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Acute Fatal Acetaminophen Overdose Without

Liver Necrosis

ABSTRACT: Two unusual cases of suicidal overdose of acetaminophen (paracetamol) without the usual extensive centrilobular necrosis of the
liver are reported. Both cases were subjected to comprehensive drug screening by immunoassay, and a combination of gas chromatography with mass
spectrometry, nitrogen detection, and electron capture detection. Acetaminophen was detected in both cases. No other drugs were detected in case #1,
and only a small amount of olanzapine (<0.1 mg/L) was detected in case #2. No anatomical cause of death was identified in either case. If untreated,
the normal outcome of a large acetaminophen overdose would be massive hepatic necrosis with delayed death and low blood and tissue acetamino-
phen concentrations. In contrast, particularly high postmortem acetaminophen concentrations were measured in both our cases with little hepatic tissue
damage. For case #1, femoral blood acetaminophen 1280 mg/L, vitreous 878 mg/L, and liver 729 mg/kg; in case #2, cardiac blood 1220 mg/L,
vitreous 779 mg/L, liver 3260 mg/kg, and gastric 11,500 mg/500 g. Acetaminophen was measured using high performance liquid chromatography
with UV detection (254 nm) using 3-hydroxyacetanilide as the internal standard. The very high concentrations of acetaminophen is these cases but
relatively little hepatic damage suggests an alternative, possibly cardiac, mechanism of death.
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Acetaminophen (paracetamol, p-hydroxyacetanilide) is an extre-
mely widely used antiinflammatory and analgesic drug that is fre-
quently used in suicide attempts. Overdose with acetaminophen
generally produces a toxic intermediate which leads to extensive
hepatic destruction, characterized by centrilobular necrosis (1). If
the suicide is successful, death usually follows 3-5 days later, at
which time only low concentrations of acetaminophen are present,
but extensive hepatic damage may be seen on histologic examina-
tion. The following cases involve unusual sudden deaths following
massive acetaminophen overdose with very high postmortem con-
centrations of acetaminophen, but absent or very minimal hepatic
NEecrosis.

Case History
Case #1

This 39-year-old Caucasian male was involved in a motor vehi-
cle accident 11 years ago that left him quadriplegic from damage
at the C8 position. He had a recent history of pyelonephritis, ulcers,
depression, and two suspected suicide attempts by postural asphyxia
(tipping the wheelchair so he was trapped beneath it). On the week-
end of his death he stated he was suffering more pain than usual
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and asked his helper to empty a new container of Extra Strength
Tylenol (150 tablets 500 mg, equivalent to a maximum dose of
1.27 g/kg) into a cup, so that he could take them as necessary. She
checked on him 2 days later and found him dead in bed, lying on
his side, with full rigor. Colace, Senokot, Imovane (zopiclone),
baclofen, Noroxin (norfloxacin), Clavulin (amoxacillin, clavula-
nate), and Novotetra (tetracycline) were also prescribed.

At autopsy he weighed 59 kg (130 1b) and was 175 cm (5 ft
9 in) in length with no evidence of recent injury. His lungs were
edematous and congested, weighing 513 g (right) and 791 g (left),
with some hemorrhagic mucous in the airways. The heart was
unremarkable with minimal atherosclerosis and no other disease.
Kidneys (186 and 194 g) were grossly normal, and on microscopic
examination, showed focal interstitial nephritis but no evidence of
significant destruction by any acute or chronic infection. The liver
(1382 g) was somewhat soft and on microscopic examination
showed only early liquefactive necrosis in the centrilobular region.
An ileostomy was in situ. There was no anatomic cause of death.

Case #2

This 18-year-old female had a history of schizophrenia and other
psychiatric problems. She was found dead in a hotel room. Several
empty and partially full bottles of Extra Strength Tylenol were
found in the room, in addition to a suicide note. Although the time
of death is unknown, the victim was alive up to 16 h before being
found dead, based on receipts for food found at the scene.

