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SUMMARY

Nonalcoholic fatty liver disease (NAFLD) may be the most
common cause of chronic liver disease in Western coun-
tries, with an estimated prevalence of up to 24% in the gen-
eral population. NAFLD is considered the hepatic mani-
festation of the metabolic syndrome and has been etiologi-
cally correlated with insulin resistance. The histopatholog-
ical spectrum of NAFLD ranges from simple steatosis to
nonalcoholic steatohepatitis (NASH), with or without fi-
brosis, and cirrhosis. Liver biopsy is the �gold standard�
for diagnosing NASH in a patient with clinical features of
NAFLD, image detected steatosis and chronically elevated
liver enzymes. This review discusses the histopathological
findings of NAFLD in adults and children, including fea-
tures representing resolution of NASH following treatment
and features of prognostic information. Additionally, cur-
rent systems of semiquantitative assessment in NAFLD and
NASH are reviewed and the concurrence of NAFLD and
NASH with other chronic liver diseases, mainly hepatitis
C, is discussed.
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Review

veys have shown that NAFLD may be responsible for
approximately 80% of adults with elevated aminotrans-
ferase values in the US.4,5 NAFLD is considered the he-
patic manifestation of the metabolic syndrome,6-9 a clus-
ter of disorders that includes obesity, diabetes mellitus,
dyslipidaemia, arteriosclerosis and hypertension, and has
been etiologically associated with insulin resistance.10-12

Other aetiological factors include nutritional disorders
such as rapid weight loss, total parenteral nutrition and
malnutrition, drugs, occupational toxins, jejunoileal by-
pass/gastroplasty surgery, bacterial contamination of the
small bowel, and inherited metabolic disorders.1-3

The diagnosis of NAFLD is based on clinico-patho-
logical criteria; the minimal tissue change is hepatocel-
lular steatosis, i.e. accumulation of triglycerides within
hepatocytes,13,14 in a patient without excessive alcohol
consumption (typically >20g/day for women and >40g/
day for men).1-3,15 NAFLD encompasses a wide range of
clinico-pathological disorders ranging on histology from
�simple� steatosis, to nonalcoholic steatohepatitis
(NASH), when steatosis is accompanied by necroinflam-
matory changes; NASH may also include fibrosis and/or
cirrhosis.1,16-20 The entire histologic spectrum of NAFLD
may be seen in patients who are not obese2,21 and in pa-
tients with normal aminotransferase levels.22 It is of great
interest that NASH, once thought as a disease with be-
nign course, is currently considered a significant cause
of cryptogenic cirrhosis.17 The development of hepato-
cellular carcinoma is in some cases the final part in the
natural history of NAFLD.23-27

The presence of steatosis in the liver of NAFLD pa-
tients can be confirmed by ultrasound, computerized to-
mography (CT) and magnetic resonance imaging,28-29 but
none of these imaging techniques can distinguish simple
steatosis from NASH30 and may not highlight small
amounts of accumulated fat.15 Liver biopsy remains the
method of choice for confirming or excluding the diag-
nosis of NASH in a patient with clinical features of

1. INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a grow-
ing medical problem in Western countries and the most
common cause of chronic liver disease with a prevalence
of up to 24% in the general population.1-3 Recent sur-
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NAFLD, image-detected steatosis and elevated liver en-
zymes.2,14,15,31 Furthermore, it may indicate the concur-
rence of NASH with other forms of chronic liver disease
or, more importantly, suggest another diagnosis.32,33 Eva-
luation of liver histology in NASH is required for cha-
racterization and quantification of parenchymal necroin-
flammatory injury, determination of the presence and
type of fibrosis and assessment of architectural changes
thus providing significant prognostic information.32,34-36

The course of tissue injury over time may be assessed in
repeat liver biopsies and, in the case of treatment trials,
the efficacy and potential toxicity of therapeutic agents
can be evaluated.2,3

