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Abstract

Nonalcoholic fatty liver disease (NAFLD) is the liver injury most often associated with disordered 

of insulin resistance, including obesity, diabetes and the metabolic syndrome. The term 

encompasses several patterns of liver injury, including a relatively benign condition of steatosis 

without hepatocellular injury, nonalcoholic steatohepatitis (NASH), and a pattern of zone 1 

steatosis, inflammation and fibrosis mainly observed in prepubertal children. Staging and grading 

systems have been developed to characterize the histological changes in NAFLD, mainly as a tool 

for clinical research. The histological features of NAFLD across these different manifestations and 

the scoring systems used to evaluate disease severity are discussed.

Keywords

Steatohepatitis; Liver Biopsy; Steatosis; Histology

 Introduction

Chronic liver diseases and cirrhosis are the 12th leading cause of death in the United States 

(1). Within this category, the subgroup of non-alcoholic fatty liver disease (NAFLD) is 

rapidly increasing in the United States, as well as in the rest of the developed world, 

concurrent with the global rise in obesity and diabetes. NAFLD is an all-encompassing term 

for the spectrum of liver diseases linked by the common central feature of steatosis. In 

adults, NAFLD is typically classified into two categories: nonalcoholic steatohepatitis 

(NASH), a progressive liver disease characterized by a particular pattern of steatosis, 

inflammatory changes and hepatocellular injury and steatosis without features of NASH, 

which we term nonalcoholic fatty liver (NAFL) (2). This latter category, often termed 

“simple steatosis”, may have inflammation and other features of injury. While NAFL has 

been generally considered a benign condition, NASH is a progressive disease that can 
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advance to liver cirrhosis and hepatocellular carcinoma (3–5). Nevertheless, it is likely that 

some cases of NAFL do progress to NASH and the risk factors for progress are incompletely 

understood (6,7). The classification of NAFL and NASH may seem straightforward, but 

there remains variation among pathologists when diagnosing NASH. The goal of this review 

is to provide information on histology, pathophysiology, and diagnostic clues for diagnosing 

NASH. Additionally, scoring tools for assessing the severity of NASH will be reviewed, as 

well as special situations in which the diagnosis may be especially problematic (e.g., 

pediatric cases).

Up until 1980, when Ludwig and colleagues originally coined the term nonalcoholic 

steatohepatitis (to differentiate it from alcoholic steatohepatitis) the pattern of liver injury in 

biopsies “caused clinicians to persevere unduly in their attempts to wrench from the patient 

an admission of excessive alcohol intake or to obtain a confirmation of such habits from 

relatives of the patient”(8). They examined biopsies taken from 20 patients evaluated at the 

Mayo Clinic over a 10-year period. These patients had histologic evidence suggestive of 

alcoholic hepatitis on liver biopsy (i.e., steatosis, lobular inflammation, ballooning injury 

and Mallory-Denk bodies) but no history of alcohol abuse. Many of these patients were 

female (60%) and the majority were obese (90%). Since then, studies have shown that 

NASH is common disorder and an increasingly frequent reason for liver transplantation (9). 

In addition to the liver disease itself, NASH is also strongly associated with coronary artery 

disease and metabolic syndrome (diabetes mellitus type 2, insulin resistance, central obesity, 

dyslipidemia, and hypertension) (10).

 Histopathology

In most cases the histological features of NAFLD are indistinguishable from those of 

alcohol induced liver disease and so the pathologist must rely on the clinician to exclude 

alcohol use as an etiology. For diagnostic purposes, pathologists divide NAFLD into NAFL 

(predominantly macrovesicular steatosis with or without nonspecific inflammation) and 

