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   Background.  The Extracorporeal Treatments in Poisoning (EXTRIP) workgroup was created to provide evidence-based recommendations 

on the use of extracorporeal treatments (ECTR) in poisoning and the results are presented here for acetaminophen (APAP).  Methods.  After 

a systematic review of the literature, a subgroup selected and reviewed the articles and summarized clinical and toxicokinetic data in order 

to propose structured voting statements following a pre-determined format. A two-round modifi ed Delphi method was chosen to reach a 

consensus on voting statements, and the RAND/UCLA Appropriateness Method was used to quantify disagreement. Following discussion, 

a second vote determined the fi nal recommendations.  Results.  Twenty-four articles (1 randomized controlled trial, 1 observational study, 

2 pharmacokinetic studies, and 20 case reports or case series) were identifi ed, yielding an overall very low quality of evidence for all 

recommendations. Clinical data on 135 patients and toxicokinetic data on 54 patients were analyzed. Twenty-three fatalities were reviewed. 

The workgroup agreed that N-acetylcysteine (NAC) is the mainstay of treatment, and that ECTR is not warranted in most cases of APAP 

poisoning. However, given that APAP is dialyzable, the workgroup agreed that ECTR is suggested in patients with excessively large 

overdoses who display features of mitochondrial dysfunction. This is refl ected by early development of altered mental status and severe 

metabolic acidosis prior to the onset of hepatic failure. Specifi c recommendations for ECTR include an APAP concentration over 1000 

mg/L if NAC is not administered (1D), signs of mitochondrial dysfunction and an APAP concentration over 700 mg/L (4630 mmol/L) if 

NAC is not administered (1D) and signs of mitochondrial dysfunction and an APAP concentration over 900 mg/L (5960 mmol/L) if NAC 

is administered (1D). Intermittent hemodialysis (HD) is the preferred ECTR modality in APAP poisoning (1D).  Conclusion.  APAP is 

amenable to extracorporeal removal. Due to the effi cacy of NAC, ECTR is reserved for rare situations when the effi cacy of NAC has not 

been defi nitively demonstrated.  
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  Introduction 

 The Extracorporeal Treatments in Poisoning (EXTRIP) 

workgroup is composed of international experts represent-

ing diverse specialties and professional societies (Table 1). 

Its mission is to provide evidence-based recommendations 

on the use of extracorporeal treatments (ECTR) for toxin 

removal in poisoning (www.extrip-workgroup.org). The 

rationale, background, objectives, complete methodology 

and other recommendations have been published. 1 – 4  This 

article presents the summary of a systematic review of the 

literature, data extraction, and voting results for the use 

ECTR in APAP poisoning. 

 With billions of doses taken annually, APAP is the most 

common analgesic used worldwide since it was introduced 

in 1955. 5  It is consistently one of the most commonly 

used medications in overdose, and the leading cause of 

drug-induced liver failure in the US, UK, and several other 

countries. 6 – 8  According to the 30th Annual Report of the 

American Association of Poison Control Centers ’  National 

Poison Data System, about one-fi fth (18.9%) of single-

substance fatal exposures in 2012 could be attributed to 
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APAP-containing drugs. Despite the availability of a well-

known and highly effi cacious antidote, N-acetylcysteine 

(NAC), patients with single acute ingestions still occasion-

ally die even when they are treated within 8 h of ingestion. 9,10  

These rare fatalities are usually the result of massive 

ingestions. Massive ingestions present rapidly with signs of 

mitochondrial dysfunction (metabolic acidosis and altered 

mental status) prior to the onset of severe liver injury and 

likely succumb either because the ingested dose overwhelms 

the protective effect of NAC, or NAC is unable to com-

pletely reverse the mitochondrial injury. 11  The remaining 

majority of fatalities usually result from delayed hospital 

presentation or other delays to initiating NAC therapy. 

 The current intravenous NAC dosing regimen that con-

sists of a bolus of 150 mg/kg followed by 50 mg/kg over 

4 h and 100 mg/kg over 16 h has been evaluated in large 

prospective studies. 12,13  This particular dosage was based on 

calculations aiming to provide protection from APAP toxic-

ity during a decrease in fi ve half-lives of no more than 4 h 

duration each (hence, 20 h) as well as predictions of how 

much toxic metabolite, N-acetyl-p-benzoquinone imine 

(NAPQI), would be formed and the supplemental glutathi-

one required to detoxify NAPQI. Initially, the discoverers 

of NAC therapy for APAP overdose wanted to incorporate 

the APAP concentration height into a decision on the dura-

tion of treatment but they were unable to do so. 14  Thus, it 

is possible that at very high APAP concentrations, insuf-

fi cient NAC dosing explains some cases of apparent NAC 

failure. 9,10,15 – 18  Other treatment options have been explored, 

including ECTR. However, no randomized controlled trials 

of ECTR in APAP poisoning have been performed since 

the advent of NAC, and case reports suggest mixed results. 

We therefore sought to evaluate the evidence for the use 

of ECTR in APAP poisoning recognizing that the current 

antidote was not universally protective.   

 Pharmacology 

 APAP exerts its analgesic and antipyretic actions via 

indirect inhibition of cyclooxygenase (COX isoforms, 

mainly COX-2), thereby inhibiting central prostaglandin 

E2 synthesis. 19  After ingestion of a therapeutic dose, 60 – 95% 

of APAP is absorbed from the intestine. Absorption is 

generally complete by 4 h post ingestion. Sustained release 

preparations, large ingested amounts, and co-ingestion with 

other medications that reduce gastrointestinal motility can 

delay peak concentrations by several hours. 20 – 22  Protein 

binding is low at 10 – 30% and this has not been demon-

strated to change in overdose. 23  The volume of distribution is 

0.9 – 1.0 L/kg. Physicochemical and toxicokinetic properties 

are summarized in Table 2.   