At autopsy, she weighed 134 kg (295 Ib) and measured 185 cm
(6 ft 1in) in length. The findings were unremarkable except for
congested and edematous lungs (right 655 g, left 654 g) and exten-
sive pill residue in the stomach. The heart (415 g) was grossly
unremarkable with the myocardium a uniform red/brown color; the
coronary arteries were free of atherosclerosis. The liver (2256 g)
was grossly normal, and on histologic examination showed
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moderate macrovesicular steatosis with no evidence of centrilobular
necrosis. There was no anatomic cause of death.

Methods

Both cases were subjected to routine alcohol screening by head-
space gas chromatography with flame ionization detection for the
presence of ethanol and other volatiles. Blood was screened for the
presence of drugs by ELISA for acetaminophen, salicylate, ben-
zodiazepines, cocaine metabolites, and opiates. Blood was also
screened by gas chromatography with mass spectrometry detection
(GC/MS) in combination with nitrogen—phosphorus detection
(GC/NPD), as well as GC with electron capture detection. Other
than acetaminophen, no other drugs were detected in case #1 and
only a small amount of olanzapine was detected in blood from case
#2 (<0.1 mg/L).

Acetaminophen (Sigma-Aldrich, St. Louis, MO) was quantitated
by high-performance liquid chromatography (HPLC). To blood-
based calibrators (5-200 mg/L), blank, controls, and specimens
(0.1 mL, diluted as necessary) were added 3-hydroxyacetanilide
(Sigma-Aldrich) as internal standard (10 pg) and sodium chloride
(2 g). Ethyl acetate (3 mL) was used as an extraction solvent.
Extracts were carefully dried, reconstituted in mobile phase (aceto-
nitrile:phosphate buffer 0.005 M, pH 6.0; 1:9) and analyzed by
HPLC using a 717 autosampler (Waters, Milford, MA), 616 pump,
996 photodiode array detector (quantitation at 254 nm), and a
15 cm LC8 Novapak column (Waters) under isocratic conditions.
Data were collected and analyzed by Millennium software (ver 2.1)
(Waters). Acceptance criteria for the assay required that all calibra-
tors and controls read within +20% of target and the calibration
regression coefficient (rz) was >0.995. For both cases #1 and #2,
the calibration was linear (#* = 0.9999 and y-intercept of 0.0). Con-
trols were independently prepared in-house at a target concentration
of 25 mg/L. Accuracy and precision of the assay are based on the
data from the 2005 quality control batch: target 25.2 mg/L, QC
mean 25.4 mg/L + 1.63 SD, CV 6.5% (n = 24).

Results and Discussion

Acetaminophen concentrations for cases #1 and #2 are shown in
Table 1. Ethanol or other drugs were not detected in case #1, and
only a small amount of olanzapine (<0.1 mg/L) in case #2. The
screening employed was not designed to detect antibiotics or baclo-
fen (case #1), and their presence or absence was not confirmed by
any special analyses. After therapeutic doses of 1000 mg, plasma
concentrations should generally be <30 mg/L (2). Postmortem
blood concentrations in both cases #1 and #2 are clearly consistent
with an overdose. Acetaminophen is not usually subjected to post-
mortem redistribution, although some degree of nonhomogeneity of
blood concentrations due to incomplete distribution or postmortem
diffusion from the stomach is a possibility (3,4).

TABLE 1—Acetaminophen concentrations in postmortem specimens from
case #1 and #2.

Specimen Case #1 Case #2
Femoral blood (mg/L) 1280 —
Cardiac blood (mg/L) — 1220
Vitreous (mg/L) 878 779
Liver (mg/kg) 729 3260
Urine (mg/L) 1500 1780
Stomach contents (mg in total contents) 486 11,500

Acetaminophen, at normal doses, is metabolised by conjugation
with glucuronic acid and sulphate. If these paths are saturated, as it
readily occurs in overdose, acetaminophen is oxidized by cyto-
chrome P450 (mainly by CYP1A2, 2El1, and 3A4 isozymes) to
N-acetyl-p-benzoquinoneimine (NAPQI) (5-9). NAPQI has a
particular affinity for sulphydryl groups and reacts rapidly with
glutathione to produce cysteine and mercapturic acid conjugates.
Once glutathione stores are depleted, the highly reactive NAPQI
binds covalently to proteins (likely the sulphydryl sites in the pro-
teins), leading to tissue damage (10-13). As the liver has the
highest concentration of the P450 metabolizing enzymes, this is the
site. of NAPQI production and consequently leads to the hepatic
cell damage.