2. PATHOLOGY OF NAFLD AND NASH

2.1. Brief historical overview

Pathologists have documented similarities of liver
lesions in morbid obesity and diabetics with those of
alcoholics for several decades. Connor37 has described
fatty infiltration of liver and development of cirrhosis
in diabetics in 1938, while Westwater and Feiner38 pre-
sented the histological findings of NAFLD in the liver
of obese patients in 1958. Thaler39 further contributed
on the subject with clinical and pathological features
of the disease in 1962. Since then, several papers on
liver pathology in obese and diabetic individuals have
appeared in the medical literature40-43 until the publica-
tion of the landmark study of Ludwig et al44 in 1980,
where the term �nonalcoholic steatohepatitis-NASH�
was applied to the progressive form of NAFLD with
histopathological similarities to alcoholic steatohepa-
titis.

2.2. Pathological features of adult NAFLD and
NASH

Currently, almost 25 years after the introduction of
the term �NASH� by Ludwig to describe the histologi-
cal findings of steatohepatitis in liver biopsies of pa-
tients denying significant alcohol consumption,44 there
is no uniformity among hepatopathologists regarding
the minimal necessary criteria for the diagnosis of
NASH.2,3,15 This may account for the significant differ-
ences, ranging from 2-30%, in the reported frequency
of histologically diagnosed NASH in NAFLD pa-
tients.9,45-47 However, it is generally accepted that a con-
stellation of findings is required for the histopatholog-
ical identification of adult NASH i.e. steatosis, hepato-
cellular injury in the form of ballooning, lobular inflam-
mation (Figure 1) and perisinusoidal fibrosis, usually
with a zone 3 predominance.

2.2.1 Steatosis

Hepatocellular steatosis is the hallmark of NAFLD and
is more commonly macrovesicular, with a single large fat
droplet displacing the nucleus or with smaller well defined
intracytoplasmic droplets (Figure 1). Groups of hepa-
tocytes with microvesicular steatosis may be observed.13,14

Macrovesicular steatosis, is usually the result of abnormal-
ities in the delivery, metabolism, synthesis and export of
lipids, while microvesicular steatosis is the hallmark of
diseases with defective beta-oxidation of fatty acids,
including mitochondrial cytopathies, disorders of urea
metabolism and acquired disorders, such as Reye�s
syndrome, acute fatty liver of pregnancy, drug toxicity
etc.14,32

The accumulation of fat in NAFLD usually starts in
zone 3 and in more severe cases may occupy the whole
acinus. Steatosis is usually evaluated semi-quantitavely
by dividing the involved liver parenchyma in thirds, i.e.
<33%, 33-66% and >66%.16,48,49 However, there are no
uniform criteria for the assessment of steatosis. Recent-
ly, it has been reported that histological grading of he-
patic steatosis does not correlate with liver tissue triglyc-
eride content as measured by a biochemical method.50

It is of interest that there is no strict histologic crite-
rion regarding the smallest amount of fat in the liver to
be considered as �pathologic�. Steatosis involving less
than 5% of hepatocytes is thought to be clinically insig-
nificant and most hepatopathologists would ignore it if
it is an isolated finding.

Steatosis may not persist during the progression of

Figure 1. Nonalcoholic steatohepatitis: Macrovesicular stea-
tosis, hepatocellular ballooning and mixed lobular inflamma-
tion. Perisinusoidal fibrosis is not evident without special stains
for collagen (H&E, 200x)
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NAFLD and may disappear in cases of NASH-related
cirrhosis. It is now accepted that many cases of crypro-
genic cirrhosis may represent �burned-out� NASH.2,17

2.2.2 Hepatocellular injury

Hepatocellular ballooning refers to enlarged, swol-
len hepatocytes with cytoplasmic rarefaction (Figure 2),
which are predominantly located among steatotic hepa-
tocytes in acinar zone 3, usually in areas of perisinusoi-
dal fibrosis.14,15,32 Although ballooned hepatocytes have
been considered to be the result of microtubular dis-
ruption and severe cell injury leading to lytic necrosis,13

recent ultrastructural evidence suggests that they may
represent an adaptation phenomenon in human
NAFLD.51