 Overview of acetaminophen poisoning 

 APAP toxicity occurs when the amount of NAPQI forma-

tion exceeds available glutathione stores and turnover in 

the body. Free NAPQI, a strong electrophile and oxidant, 

reacts readily with many cellular targets in the absence of 

glutathione, including other thiol-containing compounds 

such as cysteine residues in cellular proteins. This occurs 

mainly in the centrilobular hepatocytes where oxygen 

content is lower and the concentration of CYP2E1 is higher. 

Eventually, cell necrosis occurs and hepatic function is 

impaired. The metabolism of APAP in therapeutic, over-

dose, and the clinical stages of poisoning are well described 

elsewhere. 24  

   Table   1 . Represented societies.  

American Academy of Clinical Toxicology European Renal Best Practice

American College of Emergency Physicians European Society of Emergency Medicine
American College of Medical Toxicology European Society of Intensive Care Medicine
American Society of Nephrology French Language Society of Resuscitation
American Society of Pediatric Nephrology German Society of Nephrology
Asia Pacifi c Association of Medical Toxicology International Pediatric Nephrology Association
Australian and New Zealand Intensive Care Society International Society of Nephrology
Australian and New Zealand Society of Nephrology Latin American Society of Nephrology and Hypertension
Brazilian Association of Information Centres and Toxicologic Assistance National Kidney Foundation
Brazilian Society of Nephrology Pediatric Continuous Renal Replacement Therapy
Brazilian Society of Toxicology Pediatric Critical Care Medicine
Canadian Association of Poison Control Centres Quebec Association of Emergency Physicians
Canadian Association of Emergency Physicians Quebec Association of Specialists in Emergency Medicine
Canadian Society of Nephrology Quebec Society of Nephrology
Chinese College of Emergency Physicians Renal Association
Chinese Medical Doctor Association Society of Critical Care Medicine
European Association of Poison Centres and Clinical Toxicologists Spanish Clinical Toxicology Foundation

   Table 2  .  Physical chemical and toxicokinetic parameters of acetamin-
ophen.  

Molecular weight 151.2 Daltons
Volume of distribution 0.8 – 1.0 L/kg
Protein binding 25%
Oral bioavailability 60% – 95%
Therapeutic range 8 – 20 mg/L (55 – 133  μ mol/L)
Conversion factor 1 mg/L    �    6.62  μ mol/L
Toxic exposure Single acute ingestion 

   �    150 mg/kg (adults) 
   �    200 mg/kg (children)

Half-life (therapeutic) 1 – 2 h
Lethal dose  �    500 mg/kg
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 However, another pattern of APAP poisoning is both 

increasingly recognized and poorly described in the litera-

ture. In massive ingestions (above 500 mg/kg) patients can 

present with an altered level of consciousness and metabolic 

acidosis with elevated lactate concentrations. Typically, 

this occurs within 12 h post ingestion and often prior to 

biochemical or clinical evidence of hepatotoxicity. APAP 

concentrations in such cases are often extremely high 

( �    750 mg/L or 5000  μ mol/L) consistent with the ingestion 

of a massive dose. This clinical scenario represents mito-

chondrial failure and early cell death from overwhelming 

ROS and exhausted glutathione (GSH) reserves. Importantly, 

studies validating the effi cacy of NAC for APAP overdoses 

included few such patients, and the clinical course and toxi-

cokinetics of these patients are not well characterized. 25,26  

 Changes in mitochondrial function are detected in the fi rst 

hours after APAP overdoses and impairment of cellular respi-

ration can lead to early mitochondrial failure. Doses of APAP 

in the range that is known to produce hepatotoxicity can cause 

functional changes in States 3 and 4 of mitochondrial respira-

tion. In addition, when mitochondria are directly exposed to 

NAPQI, these same changes are reproduced. Thus, not only 

is the mitochondrial unit dependent on APAP metabolism 

for NAPQI to impair respiration, but it can also be affected 

by high doses of APAP itself. Mitochondrial dysfunction 

induces the formation of reactive oxygen species (ROS), 

and particularly in APAP poisoning, can be detected by high 

concentrations of glutathione disulphide. Mito chondrial 

dysfunction can be prevented to some extent by administra-

tion of NAC, which scavenges NAPQI. Studies have shown 

that ROS formation as a consequence of mitochondrial 

dysfunction occurs after glutathione depletion. 27 – 29  It is 

likely that following an exceedingly large APAP overdose 

the dose of NAC administered by the standard intravenous 

or oral protocols is insuffi cient to compete with massive 

amounts of APAP and/or NAPQI. 

 Additionally, many patients with severe APAP poisoning 

will also develop acute kidney injury (AKI) with or without 

associated hepatotoxicity. 30  This is usually a consequence 

of NAPQI production in the kidney, where CYP2E1 is 

expressed, rather than hepatorenal syndrome. 31  Moreover, 

renal prostaglandin synthetases produce NAPQI locally, 

which could explain some prostaglandin-mediated nephrop-

athy that occurs in chronic APAP users. 30 – 33  Thus, patients 

with APAP-associated AKI may develop indications for 

ECTR other than acute toxin removal. 

 Initial management of an acute ingestion in the fi rst 

1 – 2 h post ingestion should include a detailed risk assess-

ment to evaluate for potential co-ingestants, appropriateness 

of gastrointestinal decontamination and estimation of the 

amount of APAP ingested in mg/kg. APAP concentrations 

are typically obtained when absorption is thought to be 

complete at 4 h post ingestion or as soon as possible there-

after. However in the case of massive ingestions heralding 

early mitochondrial toxicity, APAP concentrations could 

be obtained earlier. The subsequent treatment decisions are 

guided by plotting the APAP concentration on the Rumack 

Matthew nomogram. 14  The management of patients with 

staggered and chronic supratherapeutic ingestions will not 

be reviewed here but are not amenable to guidance with the 

Rumack-Matthew nomogram. 

