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Editorial note: 

 
Non-alcoholic fatty liver disease (NAFLD) is the commonest metabolic liver disease worldwide and affects 

a quarter of general population in Hong Kong. Histological evaluation remains the gold standard for 

diagnosing NAFLD. This Topical Update reviews pathological features of NAFLD and highlights some 

practical points for our daily diagnostic work. We welcome any feedback or suggestions. Please direct them 

to Dr. Anthony Chan (e-mail: awh_chan@cuhk.edu.hk) of Education Committee, the Hong Kong College of 

Pathologists. Opinions expressed are those of the authors or named individuals, and are not necessarily those 

of the Hong Kong College of Pathologists. 
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Introduction 

 

Non-alcoholic fatty liver disease (NAFLD) is a 

serious global health problem and associated with 

over-nutrition and its related metabolic risk 

factors including central obesity, glucose 

intolerance, dyslipidaemia and hypertension. It is 

the most common metabolic liver disease 

worldwide and its prevalence in most Asian 

countries is similar to that in the States, Europe 

and Australia. About 10-45% of Asian population 

have NAFLD.1 With “westernized” sedentary 

lifestyle, the prevalence of NAFLD in general 

urban population in the mainland China is about 

15%.2 NAFLD is even more prevalent in Hong 

Kong. Our recent study demonstrated that 

NAFLD is found in 27.3% of Hong Kong Chinese 

adults by using proton-magnetic resonance 

spectroscopy.3 We further realized that 13.5% of 

Hong Kong Chinese adults newly develop 

NAFLD in 3-5 years.4 Both prevalence and 

incidence of NAFLD in Hong Kong are 

alarmingly high. Accurate diagnosis of NAFLD is 

crucial to allow prompt management of patients to 

reduce morbidity and mortality. NAFLD is 

composed of a full spectrum of conditions from 

steatosis to steatohepatitis (NASH) and cirrhosis. 

Various non-invasive tests, based on clinical, 

laboratory and radiological tests, have been 

developed to assess the degree of steatosis and 

fibrosis in NAFLD.5, 6 However, liver biopsy 

remains the gold standard for characterizing liver 

histology in patients with NAFLD, and is 

recommended in patients with NAFLD at high-



 

 

  
Topical Update – The Hong Kong College of Pathologists Vol. 10, Issue 1 Page 2 of 11 

 

risk of steatohepatitis and advanced fibrosis 

(bridging fibrosis and cirrhosis), and concurrent 

chronic liver disease of other aetiology.7 This 

article reviews pathological features of NAFLD 

and highlights some practical points for our daily 

diagnostic work. 

 

Pathological patterns of NAFLD 

 

Non-Alcoholic Steatohepatitis Clinical Research 

Network (NASH-CRN) has provided numerous 

important data on the natural history, clinical 

features, management and pathology of NAFLD. 

Different pathological patterns of NAFLD 

described by NASH-CRN have been widely 

adopted in clinical practice and research studies. 

 

Steatosis with or without inflammation 

Hepatic steatosis (fatty change) is the 

accumulation of fat droplets, primarily 

triglyceride, in the cytoplasm of hepatocytes. The 

cutoff between physiologic and pathologic 

steatosis is 5% of affected hepatocytes, which is 

based on studies by lipid content measurement 

and imaging.8 There are two morphological forms 

of steatosis: macrovesicular and microvesicular. 

Macrovesicular steatosis is typically featured by a 

hepatocyte containing a single large fat droplet 

displacing the nucleus to the periphery (Figure 1). 

However, hepatocytes containing multiple small 

to medium-sized fat droplets (Figure 2) in fatty 

liver disease are not uncommonly found in 

adjacent to those hepatocytes with a single large 

fat droplet. It has been demonstrated that a single 

large fat droplet is resulted from fusion of these 

small to medium-sized fat droplets. We should not 

hesitate to apply the term macrovesicular steatosis 

to those hepatocytes with small to medium-sized 

fat droplets. Some experts may prefer to use 

“mediovesicular” steatosis to describe them. In 

contrast, “genuine” microvesicular steatosis is 

characterized by the accumulation of much 

smaller uniform minute fat droplets dispersed 

throughout the hepatocytes, and sometimes 

requires special stain (e.g. oil red O) for better 

visualization. Diffuse microvesicular steatosis is 

typically found in conditions with serious 

mitochondrial dysfunction and fatty acid oxidation 

defect (e.g. Reye syndrome, acute fatty liver of 

pregnancy, acute alcoholic foamy degeneration). 

