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Liver biopsy interpretation continues to be central to
patient care and investigative work in nonalcoholic fatty liver
disease (NAFLD). Imperfect as it is, liver biopsy remains the
best method for assessing the diagnostic categories of disease
as well as the degrees of ongoing activity and established fi-
brosis and remodeling. From the initial studies that solidified
the clinicopathological characteristics of nonalcoholic steato-
hepatitis (NASH) into the lexicon of hepatology to the cur-
rent time, refinements of the histological features in adults
and children have been proposed and studied. This review
highlights our current knowledge.

Overview of NAFLD Pathology
As with any liver disease, the pathologist’s diagnostic inter-

pretation in NAFLD is ultimately an amalgamation of infor-
mation: lesions of significance and patterns of injury and fi-
brosis. The process is not, therefore, simply additive, and the
determination of a diagnosis is unique and is separate from
the derivation of semiquantitative injury scores. Although
they are related, the two should not be considered inter-
changeable.1 Table 1 summarizes the lesions and locations
for NAFLD and NASH.

Adult NAFLD
Before the onset of advanced fibrosis and remodeling, many

of the components of NAFLD/NASH in adults are concentrated
in zone 3, the perivenular region of the acinus: steatosis, hepa-
tocyte ballooning, and perisinusoidal fibrosis in particular (Fig.
1). Steatotic droplets may be single or multiple, and they may
be noted to coalesce. It is relatively simple to delineate individ-
ual droplets, and the cell’s nucleus may be eccentric. This is
called macrovesicular steatosis. A degree of steatosis � 5% is
considered required for NAFLD/NASH. True microvesicular
steatosis may also occur, but when it is present, it is in nonzo-
nal patches; the individual droplets are not discernable, and

the nucleus remains in its central location. Megamitochondria
may be found in hepatocytes with microvesicular fat. Lobular
inflammation, which is common in NAFLD but is required in
NASH, consists of a variety of features, including Kupffer cell
aggregates without (microgranulomas) or with fat globules
(lipogranulomas), small foci of mononuclear cell clusters, and
occasional eosinophils or neutrophils. Large inflammatory foci
are frequent in areas of fibrosis in zone 3, and they initially
may be confused with portal tracts because of the presence of
an arterial branch.2 Hepatocyte ballooning remains poorly
understood and yet is considered the third required lesion for
a diagnosis of steatohepatitis. Ballooned hepatocytes are typi-
cally larger than neighboring hepatocytes, have reticulated,
flocculent cytoplasm, and are devoid of the normal keratins (8
and 18) by immunohistochemistry evaluation.3 These cells also
may contain Mallory-Denk bodies, the keratin 8/18–positive,

ubiquitinated filaments that appear as a dense, eosinophilic,
and ropey band. Another common lesion in steatohepatitis is
apoptosis; this is identified as a rounded cytoplasmic fragment
free within sinusoids with or without the hyperchromatic
nuclear material.

Portal chronic inflammation (CI) may occur in all aspects
of NAFLD and NASH. Portal inflammation may be absent,
mild, or more than mild in NASH. Portal CI may increase in
comparison with lobular changes after effective interventional
treatments.

Iron granules may occur in hepatocytes or within the retic-
uloendothelial cells of the liver in NAFLD. When either is
marked, disease processes of aberrant iron metabolism
should be considered.

Nuclear glycogenation is common in all forms of NAFLD.

Patterns of Fibrosis: Adult NASH
The initial deposition of excess matrix in NASH occurs in

acinar zone 3; the pattern has been likened to chicken-wire

Abbreviations: CI, chronic inflammation; N/A, not applicable; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis.
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fencing and is called perisinusoidal or pericellular. The col-
lagen may be too delicate to be perceived with routine he-
matoxylin and eosin stains and may require a Masson’s tri-
chrome stain (Fig. 2). This is the recommended stain
because much of the work in the field has been done with
this stain. However, the deposition may be dense and read-
ily perceived with hematoxylin and eosin. The next step in
progression is portal/periportal fibrosis; this is readily rec-
ognized by entrapped hepatocytes at the edges of involved
portal tracts in addition to a subtle or apparent ductular
reaction (increased ductular profiles admixed with mild
inflammation and fibrosis).4 Bridging fibrosis may occur

between any of the vascular structures: central-central peri-
sinusoidal fibrosis or a central-portal or portal-portal septal
formation. The latter two forms also have ductular reac-
tions. The final stage, cirrhosis, includes the complete for-
mation of septa surrounding nodules; residual perisinusoi-
dal fibrosis may or may not remain. Lesions of active stea-
tohepatitis may or may not persist at this stage5; however,
zonality is no longer present.