 Hemodialysis and hemoperfusion are seldom used in 

cases of APAP poisoning even if it is one of the most com-

mon toxins where dialysis is used. 34  This could be due to the 

fact that ECTR is used for other reasons than toxin removal, 

such as for AKI or hepatic failure. Currently, no guidelines 

exist to help identify patients who might benefi t most from 

ECTR, or alternatively, which patients with acute large 

ingestions would be likely to develop mitochondrial failure 

and thus unlikely to recover with the current NAC dosing 

regimen alone. 35    

 Methodology 

 The predetermined methodology incorporated guidelines 

from The Appraisal of Guidelines for Research and Evalua-

tion (AGREE) and Grades of Recommendation Assessment, 

Development and Evaluation (GRADE) and it is described in 

detail elsewhere. 3  Literature search: Articles were obtained 

via EXTRIP ’ s preliminary search database. Thereafter, two 

specifi c searches were conducted. One last accessed on July 

10th 2012 for the voting process and another, last accessed 

on April 1st, 2014, retrieved other articles from Medline, 

Embase, Cochrane library (Review and Central), Conference 

proceedings/meeting abstracts of the European Association 

of Poison Centres and Clinical Toxicologists and North 

American Congress of Clinical Toxicology annual meet-

ings, and Google Scholar. Finally, the bibliographies of all 

articles obtained were manually reviewed for completeness. 

The search strategy was as follows: [(acetaminophen *  OR 

paracetamol) AND (dialysis OR hemodialysis OR haemodi-

alysis OR hemoperfusion OR haemoperfusion OR plasma-

pheresis OR plasma exchange OR exchange transfusion OR 

hemofi ltration OR haemofi ltration OR hemodiafi ltration OR 

haemodiafi ltration OR extracorporeal therapy OR CRRT)]. 

 The designated subgroup completed the literature search, 

reviewed articles, extracted data, summarized fi ndings, 

and proposed structured voting statements following a 

pre-determined format, all of which were submitted to the 

workgroup. The benefi ts of ECTR were weighed against its 

cost, availability, complications, and alternative treatments. 

The appointed epidemiologist and the subgroup deter-

mined the level of evidence for clinical recommendations 

(Table 3). Dialyzability was determined by the workgroup 

following predefi ned criteria (Table 4). The strength of 

recommendations was determined through a two-round 

modifi ed Delphi method for each proposed voting state-

ment, using median vote and disagreement index (RAND/

UCLA Appropriateness Method) 36  (Fig. 1, Table 3). Blinded 

votes with comments were compiled by the statistician and 

returned to each participant. The workgroup met in person 

in June 2012 to exchange ideas and debate statements. 

A second blinded vote was performed during the summer 

of 2012 and these fi nal results refl ect the core of EXTRIP 

recommendations.   
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 Results 

 Results of the literature search and reasons for study exclu-

sion are presented in Fig. 2. A total of 295 articles were 

identifi ed. After screening for eligibility criteria, 24 articles 

were selected for extraction of clinical or toxicokinetic data. 

These include 1 randomized control trial (RCT) performed 

before NAC therapy was accepted, 1 observational study 

and 20 case report and case series. Two pharmacokinetic 

studies in patients receiving APAP while undergoing ECTR 

for ESRD were included for comparison. Animal or experi-

mental in vitro studies were excluded. All case reports were 

acute APAP overdoses. 

 After the fi nal votes were collected, the second search 

retrieved four new full text articles that would have been 

included following the criteria as for our previous search 

but only one new case report would have been included in 

analysis. 37  The subgroup reviewed this article and concluded 

that it is unlikely that voting results would have changed if it 

had been in the original search.   

 Clinical outcomes 

 The reported clinical outcomes are summarized in Table 5. 

Prior to the commercialization of NAC as an antidote for 

APAP poisoning in the 1980s, the fatality rate of APAP 

overdose was well documented. 38  However, in the 1970s 

Gazzard et   al published the only RCT regarding ECTR 

in APAP poisoning. This study consisted of 16 patients 

assigned to either hemoperfusion or no therapy. 39  Baseline 

characteristics suggest that the ECTR group was sicker; 

peak concentrations in the hemoperfusion group were 

higher 305 mg/L (2019  μ mol/L) versus controls 238 mg/L 

(1575  μ mol/L) and the delay from time of ingestion to treat-

ment was greater in the hemoperfusion group compared to 

the controls (5 h vs 3 h). However, clinical outcomes did not 

differ signifi cantly (1 death in ECTR group versus none in 

control). 

 An observational study described a prospective evaluation 

of 73 patients presenting to a single hospital and who did 

not receive NAC within the fi rst 15 h. 40  Fifty-one of these 

patients were treated with daily treatments of hemoperfu-

sion, hemodialysis, or both based on the degree of enceph-

alopathy, and their APAP concentration being above the 

 “ Helliwell line ”  drawn between concentrations of 140 mg/L 

(927  μ mol/L) at 10 h and 25 mg/L (166  μ mol/L) at 24 h. 

This line, which represents higher concentrations than the 

standard Rumack – Matthew nomogram was thought to 

identify patients with a high risk of severe liver damage. 41  

Control groups were derived from patients with similar 

characteristics treated with supportive care with presentation 

before or after 42 h post ingestion. APAP half-life decreased 

during hemoperfusion, from 16.2 h (range: 9.2 – 20.3) to 

3.2 h (range: 2.1 – 3.9). NAC was also administered in 39% 

of the study patients presenting within 42 h post-ingestion, 

   Table 3  .  Strength of recommendation and level of evidence scale for clinical outcomes.  