Apoptotic hepatocytes, in the form of acidophil bod-
ies, are found occasionally in NASH15,32,52,53 and are less
common than in alcoholic steatohepatitis.54,55 In NASH,
hepatocellular apoptosis is mediated by death receptors
(Fas and TNFR1)52,53 and has been shown to correlate with
active NF-kappaB p65 expression and disease severity.53

2.2.3 Lobular and/or portal inflammation

Lobular inflammation is usually mild in NASH and
frequently consists of a mixed inflammatory cell infiltrate
composed of mononuclear cells and polymorphonuclear
leukocytes within sinusoids and close to ballooned hepa-
tocytes (Figure 1).15,32 Satellitosis, which refers to hepa-
tocytes containing Mallory�s hyaline surrounded by pol-
ymorphs, may be present. Mild chronic inflammation may
be seen in the lobules and portal tracts both in the active
and the resolving phase of NASH. The presence of por-

Figure 2. Ballooned hepatocytes (arrows) with rarefied cyto-
plasm and  presence of Mallory�s hyaline (arrowhead) (H&E,
400x)

Figure 3. Dense perisinusoidal (�chicken-wire�) fibrosis in
NASH (Masson�s trichrome, 200x)

tal inflammation greater in amount than lobular inflam-
mation should raise the suspicion of a concurrent proc-
ess such as chronic viral hepatitis C.14,15,32

Lipogranulomas, consisting of chronic inflammatory
cells, Kupffer cells and rare eosinophils surrounding st-
eatotic hepatocytes, may be found near terminal hepatic
venules, scattered in the acinus or in portal tracts. They
are a common, but not necessary, finding in NASH. They
are usually small in size, but large lipogranulomas may
exist and may be associated with fibrosis, a finding which
should not be confused with parenchymal fibrosis of sta-
etohepatitis.32 Microgranulomas and single pigmented,
PAS-diastase positive, Kupffer cells may be also seen in
the acini.

2.2.4 Fibrosis

The characteristic pattern of fibrosis in steatohepati-
tis of alcoholic or nonalcoholic etiology is pericellular/
perisinusoidal fibrosis (�chicken-wire�) resulting from
deposition of collagen in the space of Disse (Figure 3).
This type of fibrosis is initially observed in zone 3 of the
acinus14,15,32 and it is usually associated with active steato-
hepatitis lesions. The finding of zone 3 pericellular/per-
isinusoidal fibrosis in the absence of active lesions may
indicate prior episodes of steatohepatitis.15 With progres-
sion of the disease, periportal fibrosis may be evident,
followed in some cases by bridging fibrosis and cirrhosis
(macronodular, micronodular or mixed). At the cirrhot-
ic stage, the perisinusoidal pattern of fibrosis may be ab-
sent.32

Dense pericellular/perisinusoidal fibrosis may be de-
tected in routine hematoxylin and eosin (H&E) stained
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sections, but usually a special histochemical stain for
collagen is required for the assessment of collagen dep-
osition, such as Masson�s trichrome. Masson�s trichrome
stains fewer collagen types than Sweet reticulin or Picro-
sirious red.15

In overweight NASH patients, a group with primari-
ly periportal fibrosis has been described.34 Recently, por-
tal fibrosis associated with steatosis in the absence of the
characteristic zone 3 acinar lesions of NASH, has been
reported in the liver of obese patients undergoing gas-
tric bypass surgery.56

In NASH, sinusoidal collagen formation is the result
of hepatic stellate cell (HSC) activation57,58 as in other
chronic liver diseases. It has been claimed that HSC ac-
tivation in NASH correlates with steatosis grade and fi-
brosis.57 However, other investigators suggest that it is
the inflammation that induces fibrogenesis in NASH.58

Recently, the HSC activation score, as measured by im-
munohistochemistry using alpha-smooth muscle actin
which is a marker of HSC activation, has been shown to
predict progression of fibrosis in patients with NAFLD.59

