
Mini-syMposiuM: pathology of the liver
Pathology of fatty liver: 
differential diagnosis of 
non-alcoholic fatty liver 
disease
Matthew M yeh

elizabeth M Brunt

Abstract
non-alcoholic fatty liver disease (naflD) has emerged as a worldwide 

epidemic in the 21st century. the spectrum of its histopathology ranges 

from simple steatosis to steatohepatitis, with risk for progressive fibrosis 

that may lead to cirrhosis and hepatocellular carcinoma. this review is 

an update of the histopathology of naflD and its differential diagno-

sis, in particular alcoholic liver disease (alD), encountered by practising 

pathologists. it also discusses the pathology of naflD in various ‘non-

traditional’ settings: in children, after therapeutic intervention, and with 

concomitant liver diseases. the current grading and staging systems of 

naflD and alD are also discussed.
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Introduction

Varying amounts of steatosis are commonly encountered in liver 
biopsies, particularly in biopsies from adult patients. In order 
to assess the significance of steatosis, the pathologist must first 
determine the type (macro- or micro-vesicular), amount, location 
and associated histological lesions, and then correlate these with 
the known clinical setting of the biopsy. As there are a variety 
of potential causes of hepatic steatosis, such as non-alcoholic 
fatty liver disease (NAFLD), alcoholic fatty liver disease, hepati-
tis C, some medications and/or combinations of all of these, the 
diagnostic conclusion may remain open-ended and descriptive 
if the available clinical information does not provide specific a 
underlying process(es).

Terminology

The implications of the broad categorization of steatosis into 
macro- and micro-vesicular are quite significant, thus defini-
tions are important. Purely microvesicular steatosis is not only 
uncommon, but it arises in very specific and typically clinically 
urgent situations: acute fatty liver of pregnancy, Reye syndrome, 
alcoholic foamy degeneration and certain drug toxicities, such as 
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valproic acid. This type of steatosis is a manifestation of severe 
mitochondrial dysfunction and commonly is associated with 
markedly elevated liver tests, with or without hepatic encepha-
lopathy. In a minority of cases of NAFLD, non-zonal clusters of 
hepatocytes may contain microvesicular steatosis. The histologi-
cal features of true microvesicular steatosis include hepatocyte 
enlargement, flocculent alteration of the cytoplasm and central 
retention of the nucleus (Figure 1a). Whether droplets of steato-
sis are visible by routine stains or not can be quite variable, but 
this is not diagnostic. True microvesicular steatosis often requires 
the application of Oil red O on frozen section of a liver biopsy for 
confirmation (Figure 1b).

In contrast, macrovesicular steatosis is visible by routine 
stains as clear, rounded, well-defined spaces within the cyto-
plasm of normal-sized or enlarged hepatocytes. The droplets can 
be of varying sizes, and can occupy the cytoplasm of a hepatocyte 
as a single large droplet that causes the nucleus and remaining 
cytoplasm to be eccentrically displaced, or may comprise sev-
eral small clustered droplets, each of which can be well defined 
(Figure 1c). Some hepatocytes will contain both large and small 
droplet macrovesicular steatosis. At the current time, no clinical 
significance is attributed to the differing morphological aspects of 
large and small droplet macrovesicular steatosis.

Fatty liver disease: non-alcoholic fatty liver disease and 
alcoholic liver disease

Interestingly, the exact distinction(s) between alcoholic liver 
disease (ALD) and NAFLD are not as uniformly applied as 
would be anticipated. However, in general, there is a common 
guideline of less than 40 g alcohol/day for men and less than 
20 g alcohol/day for women as acceptable for non-alcoholic. 
This general guideline, of course, does not take into account the 
well-known and important factors associated with ALD, such as 
genetic predispositions to the various pathways involved, types 
of alcohol consumed or pattern of alcohol consumption, and 
thus, should only be used as a very general guideline. In reality 
only complete abstinence from alcohol is truly non-alcoholic, 
and even that raises problems as there are known by-products 
of ethanol produced in the gut that do affect the liver both 
directly via the enteroportal circulation and indirectly via endo-
toxin production and stimulation of intrahepatic tumour necro-
sis factor (TNF)-α. Similarly, an obese individual who consumes 
‘excess’ amounts of alcohol may be affected by both NAFLD 
and ALD. Thus, for the liver pathologist, there often are over-
lapping histological features noted between ALD and NAFLD, 
particularly at the milder end of the spectrum with steatosis or 
steatosis and inflammation. However, it is relatively safe to say 
that marked steatohepatitis (SH) with features of severe damage 
and dense perisinusoidal fibrosis, as will be described, are very 
uncommon in uncomplicated NAFLD and should raise a clini-
cal concern of ALD. Furthermore, the overlap is not complete 
between the two processes: there are entities in the ‘spectrum’ 
of ALD that have yet to be described in NAFLD; these include 
cholestasis, veno-occlusive disease, sclerosing hyaline necrosis 
and alcoholic hepatitis (without steatosis). Both NAFLD and 
ALD may result in cirrhosis with or without active lesions of 
SH, and it may not be possible for the pathologist to discern the 
underlying aetiology.
© 2008 elsevier ltd. all rights reserved.
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Microvesicular steatosis a is characterized by variably enlarged hepatocytes with flocculant cytoplasm due to very fine fat droplets; nuclei 

remain centrally located (400X); b in this example of acute fatty liver of pregnancy, an oil red o stain was confirmatory that the cytoplasmic 

alterations were due to steatosis and not viral cytopathic effect (400X). c Macrovesicular steatosis, on the other hand, shows clear, rounded, 

and well-defined fat droplets (often single) within the cytoplasm and the nuclei are peripherally displaced by the fat droplets (200X).  

d steatohepatitis (sh) with a ballooned hepatocyte in the centre, surrounded by macrovesicular steatosis and inflammatory infiltrates 

(400X). e Mallory-Denk bodies (Mallory’s hyaline) can be seen as ropey and eosinophilic inclusions in the ballooned hepatocytes in either 

non-alcoholic sh (nash) or alcoholic liver disease (alD) (400X). f Megamitochondria can also be seen as round or oblong and eosinophilic 

inclusions in the hepatocytes in nash or alD (600X).