Strength of recommendation (consensus-based) Level of evidence (based on GRADE system)

Level 1    �    Strong recommendation (almost all experts would propose 
this course of action)

  Level 2    �    Weak recommendation (most experts would propose this 
course of action)

  Level 3    �    Neutral position (some experts would propose this course 
of action but non-compliance with the recommendation would be 
fully acceptable in the right context)

  No recommendation (no agreement was reached by the group of 
experts)

Grade A    �    High level of evidence (the true effect lies close to our 
estimate of the effect)

  Grade B    �    Moderate level of evidence (the true effect is likely to be 
close to our estimate of the effect, but there is a possibility that it is 
substantially different)

  Grade C    �    Low level of evidence (the true effect may be substantially 
different from our estimate of the effect)

  Grade D    �    Very low level of evidence (the estimate of the effect is 
just a guess, and it is very likely that the true effect is substantially 
different from our estimate of the effect)

   Table   4 . Criteria used to defi ne dialyzability.  

Primary 
criteria

% Removed B 

Alternative 
criteria 1

CL 
EC

 /CL 
TOT

  (%) C 

Alternative 
criteria 2

t 
1/2 EC

 /t 
1/2

  (%)

Alternative 
criteria 3

Re 
EC

 /Re 
TOT

  (%) C Dialyzability A 

 D , Dialyzable  �    30  �    75  �    25  �    75
 M , Moderately dialyzable  �    10 – 30  �    50 – 75  �    25 – 50  �    50 – 75
 S , Slightly dialyzable  �    3 – 10  �    25 – 50  �    50 – 75  �    25 – 50
 N , Not dialyzable  �    3  �    25  �    75  �    25

   Reproduced with permission from Clinical Toxicology (Lavergne V, Nolin TD, Hoffman RS, et   al. The EXTRIP [EXtracor-

poreal TReatments In Poisoning] workgroup: Guideline methodology. Clin Toxicol .2012;50:403 – 413).  

   A Applicable to all modalities of ECTR, including hemodialysis, hemoperfusion, and hemofi ltration.   

  B Corresponds to % removal of ingested dose or total body burden in a 6-hour ECTR period.   

  C Measured during the same period of time.   

   *  These criteria should only be applied if measured or calculated ( not reported ) endogenous half-life is greater 4 h (other-

wise, ECTR is considered not clinically relevant). Furthermore, the primary criteria is preferred for poisons having a large 

Vd ( �    5 L/Kg).   
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40% after 42 h post ingestion and in 43% of those without 

ECTR. Other standard therapies at the time (such as vitamin 

K, low-protein diet, cimetidine, neomycin, lactulose, and 

fresh frozen plasma) were administered. 

 Reliable conclusions cannot be drawn from any of the 

case reports and case series.  15,16,41 – 58  The amount of APAP 

ingested, the delay between presentation and the time of 

ingestion, and the time to NAC therapy are not reported con-

sistently enough to be able to classify any of these patients 

into a particular risk category and extrapolate what their 

clinical outcome would have been without ECTR. How-

ever, most had peak APAP concentrations well above the 

150 mg/L Rumack – Matthew nomogram line. (Fig. 3) The 

majority of these case reports had metabolic acidosis and 

altered mental status both of which improved rapidly during 

the ECTR procedure. Unfortunately, with the limited infor-

mation contained in the reports, their psi ( ψ ) parameter, a 

recently proposed predictor of toxicity taking into account 

the degree and duration of pretreatment exposure could not 

be calculated. 59,60    

 Dialyzability 

 APAP is dialyzable (Level Evidence    �    C). Individual and 

summary of kinetic outcome is presented in Tables 6 and 

7. Even by today ’ s standards, the out-dated means of hemo-

dialysis used in many of the papers cited provide evidence 

for the dialyzability of APAP. Two reports evaluated the 

clearance of APAP in patients with Stage 5 CKD under going 

HD. 61,62  In 6 patients given 650 mg of APAP 2 h before 

HD with a low blood fl ow rate (170 – 280 mL/min) and a 

dialysate fl ow rate (575 – 620 mL/min) a mean extraction 

ratio of 47.5% was achieved and a total of 11% of the 

ingested dose was removed. 62  This corresponds to moder-

ate dialyzability according to the primary criteria reported 

in Table 4, even though the criteria were based on a 6-h 

  Fig. 1.     Delphi Method (2 Rounds) for each recommendation.  

225 records in database (172
Pubmed, 53 Embase)  

182 full-text articles 
assessed for eligibility 

295 records after duplicates removed 

24 studies included in qualitative synthesis. Languages: English (20), Czech (1),
Hebrew (1), German (1) Chinese (1)  

158 full-text articles 
excluded  

113 records excluded  295 records screened 

70 additional records identified 
through other sources 

  Fig. 2.     Study selection fl ow diagram.  
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ECTR and the 11% removal occurred during only 3 h of HD 

in these patients. In the other report, 4 patients with Stage 5 

CKD were given APAP 1 g/1.73 m 2  once on an interdialysis 

day and again one month later on a dialysis day. Extrac-

tion ratios ranged from 46 to 78% and half-lives decreased 

42 – 53%. 61  This corresponds to moderate dialyzability 

according to the alternative criteria 2 shown in Table 4. As 

in the previous paper, these patients underwent HD on using 

an ineffi cient membrane with a somewhat low blood fl ow 

rate (250 mL/min), and therefore better clearance would be 

expected with modern techniques. A total of four case reports 

and case series provided suffi cient data to evaluate dialyzabil-

ity in 9 patients using one of the criteria in Table 4; 47,51,54,58  

7 of these patients met criteria for dialyzability and 2 met 

criteria for moderate dialyzability. Since the second round of 

voting was completed, two additional references were pub-

lished with suffi cient data to add to the discussion of APAP 

dialyzability. The fi rst reference describes three adults with 

severe manifestations of massive APAP overdose who were 

being treated with HD using modern techniques including; 

