Fatty Liver and the Forensic Pathologist

Christopher M. Milroy

ABSTRACT

Fatty liver is a common finding in clinical practice and at autopsy. It is most commonly seen associated with alcohol abuse and in non-
alcoholic fatty liver disease (NAFLD). It may also be seen in many other conditions in both adults and children. It is now recognized that
NAFLD, like alcoholic liver disease, may lead to end stage liver disease. Nonalcoholic fatty liver disease is associated with increased
mortality from other disorders, particularly cardiovascular diseases. Fatty liver may be seen in many conditions that concern autopsy
pathologists, including drug toxicity, anorexia, hepatic ischemia, and heatstroke. In infants, steatosis is common in sudden unexpected
deaths. Fatty liver has been associated with sudden death and this review examines the pathology and role of fatty liver in sudden death.
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INTRODUCTION

Fatty liver is common and can occur in many condi-
tions in both adults and children (1). It is frequently
found at autopsy, especially if microscopy is conduct-
ed. Fatty liver can be considered as a marker of other
disorders and has been used as a cause of death in the
past. While fatty liver is important in the pediatric age
group, this paper concentrates on fatty liver in adults
at autopsy and discusses its role in causing sudden
death.

Image 1: Predominantly macrosvesicular steatosis (H&E, x 200).
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DISCUSSION
Histopathology of Fatty Liver

Fatty liver, also known as steatosis, occurs in two main
patterns, macrovesicular steatosis, the most common
pattern, and microvesicular steatosis (2). The two
main patterns often overlap. Macrovesicular steatosis
is identified by a single fat vacuole, with the nucleus
displaced to the edge (Image 1), while microvesicu-
lar steatosis has multiple small cytoplasmic vacuoles
with a typically centrally placed nucleus (Image 2).
Macrovesicular steatosis can be seen in a wide range
of insults to the liver including alcohol, diabetes mel-
litus and metabolic syndrome, obesity, malnutrition,
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various metabolic disorders, drugs and toxins, and
viral hepatitis. Microvesicular steatosis can be seen
in a number of conditions such as acute fatty liver of
pregnancy, Reyes syndrome, inherited disorders of
fatty acid metabolism, infection, and drug toxicity,
including salicylate, valproate, and tetracycline (1).
Conditions associated with macrovesicular and mi-
crovesicular steatosis are listed in Table 1.

Steatohepatitis

Steatohepatitis, also known as steatonecrosis, refers
to the pattern of cell injury in fatty liver disease. The
mechanisms of injury overlap (3), and the morphol-
ogy is similar between alcoholic and nonalcoholic

Image 2: Microvesicular steatosis (H&E, x 400).
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etiologies, such that the diagnosis of alcoholic ste-
atohepatitis cannot be made on histology alone (4).
Furthermore, alcoholic liver disease may exist with
other comorbidities including NAFLD and hepatitis C
infection (5).

Alcoholic Liver Disease

Alcoholic steatosis is seen in up to 90% of patients pre-
senting for treatment of chronic alcoholism (6). Fatty
change is mainly seen in the perivenular zone, but as the
fatty change progresses it can be seen in all zones. Absti-
nence of alcohol results in fat disappearing in two to four
weeks. Lipogranulomata may been seen at this stage,
otherwise inflammation is absent in simple steatosis (1).
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Alcoholic foamy degeneration is a term used to de-
scribe microvesicular change seen with alcohol use
(7). It is not associated with inflammation and Mal-
lory-Denk bodies are usually absent. The condition
subsides with abstinence.

Alcoholic hepatitis, also called alcoholic steatonecro-
sis, is characterized by steatosis, liver cell necrosis,
and neutrophil inflammation (Image 3) (2, 5). In one
study, it was present in 17 out of 100 liver biopsies
in patients presenting for treatment of alcoholism (8).
Sclerosing hyaline necrosis occurs when there is ex-
tensive perivenular hepatocyte necrosis with fibrosis
(9). This may result in portal hypertension without
cirrhosis. Venous lesions seen in alcoholic liver dis-
ease include lymphocytic phlebitis, phlebosclerosis,
and veno-occlusive disease (10, 11). Phlebosclerosis,
compression of hepatic vein radicles by perivenular
fibrosis, is a universal finding in alcoholic hepatitis
and cirrhosis, whereas veno-occlusive lesions, intimal

Macrovesicular Steatosis

proliferation, and fibrosis were seen in 25% of biop-
sies and lymphocytic phlebitis, a predominantly lym-
phocytic inflammatory infiltrate in the hepatic vein
branches, in 4%.