However, focal microvesicular steatosis is 

recognized up to 10% of liver biopsies in patients 

with NAFLD and associated with higher grades of 

steatosis, ballooning degeneration, inflammation 

and advanced fibrosis.9 

 

In a liver biopsy of patients with NAFLD, the 

degree and distribution of steatosis should be 

evaluated at low magnification (at most 10x and 

usually 4x). Assessment at higher magnification 

may overestimate the severity of steatosis. The 

degree of steatosis is semi-quantitatively 

categorized as mild (5 to 33%), moderate (>33 to 

66%) and marked (>66%).10 The severity of 

steatosis is associated with lobular inflammation 

and perivenular fibrosis but there is no significant 

correlation with ballooning degeneration, 

Mallory-Denk bodies or portal/advanced 

fibrosis.11 Predominant zonal distribution of 

steatosis should be also recorded unless steatosis 

is very mild or the biopsy is fragmented or 

inadequate. It is categorized into four patterns: 

zone 3 (perivenular), zone 1 (periportal), 

panacinar and azonal. Steatosis in NAFLD is 

usually present in zone 3 and panacinar 

distribution. Predominant zone 1 distribution is 

rare in adult (1%) but more commonly found in 

children and teenagers (12%).10 Steatosis in an 

azonal distribution is more likely to be associated 

with ballooning degeneration, Mallory-Denk 

bodies and advanced fibrosis.11 

 

When steatosis is accompanied by lobular and/or 

portal inflammation, a diagnosis of steatosis with 

inflammation is made. Inflammatory infiltrates are 

mainly lymphocytes, mononuclear cells and 

occasional eosinophils. Neutrophils are rarely 

seen in NAFLD in contrast to alcoholic liver 

disease (ALD). Lobular inflammation can be 

present in the form of small aggregates of 

macrophages (microgranuloma) or lymphocytes, 

similar to spotty necrosis in chronic viral hepatitis. 

Mild lobular inflammation (<2 foci/20x) is often 

found in about 80% of NAFLD with simple 

steatosis.9 Portal inflammation is usually absent or 

mild (76% and 77% in adults and children, 

respectively).12 There is no correlation between 

the severity of portal inflammation and lobular 

inflammation. “More than mild” portal 

inflammation is defined when at least one portal 
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area shows a moderate to marked density of 

inflammation and/or the presence of lymphoid 

aggregates. Its presence is associated with 

steatohepatitis and advanced fibrosis,12 but should 

also raise the suspicion for other chronic hepatitis, 

particularly viral hepatitis C. Predominant portal 

inflammation exceeding lobular inflammation is 

more common in paediatric patients.13 

 

Steatosis with or without inflammation is also 

known as simple steatosis and has been 

considered benign and non-progressive. However, 

our group demonstrated that 58% and 28% of 

patients with simple steatosis had increased 

disease activity and fibrosis progression in a 3-

year interval, respectively.14 Moreover, the 

accumulation of fat droplets is one the 

mechanisms leading to ballooning degeneration, 

the hallmark of steatohepatitis, through oxidative 

fat injury, endoplasmic reticulum dysfunction and 

abnormalities of the cytoskeleton.15 Simple 

steatosis is not always quiescent and may mislead 

people on underestimation of the risk of disease 

progression.  

 

Steatohepatitis 

Steatohepatitis does not simply mean steatosis 

with inflammation but is a distinctive pathological 

pattern characterized by steatosis more than 5%, 

inflammation and ballooning degeneration. 