Figure 1
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Epidemiology
It is challenging to obtain exact data for the prevalence of either 
ALD or NAFLD, as both require significant input from patient 
sources and there is reticence to convey truthful caloric intake 
whether from ethanol or diet. Neither disease has serum markers 
or imaging tests that are diagnostic; even sophisticated equipment 
cannot assess steatosis less than 30%. However, the presence of 
features of metabolic syndrome (which depend on the specific 
definition, the WHO or Adult Treatment Panel,1 and include cen-
tral obesity, hypertension, dyslipidaemia as characterized by low 
high-density triglycerides and elevated low-density triglycerides, 
and either diabetes or glucose intolerance), and specifically the 
presence of insulin resistance, validates the concern of ‘NAFLD’ 
as a component, if not the sole, cause of the steatosis or SH in 
a liver biopsy. Based on studies utilizing surrogate markers of 
NAFLD (elevated liver tests, presence of metabolic syndrome, 
prevalence of obesity, imaging studies) and biopsy series,2 it is 
estimated that up to 20–30% of the population of the USA has 
fatty liver, with a notable ethnic variability favouring less involve-
ment of African–Americans in every study.2,3 Cirrhosis due to 
NAFLD may be the most common indication for liver transplant, 
having now surpassed hepatitis C and alcohol. Up to 17% of 
children and adolescents have been documented to be affected.4 
With the global epidemic of obesity now recognized, this condi-
tion and the related concern of type 2 diabetes are no longer 
seen as strictly problems of affluence. The projected percentage 
change for obesity-related diabetes mellitus worldwide ranges 
from 32% in Europe to 72% in the USA, and greater than 150% 
in India, sub-Saharan Africa and the Middle East.5

ALD is also a worldwide phenomenon, but is less of a paediat-
ric problem. There are widely differing geographical prevalence 
figures for ALD, some presumably related to the influence of reli-
gious and cultural dictums. Estimates of per capita consumption 
L/year range from 13.9 in Russia and 9.3 in North America, to 0.6 
in Afghanistan and Pakistan.6 In the USA, ALD remains a lead-
ing cause of chronic liver disease, cirrhosis and hepatocellular 
carcinoma, and death.

Role of liver biopsy
Clinical evaluation and current imaging modalities, and serologi-
cal and laboratory tests can be strongly suggestive of the presence 
of hepatic steatosis, but none of these is capable of distinguishing 
SH from uncomplicated steatosis; likewise, these evaluations can 
generally detect advanced liver disease (i.e. portal hypertension), 
but none can truly assess the degree of liver necroinflammatory 
injury, lesser stages of fibrosis and architectural remodelling. 
Liver biopsy evaluation, therefore, remains the ‘gold standard’ 
to unequivocally diagnose SH and to document the severity of 
hepatic injury and fibrosis.7–9 Importantly, biopsy evaluation has 
also shown that not all individuals with unexplained liver test 
elevations have fatty liver,10 not all phenotypic ‘non-alcoholic 
SH (NASH)’ patients have steatosis11 and that the full spectrum 
of fatty liver disease may be present when laboratory values are 
normal.12 It is important to realize, however, that biopsy find-
ings of steatosis and/or SH usually cannot differentiate between 
alcoholic and non-alcoholic fatty liver. Finally, evaluation of liver 
biopsy is useful for detecting possible coexistent processes.13–15 
As NAFLD is closely linked to underlying consequences of being 
overweight, and as overweight and obesity are present in over 
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two-thirds of adults in the USA, it is not unexpected that other 
‘common’ liver diseases may coexist in individuals with NAFLD. 
Clinicopathological studies have documented the constella-
tion of histological features of NASH in biopsies from patients 
with another serologically and/or clinically defined chronic liver 
 disease.16,17

It is somewhat controversial whether a liver biopsy should 
be performed in patients clinically suspected for ALD. In gen-
eral, a liver biopsy may confirm cirrhosis as well as alcoholic 
hepatitis. However, common ‘scores’ (the Maddrey score and 
Glasgow score) derived from clinical tests are more often utilized 
before medication such as corticosteroids is administered. Liver 
biopsy can be useful, however, to exclude other liver diseases 
and to provide prognostic information. For instance, in patients 
with concurrent ALD and viral hepatitis, a liver biopsy may 
help determine the degree of necroinflammatory lesions related 
to either the ALD or the viral hepatitis. However, a percutane-
ous liver biopsy is usually contraindicated in cases with severe 
portal hypertension with coagulopathy, thrombocytopenia and 
ascites. Transjugular liver biopsy may be an alternative option, 
if the operator is sufficiently skilled, as assessment of fibrosis in 
an inadequate transjugular biopsy is not reliable.18 Finally, as 
there are recognizable histopathological features in severe ALD, 
liver biopsy evaluation in individuals with clinically ‘uncertain’ 
 alcohol use can be helpful if these features are found.