Hence, the usual outcome of a large untreated acetaminophen
overdose is hepatic damage, with death following several days
later. Acetaminophen normally has a short half-life in the body, on
the order of 1-3 h. After overdose, the half-life may be increased
to 6-8 h and sometimes longer (14-16). Even with a lengthened
half-life, there is usually sufficient time before death to metabolize
and excrete the majority of the acetaminophen such that postmor-
tem blood concentrations are typically <50 mg/L. On microscopic
examination visible centrilobular necrosis is readily observed. It is
unusual to find high concentrations of acetaminophen in postmor-
tem specimens unless the death resulted from a mixed drug over-
dose with other, more immediately toxic drugs, such as codeine or
propoxyphene. Occasionally other tissues, such as the kidneys, may
suffer damage. Nephrotoxicity appears to be due to the formation
of p-aminophenol as well as NAPQI (17-19).

In the two cases reported here, acetaminophen was detected at
very high concentrations, with only therapeutic concentrations of
olanzapine found in case #2. There was only early preliminary cen-
trilobular damage in case #1, differing from the extensive hepatic
necrosis normally observed following fatal acetaminophen over-
dose, and no evidence of centrilobular necrosis in case #2 (although
there was some steatosis).

The P450 isozymes that metabolise acetaminophen have varying
activity; CYP1A2 has higher K, and lower V., (K, = 3430 puM,
Vinax = 74 pmol/min mg) than 2E1 (K, = 680 M, V. = 330
pmol/min mg) and 3A4 (K., = 280 M, Vax = 130 pmol/min mg)
(6). The amounts of each isozyme in liver however vary quite widely
in individuals; 3A4 averages about 29%, 1A2 about 13%, and 2EI
only 7%, and hence the overall contribution to acetaminophen oxida-
tion from each isozyme varies considerably (20). These isozymes
may be induced or inhibited, usually each by different agents. In the
past, the occurrence of toxicity in one individual and not another
with the same blood acetaminophen concentrations was a puzzle. It
can be seen that the occurrence of toxicity depends on two conjuga-
tion paths, glutathione stores and three variable oxidative isozymes;
therefore the unpredictability of toxicity is understandable.

CYP2E]1 can be induced by phenobarbital and alcohol, and alco-
holics are particularly susceptible to acetaminophen toxicity (21).
However, neither decedent had a history of alcohol abuse. It is
therefore unlikely that their 2E1 levels would have been elevated.

The heart appears to be a vulnerable secondary site for acute
acetaminophen toxicity. There are several examples in the literature
but none involves acetaminophen concentrations as high as those
described here. In both our cases the heart appeared grossly normal
and was not saved for microscopy, but acute cardiotoxicity remains
the most likely cause of sudden death. This may involve inhibition
of endothelium-derived relaxing factor (22) or myocardial necrosis
(23-25).

Acetaminophen is a virtually neutral molecule and it is rare for
it to lead to metabolic acidosis as is found with salicylate, but has
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been reported (26). Electrolyte imbalance due to kidney damage is
also a possible contributor to death. The kidney in our case #l
showed no necrosis on microscopic examination, but injury cannot
be ruled out as histopathology may not always reveal cellular dam-
age; for case #2 there was no evidence of damage on gross exam-
ination. Acetaminophen frequently leads to arrhythmias, but
whether this is due solely to hepatic failure or other factors des-
cribed is not known (27). Certainly any electrolyte imbalance will
increase the cardiotoxicity of acetaminophen.

The cause of death in case #1 was determined to be “acetamino-
phen toxicity” and the manner was suicide and for case #2 the
cause of death was “acute acetaminophen toxicity” and the man-
ner, suicide.

Conclusion

Acetaminophen after overdose is primarily regarded as a hepato-
toxin. However, the cases presented here support the supposition
that following a very large overdose acetaminophen may cause
death by an alternative, possibly cardiac, mechanism.
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