Ballooning degeneration is the key lesion to 

differentiate steatohepatitis from steatosis with 

inflammation. It is the hallmark of hepatocellular 

injury in steatohepatitis and is characterized by 

cellular swelling, rarefaction of the hepatocytic 

cytoplasm and clumped strands of intermediate 

filaments (Figure 3). It is associated with 

substantial accumulation of fat droplets as well as 

dilatation of the endoplasmic reticulum and 

cytoskeletal injury.15 Ballooned hepatocytes are 

initially most frequently in the perivenular region 

in early stage of disease. This zonal distribution is 

lost when disease progresses or in very active 

disease. Ballooned hepatocytes often but not 

necessarily contain Mallory-Denk body. Mallory-

Denk body, which is also known as Mallory body 

and Mallory hyaline, is a deeply eosinophilic, 

ropey intracytoplasmic inclusion (Figure 3), and 

an aggregate of misfolded intermediate filaments 

with other different classes of proteins, including 

p62 and ubiquitin. The identification of ballooned 

hepatocytes may not be always straightforward 

and the immunohistochemical stain (cytokeratin 

8/18 [CK8/18]) is helpful in such situations. 

Ballooned hepatocytes are characterized by loss of 

cytoplasmic expression of CK8/18, whereas 

residual immunoreactivity is confined to their 

Mallory-Denk bodies if present (Figure 4).16   

 

Fibrosis is an indicator of chronicity and disease 

progression. Although it is not necessary to 

establish a diagnosis of steatohepatitis, it is 

commonly found in adult (84%) and paediatric 

patients (87%) with NASH.10  Its presence helps 

us to more confidently make a diagnosis of 

steatohepatitis in equivocal cases. Perivenular and 

pericellular/perisinusoidal fibrosis (Figure 5) is 

the distinctive pattern of fibrosis in fatty liver 

disease and not typically encountered in chronic 

viral hepatitis, autoimmune hepatitis and chronic 

cholestatic disease. It represents deposition of 

fibrous tissue in the space of Disse and is related 

to activation of stellate cells. It is typical in early 

stage of fibrosis in adult NAFLD/NASH, similar 

to that in ALD. However, the fibres tend to be 

thinner and less marked in NAFLD/NASH. As the 

disease progresses, periportal fibrosis will develop 

with fibrous strands entrapping periportal 

hepatocytes. Later, bridging fibrosis may occur 

between central regions (central-central fibrous 

bridging), between portal tracts (portal-portal 

bridging) or between central and portal regions 

(central-portal bridging). Cirrhosis is eventually 

established after progressive fibrosis, parenchymal 

extinction and hepatocellular regeneration. Two 

practical issues concerning pathological 

assessment of fibrosis are highlighted here. Firstly, 

a good quality connective tissue stain is crucial to 

highlight the earliest delicate fibrosis. Masson 

trichrome, Gordon-Sweets reticulin and Sirius red 

stains are common connective tissue stains widely 

used in hepatopathology. A good trichrome stain 

requires an adequate step of differentiation, 

usually by phosphomolybdic acid. Inadequate or 

excessive differentiation leads to over- or 

understaining, which may lead to over- or 

underestimation of the degree of fibrosis. Sirius 

red stain is recommended for morphometric 

quantitation of fibrosis because it provides highly 

detailed and contrasted staining and is more 
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sensitive in identifying mild pericellular fibrosis.17 

Secondly, aberrant arteries and microvessels in the 

perivenular region are commonly found in about 

40% of patients with NASH, especially in those 

with advanced fibrosis (62%). Ductular reaction is 

present in 55% of arterialized scarred perivenular 

region.18 The presence of aberrant artery and 

ductular reaction may cause misidentification of a 

perivenular region as a portal tract. Such 

misidentification could lead to erroneous 

interpretation of a portal-based process, 

potentially resulting in a missed NAFLD/NASH 

diagnosis and inaccurate assessment of fibrosis. 

To avoid this misidentification, proper 

appreciation of normal liver histology is necessary. 

In a normal portal tract, a hepatic artery is usually 

(>90%) accompanied by a nearby (within a 

distance two to three times that of its diameter) 

interlobular bile duct of similar diameter. They are 

embedded within the fibrous stroma of the portal 

tract and separated from periportal hepatocytes by 

a limiting plate. However, in arterialized scarred 

perivenular region of NAFLD/NASH patients, 

aberrant artery and ductule may lie too far apart 

without an accompanied portal vein, or lie 

adjacent to or among hepatocytes without 

separation from the limiting plate in a portal tract.  