Histopathological features of non-alcoholic liver disease 
and alcoholic liver disease

Primary lesions and differential diagnostic considerations
Although many American and European liver pathologists had 
observed the features we now know as NAFLD and NASH in 
non-drinking patients, it was Ludwig et al who first coined the 
term ‘NASH’ in their 1980 manuscript based on the study of 20 
biopsies.19 The primary lesions described in that study, namely 
steatosis, liver cell injury and the unique centri-zonal ‘chicken-
wire’ fibrosis, remain central in establishing the diagnosis.2 The 
entity was initially recognized by several pathologists as one that 
closely resembled alcoholic hepatitis, but in a clinically deter-
mined ‘non-alcoholic’ setting. After almost three decades, the 
current pathological diagnoses of NASH can still be traced to the 
clinicopathological criteria derived from Ludwig’s seminal manu-
script. Further clinical studies showed the linkage of NAFLD to 
insulin resistance20; Marchesini et al established that NAFLD is 
the hepatic component of the metabolic syndrome.21

It has been generally conceptualized that steatosis is a nec-
essary but not sufficient component to constitute a diagnosis 
of SH, and features of liver cell injury and inflammation are 
also required before this diagnosis can be established. Hepato-
cytic ballooning is perhaps the most intriguing yet crucial form 
of liver cell injury for pathologists to recognize in NASH. It is 
characterized primarily by cytoplasmic alterations, as well as 
swelling and enlargement of hepatocytes, resulting in loss of 
its normal hexagonal shape. The cytoplasm is rarefied or finely 
reticulated; this may be the result of accumulation of intracel-
lular fluid, ultrastructural level of minute vacuoles of steatosis 
and/or other acute or chronic toxic cell injuries (Figure 1d).22 
Affected cells’ nuclei may be enlarged and/or hyperchromatic. 
A study a decade ago provided the groundwork that has led to 
© 2008 elsevier ltd. all rights reserved.
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the recognition that hepatocytic ballooning is a significant his-
tological feature for distinguishing progressive NAFLD from the 
less aggressive forms.23 In the same study, other features such as 
Mallory–Denk bodies (Mallory’s hyaline, Figure 1e) or fibrosis 
observed in the biopsies were also found to be associated with 
a higher incidence for cirrhosis and liver-related death. Subse-
quent studies further strengthened the notion that hepatocytic 
ballooning is not only a unique morphological change reflecting 
liver cell injury in NASH, but it is also a distinctive histologi-
cal feature that experienced liver pathologists commonly use to 
arrive at a diagnosis of SH.8,24 In a clinicopathological correlative 
study based on blinded review of entry biopsies for a treatment 
trial, hepatocytic ballooning was associated with higher serum 
cholesterol level; there was also a trend towards the presence of 
ballooning in biopsies from patients with abnormal glycaemic 
control, greater insulin resistance and increased serum markers 
of necroinflammation compared with patients without balloon-
ing.25 Thus, the link between hepatocytic ballooning and liver 
cell injury in NASH and the insulin-resistant metabolic syndrome 
has been strongly suggested.

In Younossi et al’s study of interobserver variability in his-
tological evaluation, histological features that had significant 
inter- and intra-observer concordance among both junior and 
experienced liver pathologists were steatosis, fibrosis, ballooning 
degeneration and vacuolated (glycogenated) nuclei,24 suggesting 
these histological features might be useful for the development 
of a standardized and reliable pathological scoring scheme for 
NAFLD and its various clinical outcomes. Almost simultane-
ously, as a result of a detailed review of biopsies from clinically 
characterized NASH, Brunt et al ushered in a semiquantitative 
grading and staging scheme for NASH in which steatosis was a 
‘given’ and the grading system was based on incremental increase 
in a combination of lesions: ballooning, and lobular and portal 
inflammation.25 Fibrosis stage was proposed to reflect the typical 
fibrosis pattern of NASH, which distinguishes it from other forms 
of portal-based chronic liver disease: the unique zone 3 perisi-
nusoidal/pericellular fibrosis, through portal fibrosis, bridging 
fibrosis to cirrhosis.8

Taken together, steatosis, ballooning and lobular inflamma-
tion are considered the common constellation of minimal criteria 
for the diagnosis of NASH.26 This has been supported by a multi-
ple regression analysis that showed the diagnosis of NASH is not 
dependent on a single histological feature, but rather involves 
assessment of multiple independent features.27 The results of the 
NIDDK-sponsored NASH Clinical Research Network (CRN) study 
to validate a scoring system also confirmed, in multivariant anal-
ysis, that several histological features are significantly associated 
with the diagnosis of NASH, including lobular inflammation, 
 ballooning degeneration, fibrosis and steatosis.9

Studies in human liver and in animal models have confirmed 
increased apoptotic indices or enhanced signals of apoptosis in 
NASH, as in ALD.28–32 A recent microarray study in NAFLD has 
demonstrated that genes related to liver apoptosis were differ-
entially expressed.33 Whether the presence and/or quantity of 
apoptotic bodies is significant for distinguishing NASH from 
milder forms of NAFLD awaits further investigation.

Microvesicular steatosis may occur in NAFLD/NASH biopsies, 
as well as active ALD. Typically, this finding will be noted in clus-
ters of hepatocytes9 in NAFLD. In ALD, microvesicular steatosis 
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may be a prognostic indication of progressive disease.34 In certain 
situations, microvesicular steatosis accumulation may resemble 
ballooning degeneration in that the hepatocytes are enlarged 
and have flocculent cytoplasm; however, the nuclei remain cen-
trally located and may appear to be indented by the small fat 
droplets in microvesicular steatosis (Figure 1a). Another more 
subtle difference between ballooned hepatocytes and those with 
microvesicular steatosis is the presence of larger and hyperchro-
matic nuclei in the former. As mentioned above, predominant 
microvesicular steatosis is a histological manifestation of severe 
liver disease caused by mitochondrial dysfunction,22,35,36 and 
should not be seen as the primary type of steatosis in individuals 
with NAFLD.