NASH. The histologic features of NASH include macrovesicular steatosis, ballooning 

degeneration of hepatocytes, scattered (mainly lobular) inflammation and apoptotic bodies, 

and Mallory-Denk bodies (MDBs) (Figure 1A). Notably, while some degree of fibrosis is 

often present, it is not necessary for the diagnosis. As opposed to NAFL, NASH is a specific 

pattern of liver injury that may be recognized even if present with other liver diseases. At 

early stages of disease, the histologic changes have a distinctive distribution with the most 

severe changes in acinar zone 3. The features of steatohepatitis are not present in equivalent 

proportions in every biopsy and no single feature by itself is diagnostic, making the 

diagnosis difficult at times. Because of the inherent disease complexity and the wide 

spectrum of findings, scoring systems were devised to aid pathologists in assessing the 

severity of NAFLD.

Steatosis is the histological feature that ties together all of the various forms of NAFLD 

(Figure 2A.), but is a common and completely non-specific lesion that may be seen in the 

background of many liver diseases. By convention, steatosis should involve at least 5% of 

hepatocytes (by visual estimate) in order to be considered clinically significant (11). While 

this is a good general rule, steatosis may become inconspicuous in cirrhosis and a diagnosis 
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of NASH can still be made if the critical features of ballooning and MDBs are seen. The 

steatosis in NAFLD is typically macrovesicular (12), but may be composed of a mixture of 

large and small vacuoles. True microvesicular steatosis, with its characteristic foamy 

cytoplasmic appearance, may be observed in single hepatocytes or in small patches, but is 

never diffuse. Early in the disease course, the steatosis is most prominent in zone 3, but with 

progression of disease or severity, the steatosis may spread evenly throughout the hepatic 

acinus or become irregularly distributed (13).

The inflammation in NASH consists of a mixed inflammatory infiltrate mainly in a lobular 

distribution (Figure 2). The lobular infiltrate is composed mainly of a mixture of CD4-(+) 

and CD8-(+) lymphocytes with scattered Kupffer cell aggregates (microgranulomas) (14). 

Polymorphonuclear leukocytes (PMNs) may be seen, particularly in the vicinity of Mallory-

Denk bodies (MDBs). Eosinophils may be seen in some cases but are not a consistent 

finding. Lipogranulomas (Figure 2E.) can be seen in portal areas or adjacent to hepatic 

veins. Portal inflammation in NASH is not uncommon but is usually mild. The portal 

infiltrate is dominated by CD8-(+) T-cells and macrophages and the severity of portal 

inflammation has been linked with fibrosis stage (15) (16). However, if the portal tracts are 

severely inflamed, the possibility of viral hepatitis or autoimmune hepatitis must be 

considered. While not required for a diagnosis of NASH increased portal inflammation is 

often associated with progression of disease (17).

The hepatocellular injury seen in NASH can range from ballooning degeneration and 

apoptosis to less-well characterized reactive changes. Ballooning injury is a feature of major 

importance in NASH, as one convincing balloon cell can swing the diagnosis towards NASH 

in the right context. Its presence also has prognostic value associated with increased risk of 

progression to cirrhosis (18). The typical balloon cell is large (up to several times larger than 

a non-steatotic hepatocyte), with pale or relatively clear cytoplasm with wispy or feathery 

eosinophilic strands, often times with a large, hyperchromatic nucleus, with a prominent 

nucleolus (Figure 2B.). PMNs occasionally surround ballooned hepatocytes, a feature 

known as satellitosis. Issues can arise when only few balloon cells are present, or they are 

not significantly larger than the surrounding hepatocytes. Although no specific stain exists 

that is specific for balloon cells, immunohistochemical staining shows loss of CK 8 and 18 

often coupled with reactivity for ubiquitin (19–21).

Mallory-Denk bodies, formerly called Mallory bodies (22), are eosinophilic 

intracytoplasmic inclusions composed of misfolded intermediate filaments (keratins), 

chaperone proteins, heatshock proteins, as well as other constituents (22–25) (Figure 2C.). 

