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Abstract 

Background. Mechanisms responsible for anaphylactoid reactions to N-

acetylcysteine (NAC) are poorly understood, and acetaminophen itself may play 

an important role. The present study examined the relationship between serum 

acetaminophen concentrations and risk of anaphylactoid reactions. Methods. 

Prospective study of adverse reactions to NAC administered according to 

standardized clinical protocols in patients who present to hospital after acute 

acetaminophen overdose. Subgroups were defined by serum acetaminophen 

concentrations 0 to 100 mg/L, 101 to 150 mg/L, 151 to 200 mg/L, 201 to 300 mg/L, 

and >300 mg/L. Results. There were 362 patients, and anaphylactoid reactions 

occurred in 14.9%. Anaphylactoid reactions occurred less commonly in patients 

with high serum acetaminophen concentrations (p = 0.046 by Cochran-Armitage 

trend test) and high equivalent 4 h acetaminophen concentrations (p = 0.004). 

Discussion. High serum acetaminophen concentrations were associated with 

fewer anaphylactoid reactions, suggesting that these might in some way be 

protective. The biological basis needs further exploration so as to allow a better 

file:///E|/A&H%20LMW%20Papers/Clin%20Toxicol%20(P...0after%20overdose%20-%20Clinical%20Toxicology.htm (1 di 13)12/12/2008 19.36.44

http://www.informaworld.com/smpp/content~content=a793381845~db=all~tab=content~order=page
http://www.informaworld.com/smpp/content~content=a793381845~db=all~tab=content~order=page
http://www.informaworld.com/smpp/section~fulltext=713240928~dontcount=true~content=a793381845~db=all
http://www.informaworld.com/smpp/section~fulltext=713240928~dontcount=true~content=a793381845~db=all
http://www.informaworld.com/smpp/section~fulltext=713240928~dontcount=true~content=a793381845~db=all
http://www.informaworld.com/smpp/section~fulltext=713240928~dontcount=true~content=a793381845~db=all
http://www.informaworld.com/smpp/section~fulltext=713240928~dontcount=true~content=a793381845~db=all
http://www.informaworld.com/smpp/section~fulltext=713240928~dontcount=true~content=a793381845~db=all
http://www.informaworld.com/smpp/section~fulltext=713240928~dontcount=true~content=a793381845~db=all
http://www.informaworld.com/smpp/section~fulltext=713240928~dontcount=true~content=a793381845~db=all
http://www.informaworld.com/smpp/section~content=a793381845~db=all~fulltext=713240928~dontcount=true#s794481165
http://www.informaworld.com/smpp/section~content=a793381845~db=all~fulltext=713240928~dontcount=true#s794481168
http://www.informaworld.com/smpp/section~content=a793381845~db=all~fulltext=713240928~dontcount=true#s794481164
http://www.informaworld.com/smpp/section~content=a793381845~db=all~fulltext=713240928~dontcount=true#s794481166
http://www.informaworld.com/smpp/section~content=a793381845~db=all~fulltext=713240928~dontcount=true#s794481163
http://www.informaworld.com/smpp/section~content=a793381845~db=all~fulltext=713240928~dontcount=true#s794481171
http://www.informaworld.com/smpp/section~content=a793381845~db=all~fulltext=713240928~dontcount=true#s794481167
http://www.informaworld.com/smpp/title~content=t713597279
http://www.informaworld.com/smpp/title~content=t713597279~db=all
http://www.informaworld.com/smpp/title~content=t713597279~db=all~tab=issueslist~branches=46#v46
http://www.informaworld.com/smpp/title~content=g794486473~db=all


Lower incidence of anaphylactoid reactions to N-acetylcysteine in patient...th high acetaminophen concentrations after overdose - Clinical Toxicology

understanding of the mechanisms responsible for adverse reactions to NAC 

treatment. 

Keywords: Acetaminophen; Adverse drug reaction; Overdose; Poisoning; 
Toxicity 

Introduction 
N-acetylcysteine (NAC) minimizes the risk of hepatotoxicity after acute acetaminophen overdose. 

However, a high proportion of patients experience adverse reactions to NAC, which are variably 

reported to occur in 5-15% of patients in retrospective studies, and 40-56% in prospective studies [1-5]. 