Occasionally in NAFLD there may be hepatocytes with gly-
cogenosis. As with the finding of microvesicular steatosis, this 
 feature is not a dominant finding in hepatocytes. The notably 
large, swollen, glycogen-rich hepatocytes of glycogenosis may 
occur in glycogen storage diseases or in glycogenic hepatopa-
thy; the latter entity is associated with type 1 diabetes with poor 
glycaemic control.37 Of note, biopsies from patients with glyco-
genic hepatopathy typically lack significant steatosis, inflamma-
tion, lobular spotty necrosis and the characteristic perisinusoidal 
fibrosis of NAFLD. Further, the clinical setting is quite different.

Swollen hepatocytes that may resemble ballooning may also 
occur due to hepatocellular cholestasis; affected hepatocytes 
appear enlarged and have clear, flocculent cytoplasm, so-called 
feathery degeneration. This lesion is noted in the perivenular 
region in acute cholestasis and is accompanied by canalicular 
bile stasis. The clinical setting of biliary obstruction or drug/
toxin injury, the lack of the typical perisinusoidal/pericellular 
fibrosis, and the presence of canalicular cholestasis differentiates 
this from ballooning of NAFLD. Cholate stasis, the histopatholog-
ical term used to describe the alteration in periportal hepatocytes 
in chronic cholestatic conditions, also includes cellular swell-
ing and cytoplasmic material clumped around the nucleus, and 
large lucent peripheral areas of the cell. Mallory–Denk bodies 
(Mallory’s hyaline) may also be present.38 These findings can 
be distinguished from ballooning in NASH by the clinical setting 
and periportal, zone 1 location in the non-cirrhotic liver. It is 
challenging to differentiate these, however, in advanced fibrosis, 
as the remodelled parenchyma usually no longer has a distinctly 
zonal architecture. In this situation, a copper stain can be of 
assistance to document cholate stasis.

Megamitochondria, or giant mitochondria, may occur in 
NASH; these structures are round or needle-shaped intracyto-
plasmic inclusions (Figure 1f). With electron microscopy, they 
have been shown to have multilamellar membranes, paracrys-
talline inclusions, with loss of cristae. Megamitochondria may 
reflect injury or adaptive change.39,40

Lobular inflammation in both NAFLD and ALD may be 
mixed, predominantly mononuclear or have foci of ‘satellitosis’. 
The latter is noted by clusters of polymorphonuclear leucocytes 
 surrounding a hepatocyte that contains a Mallory–Denk body 
(Mallory’s hyaline). Microgranulomas and small lipogranulo-
mas may also be noted within the lobules of both NAFLD and 
ALD.22,26

Portal chronic inflammation is commonly ‘mild’ in NAFLD; 
but is noted commonly in paediatric NAFLD (discussed below) 
and may increase with clinical and histological severity in adult 
© 2008 elsevier ltd. all rights reserved.
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NAFLD.8,41 As will be discussed, however, it is important to note 
that disproportionately increased portal inflammation in a biopsy 
of NAFLD or NASH may be an indication of another, concur-
rent chronic liver disease. In ALD, portal inflammation may be 
mixed acute and chronic with associated features of ductular 
reaction and periportal fibrosis42; these changes may be related 
to concurrent pancreatitis and are not seen in NAFLD.

The pattern(s) of fibrosis in NAFLD and ALD can be quite sim-
ilar. Although in the early stages of the disease, fibrosis is seen 
in zone 3 as perisinusoidal, pericellular collagen (Figure 2), with 
progression, portal and bridging fibrosis occur, and ultimately 
cirrhosis. Recently, the significance of the ‘ductular reaction’ 
(ductular proliferation accompanied by inflammation and fibro-
sis) as related to portal fibrosis in NAFLD was reported.43 The 
authors noted that the ductular reaction correlates with degrees 
of insulin resistance as well as impaired hepatocyte replication 
in the setting of NAFLD. Active lesions of SH may or may not be 
retained in cirrhosis. Both of these processes may ‘burn out’ and 
both may be underlying causes of otherwise cryptogenic cirrho-
sis. Finally, isolated perivenular fibrosis is described in ALD, but 
has not been critically evaluated in NAFLD.

Distinguishing non-alcoholic fatty liver disease and alcoholic 
liver disease
Many histological features, including steatosis, hepatocytic bal-
looning, apoptosis, mixed lobular inflammation, Mallory–Denk 
bodies (Mallory’s hyaline), megamitochondria, portal lipogranu-
lomas and the unique pattern of perisinusoidal/pericellular fibro-
sis are shared by alcoholic SH (ASH) and NASH.44 In part, both 
diseases also share many pathogenetic alterations that result in 
hepatic steatosis, activation of cytochrome P450 2E1 (CYP2E1)45,46 
and altered cytokine expression. However, canalicular cholestasis, 
cholangiolitis (marked ductular reaction and acute inflammatory 
infiltrate in the portal regions, Figure 3) and lymphocytic phlebitis, 
obliterative fibrosis of the terminal hepatic venule and the unique 
lesion of sclerosing hyaline necrosis (Figure 4) are features in ASH 
not noted in NASH.44 Histological changes more commonly seen 

Figure 2 the characteristic fibrosis pattern in nonalcoholic 

steatohepatitis or alcoholic liver disease is collagen deposition within 

the perisinusoidal spaces in zone 3 region (perivenular/pericellular 

fibrosis, Masson trichrome stain, 100X).
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in NASH than ASH are more severe steatosis and nuclear vacuol-
ization (glycogenated nuclei).42 Necroinflammatory activity is gen-
erally milder in NASH than in ASH,19,22,44,47,48 while large, dense 
Mallory–Denk bodies (Mallory’s hyaline) and periportal fibrosis 
are more common in ASH.44,49 Interestingly, steatosis is not always 
present in alcoholic hepatitis, yet steatosis is a necessary compo-
nent to arrive at a diagnosis of NASH, especially when the liver is 
not cirrhotic. Finally, alcoholic foamy degeneration does not have 
a known counterpart in NAFLD.