fi lters (Optifl ux 200, or RX18AX), blood fl ow rates (350 – 400 

mL/min), and dialysate fl ow rate (500 – 800 mL/min). In this 

series, extraction ratios are reported as 73 – 87% and single 

3 to 4-h runs of hemodialysis removed 10 – 20 grams of 

APAP, which correspond to a removal of between 48% and 

80% of the drug remaining in the body. 63  The other report 

describes a single case of a woman with severe metabolic 

acidosis 1.5 h after ingesting 100 g of APAP (4 h APAP 

concentration 6496  μ mol/L). She was treated with 7 h 

of hemodialysis 6 h post-ingestion (blood fl ow rate of 
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  Fig. 3.     Peak APAP concentrations of cases analyzed plotted on the 
Rumack – Matthew nomogram (colour version of this fi gure can be 
found in the online version at www.informahealthcare.com/ctx).  

   Table   5 . Clinical outcomes reported in overdose studies.  

Article Study ECTR

Peak 
[APAP]
  mg/L

[APAP] Time 
PI (h)

NAC
  received Number Survival Deaths Unknown

Gazzard, 1974 39 RCT HP 305  ∼  5 No 8 7 1 0

None 238  ∼ 3 No 8 8 0 0

Higgins, 1996 40 Observational HP, HD NR  �    42  �    15 h PI   (40%) 33 18 15 0

NR  �    42  �    15 h PI (39%) 18 16 2 0

None NR  �    42  �    15 h PI   (43%) 12 12 0 0

NR  �    42  �    15 h PI (43%) 10 10 0 0

Farid, 1972 49 Case Series HD   3 – 12 h PI 10 – 575  �    12 No NAC 7 7 0 0

Rigby, 1978 55 Case Report HP 8 h PI 440 2 Cysteamine 6 h PI 1 1  –  – 
Helliwell, 1980 50 Case Report HP 150 12 No 1 1  –  – 
Helliwell, 1981 41 Case Series HP 150 – 262 11.5 – 24.5 No 7 5 2  – 
Pond, 1982 54 Case Report HD 486  ∼ 20 NAC IV and PO 1 1 0  – 

Raper, 1982 15 Case Report HP 17 h PI 1150 NR NAC 17 h PI 1 0 1  – 
Lederman, 1983 52 Case Report ET 150 16 No 1 0 1  – 
Bentur, 1984 44 Case Report HP 86 m 20 IV NAC 1 1 0  – 
Lieh-Lai, 1984 53 Case Report HD 12 h PI 863 5 IV NAC 8 h PI 1 1 0  – 
Roberts, 1984 56 Case Report ET 12 h 100 6 No 1 1  –  – 
Balikova, 1987 43 Case Report HP 43.7 NR NR 1  –  – 1
Claass, 1993 45 Case Report ET 60  ∼ 8 No 1 1 *  –  – 

Eisele, 1995 48 Case Report HP 356 7 PO NAC not tolerated 1 1 0  – 
Wu, 1999 58 Case Report HD 210 12 PO NAC 16 h PI not tolerated 1 1 0  – 
Ash, 2002 42 Case Series LD 6 – 401 16 – 48 PO NAC 8 8 0  – 

171 – 310 8 – 12 PO NAC 2 2  –  – 
Lai, 2004 51 Case Report HD 716  ∼ 16 IV NAC 16 h PI 1 1 0  – 

Donovan, 2005 47 Case Series HD NR Late IV NAC 3 acute
  3 chronic

6 0  – 

Patil, 2009 16 Case Report CVVHDF 714 22 post arrival IV NAC   Unknown time 1 0 1  – 
de Geus, 2010 46 Case Report LD 400 7 IV NAC 8 h PI 1 1 0  – 
Wiegand, 2010 57 Case Report CVVHDF 816 1.5 IV NAC 1 1 0  – 

   LD: liver dialysis, ET: exchange transfusion, HD: intermittent hemodialysis, CVVHDF: continuous veno-venous hemodiafi ltration, HP: hemoperfusion. 

PI: post-ingestion  *  with permanent CNS sequelae.   
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400 mL/min, dialysate fl ow rate of 1000 mL/min). An extrac-

tion ratio of 57% and an APAP clearance of 160 mL/min 

were reported to remove a total of 20.6 g of APAP. 37  These 

two cases highlight the benefi ts and modern hemodialysis 

techniques and only strengthen the evidence used to vote on 

APAP dialyzability. 

 In the one RCT noted above, 8 patients undergoing HP for 

APAP toxicity had suffi cient data to evaluate dialyzability; 39  

   Table 6.  Kinetic grading for individual patients included in the review.  

Article Study ECTR Peak [APAP]  N 
Half-Life

  or Removal in grams Clearance Dialyzability

Gazzard, 1974 39 RCT HP 305 mg/L 8 8. h to 3. h in 2 h (37.5%)
  5.0 h to 2.5 h in 4 h (50%)
  6. h to 2. in 6 h (33.3%)
  8 h to 1.75 h in 4 h (21.8%)
  5.5 h to 2.5 h (45%)
  6. h to 1.5 in 3 h (25%)
  7.5 h to 2. h in 4 h (26.6%)
  9. h to 4. h in 9 h (44.4%)

N/R M
  S
  M
  D
  M
  D
  M
  M

Oie, 1975 61 PK HD N/R 4 127 min to 69 min (54%)
147 min to 83 min (56%)
120 min to 70 min (58%)
  128 min to 60 min (47%)

112 – 215 mL/min
  11% ingested dose

S
  S
  S
  S

Marbury, 1980 62 PK HD N/R 6 11% ingested dose avg 112 mL/min M
Rigby, 1978 55 Case Report HP 490 mg/L 1 6.7 h to 2.2 h (32.8%) 50 – 120 mL/min M
Helliwell, 1980 50 Case Report HP 150 mg/L 1 41 h to 3.6 h (8.0%)