Anaphylactoid reactions to NAC are characterized by erythema, urticaria, flushing, brochospasm, 

wheeze, and hypotension [6,7]. Around 15-30% of patients develop a diffuse erythematous or urticarial 

rash, which typically affects the upper trunk, neck, and face [8,9]. While the clinical presentation is 

similar to true anaphylaxis, anaphylactoid reactions differ because prior exposure to NAC is not 

required, and treatment can normally be reintroduced without provoking a further reaction [7]. Features 

typically occur 20-60 min after commencing intravenous NAC, and subside quickly after the infusion is 

stopped [10]. Onset coincides with expected peak serum NAC concentrations during the standard 

intravenous loading regimen [11], and inadvertent administration of very high dosages is associated 

with severe anaphylactoid reactions [10]. Localized wheal and flare responses to NAC are 

concentration-dependent [12]. The incidence of anaphylactoid reactions may be reduced when the 

initial loading dose of NAC 150 mg/kg is administered over 60 or 90 min instead of the standard 15 min 

regimen [5, 13, 14]. For example, adverse reactions occurred in 49 of 109 (45%) after 15 min infusion, 

versus 27 of 71 (38%) after 60 min infusion, although the difference was not statistically significant [13].

Existing data suggest that anaphylactoid reactions are directly related to serum concentrations of NAC, 

and that risk is dose-dependent [5,13,14]. Nonetheless, the basic biological mechanisms of 

anaphylactoid reactions remain unclear. Histamine appears to be an important mediator, and wheal 

responses to localized NAC can be abolished by prior treatment with a selective histamine-1 receptor 

antagonist [12]. NAC is also capable of evoking endothelium-independent vasodilatation, possibly due 

to a direct relaxant effect on vascular smooth muscle [15]. Preliminary clinical data indicate fewer 
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anaphylactoid reactions in patients with high serum acetaminophen concentrations, suggesting that 

acetaminophen itself might be capable of conferring protective effects [16,17]. However, these data 

involve comparatively small numbers, and might be confounded by delayed presentation to hospital. 

The present study was designed to prospectively address whether high acetaminophen concentrations 

might be protective against anaphylactoid reactions after acute acetaminophen overdose in patients 

who are managed in a consistent setting using standardized clinical protocols.

Methods 
 

The study protocol was reviewed and approved by the local research ethics committee, and specific 

consent was not required from participants. This was a prospective, observational study of consecutive 

patients presenting to the Emergency Department after acute acetaminophen overdose between March 

2005 and June 2006. Exclusion criteria were presentation >24 h after overdose, uncertainty about the 

timing of ingestion, and ingestion staggered over 2 h or more. This institution serves a catchment 

population of around 600 thousand, and approximately 3 thousand poisoned patients are admitted via 

the Emergency Department annually. Local policies mean that all patients with suspected poisoning are 

brought directly to our hospital if >13 y age, whereas patients ≤ 13 y are directed to a regional pediatric 

center. A standard operating procedure is used in management of acetaminophen overdose patients to 

ensure consistency between the Emergency Department and Toxicology Unit, and is in accordance 

with TOXBASE®, the standard resource for poisoning management advice in the United Kingdom [18]. 

In brief, intravenous N-acetylcysteine is indicated after acute ingestion if serum acetaminophen 

concentration is above the Rumack-Matthew '200-line' nomogram, or above the '100-line' and the 

patient is considered at high risk due to chronic ethanol excess, enzyme inducing drugs 

(carbamazepine, phenobarbital, phenytoin, rifampicin, St John's wort), chronic liver disease, or 

malnutrition [19]. Chronic ethanol excess is defined by regular consumption of >21 units (168 g) per 

week in men or >14 units (112 g) in women [20]. If more than 8 h have elapsed after ingestion and the 

patient is thought to have ingested >12 g or >150 mg/kg, then N-acetylcysteine may be initiated before 

acetaminophen concentrations become available. Intravenous N-acetylcysteine 150 mg/kg is infused 
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over 15 min, followed by 50 mg/kg over 4 h, followed by 100 mg/kg over 16 h, and serum creatinine, 

prothrombin time ratio, are liver biochemistry are monitored.