2.2.5 Mallory�s hyaline

Mallory�s hyaline-MH (Mallory body) is a dense in-
tracytoplasmic inclusion, commonly found in zone 3 bal-
looned hepatocytes and in areas of perisinusoidal fibro-
sis in steatohepatitis of alcoholic (ASH) or nonalcoholic
etiology (Figure 2).14,15,32 In the former, they are well
formed and may be abundant, while in the latter may
not be easily identified when present and they are not as
common as in ASH. MH is chemotactic and it is consid-
ered responsible for the lesion of �satellitosis� described
above.15,32 Matteoni et al, in their seminal study on the
classification of NAFLD, considered MH a required find-
ing for the diagnosis of progressive NAFLD, delineating
types 3 and 4 from types 1 and 2 (Table 1).16 However, it
is now considered by most authors that although MH is
helpful for the diagnosis of steatohepatitis, when present,
it is not a required lesion.

MH is not a diagnostic finding of steatohepatitis be-
cause it can be observed in zone 1 in many liver diseases,
including chronic cholestasis, Wilson�s disease, non-
Wilsonian hepatic copper toxicosis, drug-related hepa-
titis (amiodarone, perhexilline maleate etc), metabolic
disorders, focal nodular hyperplasia and hepatocellular
carcinoma.13,15,32,60,61 MH is composed of misfolded cytok-
eratin 8 and 18 intermediate filaments, ubiquinated cy-
tokeratin, the stress-induced and ubiquitin- binding pro-
tein p62, heat-shock proteins 70 and 25, alphaâ-crystal-

Table 1.   NAFLD classification system (modified from ref.
16)

Type 1 Simple steatosis

Type 2 Steatosis with lobular inflammation

Type 3 Steatosis, lobular inflammation, ballooned hepa-
tocytes*

Type 4 as above with either Mallory�s hyaline or fibrosis*

*Types 3 and 4 histologically and clinically resemble NASH

lin and the, not yet further characterized, MM120-1 anti-
gen.61,62 Cytokeratins may have a protective role against
toxic cell injury and recent studies have shown that MH
is not deleterious to the cell, but, on the contrary, it may
be the result of a cellular defense response to toxic
stress.62

2.2.6 Megamitochondria

Megamitochondria may appear as intracellular round
or cigar-shaped eosinophilic structures in hepatocytes of
livers with NASH. Ultrastructural studies of human liv-
er in NAFLD, have shown many abnormalities in meg-
amitochondria: crystalline inclusions, loss of cristae and
multilamellar membranes.63,64 Hepatocytes with megam-
itochondria with crystalline inclusions are distributed
randomly among acinar zones in NASH.65 This diffuse
distribution indicates that mitochondrial structural ab-
normalities represent a generalized, most likely adap-
tive, response to oxidative stress and may not be the re-
sult of cell injury as previously thought.66

2.2. 7 Iron deposition

Iron deposition in periportal/periseptal hepatocytes
and/or sinusoidal cells, when present, is mild (1+ or 2+
using Perls´ histochemical stain) and it is reported in 15%-
55% of cases in NASH studies.44,48,67,68 Increased iron dep-
osition in NASH, detected by histochemical or biochemi-
cal methods, has been associated with increased portal-
based fibrosis.67 Studies on the relation of iron burden and
HFE mutations with the development of liver fibrosis and
pathogenesis of NASH show conflicting results.69-72

2.2.8 Glycogenated nuclei

Accumulation of glycogen in the nucleus of hepato-
cytes is a common finding in pediatric liver biopsies and
in biopsies of adult liver with Wilson disease, diabetes
and NAFLD.15,32 It has been shown that glycogenated
nuclei are a more frequent finding in ASH compared to
NASH73 In patients with NASH, nuclear vacuolization
is correlated to the presence of diabetes and obesity.74
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2.3. Histological findings representing resolution
of NASH