Grading and staging non-alcoholic fatty liver disease

Until a proposal was published in 1999, there were no stan-
dardized methods of histological evaluation for NAFLD, and no 
systematically agreed-upon criteria of separating NASH from 

Figure 3 Marked bile ductular reaction with accompanying neutrophilic 

infiltrates in the portal tract in alcoholic hepatitis (200X). Mallory-Denk 

bodies (Mallory’s hyalines) are present in the adjacent hepatocytes.

Figure 4 high power magnification shows sclerosing hyaline necrosis 

with obliterative fibrosis of the terminal hepatic venule in alcoholic 

hepatitis (Masson trichrome stain). there is a focus of hepatocytic 

dropout adjacent to the terminal hepatic venule and Mallory-Denk 

bodies (Mallory’s hyalines) are prominent.
© 2008 elsevier ltd. all rights reserved.
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 steatosis. The proposal in the American Journal of Gastroenter-
ology8 was based on a review of 52 biopsies from 51 clinically 
well-characterized patients; in addition to noting a semiquanti-
tative ‘score’ for each of the lesions already well-described in 
SH [steatosis, ballooning, lobular and portal inflammation, Mal-
lory–Denk bodies (Mallory’s hyaline), pigmented Kupffer cells, 
acidophil bodies, glycogenated nuclei and fibrosis], there was a 
‘gestalt’ score of severity of the lesions. Then, it was determined 
which of the lesions appeared to be most contributory to this 
global severity. Also, just as the ‘fathers’ of modern hepatopa-
thology noted in chronic hepatitis that the potentially reversible 
necroinflammatory lesions could be scored separately as ‘grade’ 
from potentially irreversible lesions of fibrosis and remodelling 
(‘stage’) (reviewed in13), this model was followed in the pro-
posal. However, dissimilar to other forms of chronic hepatic and 
biliary liver disease, the fibrosis of SH was noted to occur first 
in perisinusoidal spaces in centrilobular regions (zone 3) prior 
to involvement of portal/periportal regions.19 In other forms of 
chronic liver disease, portal fibrosis is the initial finding, and 
perisinusoidal fibrosis is actually atypical. Thus, the grading and 
staging for NASH was proposed, as illustrated in Table 1.

In 2005, a system was published9 in order to: (1) address the 
broader spectrum of NAFLD; (2) propose a system validated by 
a panel of pathologists based on blinded review of paediatric and 
adult biopsies; and (3) provide more numerical assessment of 
specific lesions for comparisons in intervention trials. The sys-
tem maintained features of the prior proposal, but added modi-
fications to meet the above criteria. It is referred to by the group 
that validated it as the ‘NASH CRN’ and is now widely utilized. It 
should be reiterated that the numeric score of the NAFLD Activity 
Score, the NAS, is not intended to and cannot replace a diagnosis, 
but rather the two are separate exercises performed for different 
purposes. The NAS and fibrosis scores are shown in Table 2. As 
can be seen, the fibrosis score expanded stage 1 in order to take 
into account delicate and dense perisinusoidal fibrosis, as well 
as the pattern of then-recognized fibrosis of paediatric NAFLD50 
that predominates in portal/periportal regions.

Grading and staging alcoholic liver disease

As yet, there is no widely accepted system for semi-quantitative 
scoring of ALD. A proposal based on modifications of the NASH 
CRN system was recently published (Table 3).51 A difficulty 
in deriving a system for ALD is the much broader spectrum of 
lesions for this entity than encountered in NAFLD.

Histopathological differential diagnosis of fatty liver 
disease

Hepatitis C virus
Steatosis is not a specific feature for NAFLD/NASH or ALD. 
Approximately 70% of individuals chronically infected with hepa-
titis C virus (HCV) show at least a mild degree of macrovesicular 
steatosis.52 Different from NASH/NAFLD and ALD, the distribu-
tion of fat in chronic hepatitis C is often not accentuated in the 
perivenular region. The underlying causes of steatosis in hepatitis 
C are under intense investigation. It is well known that genotype 
3a is specifically associated with steatosis in the liver.53–55 The 
lesion, therefore, is likely to be a viral cytopathic effect. On the 
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other hand, non-genotype 3 steatosis may be induced by under-
lying obesity-associated insulin resistance.27 Finally, HCV core 
protein has been shown to induce hepatic steatosis in transgenic 
mice.56 Clinically, hepatitis C can be diagnosed by serology and 
HCV RNA. Histologically, inflammation in hepatitis C tends to be 

Proposed grading and staging for histopathological 
lesions of NASH (modified from8).

Steatosis:  graded as 1 = 0–33%, 2 = 33–66%,  

3 >66%.