Perivenular fibrosis is defined as fibrosis surrounding
two-thirds of a terminal hepatic venule, with the fi-
brosis measuring over 4 um (Image 4). Fibrosis is a
marker for more progressive disease if alcohol con-
sumption continues (Image 5). In males drinking 40-
80 grams of alcohol a day, nearly 40% had perivenular
fibrosis.

Perivenular fibrosis is believed to be the precursor of
cirrhosis (12, 13); however, only 20% of heavy drink-
ers develop cirrhosis (1). Cirrhosis is most typically
micronodular, with nodules less than 3 mm. Macro-
nodular cirrhosis may develop especially following
abstinence, when regeneration of nodules takes place
(14).

Microvesicular Steatosis

Alcoholic fatty liver
Nonalcoholic fatty liver
Obesity

Diabetes mellitus

Viral hepatitis

Drugs

Total parenteral nutrition
Malnutrition

Wilson disease

Polycystic ovarian syndrome
Mandibuloacral dysplasia
Familial partial lipodystrophies
Acquired lipodystrophies

Hepatic ischemia

Alcoholic foamy degeneration

Reyes syndrome

Drugs

Acute fatty liver of pregnancy

Inherited disorders of fatty acid metabolism
Inherited urea cycle disorders

‘Wolman disease

Mitochondrial cytopathies

Infection

Cholesterol ester storage disease
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Nonalcoholic Fatty Liver Disease

Nonalcoholic fatty liver disease (NAFLD) is a term
used for a range of changes seen in the liver and en-
compasses various terms including nonalcoholic
steatohepatitis (NASH) and non-NASH fatty liver
(NNFL), which is a term used to describe fatty liver
disease that carries a better prognosis than NASH and
typically presents with steatosis but with minimal, if
any, inflammation or fibrosis (15).

Image 3: Steatohepatitis (H&E, x 200).
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Steatosis is defined as abnormal when exceeding 5%
in microscopic sections (16). Nonalcoholic steatohep-
atitis involves inflammation, ballooned hepatocytes,
and evidence of cell death; fibrosis may be present.
Nonalcoholic steatohepatitis may progress to cirrho-
sis, typically in people who are over 60 years of age,
are obese, and have diabetes. This cirrhosis is some-
times referred to as cryptogenic cirrhosis, though
it has been questioned whether cirrhosis related to
NASH is the same entity (17).
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Image 4: Perivenular fibrosis (Masson trichrome, x100).
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For a diagnosis of NASH, alcohol consumption should
be less than 20 grams per day (18). Although signif-
icant ethanol consumption is an exclusionary criteri-
on for the diagnosis of NASH, patients classified as
having NASH were found to have had a significant
lifetime exposure to alcohol (19). As there is overlap
between NASH and alcoholic steatohepatitis (ASH)
histologically, with the exception of an increased in-
cidence of glycogenated nuclei (Image 6) in NASH
(20), it can be impossible to tell the two disorders
apart, especially in a medicolegal investigation when
medical and social history may be limited.

Non-NASH-fatty liver (NNFL) is a term used for fatty
liver without significant fibrosis or inflammation. It is

more stable than NASH, though progress to NASH
may occur.

The frequency of NAFLD has been reported to be
high in the general population (21). While a wide
range of conditions may be associated with NAFLD,
diabetes mellitus, obesity, and hyperlipidemia are the
commonest associations (22). Nonalcoholic fatty liv-
er disease may have a worldwide prevalence of 25%,
and as high as 38% depending on criteria and region
studied. In obese patients undergoing bariatric sur-
gery, typically with a body mass index (BMI) over
35 kg/m?, the prevalence of steatosis was 85-90%,
with the prevalence of NASH of 25-20%, and unex-
pected cirrhosis of 1-2% (23).

Image 5: Fibrosis with fatty change (Masson trichrome, x100).
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Histological features of NASH include macrovesic-
ular and microsvesicular steatois with portal and/or
lobular inflammation (1). Fibrosis is present, typical-
ly in zone 3, around the peri-central veins. The he-
patocytes may contain Mallory-Denk bodies (Mallory
hyaline) and there may be lipogranulomas and glyco-
genated nuclei. The disease may progress to cirrhosis.
Scoring systems for severity of NAFLD have been
devised (24).