One of the goals of modern therapeutic trials in
NASH is the resolution of the disease at tissue level.
Comparison of entry liver biopsies of carefully selected
patients with post-treatment biopsies allows the charac-
terisation of histological findings that may represent res-
olution of NASH.15 Standardization of the morphologi-
cal features denoting resolution will permit a uniform
assessment of the therapeutic result in the growing
number of trials using different agents. Futhermore, the
issue of sampling variability that may affect the accuracy
of histological results and the optimal size of the liver
biopsy should be addressed.75,76

Histological features that show improvement of the
disease would ideally include decrease in global activity
grade, improvement in the components of activity grade
(steatosis, ballooning, lobular inflammation) and im-
provement in fibrosis stage. Promrat et al77 in a pilot study
of pioglitazone for 48 weeks, have set strict criteria to
define histological response: reduction in NASH activi-
ty index by 3 points or more with improvements of at
least 1 point each in steatosis, parenchymal inflamma-
tion and hepatocellular injury. Although in general, each
of the components of the NASH activity index, fibrosis
and number of Mallory bodies improved significantly
post-treatment, only 12 out of 18 patients had a histo-
logical response.

In a recent trial using the PPAR-gamma ligand ros-
iglitazone for 48 weeks, decreased activity grade and
improvement or no change of its components was noted
in post-treatment biopsies. Other findings included a shift
in the proportion of lobular and portal inflammation to-
wards a greater portal component and a change in the
quality of zone 3 perisinusoidal fibrosis from dense to
delicate in one third of the cases.78 Treatment of NASH
patients with ursodeoxycholic acid for 2 years has shown
no significant changes in the degree of steatosis, necroin-
flammation or fibrosis compared to the placebo group.79

Interestingly, spontaneous regression of steatosis in a
substantial number of NASH patients was noted in the
placebo group of this trial. Treatment with vitamins E
and C for 6 months, resulted in significant improvement
in fibrosis score with no changes in inflammation,80 while
in a trial using an angiotensin II receptor antagonist for
48 weeks, improvement of necroinflammation, reduction
of fibrosis and disappearance of iron deposition has been
reported81 Weight loss resulted in major improvement
in steatosis, necroinflammation and fibrosis in most obese
patients with NASH following laparoscopic adjustable

gastric banding.82 Earlier treatment trials reported simi-
lar variable results probably because of differences in
patient selection, agents used and therapeutic protocols
(for a review see ref 15.)

2.4 Pathological features of NASH of diverse
etiology

Some of the histological features that characterize
NAFLD and NASH may be more prominent, while oth-
ers may be differentially located in liver biopsies from pa-
tients with various underlying disorders. In patients with
diabetes mellitus, glycogenated nuclei may be observed
in up to 75% of the cases, fibrosis may initially involve
zone 1 and Mallory�s hyaline is more commonly detected
in zone 1 hepatocytes.83-85. Perisinusoidal fibrosis in dia-
betic patients occurs in both type 1 and type 2 diabetes
and may be related to diabetic microangiopathy.86

The histological findings in the liver of obese patients
have been described in many studies.34,35,40-43,87-91 In mor-
bid obesity, sudden weight loss may result to NAFLD,
characterized by mild portal inflammation and mild fi-
brosis,90 while jejunoileal bypass may result to progres-
sive liver injury aggravating preexisting lesions.40,88 In the
latter, the proposed sequence of events is steatosis, lob-
ular lymphocytic infiltration, pericellular fibrosis, Mal-
lory�s hyaline and progressive architectural changes.40,88

The prevalence of NASH in severely obese patients has
been reported as high as 25% and it is more common in
patients with diabetes and/or hypertension.91

In amiodarone-induced steatohepatitis, histology is
more similar to ASH, with abundant Mallory�s hyaline
in periportal areas which may relate to disease severity.92

2.5. Pathology of NAFLD and NASH in children

The incidence of NAFLD in children is increasing
reflecting an increase in prevalence of childhood obesi-
ty.93-98 Male predominance, strong association with His-
panic ethnicity and insulin resistance characterize
NAFLD in the pediatric population and it is of great
importance to recognize that NASH in children may
progress to cirrhosis.94-96