 

Borderline steatohepatitis 

Steatohepatitis may be further classified as 

definite or borderline. Definite steatohepatitis is 

applied for cases fulfilling all three diagnostic 

features of steatohepatitis (steatosis more than 5%, 

inflammation and ballooning degeneration), 

typically with a predominantly perivenular 

distribution. Borderline steatohepatitis is 

designated for those cases falling in the grey zone 

between steatosis with/without inflammation and 

definite steatohepatitis. Two forms of borderline 

steatohepatitis have been described by NAFLD-

CRN. Zone 3 borderline steatohepatitis is applied 

for those do not have full-blown unequivocal 

histological features of definite steatohepatitis. It 

may include those cases with characteristic 

perivenular/pericellular fibrosis in absence of 

ballooning degeneration, and those cases with 

equivocal ballooning degeneration. However, this 

practice is controversial and not yet accepted 

universally. Some pathologists prefer to describe 

those cases with perivenular/pericellular fibrosis 

in absence of ballooning degeneration as steatosis 

with fibrosis or steatofibrosis in such cases. Zone 

1 borderline steatohepatitis is characterized by 

portal-based injury (periportal steatosis, 

predominantly portal inflammation and portal 

fibrosis).10 Ballooning degeneration is usually 

absent. This distinctive form of borderline 

steatohepatitis is a unique histological pattern that 

appears to predominantly affect paediatric patients 

with NASH (75%) and also known as type 2 

(compared to usual “type 1” NASH in adult) or 

paediatric NASH in the literature. It more 

frequently affects boys, younger children, and 

Asian and Hispanic ethnicity.13.  

 

Cryptogenic cirrhosis 

A diagnosis of cryptogenic cirrhosis is designated 

for those cases with minimal recognizable 

diagnostic features after exclusion of viral 

hepatitis, metabolic, autoimmune and cholestatic 

liver diseases. Cryptogenic cirrhosis accounts for 

8-9% of liver transplantation in the States and 

NAFLD has been recognized as a common cause 

of cryptogenic cirrhosis.19 

In patients with cryptogenic cirrhosis, the 

prevalence of diabetes mellitus and obesity is 

comparable to that of patients with NAFLD and 

far exceeds that of patients with cirrhosis 

associated with chronic viral hepatitis and 

autoimmune liver disease.20 Typical histological 

features of steatosis and/or necroinflammatory 

activity in patients with NAFLD/NASH may 

resolve as disease progresses to advanced fibrosis. 

Recognition of residual ballooning degeneration, 

Mallory-Denk bodies and pericellular fibrosis, 

together with clinical evidence of metabolic risk 

factors, helps us to reach a diagnosis of “burnt-

out” NAFLD cirrhosis. 

 

Other pathological lesions in NAFLD 

Some pathological changes may be found in 

NAFLD but have not been used to classify the 

pattern of the disease. Lipogranuloma is 

characterized by a loose aggregate of lymphocytes 

and macrophages surrounding a central fat globule 

(Figure 6). It can be found in NAFLD as well as 

ALD and ingestion of mineral oil in food and 

medication. It should be distinguished from fibrin 

ring granuloma, which has a characteristic fibrin 

ring highlighted by phosphotungstic acid-
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haematoxylin stain o immunostaining for fibrin. 

Glycogenated nuclei are featured by nuclear clear 

vacuolation due to the accumulation of glycogen 

(Figure 7). They are found much more commonly 

in NAFLD than ALD. They may be considered 

evidence of impaired glucose tolerance or insulin 

resistance. However, they may occur 

physiologically in children and young adults (11% 

and 4% in the 20s and early 30s, respectively),21 

and pathologically in glycogen storage disease, 

Wilson disease, and other copper overload 

disorders. Giant mitochondria, also called 

megamitochondria, are eosinophilic oval or 

needle-shaped intracytoplasmic inclusions (Figure 

8). Although they typically are found in alcoholic 

and non-alcoholic fatty liver diseases, they may be 

associated with a wide variety of physiologic and 

pathologic conditions, such as aging, acute fatty 

liver of pregnancy, glycogen storage disease and 

urea cycle defects. Glycogenic hepatocyte 

distension is characterized by marked enlargement 

of hepatocytes with cytoplasmic clearing by 

excessive accumulation of cytoplasmic glycogen.  

