
Understanding lactic acidosis
in paracetamol
(acetaminophen) poisoning
Anoop D. Shah,1 David M. Wood1,2 & Paul I. Dargan1,2

1Clinical Toxicology, Guy’s and St Thomas’ NHS Foundation Trust, London, UK and 2King’s Health

Partners, London, UK

Correspondence
Dr Anoop Shah, Toxicology Office, 2nd
Floor, Bermondsey Wing, Guy’s Hospital,
Great Maze Pond, London SE1 9RT, UK.
Tel.: +44 20 7188 5848
Fax: +44 20 7188 1289
E-mail: anoop.shah@gstt.nhs.uk;
anoop@doctors.org.uk
----------------------------------------------------------------------

Keywords
acetaminophen, lactate, lactic acidosis,
overdose, paracetamol, prognosis
----------------------------------------------------------------------

Received
30 March 2010

Accepted
19 July 2010

Paracetamol (acetaminophen) is one of the most commonly taken drugs in overdose in many areas of the world, and the most
common cause of acute liver failure in both the UK and USA. Paracetamol poisoning can result in lactic acidosis in two different
scenarios. First, early in the course of poisoning and before the onset of hepatotoxicity in patients with massive ingestion; a lactic
acidosis is usually associated with coma. Experimental evidence from studies in whole animals, perfused liver slices and cell cultures has
shown that the toxic metabolite of paracetamol, N-acetyl-p-benzo-quinone imine, inhibits electron transfer in the mitochondrial
respiratory chain and thus inhibits aerobic respiration. This occurs only at very high concentrations of paracetamol, and precedes
cellular injury by several hours. The second scenario in which lactic acidosis can occur is later in the course of paracetamol poisoning as
a consequence of established liver failure. In these patients lactate is elevated primarily because of reduced hepatic clearance, but in
shocked patients there may also be a contribution of peripheral anaerobic respiration because of tissue hypoperfusion. In patients
admitted to a liver unit with paracetamol hepatotoxicity, the post-resuscitation arterial lactate concentration has been shown to be a
strong predictor of mortality, and is included in the modified King’s College criteria for consideration of liver transplantation. We would
therefore recommend that post-resuscitation lactate is measured in all patients with a severe paracetamol overdose resulting in either
reduced conscious level or hepatic failure.

Introduction

Paracetamol (acetaminophen) is the most commonly
taken drug in overdose in the UK and is a common cause of
overdose morbidity and mortality [1, 2]. Death is most
commonly due to hepatotoxicity and it is the most
common cause of acute liver failure (ALF) in the UK [3].
Paracetamol poisoning is also common in other developed
countries [4]. In the USA it is involved in more than 50 000
Emergency Department visits and 400 deaths each year
[5].

Paracetamol poisoning has complex effects on cellular
metabolism, and may cause lactic acidosis in two different
scenarios. First, there are numerous reports of severe early
lactic acidosis, often with coma, occurring prior to the
onset of hepatotoxicity. These occurred in patients with
very large paracetamol overdoses (usually more than 40 g,
with peak plasma paracetamol concentrations typically
over 800 mg l-1). Many of these patients did not develop
liver damage after treatment with N-acetylcysteine [6, 7].
The second scenario occurs later in the course of paraceta-
mol poisoning, in patients with established paracetamol-
related hepatotoxicity. In this group, an elevated arterial

lactate concentration has been shown to be a strong pre-
dictor of death [8, 9].

A healthy volunteer study using a single supra-
therapeutic (4 g) dose of paracetamol was not associated
with hepatotoxicity, but caused two peaks of lactate at 6
and 72 h post-ingestion [10]. These changes in metabolite
concentrations are likely to be exaggerated in patients
with paracetamol poisoning. This review will explore the
circumstances and clinical significance of lactic acidosis in
patients with paracetamol poisoning.