In obese children with NAFLD a distinctive histo-
logical feature is the predominance of portal-based
chronic inflammation compared to the lobular mixed
inflammation commonly seen in adult NAFLD.99 Other
features include more severe steatosis, less hepatocellu-
lar injury, frequent portal fibrosis, uncommon occurrence
of Mallory�s hyaline and lack of zone 3 predominance of
the histologic lesions (for a review see ref. 15). The above
findings characterize the pediatric-type of NAFLD his-
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tology, while a histological pattern resembling adult
NASH may be observed.15 The histological experience
in pediatric NASH is still small compared with adult
NASH and the results of recent morphological studies
have shown that different histological criteria may be
applied for the diagnosis of NASH in children.

2.6 NASH-related cirrhosis

Natural history studies have shown that steatosis with-
out inflammation is relatively benign in NASH.16,100,101

However, NASH may progress to cirrhosis in up to 28%
of the cases.16-20 Abdelmalek et al102 have reported that
biopsy-proven NASH may progress to cirrhosis without
retaining any of the diagnostic histological features of
steatohepatitis and it is now believed that NAFLD may
account for a large proportion of �cryptogenic cirrho-
sis�.17 However, cases of NASH-cirrhosis may retain some
or all of the diagnostic features of NASH.25 Hui et al,18

have proposed pathologic criteria for the diagnosis of
NASH-associated cirrhosis and categorized the disease
in 4 groups: definite (steatosis with intralobular mixed
inflammation), probable (steatosis with intralobular
mononuclear inflammation), possible (with either stea-
tosis only or mixed inflammation only), and cryptogenic
(no steatosis, no inflammation).

NASH-related cirrhosis is an indication for liver trans-
plantation and the number of patients transplanted for
this reason is growing.16,68,103 There is indirect evidence to
suggest that patients undergoing transplantation for
NASH-cirrhosis may have poorer outcome, despite care-
ful selection, due to co-morbid conditions related to the
metabolic syndrome, like diabetes mellitus, hypertension
dyslipidemia and obesity.103 Recurrence and de novo oc-
currence of NASH have been reported after transplan-
tation104,105 Steatosis usually recurs within 5 years, but pro-
gression to fibrosis is rare in transplanted patients.105

2.7. Grading and Staging NAFLD and NASH

A classification system correlating histological fea-
tures of NAFLD with disease outcome has been proposed
by Matteoni et al16 (Table 1). According to this system,
NAFLD may be separated into four histologic subgroups
based on the presence of steatosis (type 1), steatosis and
lobular inflammation (type 2), steatosis and hepatocel-
lular ballooning (type 3), and steatosis with ballooning
and either Mallory�s hyaline or fibrosis (type 4). Types 3
and 4 NAFLD histologically and clinically resemble
NASH.14,15

A semi-quantitative system for grading the necroin-
flammatory activity and staging fibrosis based on the

major histopathological lesions of NASH has been
proposed (Table 2).48 It provides a method of deriving to
a global activity grade from a combination and semi-
quantification of steatosis, ballooning and inflammation
and also a method of evaluating the pattern of fibrosis.
The system is used mainly for research purposes in ther-
apeutic trials of NASH assessing the efficacy of different
agents and its value in routine practice has not been an-
alyzed. It remains to be validated in prospective studies
assessing the long-term outcome of the patients.

Recently, the NASH Clinical Research Network, a
multi-center consortium sponsored by the National In-
stitute of Diabetes and Digestive and Kidney Diseases
to study the natural history and initiate therapeutic tri-
als for NAFLD and NASH in adult and pediatric pa-
tients, proposed a scoring system for NAFLD and NASH
based on the most important histological criteria.106 The
system confirms that a strict diagnosis of NASH corre-
lates with the degree of steatosis, lobular inflammation,
ballooning and the characteristic pattern of fibrosis. Re-
garding fibrosis, a slight modification from the previous
system48 was that stage 1 was further stratified in 3 groups:
mild or moderate zone 3 perisinusoidal fibrosis, and por-
tal fibrosis only (Table 3.).