Ballooning:  Zonal location noted and severity 

(mild or marked) recorded according 

to estimate of numbers of hepatocytes 

involved

Lobular inflammation:  0–3 based on observations of foci per 

20x field; 1 = 1–2 foci, 2 = up to 4 foci, 

3 = > 4 foci. in addition, cell types 

(acute or chronic) and location were 

noted

Portal inflammation:  0–3, 1 = mild, 2 = moderate, 3 = severe

 Grade 1, mild

Steatosis:  predominantly macrovesicular, involves 

<33% up to 66% of the lobules

Ballooning:  occasionally observed; zone  

3 hepatocytes

Lobular inflammation:  scattered and mild acute (polymorphs) 

inflammation and occasional chronic 

inflammation (mononuclear cells)

Portal inflammation:  none or mild

 Grade 2, moderate

Steatosis:  any degree and usually mixed 

macrovesicular and microvesicular

Ballooning:  obvious and present in zone 3

Lobular inflammation:  polymorphs may be noted associated 

with ballooned hepatocytes, pericellular 

fibrosis; mild chronic inflammation may 

be seen

Portal inflammation:  Mild to moderate

 Grade 3, severe

Steatosis:  typically >66% (panacinar); commonly 

mixed steatosis

Ballooning:  predominantly zone 3; marked,

Lobular inflammation:  scattered acute and chronic 

inflammation; polymorphs may appear 

concentrated in zone 3 areas of 

ballooning and perisinusoidal fibrosis

Portal inflammation:  Mild or moderate

 Staging fibrosis in nonalcoholic steatohepatitis (NASH)

Stage 1: Zone 3 perivenular perisinusoidal/pericellular fibrosis, 

focal or extensive

Stage 2: as above with focal or extensive periportal fibrosis

Stage 3: Bridging fibrosis, focal or extensive

Stage 4: Cirrhosis, probable or definite

Table 1
© 2008 elsevier ltd. all rights reserved.
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accentuated in the portal tracts; in addition, chronic hepatitis C 
typically does not have ballooned hepatocytes or the distinct peri-
venular/pericellular fibrosis. The presence of the latter in biopsies 
with hepatitis C is strongly suggestive of concurrent SH.16,17

Autoimmune liver disease
Antinuclear antibody (ANA) titres can be elevated in up to 20% 
of patients diagnosed with NASH by biopsy.57 Other non-organ-
specific antibodies such as antismooth muscle antibody and even 
antimitochondrial antibody (AMA) have been documented in 
2–40% of cohorts of NAFLD patients.58 Thus, it is important to 
correlate the histological, clinical and serological findings before 
establishing a diagnosis as the therapy for NASH and autoim-
mune hepatitis differ significantly. On the other hand, given 
many of the overlapping demographic features in these two enti-
ties, it is not unexpected that, in some situations, autoimmune 
hepatitis and NASH may coexist.16,59,60

Iron-overload diseases
Ferritin, a known acute-phase reactant protein, may be ‘non-
 specifically’ elevated in NAFLD, or may be a manifestation of 
aberrant HFE genetics61 or insulin resistance.62,63 Iron deposition 
in NAFLD may be hepatocellular, reticuloendothelial or both.8 
Whether aberrant genetics and/or iron deposition in NAFLD 
relates to progression of disease is an area of active investigation.

Wilson disease
Wilson disease has been known as a great mimicker in liver dis-
eases. Histological features in Wilson disease may also be charac-
terized by steatosis and glycogenated nuclei; additional features 
noted in varying stages of the disease include atypical lipofuscin, 
acidophil bodies, bile, increased iron, anisonucleosis, moderate 
portal chronic inflammation, Mallory–Denk bodies (Mallory’s 
hyaline) and swollen hepatocytes, some with megamitochondria. 
Clearly, if Wilson disease is a concern, tissue should be sent for 
copper quantitation.

NAFLD activity score (NAS) and fibrosis scoring from 
NIDDK NASH CRN (modified from9).

NAS (0–8) (only to be applied in cases of NAFLD/NASH)

Steatosis:  0 (< 5%); 1 (5–33%); 2 (33–66%);  

3 (> 66%)

Lobular inflammation:  Counted in 20x fields

 0, 1 (< 2 foci), 2 (2–4 foci), 3 (> 4 foci)

Ballooning:  0, 1 (few), 2 (many)

 Fibrosis/staging: 0–4

0: none

1a:  Mild, zone 3 perisinusoidal fibrosis (requires trichrome stain 

to see)

1b: Moderate zone 3 perisinusoidal fibrosis

1c: portal fibrosis only

2: Zone 3 perisinusoidal anD periportal fibrosis

3: Bridging fibrosis

4: probable or definite cirrhosis

Table 2
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Non-alcoholic fatty liver disease/alcoholic liver disease 
with concomitant liver diseases

Brunt et al described the not so uncommon occurrence of con-
comitant histological SH in 1–7% of non-allograft liver biopsies 
from patients with other serologically diagnosed liver diseases, 
including hepatitis C, autoimmune hepatitis, primary biliary cir-
rhosis, HFE mutation, α-1-AT deficiency and hepatitis B. Given 
that more stringent criteria for SH were applied in the study (i.e. 
presence of zone 3 perisinusoidal fibrosis) so as not to overesti-
mate NASH, the prevalence of the concurrence may actually have 
been underestimated.16 Other studies have also documented a 
similar rate of concurrence with hepatitis C17,64 or other forms 
of chronic liver disease.17 Such frequent concurrence may reflect 

Proposed scoring system for alcoholic liver disease 
(ALD) (modified from51).