It occurs in glycogenic hepatopathy in poorly 

controlled diabetes, glycogen storage disease and 

urea cycle defects. 

 

Metabolic syndrome is a significant risk factor for 

hepatocellular carcinoma (HCC; odds ratio 2.13) 

and intrahepatic cholangiocarcinoma (odds ratio 

1.56).22 Salomao et al. recently described a 

distinctive histological variant of HCC, 

steatohepatitic HCC. It is characterized by HCC 

with features resembling steatohepatitis (steatosis 

in more than 5% of tumour cells, ballooning 

degeneration, Mallory-Denk bodies, intratumoral 

inflammatory infiltrate and pericellular fibrosis) 

(Figure 9). It is associated with underlying 

NAFLD and metabolic risk factors but does not 

carry any prognostic significance.23, 24  

 

Grading, Staging and Scoring Systems 

 

To assess the severity of NAFLD in a liver biopsy, 

both activity (grade) and chronicity (stage) should 

be evaluated. Semi-quantification or scoring of the 

grade and stage are welcomed by some clinicians 

and pathologists to guide clinical management, 

standardize pathology reporting and facilitate 

research studies. In 1999, Brunt et al. proposed the 

first semi-quantitative grading and staging system 

based on liver biopsies from 51 patients with 

NAFLD. The disease activity grade was based by 

a combination of parameters including steatosis, 

lobular and portal inflammation, and ballooning 

degeneration. The fibrosis stage was assigned on 

fibrosis patterns of adult NAFLD from 

perivenular/pericellular to periportal, bridging and 

cirrhosis.25  

 

In 2005, a revised Brunt’s system by NASH-CRN 

was published (Table 1).10  The disease activity 

grade, well-known as “NAFLD Activity Score 

(NAS), is the unweighted sum of scores for 

steatosis, ballooning degeneration, and lobular 

inflammation. In the fibrosis staging, early disease 

(stage 1) was subclassified into 1a (mild 

pericellular fibrosis), 1b (moderate pericellular 

fibrosis) and 1c (portal/periportal fibrosis only). 

The Asian-Pacific Working Party for NAFLD 

encouraged using this system for routine reports 

and research studies.26 In a validation study of the 

NASH-CRN system in 976 patients, cases with 

NAS of 0 to 2 were largely considered not 

diagnostic of definite steatohepatitis (99%: simple 

steatosis 75% and borderline steatohepatitis 24%); 

on the other hand, most cases with scores of 5 or 

more were diagnosed as definite steatohepatitis 

(86%).27 Cases with NAS of 3 and 4 were 

distributed almost evenly between all three 

patterns: steatosis (27%), borderline 

steatohepatitis (32%) and definite steatohepatitis 

(41%). It has been repeatedly emphasized that 

NASH-CRN system should not be used as the 

diagnostic criteria for steatohepatitis (i.e., 

diagnosis of steatohepatitis only if NAS is 5 or 

more), although clinical trials have often selected 

patients with steatohepatitis based on an NAS 

value of 5 or more.10, 27 

 

In 2012, Bedossa et al. proposed an algorithm and 

a scoring system based on a cohort of 679 obese 

patients underwent bariatric surgery (Table 2).28 

The FLIP (fatty liver inhibition of progression) 

algorithm is proposed for segregating lesions into 

normal liver, NAFLD or NASH by 

semiquantitative evaluation of steatosis, 

ballooning degeneration, and lobular 

inflammation. The SAF (steatosis, activity, 

fibrosis) score is the combination of scores of 
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steatosis, activity (ballooning degeneration and 

lobular inflammation) and fibrosis. It integrates 

both grade and stage together. Compared to the 

NASH-CRN system, steatosis is excluded from 

the activity score because there is no significant 

difference in transaminase levels between patients 

with normal liver and simple steatosis. A recent 

validation study involving 6 expert liver 

pathologists and 10 general pathologists showed 

that the FLIP algorithm significantly improve 

interobserver variations among pathologists at 

different levels of hepatopathology expertise.29 

 