Pediatric NAFLD
NAFLD and NASH in children may be identical to NAFLD

and NASH in adults; more often, the features differ in the

TABLE 1. Lesions and patterns of NAFLD and NASH in adults and children

Lesion NAFLD NASH Patterns

Macrovesicular steatosis Required Required Adults: zone 3, panacinar, azonal
Children: zone 1, panacinar

Lobular inflammation þ/� Required Adults: may or may not be accentuated in zone 3
Hepatocellular ballooning � Required Adults: zone 3 in prefibrotic stage(s)

Children: zone 3 or zone 1
Apoptosis þ/� Commonly present Adults: correlates with severity of activity
Portal CI þ/� Commonly present Adults: correlates with severity of activity and fibrosis

Children: correlates with severity of fibrosis
Microvesicular steatosis, nonzonal patches N/A Uncommon Adults: correlates with severity of activity and fibrosis

Children: unknown
Megamitochondria N/A þ/� No specific patterns reported.
Glycogenated nuclei þ/� Common Not specifically studied
Zone 3 perisinusoidal fibrosis N/A Earliest pattern in adults Children: may or may not occur
Portal/periportal fibrosis N/A Common in children Adults: described in bariatric surgery patients

Children: common as earliest pattern
Bridging fibrosis/cirrhosis N/A þ/�� May or may not retain lesions of active steatohepatitis

Abbreviation: N/A, not applicable.

FIGURE 1. Adult NAFLD. This photomicrograph illustrates the involvement of zone 3 hepatocytes with mixed large- and small-droplet steatosis and the sparing of
zone 1 (periportal) hepatocytes (hematoxylin and eosin, �20).
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following ways: steatosis is more severe, ballooning is less com-
mon (or absent), steatosis accumulates near portal tracts (zone
1) or in a panacinar distribution, and portal and periportal fi-
brosis and portal CI may occur without perivenular perisinusoi-
dal fibrosis (Figs. 3 and 4). Thus, the diagnosis of steatohepati-
tis (as described for adults) often cannot be made. Descriptive
diagnostic categories have been proposed by the National Insti-
tute of Diabetes and Digestive and Kidney Diseases–sponsored
NASH Clinical Research Network: a borderline zone 1 pattern,
a borderline zone 3 pattern, and definite steatohepatitis.6,7

Challenges in Biopsy Interpretation
Glycogenosis, which is the accumulation of glycogen

within hepatocytes, results in tinctorial and textural altera-

tions that may be confused with ballooning because of
altered cytoplasmic characteristics. Glycogen has a grayish
tint and is opaque.

Ballooned hepatocytes have been determined by ultrastruc-
tural and immunohistochemical analyses to contain fat drop-
lets as well as products of oxidative damage.8 By routine
microscopy, occasional fat droplets may be seen in typical
ballooned hepatocytes; however, cytoplasmic alteration (not
size) is the criterion for determining ballooning.

Portal CI in NASH may appear to be disproportionate to
the lobular lesions of necroinflammatory injury. In particu-
lar, lymphoid aggregates, marked interface activity, and a
predominance of plasma cells all raise concerns of concur-
rent liver disease.9 Granulomas, bile duct infiltration, and
prominent acute inflammation with pericholangitis are not
features of NASH, and other disease processes should be
considered.

If steatosis is absent but other features of fatty liver disease
are present both clinically and histologically (e.g., perisinu-
soidal fibrosis and/or ballooned hepatocytes with Mallory-
Denk bodies), this author reports that the full criteria for the
diagnosis are not present, but there is evidence that the
lesion has occurred in the liver. Additional considerations
include sampling and the possibility of alcoholic liver injury.

Scoring Systems
Semiquantitative methods of evaluation were developed for

establishing reproducible methods of assessing responses to
interventions. Extant methods separately score activity and
fibrosis and follow the paradigm for chronic hepatitis (as
reviewed by Brunt10). One was developed for NASH,11

FIGURE 2. Adult NASH. Delicate strands of collagen can be seen in this
example of zone 3 perisinusoidal fibrosis (Masson’s trichrome, �20).

FIGURE 3. Pediatric NAFLD. In contrast to Fig. 1, this photomicrograph of
pediatric NAFLD demonstrates the accentuated involvement of zone 1 (peri-
portal) hepatocytes with steatosis (hematoxylin and eosin, �20).

FIGURE 4. Pediatric NAFLD: borderline type 1. This trichrome stain illus-
trates zone 1 steatosis, portal fibrosis, and a ductular reaction, which charac-
terize pediatric NAFLD. This is an example of fibrosis stage 1c (portal, peripor-
tal only). Because there is no zone 3 ballooning, this cannot be diagnosed as
definite NASH, but the features are more severe than those of steatosis without
fibrosis (Masson’s trichrome, �20).
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whereas the more recent method addresses the features of
the full spectrum of NAFLD.12 Neither was developed as a

clinical tool. n
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