Methods

We searched MEDLINE (PubMed®) from 1970 to February
2010 for articles containing the terms ‘(acidaemia OR aci-
demia OR acidosis OR hyperlactatemia OR hyperlacta-
taemia OR lactic OR lactate) AND (paracetamol OR
acetaminophen)’ in the title, abstract or keywords. This
search returned 324 entries. We reviewed the titles and
abstracts of these entries and retrieved the full text of rel-
evant articles.We identified a further 43 relevant articles by
hand searching reference lists of papers retrieved.
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Mechanism of mitochondrial
inhibition by paracetamol

In vitro and in vivo studies in perfused liver, liver slices and
kidney cells have demonstrated that high concentrations
of paracetamol can cause early mitochondrial inhibition
after glutathione depletion but prior to cellular damage
[11–14].

Experiments on perfused rat livers showed that parac-
etamol concentrations of 0.2 to 5 g l-1 in the perfusate
caused hepatotoxicity and a dose-dependent reduction in
oxygen consumption [12]. However, oral administration of
high dose paracetamol to rats (5 g kg-1, with peak plasma
concentration 800 mg l-1) did not reduce hepatic oxygen
consumption despite hepatotoxicity, suggesting that
direct inhibition of cellular respiration occurs only at
extremely high paracetamol concentrations [12].

Studies on rat liver slices showed that paracetamol
exposure was followed by an early decrease in the mito-
chondrial membrane potential [11] and fall in the adenos-
ine triphosphate concentration [15]. These changes
preceded cellular damage as assessed by a change in the
plasma membrane potential or release of hepatic
enzymes, and were independent of cytochrome-P450
activity [11]. The non-hepatotoxic meta-isomer of parac-
etamol, 3-hydroxyacetanilide, inhibited respiration in per-
fused rat liver and rat mitochondrial preparations in a
similar dose-dependent manner to paracetamol. These
findings imply that paracetamol elicits a direct effect on
mitochondrial function which precedes cellular injury, and
is independent of its hepatotoxic effect [16]. Similar results
were found using mouse hepatocytes [17].

Paracetamol causes a similar reversible, concentration-
dependent inhibition of respiration in rat isolated kidney
tubules as in the liver [13]. Paracetamol inhibited respira-
tion when glutamine or lactate were supplied as fuel, but
not with succinate, implying that succinate dehydroge-
nase (complex II of the mitochondrial transport chain) was
not affected. Spectrophotometric studies showed that
paracetamol affected the aerobic reduction level of cyto-
chrome b (part of complex III) more than other cyto-
chromes. NADH dehydrogenase (complex I) worked
normally in the presence of paracetamol if it was isolated
from the rest of the mitochondrial electron transport
chain. This suggests that paracetamol affects not complex
I itself, but electron transport from complex I to complex III
[13].

Investigation of cultured mouse hepatocytes revealed
mitochondrial depolarization and inner membrane per-
meabilization 4.5 h after paracetamol administration [18].
Paracetamol also causes mitochondrial oxidant stress, as
shown by an increase in intra-mitochondrial glutathione
disulphide [19]. The toxic effects of paracetamol can be
directly reproduced by its toxic metabolite NAPQI
(N-acetyl-p-benzo-quinone-imine) in isolated mitochon-
dria, and it is thought that NAPQI may covalently bind to

mitochondrial proteins [20]. Paracetamol itself also
covalently binds to mitochondrial proteins such as alde-
hyde dehydrogenase [21] and causes down-regulation of
mitochondrial genes [10].

Apart from its effect on the mitochondria, NAPQI
causes damage to multiple intracellular proteins by aryla-
tion and nitration, activating multiple pathways leading to
cell necrosis [20]. Oxidant stress precedes the onset of cell
injury [14].

Paracetamol toxicity

Paracetamol is a widely used analgesic and antipyretic and
is safe at therapeutic dosages [22]. In normal therapeutic
use, the majority of paracetamol is conjugated by glucuro-
nyltransferases or sulphotransferases to form safe excret-
able products [20]. A small fraction of paracetamol is
metabolized by cytochrome-P450 isoenzymes (particu-
larly CYP2E1 and CYP3A4 [23]) to form NAPQI. Following
a therapeutic dose, this highly reactive metabolite is
detoxified by conjugation with glutathione. However in
overdosage, a greater proportion of the paracetamol is
metabolized to NAPQI and there may be insufficient glu-
tathione for conjugation [24]. Early administration of sub-
strates which can be converted to glutathione (e.g.
cysteine in animal experiments [25], or N-acetylcysteine
(NAC) in clinical use [26]) protects the liver from damage.