Grade: (0–11)

Steatosis (0–3), as in niDDK nash Crn system:

0: <5%

1: 5–33%

2: 34–66%

3: >66%

Lobular inflammation (0–3), as in niDDK nash Crn system:

0: none

1: <2/20X

2: 2–4/20X

3: >4/20X

Cell Death (0–3):

0: none

1: focal apoptosis (acidophil bodies)

2: Many acidophil bodies

3: Confluent necrosis

Ballooning (0–2), as in niDDK nash Crn system

0: none

1: few

2: Many; prominent

 Stage: (0–6)

0: none

1: Mild zone 3; focal zone 3; pericellular and/or perivenular

2: Marked zone 3 fibrosis (most zones 3)

3: fibrous linkage: hepatic veins with septa

4: fibrous linkage: hepatic veins and portal tracts with septa

5: incomplete cirrhosis

6: probable or definite cirrhosis

 In addition the following are recorded:

Steatosis:  Macrovesicular, microvesicular, mixed

Lobular inflammation:  piecemeal necrosis, chronic, mixed

Iron:  0–4 and note distribution

Mallory–Denk bodies

Lipogranulomas

Portal inflammation

Isolated portal fibrosis

Table 3
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the common presence of NASH in the general population, and 
reiterates the importance for pathologists to exclude NASH in 
liver biopsies clinically diagnosed with other liver diseases.

As previously indicated, some form of SH, NAFLD or ALD can 
be suggested in biopsies with HCV when perisinusoidal and/or 
perivenular fibrosis are present. The figures for concurrent HCV 
and ALD are not known, but it is commonly recognized that ALD 
potentiates fibrosis in HCV.

Non-alcoholic fatty liver disease/non-alcoholic 
steatohepatitis in the paediatric population

The prevalence of NAFLD in children and adolescents is esti-
mated at 17%, and is likely to reach epidemic proportions 
 worldwide,65–67 as the prevalence of obesity and insulin resis-
tance among children has increased over the past decades.68,69 
NAFLD may be more common in boys than girls based on sev-
eral studies.69–72 Ethnic variation in children is noted, just as in 
adults. In Schwimmer et al’s study, boys and children of Asian, 
Native American and Hispanic ethnicity were more likely than 
girls and children of white race, respectively, to have the clini-
cal features and characteristic histological finding of portal-based 
injury pattern.50 Whether this observation represents bias due to 
the study of a selected patient population from Southern Califor-
nia awaits further investigation; however, similar findings have 
been noted in adult studies.3,5

In contrast to the typical zone 3 injury pattern seen in adult 
NAFLD/NASH, inflammation and fibrosis are accentuated in the 
portal region in paediatric NAFLD, and ballooning degeneration 
and perisinusoidal fibrosis are not typically obvious. This portal-
based injury and fibrosis pattern without ballooned hepatocytes 
and perisinusoidal fibrosis (Figure 5) was described in over half 
(51%) of a cohort of 100 children or adolescents with NAFLD, 
and thus was the basis for the designation of the type 2 pattern of 
NASH. In this study, only 17% showed the typical distinct histo-
logical features of NASH seen in the adult population (type 1 pat-
tern), i.e. ballooning degeneration and/or perisinusoidal fibrosis, 

Figure 5 in paediatric non-alcoholic steatohepatitis, ballooning 

degeneration and zone 3 perivenular/pericellular fibrosis are not 

typically apparent and steatosis is not accentuated in zone 3 (Masson 

trichrome stain).
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besides steatosis.50 In the same study, children with paediatric, 
‘type 2’ NASH were more often boys, were significantly younger 
and had more severe obesity than children with the adult, ‘type 
1’ NASH histological pattern. These observations underscored 
the necessity of using a different set of definitions and criteria for 
paediatric NASH.

Challenges remain in paediatric NAFLD, however. Schwim-
mer et al showed that 16% of these 100 paediatric patients had 
features that overlap with both type 1 and type 2 NASH, whereas 
a recent study from Italy showed overlap of both patterns in the 
majority of biopsies.67 It is likely that just as in adults, a spectrum 
of patterns of disease exists in paediatric NAFLD, and further 
studies may elucidate the underlying associations with age, gen-
der and hormonal alterations that correlate with the pathological 
features in the paediatric and adolescent populations.

Liver histology following intervention: non-alcoholic fatty liver 
disease and alcoholic liver disease
To date, the standard treatment of NAFLD/NASH remains diet 
and physical exercise, as well as management of associated 
metabolic conditions. Resolution of the histological lesions as 
assessed by liver biopsy remains the gold standard for success-
ful treatment outcomes. Interestingly, randomized control tri-
als73 and studies of series of liver biopsies74,75 have confirmed 
that apparent resolution or improvement of liver injury in NASH 
may be seen in biopsies in subjects without any therapeutic 
 intervention. A possible explanation for this is that patients may 
have lifestyle changes after realizing the significance of their 
medical condition.76 Clinical trials,73,75,77,78 including those using 
insulin sensitizing agents, have shown histological improve-
ments of NASH (steatosis, inflammation, ballooning and fibro-
sis), some even with complete resolution of NASH. Of interest, 
it was noted in one successful trial that after a year, liver test 
elevations recurred75 and a recent biopsy study showed that the 
initial improvement at the end of defined therapy periods was 
not sustained after discontinuation of the medication.79 These 
studies suggest that long-term therapy will be required to main-
tain improvements in NASH activity. On the other hand, surgical 
intervention (various alimentary tract by-pass procedures) have 
been shown to provide long-term improvement.80

Of note, several treatment studies, including those from 
surgical intervention, with follow-up biopsies have shown a 
shift in proportion of lobular inflammation to portal inflamma-
tion.75,77,80 Thus, pathologists should be aware that increased 
portal inflammation in subjects with NAFLD may be a reflection 
of resolution.81 The recently characterized ductular reaction and 
accompanying portal fibrosis in NASH have shown improvement 
following treatment.43,81