  4.75 g out of 8.89 g in 6 h
N/R D

Helliwell, 1981 41 Case Series HP 150 – 262 mg/L 7 4.3 – 2.3 (53%)
  13.6 – 1.0 (7%)
  3.6 – 2.1 (58%)
  50 – 3.8 (7.6%)
  84 – 4 (4.7%)
  8.9 – 1.0 (11%)
  77 – 1.1 (1.4%)

73 – 180 mL/min S
  D
  S
  D
  D
  D
  D

Pond, 1982 54 Case Report HD 486 mg/L 1 14 h vs to 1.3 h to 3 h after (9%) 144 mL/min D
Raper, 1982 15 Case Report HP 1150 mg/L 1 Calculated removal of 26.5 g (7%) 127 – 295 mL/min D
Bentur, 1984 44 Case Report HP 86 mg/L 1 6.4 h vs 2.7 (42%) 176 mL/min D
Lieh-Lai, 1984 53 Case Report HD 863 mgL 1 11.8 h to 2.6 h

  28% removed (2.8 g)
600 – 2160 mL/min D

Roberts, 1984 56 Case Report ET 260 mg/L 1 No change with ET N
Claass, 1993 45 Case Report ET 60 mg/L 1 8 h vs 5.13 (64%) N/R M
Eisele, 1995 48 Case Report HP 356 mg/L 1 0.9 h HP vs 7.1 h before (12.6%) N/R D
Wu, 1999 58 Case Report HD 210 mg/L 1 7.2 h vs 2.6 h v 7.5 h after (36%) 109 – 163 mL/min M
Ash, 2002 42 Case Series LD 6 – 310 mg/L 10 10% removed 140 mL/min S
Lai, 2004 51 Case Report HD 716 mg/L 1 20 h vs 2.8 h (14%)

  9.75 g of 75 g (15%)
N/R M

Donovan, 2005 47 Case Series HD NR 6 12.8 h vs 2.2 h (17.1%) N/R D
deGeus, 2010 46 Case Report LD

  MARS
400 mg/L 1 3.4 vs 1.2 h (35%) N/R M

Wiegand, 2010 57 Case Report CVVH 816 mg/L 1 11.1 h on CVVH vs 5.6 h after 42 mL/min S

   S: slight, M: Moderate, D: dialyzable.   

   Table 7.  Summary of kinetic outcomes.  

Total patients 54 TPE PD HP HD CRRT ET
Liver 

dialysis

Number of TK patients graded:
Dialyzable  –  – 11 8  –  –  – 
Moderately   dialyzable  –  – 6 2  – 1 1
Slightly dialyzable  –  – 3  – 1  – 10
Not dialyzable  –  –  –  –  – 1  – 

Number of PK patients graded:
Dialyzable  –  –  –  –  –  –  – 
Moderately dialyzable  –  –  – 6  –  –  – 
Slightly dialyzable  –  –  – 4  –  –  – 
Not dialyzable  –  –  –  –  –  –  – 

   PK: pharmacokinetics, TK: toxicokinetics, TPE: Therapeutic plasma exchange, HD: Hemodialysis, HP: Hemoperfusion, 

CRRT: Continuous renal replacement therapy, ET: Exchange transfusion.   
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two met criteria for dialyzability, 5 for moderate dialyzabil-

ity, and 1 for slight dialyzability. One case series and 5 case 

reports provided enough data to evaluate dialyzability in 12 

patients undergoing HP for APAP overdose; 15, 41, 44, 48, 50, 55  

9 met criteria for dialyzability, 1 for moderate dialyzability, 

and 2 for slight dialyzability. Thus while some variability 

was noted, the EXTRIP work group voted overwhelmingly 

in support of the statement that with either HD or HP APAP 

met suffi cient criteria to be assigned as dialyzable, but noted 

a low level of evidence. 

 Continuous renal replacement therapy (CRRT) is occa-

sionally used in the setting of APAP poisoning, usually as 

support for AKI; liver support treatments, such as MARS 

and Prometheus, are also employed as a bridge for liver 

transplantation or spontaneous liver recovery. Unfortunately, 

an exceedingly small number of isolated reports included 

data on dialyzability. The workgroup therefore chose not to 

vote on the utility of these methods for other indications than 

our primary interest of toxin removal. Clinicians are encour-

aged to rigorously collect appropriate data when performing 

these modalities.  

 Fatalities 

 Overall 23 deaths were reviewed. One fatality was reported 

in the only RCT available for review. No patient received 

NAC. Peak APAP concentrations differed between both 

groups (305 mg/L vs 238 mg/L) and the HP group patients 

had higher AST concentrations ( p     �    0.05). The only obser-

vational study reports 17 deaths out of 73 patients. All 

deaths occurred in the ECTR-treated group and 15 in the 

group treated beyond 42 h. NAC treatment occurred in 39%, 

40% and 43%, and of the early, late and control groups 

respectively. The timing of NAC therapy was not specifi ed. 

Considering peak APAP concentrations were not reported, 

no conclusion can be drawn on the role of ECTR and these 

fatalities as those who did not receive ECTR were deemed 

to have a better prognosis. The deaths reported in the case 

reports are subjected to many confounding factors such as 

co-ingestants and thus no conclusions can be drawn. 

 Of the 28 patients in our review who did not receive or 

tolerate NAC but received some form of ECTR 11 survived. 