The risk of NAFLD is increased in obesity, which
carries a 4.6-fold increase over nonobese people, as
assessed by ultrasound (25). However, people with a
normal BMI may still have fatty liver (26, 27). These
patients tend to have visceral adiposity along with hy-
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Image 6: Glycogenated nuclei (H&E, x200).
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perinsulinemia and poor physical conditioning. Diabe-
tes mellitus increases the risk of fatty liver and also in-
creases the risk of cirrhosis (28). Patients with NASH
cirrhosis are at risk of developing hepatocellular carci-
noma (HCC) (29). Hepatocellular carcinoma has been
associated with NNFL, suggesting steatosis alone is a
risk factor for the development of HCC (30, 31).

Nonalcoholic fatty liver disease may coexist with oth-
er liver disorders. Patients with hepatitis C infection
(HCV) have a poorer response to interferon therapy
if they have steatosis, obesity, and hyperinsulinism
and probably the combination accelerates progression
(32). Steatosis also affects progression of primary bil-
iary cholangitis (33).
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There are genetic, gender, and familial variations in
NAFLD, which is more common among certain eth-
nic groups (34-36). Men have a higher rate of NAFLD
than women. In the US, Latinos have a higher rate
and African Americans a lower rate, when compared
to rates of obesity in the population. There are differ-
ences in the distribution of body fat in these groups
and in lipoprotein metabolism (37-39). First degree
relatives have higher rates of NASH and genetic stud-
ies have linked NAFLD to certain genes including for
patatin-like phospholipase 3 (PNPLA3), which may
have a role in transferring fatty acids between lipids
(40-43). Another is transmembrane 6 superfamily
member 2 (TM6SF2), which is a regulator of hepat-
ic lipid droplet content. These two genes are related
to disease severity and related morbidities including
vascular disease.

Clinical Features of Nonalcoholic Fatty Liver
Disease

Patients with NAFLD are typically asymptomatic (44).
They may have a history of fatigue and right upper
quadrant pain. They often have obstructive sleep apnea
and women may have polycystic ovaries. Neurological
deficits have been reported occasionally, believed to
be related to lipotoxicity. On external examination,
there may be acanthosis nigrans, palmar erthyema, and
spider angiomata (spider nevi) (15). Biochemical ab-
normalities include elevated liver enzymes, iron, uric
acid, and immunoglobulin A (15). Antinuclear anti-
bodies may be positive. There is hepatomegaly.

Other Causes of Fatty Liver

Fatty liver is found in many conditions other than
ALD and NAFLD. Macrovesicular and microvesic-
ular steatosis can be seen with drug toxicity (Image
7), including nifedipine, diltiazem, tamoxifen, estro-
gen, and corticosteroids (1, 15). Solvents and petro-
chemicals can also cause fatty liver. Hepatitis C, B,
and D infection may cause steatosis, as may disorders
of lipoprotein and nutritional disorders, including an-
orexia nervosa and total parenteral nutrition, bypass
surgery for obesity and small bowel resection, hepat-
ic ischemia and systemic disorders such as cachexia,

heat stroke, cystic fibrosis, and inflammatory bowel
disease (Image 8).

Mortality and Nonalcoholic Fatty Liver Disease

Patients diagnosed with NAFLD have a mortality of
10-12% over a 10 to 15 year period (45-49). Fibrosis
is a predictor of mortality (50). The main causes of
death are reported to be coronary artery disease, extra-
hepatic malignancies, and cirrhosis of the liver. One
long-term study indicated that deaths from cirrhosis
exceeded cardiac causes (47).

Fatty Liver at Autopsy

There have been few systematic studies of fatty liver
at autopsy. A study of 207 obese patients was com-
pared with 207 control patients examined at autopsy
at the Western General Hospital in Toronto, Canada
between 1960 and 1987 (51). Sixty-three patients had
a history of alcohol use and were excluded from fur-
ther analysis, leaving 351 in the analysis. Fatty liver
was present in both groups, though more prevalent in
the obese patients, and with greater severity than in
controls. Steatohepatitis was seen in 22 of the 351 cas-
es, including 18.5% of obese patients and only 2.7%
of nonobese patients. Weight loss before death was
also associated with steatosis. Fibrosis was seen more
frequently in obese patients and was associated with
diabetes mellitus.

An autopsy study from Northwestern Greece revealed
frequent steatosis and steatohepatitis (52). The authors
examined 498 medicolegal cases with a mean age of
64.51 years. The most common causes of death were
ischemic heart disease (47.59%), traffic accidents
(13.45%), and pulmonary embolism (8.23%). Other
causes of death were each less than 5%. Of the 498
cases, 28.9% of cases had normal livers, steatosis was
present in 31.3%, and steatohepatitis in 39.8% (52).