Steatosis in ALD usually rapidly improves with absten-
tion.18,34,82 However, a minority of patients with alcoholic 
hepatitis may show similar histological lesions or progression 
to cirrhosis, even if they remained sober and underwent sur-
veillance liver biopsy.83 While abstention appears to be the 
foundation of treatment for ALD and the use of corticosteroids 
is hampered by scepticism and underestimation of its benefits, 
potential alternative therapies include cytokine-directed therapy 
such as pentoxifylline and anti-TNF agents; however, the histo-
pathology after these therapies is largely unknown due to lack 
of biopsy data.18
© 2008 elsevier ltd. all rights reserved.
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Recurrence of non-alcoholic fatty liver disease and alcoholic 
liver disease following liver transplantation
Several studies have reported the recurrence/occurrence of 
NAFLD/NASH after orthotopic liver transplantation (OLT).84–88 
Since the distinct histological features of NAFLD/NASH may no 
longer be identifiable in end-stage cirrhotic liver, diagnosis of 
NAFLD/NASH pre-OLT in those patients with cryptogenic cirrho-
sis has relied on clinical characteristics of the metabolic syndrome 
and exclusion of other liver diseases. Some of the studies sug-
gested that in a time-dependent manner, fatty liver almost univer-
sally occurs after OLT in these patients. One confounding factor is 
that cumulative steroid exposure correlates with the development 
of fatty liver in the allograft.88 Another is the clinical development 
of features of metabolic syndrome due to OLT-related medica-
tions. Thus, while the observations that NAFLD/NASH occurs/
recurs after OLT further serves as a line of evidence that the dis-
ease is a manifestation of the metabolic syndrome,74,89 caution 
is still necessary prior to attribution of cases of ‘cryptogenic cir-
rhosis’ to ‘burned-out’ NASH solely based on occurrence of the 
pathology post-OLT.

In the western world, liver cirrhosis due to alcohol is the sec-
ond most common indication for liver transplantation44 in that 
approximately 17–25% of transplants are performed for ALD. 
Most transplant programmes in the USA require a minimum of 6 
months’ abstinence before transplantation. A recidivism rate of 
20–30% after OLT has been reported; higher rates are suggested 
when the pre-OLT abstinence period is less than 6 months.90 His-
tologically, steatosis, fibrosis, particularly perivenular/pericellu-
lar fibrosis, and rapid fibrosis progression are more common in 
post-OLT heavy alcohol use versus non-drinkers.91–95

Conclusion

With the emergence of the NAFLD epidemic, pathologists are fre-
quently encountering liver biopsies showing a spectrum of fatty 
changes. Pathologists need to be aware of the clinical scenario of 
the biopsy specimens, and that the diagnosis of non-alcoholic fatty 
liver disease or non-alcoholic SH remains clinicopathological. Sig-
nificant overlap occurs with features of ALD in varying stages; on 
the other hand, there are lesions that are more suggestive of ALD 
than of NAFLD, and the pathologist should be aware of these. Con-
current liver diseases are not uncommon, and have to be consid-
ered. Importantly, the histopathology of NASH post intervention 
and NASH in the paediatric population often does not mimic the 
classical morphological descriptions of the constellation of lesions 
of NASH. The shift of lobular- to portal- based injury pattern may 
be seen in both of these settings. In addition, the presence of find-
ings of other forms of liver disease needs to be excluded. Finally, it 
is worth emphasizing that no scoring system is meant to replace a 
diagnosis; in particular, the NAS score was designed to compare the 
histological changes after treatment of NASH, but it is not intended 
as a means of deriving a diagnosis from numeric sums. ◆
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Practice points

 •  given the epidemiology of both alcohol use and obesity 

in the Western World, many times the pathologist cannot 

distinguish between the two in liver biopsies with either 

steatosis or with steatohepatitis

 •  nonalcoholic steatohepatitis is a diagnosis that can only be 

made with clinical correlation. steatohepatitis is a histologic 

diagnosis, based on the presence of steatosis, lobular 

inflammation and ballooning in a characteristic zone 3 

location. fibrosis may or may not be present. the amount of 

steatosis can vary from around 5% to greater than 66%, but 

the “severity” of the lesions depends on all of the features
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Mini-syMposiuM: pathology of the liver
 •  More than one liver disease may occur and may be diagnosable 

on liver biopsy. hCv and naflD/nash may co-exist in obese, 

insulin-resistant patients with viral infection. likewise, aih, 

pBC and other forms of chronic liver disease may co-exist. the 

criteria for making the diagnosis are discussed

 •  Biopsies from pediatric patients may or may not show the 

same histopathologic features as those from adults. in some 

pediatric biopsies, the steatosis may be preferentially around 

zone 1 and ballooning is not seen. steatosis may also occur 

in a panacinar distribution

 •  true microvesicular steatosis may occur in nash; most often, 

it occurs in small “patches” and may have megamitochondria. 

the most common type(s) of steatosis, however, in naflD/

nash is mixed large and small droplet macrovesicular steatosis
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Research directions

 •  Development of biomarker for the diagnosis of nash

 •  investigation of iron overload in naflD

 •  Morphology and pathogenesis of naflD/nash in the 

paediatric population

 •  evaluation of ballooned hepatocytes in nash: do  

they reflect oxidative damage and/or represent small droplet 

steatosis?; and the use of  

immunohistochemistry for diagnosing ballooning 

degeneration

 •  Which comes first: insulin resistance or steatosis?

 •  role of the apoptotic pathway in nash

 •  role of the innate immune system in nash
7 © 2008 elsevier ltd. all rights reserved.
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