The 16 fatalities in this group underwent ECTR for APAP 

overdose on average within 10 h [5 – 20 h] post ingestion. All 

had ingested large amount of APAP and presented in meta-

bolic acidosis. Multiple factors such as co-ingestants could 

have played a role in these fatalities and their demise cannot 

be attributed to the procedure. 39,45,48 – 50,52,54,56,58    

 Adverse effects 

 A systematic review of complications associated with 

various extracorporeal removal techniques has not yet 

been published. In the studies reviewed for this present 

article, adverse effects of the procedures were inconsistently 

reported. Thrombocytopenia and hypotension were reported 

with hemoperfusion. One patient experienced a transient 

asymptomatic fall in serum calcium. 39     

 Recommendations  

 1) General Statement: ECTR is suggested in severe 
acetaminophen poisoning (2D) 

 Rationale: NAC is the only treatment required for the vast 

majority of patients with acute APAP ingestion. In rare cir-

cumstances in which NAC is not available or serious con-

cerns of allergy exist that might preclude use of NAC, ECTR 

should be considered. Other circumstances when APAP 

concentrations might be so high as to question whether or 

not the current NAC regimen is suffi cient or when clinical 

evidence of mitochondrial failure is present warrant addi-

tional treatments. Additionally ECTR promptly corrects 

metabolic acidosis and perhaps also removes toxic metabo-

lites such as NAPQI. Given the lack of knowledge regarding 

NAPQI kinetics or of its surrogate markers, any attempt to 

adjust NAC dosing regimen to match the amount of NAPQI 

production is arbitrary. NAPQI is an unstable molecule and 

not readily measurable in blood. Thus, calculating its dialyz-

ability is virtually impossible. Surrogate markers of NAPQI 

quantity, such as protein adducts, require complex labora-

tory manipulations for their measurements and these are 

not commercial available. The knowledge on their clinical 

signifi cance is also currently limited. In our review, APAP 

half-lives were reduced to less than 4 h in the majority of 

cases where concentrations before and after ECTR sessions 

were available, which likely indicates that enough APAP 

had been removed to restore previously saturated metabolic 

pathways to non-toxic conditions. It is thus reasonable to 

consider removal of the primary toxin by extracorporeal 

means to avoid progression of the toxicity and correction of 

the metabolic derangements. Despite the limited number of 

reports available, the group concluded there was suffi cient 

evidence of effi cacy of ECTR for APAP poisoning in certain 

circumstances. Also, considering the relatively inexpensive 

cost of the procedure as well as the low complication rate 

associated with a single session, ECTR presents a favorable 

risk benefi t ratio in the rare APAP poisoning where doubt 

regarding the effi cacy of NAC is important enough to justify 

removing the primary toxin.   

 2) Indications for ECTR: 

 ECTR is suggested if any of the following conditions are 

present: 

  If NAC is  1. NOT  administered and the [APAP] more 

than 1000 mg/L (6620  μ mol/L) (1D) or more than 

800 mg/L (5300  μ mol/L) (2D)  

  If NAC is  2. NOT  administered and the patient pres-

ents with altered mental status, metabolic acidosis, 

elevated lactate, and the [APAP] is more than 700 

mg/L (4630  μ mol/L) (1D) or more than 500 mg/L 

(3300  μ mol/L) (2D)  

  If NAC  3. is  administered and the patient presents 

with altered mental status, metabolic acidosis, 

elevated lactate, and the [APAP] is more than 900 

mg/L (5960  μ mol/L) (1D) or more than 800 mg/L 

(5300  μ mol/L) (2D)  
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 ECTR is not suggested. 

  On the basis of the reported ingested dose alone 4. 

even if NAC is  NOT  administered (2D).  

  Solely on the basis of the [APAP] if NAC is admin-5. 

istered (2D).  

 ECTR is not recommended. 

  On the basis on the reported ingestion dose if NAC 6. 

is administered (1D).  

 Rationale: NAC is the mainstay of therapy for patients 

with acute APAP poisoning and as such, the group did not 

vote in favor of ECTR based on reported APAP concentra-

tion alone. As discussed previously, cases of mitochondrial 

failure occurred early in the course of the patient ’ s clinical 

evolution, usually within 12 h post ingestion, which leads us 

to believe that the current dosing regimen of NAC might be 

insuffi cient to either fully reverse mitochondrial failure or 

supplement the amount of glutathione required. Experimen-

tal animal studies demonstrate that mortality is high despite 

NAC administration when the ingested dose exceeds 350 

mg/kg. 64, 65  It is unclear how these results can be applied to 

humans but they represent the only available evidence of the 

effi cacy of NAC at for APAP ingested at high doses. How-

ever given the imprecision surrounding reported ingested 

doses in actual overdose scenarios, we do not suggest to 

perform ECTR on the basis of any reported ingestion dose, 

regardless of NAC administration, especially since APAP 

concentrations are usually available in a suffi cient timeframe 

to confi rm a massive ingestion. Various cut-off values are 

presented depending on the use of NAC or not. The degree 

of metabolic acidosis or the concentration of lactate required 

to initiate ECTR was insuffi ciently reported to be voted on. 

It was decided that the assessment of the presence of mito-

chondrial dysfunction be left to clinicians. The timing of the 

APAP concentration to confi rm a massive ingestion has also 

not been specifi ed. Rather it is thought that regardless of the 

delay between ingestion and a high APAP concentration, it is 

the presence of mitochondrial dysfunction and the amount of 

APAP in the blood at one given time that should support the 

decision to initiate ECTR. Both need to be present concur-

rently: simultaneous evidence of mitochondrial dysfunction 

and suffi cient quantity of APAP present in blood for mean-

ingful removal. If APAP concentrations were to be lower 

than the thresholds identifi ed, it is unclear whether suffi cient 

APAP would be removed to make a clinical difference in 

the outcome. Although one can argue that APAP half-life is 

of 4 h or less in therapeutic conditions, one cannot use this 

parameter to decide on the pertinence of ECTR as in toxic 

situations APAP kinetics are modifi ed and APAP half-life is 

prolonged. 66    

 3) Cessation of ECTR: ECTR is recommended until 
sustained clinical improvement is apparent (1D) 

 Rationale: In this systematic review the durations of ECTR 

vary considerably. Given that the goal of ECTR in patients 

with acute severe APAP poisoning is to remove enough 

APAP to prevent a large amount of NAPQI being produced, 

and to correct the metabolic acidosis, it seems reasonable 

to provide ECTR until clinical improvement is apparent. 