The majority of patients presenting early in the course
of paracetamol poisoning without evidence of hepatic
damage have a normal blood lactate concentration [27]. A
prospective study of 53 patients admitted with paraceta-
mol poisoning showed a significant correlation between
admission plasma lactate and paracetamol concentration
[28]. A retrospective review of patients with ALF due to
paracetamol or other causes found that blood lactate,
pyruvate and acetoacetate were significantly higher than
in a control group of healthy volunteers [29].Three patients
who presented 48 h after paracetamol ingestion had
severe metabolic acidosis (pH 7.14–7.27) accompanied by
hypotension, peripheral vasoconstriction and dehydration.
The acidosis was present before the onset of clinical
hepatic failure, and was associated with hyperlactataemia
(up to 20.2 mmol l-1) in two patients [29].

Early lactic acidosis and
paracetamol poisoning

The blood lactate concentration in unstressed healthy
individuals is usually 0.5 to 1.0 mmol l-1, and the upper
limit of the reference range is often quoted as 2 mmol l-1

[30]. However, such limits are somewhat arbitrary, as there
is a continuous relationship between increasing lactate
concentration and mortality in critically ill patients [31].
Clinical thresholds for elevated lactate include 4 mmol l-1

Paracetamol poisoning and lactic acidosis
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as one of the criteria for severe sepsis [32], and 3 mmol l-1

in the revised King’s College criteria for liver transplanta-
tion in patients with acute liver failure due to paracetamol
[8].

We found 24 case reports of patients presenting with
an early lactic acidosis (or metabolic acidosis with no other
apparent cause) after massive paracetamol ingestion
(summarized in Table 1) [6, 7, 33–46]. These patients
typically presented with a reduced conscious level early
after paracetamol ingestion (median 5 h), with a very
high plasma paracetamol concentration (maximum
1614 mg l-1, median 844 mg l-1) and a metabolic acidosis
with high arterial or venous lactate on presentation. Other
substances such as ethanol [47] and propylene glycol [48]
may cause lactic acidosis in large doses, but paracetamol
was the sole drug ingested in just over half of the cases
listed in Table 1, as confirmed by toxicology analysis [6, 7,
33, 36–38, 46]. Three patients experienced hypoglycaemia
[37, 39], which may have been due to inhibition of gluco-
neogenesis by paracetamol. Eight patients (33%) were
treated with intravenous bicarbonate (100 to 400 mmol)
and more than half required intubation and ventilation for
significant respiratory depression. Only six patients (25%)
developed hepatotoxicity with peak AST (aspartate ami-
notransferase) or ALT (alanine aminotransferase) over
1000 IU l-1. Five patients died; in four of these cases the
time of ingestion was not known. Only two of the five
deaths were as a result of hepatic failure, but these patients
presented late and had already developed ALF on admis-
sion to hospital [37].

We found another case in the literature of a young
child who had a similar presentation to the cases in
Table 1, but was found to have a normal lactate [49]. The
patient was an 18-month-old girl who presented with
altered mental status and respiratory failure 2 h after
ingesting 10 g of paracetamol. She had a high 4 h plasma
paracetamol concentration (1010 mg l-1) and metabolic
acidosis (pH 7.14, base excess -17 mmol l-1) but normal
lactate (0.6 mmol l-1) and anion gap (17 mEq l-1). She was
treated with intravenous NAC (commenced at 4 h post-
ingestion) and sodium bicarbonate. Renal and hepatic
function were normal throughout the child’s hospital stay.
The authors suggested that despite the normal lactate, the
acidosis may still have been due to inhibition of mitochon-
drial respiration by NAPQI. An alternative explanation that
has been suggested for such cases is the occurrence
of transient acquired pyroglutamic acidaemia (or
5-oxoprolinuria) [50]. Pyroglutamic acidaemia can cause
depressed conscious level and metabolic acidosis with a
relatively normal lactate [51]. It typically occurs in unwell
hospital patients given therapeutic doses of paracetamol
over a number of days [52–58]. A case has also been
reported in a healthy 44-year-old woman taking paraceta-
mol for 1 month for back pain [59]. Some patients may be
more susceptible because of defects of enzymes involved
in the gamma glutamyl cycle or other metabolic pathways

[60]. Pyroglutamic acidosis should be considered in the
differential diagnosis of a high anion gap metabolic acido-
sis, and it can be detected by measurement of
5-oxoproline in the urine.