An autopsy study of livers in people dying of diabetic
ketoacidosis with no prior history of diabetes mellitus
revealed significant steatosis and steatohepatitis (53).
The BMIs of these people were typically within the
normal (nonobese) range.
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Is Fatty Liver a Cause of Death?

Fatty liver has been reported as a cause of sudden
death (54). In a study of alcohol-related deaths from
Baltimore examined between 1957 and 1966, fatty
liver and cirrhosis were noted to have increased as
a cause of death (55). The authors noted that sever-
al hypotheses had been suggested for the proximate
cause of death, including fatty emboli to the lungs and

d wreorevien )| Qg
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the brain, hypoglycemia secondary to alcoholism, and
alcoholic cardiomyopathy. They noted that a cardiac
arrhythmia has been suspected as the mechanism of
death, a cause they noted would be impossible to de-
termine from postmortem examination.

Clark, in a review of 500 alcohol deaths from
Glasgow, Scotland, classified 51 deaths as being “ob-
scure,” with 32 cases having fatty liver (56). Both the

Image 7: Steatosis in colchicine toxicity (H&E, x200).
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papers from Baltimore and Glasgow were published
before alcoholic ketoacidosis was reported in post-
mortem cases (57). This condition certainly provides
an explanation for some deaths in cases of fatty liver.
Another mechanism now recognized to be associated
with alcoholics is cardiac arrhythmias associated with
cirrhosis and alcoholic liver disease more severe than
simple steatosis.

Nonalcoholic fatty liver disease has been associated
with cardiac arrhythmias (58-61), the most common
of which is atrial fibrillation. There is less data on
ventricular arrhythmias. A small study of patients with
NAFLD revealed they had evidence of autonomic
dysfunction, and another study of diabetics revealed

Image 8A: Steatosis in anorexia nervosa (Masson trichrome, x40).

that those with more severe NAFLD had prolonged
QTc intervals on electrocardiogram examination (58).
Thus, there are potential mechanisms for sudden death
in patients with NAFLD, though further work is re-
quired to determine if this is so and what the risks are.
Nonalcoholic fatty liver disease can be considered a
multisystem disease (62)

Fatty Liver in the Pediatric Age Group

Fatty liver is not uncommon in the pediatric age
group. An autopsy study in 2006 suggested an prev-
alence of around 10% (63), and the prevalence in a
Japanese population was found to be 2.4% in another
study (64). Nonalcoholic fatty liver disease in the pe-
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diatric age group is associated with greater severity
of steatosis, less lobular inflammation, and portal fi-
brosis and inflammation without perivenular fibrosis
(65). Nonalcoholic fatty liver disease in children may
progress to end stage liver disease (66).

Steatosis may be seen in metabolic disorders such as
medium chain fatty acid disorders (67). Reyes syn-
drome and metabolic disorders should be excluded;
however, steatosis has been reported to be common in
sudden unexpected infant deaths and is not diagnostic
of a metabolic disorder or Reyes syndrome (68, 69).

CONCLUSION

Fatty liver is common at autopsy in all age groups.
In adults, it is most commonly seen in alcoholic and
nonalcoholic fatty liver disease. The most common
pattern is macrovesicular steatosis. As the disease
progresses, fibrosis increases and cirrhosis may result.
The pathologic features of these conditions typically
overlap and histology alone is insufficient to distin-
guish them; history and other investigative findings
may aid in diagnostic discernment. Fatty liver disease
may be seen with some drugs and in some metabolic
disorders. Microvesicular steatosis may be seen, in-
cluding acute fatty liver of pregnancy and some drug
toxicities.

Image 8B: Steatosis in anorexia nervosa (Masson trichrome, x100).
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Fatty liver is not an adequate stand alone cause of
death. The presence of fatty liver at autopsy should
not be considered as alcohol-related unless there is a
clear history of alcohol use. Fatty liver is an indication
of an underlying disorder, which may be the cause
of death. The presence of fatty liver disease should
prompt a search for an underlying cause of death such
as alcoholic or diabetic ketoacidosis. While fatty liver
as a cause of death has been challenged, there is now
some evidence to support alcoholic and nonalcoholic
fatty liver disease being related to cardiac arrhythmias
and thus to sudden death.
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