The workgroup preferred clinical endpoints instead of a 

specifi c target APAP concentration to determine the ECTR 

cessation. Since the second round of voting, a recent abstract 

recorded a rising serum APAP concentration at the end of 

HD. 67  While it is unclear whether this represents ongoing 

absorption or tissue redistribution it would be reasonable 

to confi rm that the APAP concentration is zero or very 

low at the end of ECTR and assure that it is not rising. 

In our review, clinical improvement was apparent a few 

hours after the initiation of ECTR, with metabolic acidosis 

correcting earlier than the improvement in mental status. 

This observation might be biased by the fact that almost 

all these patients were intubated for airway protection and 

sedation was decreased after metabolic improvement was 

noted. Although seldom reported, the duration of ECTR 

sessions was between 2 and 9 h.   

 4) Choice of ECTR 

 Intermittent hemodialysis is the preferred ECTR in patients 

with APAP poisoning (1D). Intermittent hemoperfusion 

(1D) or continuous renal replacement modalities (3D) are 

valid alternatives if intermittent hemodialysis is not avail-

able. Exchange transfusion is an adequate alternative to HD 

in neonates (2D). 

 Rationale: There are insuffi cient human data to con-

fi dently advocate HP over HD. In general, in acute liver 

failure charcoal hemoperfusion is not associated with any 

benefi t, irrespective of the underlying etiology including 

APAP overdose. It is unlikely that future direct compari-

son over a 2 – 6 h ECTR session would help to resolve this 

question, as high clearance limited to a short time might not 

necessarily be superior to a lower clearance over a longer 

time. Pragmatic considerations, such as the availability of 

charcoal cartridges, trained personal, the known side effects 

of HP on platelets and calcium in a patient prone to coagul-

opathy and/or co-existing fl uid, and electrolyte abnormalities 

from AKI, will likely dictate the choice of modality. Con-

tinuous techniques offer lower clearances and thus should 

only be considered whether hemodialysis or hemoperfusion 

is not available. Clearances obtained with exchange trans-

fusion are lower, and the evidence inconclusive. However 

exchange transfusion might be reserved for the rare neonate 

in whom this modality is technically easier. No cases with 

peritoneal dialysis were reviewed. Various reasons underline 

the preference of HD over HP; faster correction of acidosis, 

lack of availability of the HP cartridges, longer duration 

of sessions, lack of thrombocytopenia and potential effect 

on coagulation during coagulopathy are concerns with 

APAP-induced hepatic failure. 

   5) Miscellaneous: NAC should be continued during 
ECTR at an increased rate (1D)   

 Recent evidence has shown that NAC is also dialyzable and 

that the amount differs according to each ECTR modality. 

Up to 25% of NAC is extracted by CRRT and up to 50% 

with intermittent hemodialysis. In order to provide the same 
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concentration of NAC as that of the current NAC dosing 

regimen prescribed, the amount of NAC should be increased 

to match the expected NAC losses during ECTR. 37, 63, 68  

 An executive summary of the recommendations is pre-

sented in Table 8.    

 Conclusions 

 APAP is one of the most common acute overdoses that 

clinicians will encounter and one of the most common drug-

induced causes of acute fulminant liver failure. NAC is the 

mainstay of treatment of the vast majority of patients with 

acute APAP poisoning. 

 EXTRIP recommends ECTR for APAP removal when 

signs of early mitochondrial failure such as early coma, 

elevated lactate concentration, and metabolic acidosis are 

present prior to the onset of hepatic dysfunction and in 

the setting of a substantially elevated APAP concentration. 

When these conditions are met, ECTR seems to be a ben-

efi cial adjunct to NAC treatment as there is a high risk of 

liver failure and mortality and a suggestion that standard 

NAC regimens may be insuffi cient. As NAC is removed by 

ECTR, its dose should be increased during the duration of 

ECTR. Indications for the use of ECTR, other than removal 

of APAP, such as hepatic encephalopathy or AKI were not 

reviewed by EXTRIP.                         
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   Table 8  .  Executive summary of recommendations.  

General Recommendation
    • ECTR is suggested in  severe  APAP poisoning (2D) 

  ECTR is recommended:
  If the [APAP] more than 1000 mg/L (6620   • μ mol/L) and NAC is  NOT  administered (1D).
  If the patient presents with altered mental status, metabolic acidosis, with an elevated lactate, and an [APAP] is more than 700 mg/L  •
(4630  μ mol/L) and NAC is  NOT  administered (1D).
  If the patient presents with an altered mental status, metabolic acidosis, an elevated lactate, and an [APAP] is more than 900 mg/L  •
(5960  μ mol/L) even if NAC  is  administered (1D).

  ECTR is not recommended
  On the basis of the reported ingested dose if NAC is administered (1D). •

  ECTR is not suggested
  On the basis of reported ingested dose alone even if NAC is   • NOT  administered (2D).
  Solely on the basis of the [APAP] if NAC is administered (2D). •

  Cessation of ECTR
  ECTR is recommended until sustained clinical improvement is apparent (1D). •

  Choice of ECTR
  Intermittent hemodialysis is the preferred ECTR in patients with APAP poisoning (1D). •
  The following are acceptable alternatives if HD is not available: •

  Intermittent HP (1D) ▪
  CRRT (3D) ▪
  Exchange transfusion in neonates (2D) ▪

  Miscellaneous
   NAC therapy should be continued during ECTR at an increased rate (1D).1. 
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