They are most readily identified when found inside balloon cells and they stain positively for 

ubiquitin and p62 (11). Although not a requirement for the histological identification of 

NASH, the presence of MDBs suggests poorer outcomes, when paired with steatohepatitis 

and fibrosis (18). Since MDBs are not specific to NASH, and indeed were first identified 

with alcoholic hepatitis by Frank Mallory in 1911 (26). They can also be seen in drug-

induced steatohepatitis (particularly amiodarone injury), chronic cholestasis, and 

hepatocellular neoplasms.
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Fibrosis is often present in NASH and usually consists of zone 3 perisinusoidal/pericellular 

fibrosis, demonstrating a “chicken wire” pattern that is typical of NASH (Figure 3). 

Masson’s trichrome stain highlights deposition of collagen and other extracellular matrix 

proteins along the sinusoids around the hepatocytes. Portal fibrosis can be seen as the 

severity of disease increases, and left untreated can progress to bridging fibrosis and 

cirrhosis. It should be noted that in some cases of obesity-related NASH and in pediatric 

NASH, only portal fibrosis is present (discussed below). As cirrhosis is an end stage finding, 

biopsies of late stage disease may lack perisinusoidal/pericellular fibrosis and features of 

active disease. Therefore, without a prior biopsy of NASH the cirrhosis may only be able to 

be classified as cryptogenic (27). A meta-analysis of ten longitudinal histological studies of 

NASH showed the presence of inflammation in the initial biopsy and age emerged as 

independent predictors of progression to advanced fibrosis in patients with NASH (17). A 

recent international cross-sectional cohort study found univariate associations between 

ballooning, portal inflammation and fibrosis with all-cause mortality (28).

A variety of other histological lesions may be identified in NAFLD. Apoptotic or acidophil 

bodies are another sign of liver injury and often seen in NASH, but are non-specific as they 

are seen in viral hepatitis, as well as many other liver diseases. When hepatocytes that have 

undergone programmed cell death or apoptosis, they become small, eosinophilic, and 

sometimes with either irregular nuclei or scattered nuclear fragments (29). They are 

generally identifiable on H&E stain and contain CK 18 fragments (19). Megamitochondria 

are round to irregularly-shaped eosinophilic intracytoplasmic inclusions seen with some 

frequency in NASH (Figure 2D). Megamitochondria formation in the setting of NASH may 

be the result of injury from oxidized phospholipid or lipoprotein formation (30,31). 

However, the presence of megamitochondria is not specific as they are also present in 

alcoholic steatohepatitis and drug-induced toxicity (32). Glycogenated nuclei are vacuolated 

nuclei often present in NASH and usually observed in periportal hepatocytes (Figure 2F.). 

They are non-diagnostic by themselves, but can lend support to a non-alcoholic etiology as 

they are absent in 90% of alcoholic steatohepatitis cases (33). Lastly, mild iron deposition is 

often seen in NAFLD biopsies. Iron may accumulate in both hepatocytes and 

reticuloendothelial cells. The significance of this hemosiderosis is unclear, but studies have 

suggested that reticuloendothelial iron is associated with advanced fibrosis. Iron-depletion 

(i.e. phlebotomy) has been tested as an adjunct therapy for NASH (34,35).

 Scoring, staging and grading

While making the diagnosis of steatohepatitis can be challenging at times, the grading and 

staging of NASH has also been problematic. Several systems have been proposed to address 

this situation and will be reviewed accordingly.

In 1999, Brunt et al proposed a grading and staging system for NASH (36). They 

incorporated histologic features, such as steatosis, ballooning degeneration, and 

inflammation to grade the disease and used patterns and location of fibrosis to stage it. The 

proposed system divided the grade into mild, moderate, and severe categories, combined 

with 4 possible stages of fibrosis (Table 1). This system has been useful, but was not meant 
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for grading cases not diagnosed as NASH. It is not applicable to pediatric cases that do not 

show the typical findings of NASH.