3. DIFFERENTIAL DIAGNOSIS BETWEEN
ALCOHOLIC AND NONALCOHOLIC FATTY
LIVER DISEASE

The histopathological lesions that characterize
NAFLD and NASH are similar to those observed in al-
coholic liver disease (ALD).13,15,107 As a result, the inter-
pretation of a liver biopsy without clinico-pathological
correlation usually is not sufficient to differentiate be-
tween NASH and alcoholic steatohepatitis (ASH).32

However, there are histological features that are more
specific to ALD than to NASH,108,109 such as sclerosing
hyaline necrosis,110 lesions in the terminal hepatic venules
and sub-lobular veins (perivenular fibrosis, phlevoscle-
rosis and veno-occlusive lesions),111 cholestatic features
(ductular proliferation, cholangiolitis and acute cholesta-
sis)108,109 and alcoholic foamy liver degeneration (micro-
vesicular steatosis)108,111

On the other hand, some histologic lesions are re-
ported more frequently in NASH than ASH, such as
periportal hepatocyte nuclear vacuolation (glycogenat-
ed nuclei:76% vs 7%).73 Generally, it is accepted that the
overall histological picture of NASH is usually milder
than that of ASH.32
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Table  2.  Proposed grading and staging of NASH (modified from ref. 48)

GRADING

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 (mononuclear cells) inflammation

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

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 are noted.

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

STAGING

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

4. PROGNOSTIC INFORMATION OF
HISTOLOGICAL FEATURES OF NASH

Liver biopsy is currently accepted as the �gold stand-
ard� for differentiating NASH from simple NAFLD
(types 1 and 2, according to Matteoni et al). However,
clinicians are eager to develop non-invasive methods for
accurately diagnosing NASH and predicting fibrosis in
NAFLD patients mainly to eliminate patient discomfort,
rare complications and expenses related to the perform-
ance of liver biopsy. Recently, transient elastography has
been proposed as a promising non-invasive method for
the assessment of hepatic fibrosis.112 Scoring systems have
been developed for obese patients based on clinical and
laboratory data, like the HAIR (Hypertension, ALT,

Insulin Resistance) score to predict NASH development91

and the BAAT (BMI, ALT, Age, Triglycerides) score to
predict advanced fibrosis34. However, these are useful
mainly for patient selection for liver biopsy. More recent-
ly, the combination of serum hyaluronate levels and se-
rum carbohydrate-deficient transferrin/transferrin ratio
has been proposed as a predictor of fibrosis in patients
with features of the metabolic syndrome regardless of
alcohol consumption.113 Measurement of serum adi-
ponectin, which is a cytokine secreted by adipose tissue
and may play a significant role in the progression of sim-
ple NAFLD to NASH,114 combined with insuline resist-
ance tests holds promise for the future as a non-invasive
method to identify patients with NASH.115 Furthermore,
the combination of serum values of several adipokines
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Table 3. NASH Clinical Research Network (NIH) Histologic
Scoring system for NAFLD and NASH (Modified from ref.
107)

ACTIVITY SCORE

Steatosis + lobular inflammation + ballooning = 0-8

� Steatosis: 0: <5%; 1:5-33%; 2:>33-66%; 3:>66%

� Lobular inflammation:  0: none; 1:<2; 2:2-4; 3:>4 foci/20x

� Ballooned hepatocytes: 0: none; 1: few; 2: many/prominent

FIBROSIS (Modified Brunt criteria)

0: none

1: 1a mild zone 3 perisinusoidal fibrosis; 1b moderate zone 3
perisinusoidal fibrosis, 1c: portal fibrosis only

2: 1a/b with periportal fibrosis

3: bridging fibrosis, focal or extensive

4: cirrhosis

(i.e. adiponectin, resistin, leptin) has been reported to
be predictive of histology in patients with NASH.116