Management of early lactic acidosis
in paracetamol poisoning

The majority of patients with early lactic acidosis due to
paracetamol toxicity, summarized in Table 1, were given
the UK standard treatment regimen of N-acetylcysteine
(NAC), which prevents hepatic injury primarily by restoring
hepatic glutathione [25, 26]. As well as preventing hepato-
cyte necrosis, NAC may protect cellular metabolic
enzymes,and has shown some benefit in early septic shock
[61]. In vitro studies [14] have shown that NAC treatment
attenuates the decrease in cellular respiration due to
paracetamol toxicity. NAC has been used for over 30 years
and almost eliminates the risk of hepatic damage when
given within 8 h in paracetamol overdose [62]. In patients
who have taken very large overdoses, the half-life of parac-
etamol may be prolonged [46, 63], so an extended course
of NAC may be required.

In addition, nine of the 24 cases were treated with
haemofiltration, haemodialysis or haemoperfusion to aid
the removal of paracetamol or for treatment of renal failure
[33–39, 43, 46]. Paracetamol and its metabolites have a
large volume of distribution,so extracorporeal methods do
not significantly increase overall total body clearance [64].
We would therefore not recommend the use of haemofil-
tration or haemodialysis solely to remove paracetamol and
its metabolites,but it may be indicated in the management
of severe metabolic disturbances.

Sodium bicarbonate was given to eight of the 24 of
the patients [34, 35, 37, 38, 40, 44]. There are no controlled
data on the use of sodium bicarbonate in this situation,
but it has been found to be ineffective in other situations
of metabolic acidosis (e.g. sepsis, diabetic ketoacidosis) in
both animal and clinical studies [65] and should probably
not be recommended for paracetamol-induced lactic aci-
dosis. There are potential adverse consequences of
sodium bicarbonate infusion, including the stimulation of
lactate production and generation of carbon dioxide, and
cellular and whole animal studies have shown varying
effects of sodium bicarbonate on intracellular acidosis
[66]. A human healthy volunteer study showed that
sodium bicarbonate infusion lowered the intracellular pH
in the brain [67].

Dichloroacetate, which stimulates the oxidation of
lactate to acetyl-coenzyme A and carbon dioxide, has been
investigated as a possible therapy in lactic acidosis.
Although it caused an improvement in arterial pH and
lactate concentration in clinical trials, it had no effect on
haemodynamic parameters or survival [68].

A. D. Shah et al.
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Lactic acidosis and prognosis of
paracetamol-related acute liver
failure (ALF)

As discussed earlier, the second scenario in which lactic
acidosis occurs in patients with paracetamol poisoning is
in patients with established hepatotoxicity. This is more
likely in those presenting late or in whom treatment is
delayed [69]. In a series of 23 patients presenting more
than 15 h after a paracetamol overdose, the median
plasma lactate concentration was 3.6 mmol l-1, and 11
(48%) were acidotic. Twenty patients (87%) developed
hepatotoxicity and four died of hepatic failure [28]. Hyper-
lactataemia in patients with established ALF due to parac-
etamol reflects predominantly reduced hepatic clearance
[70]. This may be exacerbated by increased production,
particularly in those who are systemically unwell with sig-
nificant hypotension or poor peripheral perfusion [71].