In 2002, the National Institute of Diabetes & Digestive & Kidney Diseases (NIDDK) 

sponsored the multicenter NASH clinical research network (NASH CRN) in order to study 

the natural history and therapy of NASH. A pathology committee was convened to develop 

and validate a system appropriate for evaluating the full spectrum of histological changes in 

adult and pediatric NAFLD. They published a feature scoring system for tracking the 

histological changes in NAFLD (37). The key features of the system are shown in Table 2. 

In order to have an aggregate score that would better capture a histological response to 

therapy, they proposed the NAFLD Activity Score (NAS), which utilizes features of active 

injury that are at least potentially reversible. The score is defined as the unweighted sum of 

the scores for steatosis (0–3), lobular inflammation (0–3), and ballooning (0–2); thus ranging 

from 0 to 8. Like the system proposed by Brunt et al, fibrosis is not included in this semi-

quantitative grade, since fibrosis is generally less reversible and thought to be the result of 

disease activity rather than a potential driver lesion. The NAS was recently validated in a 

study and shown to be reproducible and easy to use (38) and has been used in numerous 

clinical trials and cross-sectional studies.

A third system has been recently proposed by Bedossa et al. This system uses similar 

scoring to the NASH CRN but has proposed an algorithm for diagnostic categorization of 

NAFLD into NAFL and NASH. A steatosis score of at least 1 is required to diagnose NAFL 

or NASH. The distinction of NAFL vs NASH then depends on the lobular inflammation and 

ballooning scores. NASH cases have at least 1 point in both scales, with NAFL cases not 

meeting these criteria (39).

 Special situations: children, bariatric surgery, lipodystrophy

While diagnosis of nonalcoholic fatty liver disease in adults continues to be intensely 

studied, there are some situations that deviate from established patterns and criteria, which 

may yield difficulties in diagnosis. Pediatric steatohepatitis can be challenging for 

pathologists, while fatty liver disease in bariatric surgery and lipodystrophy patients 

continues to be understudied. In this section we will briefly review the available data 

concerning these unusual situations.

Several studies have attempted to characterize the histological changes in pediatric NAFLD. 

Children may or may not mimic patterns seen in adults, including various combinations of 

cirrhosis, steatosis, and inflammation. Schwimmer et al (40) described 2 types of 

steatohepatitis in pediatric fatty liver disease. Type 1 contains features of the adult pattern, 

with zone 3 of steatosis and is more common in girls, but least common overall. Type 2 is 

more common in boys and features either zone 1 or panacinar steatosis (Figure 1B). 

Ballooning degeneration is rarely present and fibrosis is generally mild or absent. Other 

reports (41,42) have since found this categorization less useful in that an overlap pattern 

between the two types is a more common presentation. Again, the typical features of adult 

steatohepatitis, such as zone 3 steatosis and ballooning degeneration, were rare. The NASH 

CRN has investigated pediatric NAFLD in their population. Cases with a zone 1 pattern of 
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steatosis and inflammation, including periportal fibrosis were categorized separately as the 

“zone 1 borderline pattern”. These cases showed similar features as Schwimmer’s Type 2 

cases in that they lack ballooning or the zone 3 injury pattern of typical adult NASH. These 

cases were mainly identified in prepubertal children, with boys outnumbering the girls. 

About a quarter of the cases showed advanced (bridging) fibrosis, although none were 

cirrhotic (43).

