontamination lotion, M291 skin 
decontamination kit, 0.5% bleach, 1% soapy water, and skin 
exposure reduction paste against chemical warfare agents. Part 1: 
guinea pigs challenged with VX 
Braue EH,Jr, Smith KH, Doxzon BF, Lumpkin HL, Clarkson ED. Cutan Ocul 
Toxicol  2010; online early: doi: 10.3109/15569527.2010.515280: 
Objective 
This report, first in a series of five, directly compares the efficacy of 4 decontamination products 
and Skin Exposure Reduction Paste Against Chemical Warfare Agents (SERPACWA) in the haired 
guinea pig model following exposure to VX. 
Methods 
In all experiments, guinea pigs were close-clipped and given anesthesia. In the decontamination 
experiments, the animals were challenged with VX and decontaminated after a 2-min delay for the 
standard procedure or at longer times for the delayed-decontamination experiments. Skin 
Exposure Reduction Paste Against Chemical Warfare Agents was applied as a thin coating (0.1 mm 
thick), allowed to dry for 15 min, and challenged with VX. After a 2-h challenge, any remaining VX 
was blotted off the animal, but no additional decontamination was done. Positive control animals 
were challenged with VX in the same manner as the treated animals, except that they received no 
treatment. In addition, the positive control animals were always challenged with 5% VX in 
isopropyl alcohol (IPA) solution, whereas the treatment animals received either neat (undiluted) VX 
or 5% VX in IPA solution. All animals were observed during the first 4 h and again at 24 h after 
exposure for signs of toxicity and death. The protective ratio (PR, defined as the median lethal 
dose [LD50] of the treatment group divided by the LD50 of the untreated positive control animals) 
was calculated from the probit dose-response curves established for each treatment group and 
nontreated control animals. Significance in this report was defined as p<0.05. 
Results 
In the standard 2-min neat VX decontamination experiments, the calculated PRs for Reactive Skin 
Decontamination Lotion (RSDL), 0.5% bleach, 1% soapy water, and the M291 Skin Decontamina-
tion Kit (SDK) were 66, 17, 16, and 1.1, respectively. Reactive Skin Decontamination Lotion was by 
far the most effective decontamination product tested and was significantly better than any of the 
other products. Bleach and soapy water provided equivalent and good (PR >5) protection. They 
were both significantly better than the M291 SDK. The M291 SDK did not provide significant 
protection compared with positive controls. In the neat VX delayed-decontamination experiments, 
the calculated LT50 (the delayed-decontamination time at which 50% of the animals died in the 
test population following a 5-LD50 challenge) values for RSDL, 0.5% bleach, and 1% soapy water 
were 31, 48, and 26 min, respectively. The results showed that SERPACWA provided significant, 
but modest (PR<5), protection against neat VX, with a PR of 2.1. 
Conclusions 
Several conclusions can be drawn from this study: 1) RSDL provided superior protection against 
VX compared with the other products tested; 2) 0.5% bleach and 1% soapy water were less 
effective than RSDL, but still provided good protection against VX; 3) the M291 SDK was the least 
effective decontamination product and did not provide significant protection against VX; 4) the 
agent was observed to streak when using the M291 SDK, and efficacy may improve if the agent is 
first blotted, followed by wiping with a new or clean part of the M291 SDK pad; 5) RSDL, 0.5% 
bleach, and 1% soapy water provided significant protection against a 5-LD50 challenge of VX, 
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even when decontamination was delayed for up to about 30 minutes; and 6) SERPACWA provided 
significant, but modest, protection against VX. 

Efficacy studies of reactive skin decontamination lotion, M291 skin 
decontamination kit, 0.5% bleach, 1% soapy water, and skin 
exposure reduction paste against chemical warfare agents. Part 2: 
guinea pigs challenged with soman 
Braue EH,Jr, Smith KH, Doxzon BF, Lumpkin HL, Clarkson ED. Cutan Ocul 
Toxicol  2010; online early: doi: 10.3109/15569527.2010.515281: 
Objective 
This report, the second in a series of five, directly compares the efficacy of Reactive Skin 
Decontamination Lotion (RSDL), the M291 Skin Decontamination Kit (SDK), 0.5% bleach (sodium 
or calcium hypochlorite solution), 1% soapy water, and Skin Exposure Reduction Paste Against 
Chemical Warfare Agents (SERPACWA) in the haired guinea pig model following exposure to 
soman (GD). 
Methods 
In all experiments, guinea pigs were close-clipped and given anesthesia. In the decontamination 
experiments, the animals were challenged with GD and decontaminated after a 2-min delay for the 
standard procedure or at longer times for the delayed-decontamination experiments. Positive 
control animals were challenged with GD in the same manner as the treated animals, except that 
they received no treatment. All animals were observed during the first 4 h and again at 24 h after 
exposure for signs of toxicity and death. The protective ratio (PR, defined as the median lethal 
dose [LD50] of the treatment group divided by the LD50 of the untreated positive control animals) 
was calculated from the derived probit dose-response curves established for each treatment group 
and nontreated control animals. SERPACWA was applied as a thin coating (0.1 mm thick), allowed 
to dry for 15 min, and challenged with GD. After a 2-h challenge, any remaining GD was blotted 
off the animal, but no additional decontamination was done. Significance in this report is defined 
as p <0.05. Neat (undiluted) GD was used to challenge all animals in these studies. 
Results 
In the standard 2-min GD decontamination experiments, the calculated PRs for RSDL, 0.5% 
bleach, 1% soapy water, and M291 SDK were 14, 2.7, 2.2, and 2.6, respectively. RSDL was by far 
the most effective decontamination product tested and significantly better than any of the other 
products. Bleach, soapy water, and the M291 SDK provided equivalent and modest protection. 
Since only RSDL provided at least good protection (PR>5), it was the only decontamination 
product evaluated for delayed decontamination. In the GD delayed-decontamination experiments, 
the calculated LT50 (the delayed-decontamination time at which 50% of the animals die in the test 
population following a 5-LD50 challenge) value for RSDL was only 4.0 min. 
Conclusions 
Several conclusions can be drawn from this study: 1) Reactive Skin Decontamination Lotion 
provided superior protection against GD compared with the other products tested; 2) The 0.5% 
bleach solution, the 1% soapy water solution, and the M291 SDK were less effective than RSDL, 
but still provided modest (2 < PR < 5) protection against GD; 3) Reactive Skin Decontamination 
Lotion, the best product tested, did not provide significant protection against GD when 
decontamination was delayed for more than 3 min; 4) Skin Exposure Reduction Paste Against 
Chemical Warfare Agents provided significant, but modest, protection against GD; 5) There was 
good correlation between using the rabbit model and the guinea pig model for decontamination 
efficacy evaluations; and 6) Soman (GD) is an agent of real concern because it is very difficult to 
decontaminate and the effects of exposure are difficult to treat. 
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