As the plasma lactate concentration seems to correlate
with increased risk of mortality [28], it has been investi-
gated as a prognostic marker particularly for making deci-
sions about liver transplantation. It is important to make
the correct decision in these cases, because although
transplantation can be potentially life-saving, it is a major
operation and donor organs are scarce. O’Grady et al. pub-
lished a series of liver transplants for paracetamol over-
dose from the King’s College Hospital (London) liver unit in
1991 [72]. Patients were selected for transplantation based
on a prognostic model derived from a retrospective review
of 588 previous cases admitted between 1973 and 1985.
The ‘King’s College criteria’ for selection of patients for liver
transplantation in paracetamol related ALF thus derived
were: (i) arterial pH < 7.3 at 24 h or more following over-
dose after correction of hypovolaemia or (ii) concurrent
presence of serum creatinine >300 mmol l-1, grade 3 or 4
encephalopathy and prothrombin time >100 s.The criteria
were tested for accuracy in predicting death in a second
cohort of 121 patients with paracetamol-induced ALF
admitted between 1986 and 1987. The positive predictive
value (PPV) was 84% and the negative predictive value
(NPV) was 86% [73]. Among children with paracetamol-
induced ALF, similar clinical parameters (pH < 7.3, renal
impairment, encephalopathy; but not hepatic transami-
nase concentrations) predicted death or the need for
transplantation [74].

The King’s College criteria have been tested in a
number of cohorts around the world, and found to have
varying performance [69, 75]. Although they have been of
use in selection of patients for liver transplantation [69],
some patients with poor prognosis who may potentially
benefit from transplantation are not detected early
enough, because of the poor sensitivity and negative pre-
dictive value, and the time for some of the clinical param-
eters to develop [76]. In a retrospective review of 120
patients with paracetamol-related ALF admitted to the Bir-
mingham liver unit, 1990–1994, who did not receive a liver

transplant, 48 patients died. The King’s criteria yielded
a PPV of 88% and NPV of 65%, which was worse than
in the original cohort [77]. Amongst 18 patients with
paracetamol-induced ALF in Pittsburgh, USA who did not
undergo transplantation, the sensitivity of the pH criterion
was 90% but specificity was only 50% [78]. However, in this
cohort the criteria based on prothrombin time, serum
creatinine and encephalopathy were 73% sensitive and
100% specific.

As noted earlier, blood lactate concentration is com-
monly raised in those with severe paracetamol-related ALF
[28]. Bernal et al. proposed a modification of the standard
King’s College criteria based on a retrospective sample of
103 patients with severe paracetamol-related ALF admit-
ted to King’s College Hospital liver unit between 1998–
1999. Of the 103 patients in the initial cohort, 10 were
transplanted and excluded from analysis, 57 survived and
36 died. Early arterial blood lactate concentration was sig-
nificantly greater in non-survivors (median 8.5 mmol l-1)
than survivors (median 1.4 mmol l-1), P < 0.0001. On multi-
variate logistic analysis, pH and lactate were the only inde-
pendent predictors of mortality. Receiver operator
characteristic curve analysis identified that lactate cut-offs
of 3.5 mmol l-1 on admission (before fluid resuscitation)
and 3.0 mmol l-1 post-resuscitation gave the greatest sen-
sitivity and specificity [8].

The modified King’s criteria for selection of patients
with paracetamol-related ALF for liver transplantation,
based on this study, are: (i) to strongly consider listing for
transplantation if the arterial lactate is >3.5 mmol l-1 after
early fluid resuscitation, and to list for transplantation if (ii)
arterial pH < 7.3 or arterial blood lactate >3.0 mmol l-1 after
adequate fluid resuscitation or (iii) concurrent presence of
serum creatinine >300 mmol l-1, grade 3 or 4 encephalopa-
thy and international normalized ratio > 6.5 [8].

The prospective validation cohort for the modified cri-
teria consisted of 107 patients admitted in 1999–2000, of
whom 21 died, 78 survived and eight were transplanted
and excluded from analysis. The median time between
paracetamol ingestion and transfer to the liver unit was
51 h (range 18–98 h). Patients received a median of 1.5 l
colloid and 3.3 l crystalloid for resuscitation. The original
King’s College criteria yielded a sensitivity of 76% and
specificity of 95%, and criteria were fulfilled at a median of
10 h from admission. The initial lactate criterion was 67%
sensitive and 95% specific, and post-resuscitation lactate
was 76% sensitive and 97% specific. The new combined
criteria had a sensitivity of 95% and specificity of 91%, and
were met within a median time of 4 h, a significant
improvement over the standard King’s criteria [8]. The PPV
was 74% and NPV 99% [79]. Results were similar when
transplanted patients were included as non-survivors [8].