Most obese patients that undergo bariatric surgery have significant steatosis in liver biopsies 

(44,45). Unfortunately, most studies are underpowered and do not specifically address 

histologic concerns when studying the effect of weight loss surgery on NASH (46,47). A 

large meta-analysis of cross-sectional surveys of biopsies from 1620 bariatric surgery 

patients found a high prevalence of steatosis (91%) and steatohepatitis (37%) (48). Despite 

the high risk of liver disease, biopsies are not routinely performed. A normal 

aminotransferase level is no guarantee of the absence of significant disease. A study by the 

Longitudinal Assessment of Bariatric Surgery Consortium demonstrated that 8% of patients 

with strictly defined normal aminotransferases had steatohepatitis and about 5% had 

advanced fibrosis (49). Lassailly et al (50) recently reported that biopsy-proven NASH 

completely disappeared after bariatric surgery in 85% of cases, associated with reductions in 

body mass index and aminotransferases. The resolution of NASH was even higher if the 

NASH was only mild prior to surgery. Ballooning degeneration was reduced by 84% and 

lobular inflammation was absent in 67%, post treatment. While impressive, it remains to be 

seen if these affects are long lasting, as previous studies report significant weight gain 

despite the initial loss (51–53).

Patients with lipodystrophy have an abnormal subcutaneous distribution of adipose tissue. 

This change may be generalized or only affect a part of the body and it may be congenital or 

acquired from medications or conditions. The loss of peripheral adipose tissue is often 

accompanied by insulin resistance and diabetes, which may be severe (54,55). Patients are 

hypoleptinemic, which has led to an effort to correct the metabolic consequences of 

lipodystrophy with exogenously administered leptin. A recent study examined baseline 

biopsies from patients with lipodystrophy and compared them to follow-up biopsies (56). 

Fifty patients had baseline biopsies prior to starting leptin therapy, 43 of whom demonstrated 

NASH. Fibrosis was also common, with 13 showing bridging fibrosis and 8 having cirrhosis 

at baseline. Patients with acquired generalized lipodystrophy and those with congenital 

lipodystrophy and mutations of the BSCL2 gene constituted the majority of cases with 

advanced fibrosis. Following leptin therapy, there were significant improvement in steatosis 

and ballooning, with fibrosis generally remaining unchanged.

 Summary

NAFLD is a complex liver disease, with several distinct manifestations. NASH is a subtype 

of NAFLD in which there is a specific injury pattern characterized by ballooning 

hepatocellular injury, in combination with macrovesicular steatosis and inflammation. 

Fibrosis and MDBs are also often seen, but not required for the diagnosis. Children, 

particularly pre-pubertal children, have a pattern of NAFLD characterized by a zone 1 
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distribution of steatosis, inflammation and fibrosis. Several scoring systems are available for 

following patients over time, and for assessing histological change in clinical trials.
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Figure 1. 
Liver biopsy of Non-Alcoholic Steatohepatitis (NASH). A) Histologic features of NASH 

include steatosis, ballooning, and lobular inflammation. In severe cases such as this, balloon 

cells are readily identified. H&E, 4×. B) Zone 1 steatosis in NASH demonstrating variability 

in the distribution pattern. H&E, 4×
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Figure 2. 
Histologic features commonly seen in NASH. A) Steatosis, 10×. B) Balloon cells. Note 

wispy cytoplasmic elements. 40×. C) Mallory-Denk bodies (arrow), 60×, cropped. D) 

Megamitochondria (arrowhead) in a cell with microvesicular steatosis. 60×, cropped. E. 

Lipogranuloma, 60×. F. Glycogen nuclei, 60×.
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Figure 3. 
Peri-sinusoidal fibrosis in NASH. Masson’s Trichrome, 10× (A) and 20× (B).
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Table 2

Essential Elements of the NASH CRN Scoring System (35)

Numerical Grade or Stage Feature

Fibrosis

0 None

1 Perisinusoidal or periportal fibrosis; 3 substages defined

2 Perisinusoidal and periportal fibrosis

3 Bridging fibrosis

4 Cirrhosis

Ballooning

0 None

1 Few

2 Many

Lobular Inflammation

0 No foci

1 <2 foci per 20× field

2 2–4 foci per 20× field

3 >4 foci per 20× field

Portal Inflammation

0 None

1 Mild

2 More than mild

3

Steatosis

0 <5%

1 5% to 33%

2 33% to 67%

3 >67%
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