Data collection 
 

A study-specific data collection sheet was used to record patient age, gender, stated date and time of 

overdose, quantity of acetaminophen ingested, whether other drugs had been co-ingested, the 

presence of risk factors for hepatotoxicity, serum acetaminophen concentration, and interval between 

ingestion and blood sample collection. This was separate from the main medical casenotes, and data 

were collected by staff that were blinded to the study hypothesis. The administration of NAC and 

subsequent occurrence of adverse effects were recorded. Anaphylactoid reactions may be minor (e.g., 

flushing), moderate (e.g., urticaria), or severe (e.g., angioedema or respiratory symptoms). Nausea or 

vomiting alone do not constitute an anaphylactoid reaction, and are recognized adverse effects of thiol 

donors and 'sulpha' drugs. Our experience indicates that adverse reactions to NAC fall into discrete 

clinical phenotypes, and predefined criteria for anaphylactoid reactions were new-onset itch, flushing, 

oedema, stridor, urticarial rash, or wheeze, and criteria for gastrointestinal adverse reactions were 

abdominal pain, nausea, or vomiting.

Data analyses 
 

Demographic data were not expected to be normally distributed and are presented as median and 

interquartile ranges. Serum acetaminophen concentration and equivalent 4 h concentration were both 

considered, and patients were categorized into convenience groups based on multiples of the standard 

Rumack-Matthew '200-line' nomogram, namely 0 to 100 mg/L, 101 to 150 mg/L, 151 to 200 mg/L, 201 

to 300 mg/L, and >300 mg/L. Appropriate nomograms were constructed using the formula Ct = C4 x 2 x 

e-(0.693/4)t where Ct is the acetaminophen concentration determined at interval after ingestion in hours 

(t), and C4 is the equivalent 4 h acetaminophen concentration.

The occurrence of anaphylactoid reactions was expressed as a proportion of treated patients and 95% 
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confidence intervals were constructed using the modified Wald method [22]. Cochran-Armitage tests 

were used to examine the relationship between adverse reactions and categories of serum 

acetaminophen concentration and equivalent 4 h concentration using SPSS statistical software (version 

11.5, SPSS Inc., Chicago, USA). P-values <0.05 were accepted as statistically significant.

Results 
 

During the study period, 1091 patients presented to the Emergency Department after acetaminophen 

overdose. Twenty-three patients were excluded due to staggered ingestion over >2 h, and 23 additional 

patients were excluded because they presented >24 h after ingestion. NAC was not indicated in 683 

patients and, therefore, the study population consisted of 362 patients (122 men, 33.7%). Median 

(interquartile range) age was 35 y (22-44 y), and weight 66.0 kg (56.5-75.0 kg). The stated quantity of 

ingested acetaminophen was 17 g (13-25 g), and the interval between ingestion and determination of 

serum acetaminophen concentration was 4.9 h (4.2-8.3 h). 194 patients (53.6%) were considered to be 

at high risk of hepatotoxicity due to chronic alcohol excess (151), malnutrition [33], prior use of enzyme 

inducing drugs [8], recent acetaminophen ingestion [1], and the presence of established liver disease 

[1].

Adverse reactions to NAC occurred in 147 patients (40.6%), including anaphylactoid reactions in 54 

(14.9%), gastrointestinal reactions in 90 (24.9%), and localized skin reactions at the infusion site in 3 

patients (0.8%). The median (interquartile range) time to onset of anaphylactoid reactions was 75 min 

(50 to 112 min) after commencing infusion. NAC was temporarily discontinued, and antiemetics 

administered to 74 patients (50.3%), antihistamines to 51 (34.7%), corticosteroids to 4 (2.7%), and 

inhaled albuterol to 2 (1.4%). In 9 patients (6.1%), NAC was not restarted because acetaminophen 

concentrations were below the appropriate treatment line. In the remaining 138 patients (93.9%), 

reinstitution of intravenous NAC caused no further adverse effects. No fatalities or other serious effects 

were observed.

Anaphylactoid reactions occurred less often in patients who had high serum acetaminophen 
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concentrations (p = 0.047 by Cochran-Armitage test with 4 degrees of freedom) (Figure 1). A similar 

pattern was observed when equivalent 4 h acetaminophen concentrations were considered (p = 0.004) 

(Figure 2). No such relationships were noted for gastrointestinal adverse reactions. 