Although the incorporation of post-resuscitation
lactate into the King’s College criteria has, in general, been
an improvement, the performance of this selection rule
has still been inconsistent [9] and needs further validation
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in other liver centres [80]. Among 101 paracetamol-related
ALF patients in Denmark, the modified King’s College cri-
teria applied at the onset of hepatic encephalopathy were
87% sensitive but only 44% specific [81]. In another recent
study, nuclear magnetic resonance spectroscopy was used
to detect numerous biochemical markers (33 substances
including a number of amino acids, creatinine, pyruvate
and ketoacids) in 85 patients with paracetamol ALF [82].
The mean plasma lactate was significantly higher in
patients who died (4.93 mmol l-1) than in those who sur-
vived (2.52 mmol l-1). However a rule based on the novel
biomarkers seemed to be superior to the modified King’s
College Criteria, and could identify patients requiring
transplantation at an earlier stage [82].

Clinical and research implications

The clinical implications of these observations are three-
fold. First, a high lactate concentration on admission in a
patient presenting early, within 8 h, after paracetamol
overdose may be indicative of direct mitochondrial toxicity
and therefore a significant overdose. It has been suggested
that such a finding should prompt early administration of
N-acetylcysteine, and make clinicians wary of rapid dete-
rioration [45].They are also likely to have very high plasma
paracetamol concentrations (usually above 800 mg l-1)
and this, together with the prolonged half-life of paraceta-
mol in these circumstances [46], make it likely that they will
require treatment with NAC for longer than the standard
20 h 15 min UK regimen [83]. We would advocate, in these
patients, that the plasma paracetamol concentration is
measured at the end of the initial course of NAC and
repeated every 12 h until it is undetectable. NAC treatment
should continue during this period, and until any evidence
of hepatotoxicity has started to recover. Secondly, parac-
etamol poisoning should be considered in the differential
diagnosis of metabolic acidosis of unknown aetiology.
Thirdly, a high lactate is associated with increased mortal-
ity among patients with paracetamol-related ALF, and is
part of the revised King’s College criteria for considering
liver transplantation in these patients.

We recommend that lactate is measured in all patients
presenting with reduced conscious level after paracetamol
overdose, and in patients with paracetamol-related ALF.

Although the King’s College criteria specify that the
lactate should be measured in arterial blood, studies in
intensive care patients have shown that lactate [84] and pH
[85] in central venous blood samples closely correlate with
those in arterial blood. Peripheral venous and arterial pH
also correlate closely (95% limits of agreement -0.11 to
+0.04 units) [86]. However, peripheral venous lactate may
deviate somewhat from arterial lactate. A study in Emer-
gency Department patients (n = 74) found that the mean
peripheral venous lactate was 0.22 mmol l-1 greater than
arterial lactate, with 95% limits of agreement for an indi-

vidual patient -1.3 to 1.7 mmol l-1 [87]. Although there
have been no such studies specifically in patients with
paracetamol poisoning, it seems likely that these relation-
ships will be similar.

Given the risks of arterial or central venous blood sam-
pling (particularly in patients with coagulopathy due to
liver failure), we would advocate testing peripheral venous
samples in the first instance unless the patient requires
central venous access or arterial blood sampling for
another reason. If the peripheral lactate is low, arterial sam-
pling will not be necessary. If the peripheral lactate is very
high, arterial lactate is also likely to be high and the patient
should be treated as if this were the case. Intermediate
levels of peripheral lactate may require confirmation with
arterial or central venous samples in order to make treat-
ment decisions.

These guidelines are based on the results of small
studies. Larger studies of the utility of peripheral venous
lactate measurement, including analysis of reclassification
based on thresholds, are required to derive more robust
recommendations.

Further research is also warranted to investigate other
biochemical markers for detection of ALF and aid early
listing for transplantation. Larger cohort studies, or indi-
vidual patient meta-analysis of previous cohorts, could be
used to derive more precise estimates of the predictive
accuracy of prognostic scores in different populations.

Conclusions

Lactic acidosis may be a marker of severity in paracetamol
poisoning, both in those presenting early as a reflection of
mitochondrial inhibition by NAPQI, and in those present-
ing later as a marker of hepatic damage. It is thus impor-
tant to measure it and act on the results appropriately in
severe cases of paracetamol overdose.
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