Histological features of prognostic information for
advanced fibrosis in NASH have been reported in vari-
ous combinations in several studies, probably due to dif-
fering inclusion criteria and evaluation methods.34,35,49,67,117

These include extent of steatosis,34,49,67,117 severity of lob-
ular inflammation,34,35,67 hepatocellular ballooning,36 Mal-
lory�s hyaline34,36,67,117 and presence of stainable iron.67

5. CONCURRENCE OF NAFLD WITH OTHER
LIVER DISEASES

Since NAFLD is considered one of the most com-
mon causes of liver injury, an emerging area of clinical
and pathological interest is the recognition of features
of possible concurrent chronic liver disease in these pa-
tients.33,118 Careful histologic evaluation of a liver biopsy
allows in many cases the determination of features that
are indicative of more than one disease process.32 Mac-
rovesicular steatosis, is known to occur in both steato-
hepatitis and chronic hepatitis C, but the extent and to-
pography of this lesion is different in each disease.119

Features that are characteristic of chronic hepatitis C,
like portal lymphoid aggregates are not seen in NAFLD.
On the other hand, perisinusoidal fibrosis, a characteris-
tic finding in NASH is not seen in hepatitis C.119 In a
recent review, 2.6% of non-allograft liver biopsies showed
concurrence of histological findings of steatohepatitis
with another liver disease.33 These were 5% of all hepa-
titis C biopsies and 4.3% of all other chronic liver diseas-
es, including hemochromatosis, alpha1-antitrypsin defi-
ciency and autoimmune hepatitis.33

In chronic hepatitis C, the mechanisms for the de-
velopment of steatosis are both host- and virus-related.
The former, in non-3 HCV genotype infection, are sim-
ilar to those accepted for NAFLD (metabolic steato-
sis), while the latter include a direct cytopathic effect
of HCV genotype 3 (viral steatosis).120,121 In chronic hep-
atitis C, markers of obesity and HCV genotype 3 are
associated with the extent of steatosis, while the grade
of steatosis and presence of NASH are associated with
advanced hepatic fibrosis.122-124 Current research is cen-
tered on evaluating the impact of NAFLD and its asso-
ciated risk factors on the progression and treatment of
chronic hepatitis C.

6. NOMENCLATURE OF NASH

The difficulties in differentiating between NASH and
ASH at the histological level, the recognition that spe-
cific underlying disorders are associated with NAFLD
and NASH, the acceptance that the criteria used for ex-
cluding use of alcohol are not strictly defined and the
possible concurrence of steatohepatitis with other forms
of chronic liver disease, have led hepatopathologists and
clinicians to a reconsideration of the term �Nonalcohol-
ic steatohepatitis�.2,5,14,82 The term �steatohepatitis� fol-
lowed by the underlying clinical condition if provided
(i.e. diabetes, obesity, hyperlipidemia etc) may be more
appropriate to use in histopathological diagnosis.14,15,32

7. CONCLUSIONS

NAFLD is currently considered the most common
cause of chronic liver disease in the Western world and
has been correlated with insulin resistance and the met-
abolic syndrome. The histogical spectrum of NAFLD
ranges from simple steatosis to NASH, with or without
fibrosis, and cirrhosis. Liver biopsy remains today the
�gold standard� for diagnosing NASH, assessing the ex-
tent of injury, excluding other liver disease, assessing le-
sions of possible prognostic significance and evaluating
the response to therapy in clinical trials. Advances in the
sensitivity of imaging studies, measurements of adipok-
ine levels in the serum and increasing understanding of
the role of genes in NAFLD may, in the future, lessen
the necessity for a liver biopsy. Fields of ongoing investi-
gation in NAFLD pathology are the refinement of the
minimal morphological criteria that are necessary for
diagnosis of NASH in adults and children, the assess-
ment of NAFLD when co-existent with other types of
chronic liver disease, the standardization of semiquanti-
tative methods for histopathological evaluation of NASH
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lesions and the evaluation of lesions indicating resolu-
tion of NASH following treatment.
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