  

[Enlarge Image]

Fig. 1. Proportion of patients with (A) anaphylactoid, (B) 
gastrointestinal adverse reactions to NAC with respect to serum 
acetaminophen concentration, shown with 95% confidence 
intervals. p = 0.047 for anaphylactoid reactions, p = 0.138 for 
gastrointestinal reactions by Cochran-Armitage tests.
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[Enlarge Image]

Fig. 2. Proportion of patients with (A) anaphylactoid, (B) 
gastrointestinal adverse reactions to NAC with respect to 
equivalent 4 h acetaminophen concentration, shown with 95% 
confidence intervals. p = 0.004 for anaphylactoid reactions, p = 
0.052 for gastrointestinal reactions by Cochran-Armitage tests.

Discussion 
 

NAC treatment caused adverse effects in around 40% of patients, including anaphylactoid reactions in 

almost 15%, which are similar to the rates reported in other prospective studies. None of the patients 

suffered severe or prolonged adverse effects, and the infusion could be safely restarted when 

symptoms had resolved, as reported elsewhere [1]. The study design included equivalent 4 h 

concentrations, so as to partially compensate for the confounding effect of interval between ingestion 
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and presentation. Both high serum acetaminophen concentrations and overall acetaminophen exposure 

were associated with a lower risk of anaphylactoid reactions.

NAC is capable of stimulating free radical generation, which might contribute to acute inflammation in 

anaphylactoid reactions [23]. Arachadonic acid is sequentially metabolized to prostaglandin G2 by 

cycloxygenase (COX), prostaglandin H2 by peroxidase, and prostaglandin E2 by cytosolic and 

membrane-bound synthases. Acetaminophen is capable of inhibiting COX isoenzymes 1a, 1b, and 2 

and, therefore, might be expected to suppress inflammation [24]. Therapeutic concentrations inhibit 

COX only weakly, whereas concentrations between 500-3000 •mol/L (76-453 mg/L) inhibit 

prostaglandin E2 synthesis in a dose-dependent manner [25, 26]. Such concentrations are in keeping 

with those observed after acetaminophen overdose. Therefore, COX-dependent mechanisms might be 

important in anaphylactoid reactions to NAC.

NAC is capable of enhancing intracellular glutathione concentrations, and this may provoke 

inflammation and free radical liberation [27]. In contrast, glutathione depletion is associated with down-

regulation of the inflammatory cascade, and suppression of cytokines [28-30]. Therefore, suppression 

of anaphylactoid reactions might simply be a marker of glutathione depletion, which would be 

anticipated in patients exposed to the highest acetaminophen concentrations. Such a mechanism would 

require biochemical confirmation of reduced hepatic glutathione stores, which were not measured in the 

present study [31]. High acetaminophen concentrations might also exert redox effects relevant to 

anaphylactoid reactions. For example, the liver is an important source of oxygen-derived free radicals 

that may promote systemic hypotension [32]. Acetaminophen possesses antioxidant properties that 

might be capable of attenuating the hypotensive effect of oxidative stress [33], and supra-therapeutic 

acetaminophen concentrations of 100 to 1000 •mol/L (15-151 mg/L) can directly inhibit the vasodilator 

responses to arachadonic acid in vivo [34].

A limitation is that the study design does not address the biological basis for an association between 

acetaminophen concentrations and anaphylactoid reactions. We propose to address the potential 
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underlying mechanisms in a program of basic and clinical research.

In conclusion, patients with high acetaminophen concentrations are associated with fewer 

anaphylactoid reactions to NAC in the context of acute acetaminophen overdose. Further work is 

required to elucidate the mechanisms that underlie this association in order to develop appropriate 

strategies for preventing adverse reactions to NAC.
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Fig. 1. Proportion of patients with (A) anaphylactoid, (B) 
gastrointestinal adverse reactions to NAC with respect to serum 
acetaminophen concentration, shown with 95% confidence 
intervals. p = 0.047 for anaphylactoid reactions, p = 0.138 for 
gastrointestinal reactions by Cochran-Armitage tests.

  

[Enlarge Image]

Fig. 2. Proportion of patients with (A) anaphylactoid, (B) 
gastrointestinal adverse reactions to NAC with respect to 
equivalent 4 h acetaminophen concentration, shown with 95% 
confidence intervals. p = 0.004 for anaphylactoid reactions, p = 
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0.052 for gastrointestinal reactions by Cochran-Armitage tests.
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