Differentiation between NAFLD and alcoholic 

liver disease 

 

One may be asked by clinicians for the underlying 

aetiology of steatosis/steatohepatitis in a liver 

biopsy from a patient with concurrent drinking 

history and metabolic risk factors. Can 

pathological examination confidently differentiate 

between NAFLD and ALD? In most occasions, 

there is a considerable overlap between NAFLD 

and ALD at both the morphologic and clinical 

levels. Although ALD tends to have more 

Mallory-Denk bodies, satellitosis (hepatocyte with 

Mallory-Denk body surrounded by neutrophils) 

and less glycogenated nuclei, these changes are 

not unique to ALD. Few pathological lesions 

specific to ALD include acute foamy degeneration, 

sclerosing hyaline necrosis, acute/chronic 

cholestasis and veno-occlusive disease but they 

are present in a small portion of patients with 

ALD. The key distinguishing feature is in fact the 

amount of alcohol consumption obtained from 

clinical history. Low level of alcohol intake is 

beneficial to patients with NAFLD by reducing 

risk of developing steatohepatitis and fibrosis.1 

Intake levels of two standard drinks (20 g ethanol 

daily/140 g weekly) for men and one standard 

drink daily (70 g weekly) for women are endorsed 

as the acceptable threshold to define non-

alcoholic.26  

 

Conclusion 

 

Histological evaluation remains the gold standard 

for diagnosing NAFLD. Understanding different 

pathological patterns of NAFLD is important to 

establish an accurate diagnosis. Grading and 

staging systems are valuable tools to providing a 

standard reference in pathology reporting, 

monitoring disease progression and therapeutic 

response in patient management and clinical trials. 

We should be reminded that the pathological 

diagnosis of NAFLD/NASH should be relied on 

interpreting a constellation of histological findings 

and patterns, and could not be simply replaced by 

numeric scores. Last but not latest, steatosis and 

even steatohepatitis are not only exceptional to 

NAFLD and ALD but also found in viral hepatitis 

C, drug-induced liver injury (e.g. methotrexate, 

tamoxifen, corticosteroid), Wilson disease and 

various metabolic liver diseases. Careful 

pathological examination, as well as good 

communication with clinicians, and proper 

correlation with clinical and laboratory parameters 

are essential for correct diagnosis of NAFLD and 

all other medical liver diseases. 

 

References 

 

1. Farrell GC, Wong VW, Chitturi S. 

NAFLD in Asia--as common and important as in 

the West. Nat Rev Gastroenterol Hepatol. 

2013;10(5):307-18. 

2. Fan JG. Epidemiology of alcoholic and 

nonalcoholic fatty liver disease in China. J 

Gastroenterol Hepatol. 2013;28 Suppl 1:11-7. 

3. Wong VW, Chu WC, Wong GL, Chan RS, 

Chim AM, Ong A, et al. Prevalence of non-

alcoholic fatty liver disease and advanced fibrosis 

in Hong Kong Chinese: a population study using 

proton-magnetic resonance spectroscopy and 

transient elastography. Gut. 2012;61(3):409-15. 

4. Wong VW, Wong GL, Yeung DK, Lau 

TK, Chan CK, Chim AM, et al. Incidence of non-

alcoholic fatty liver disease in Hong Kong: a 

population study with paired proton-magnetic 

resonance spectroscopy. J Hepatol. 2014. 

5. Shen J, Chan HL, Wong GL, Choi PC, 

Chan AW, Chan HY, et al. Non-invasive 

diagnosis of non-alcoholic steatohepatitis by 

combined serum biomarkers. J Hepatol. 

2012;56(6):1363-70. 

6. Wong GL, Chan HL, Choi PC, Chan AW, 

Lo AO, Chim AM, et al. Association between 

anthropometric parameters and measurements of 

liver stiffness by transient elastography. Clin 

Gastroenterol Hepatol. 2013;11(3):295-302 e1-3. 



 

 

  
Topical Update – The Hong Kong College of Pathologists Vol. 10, Issue 1 Page 7 of 11 

 

7. Chalasani N, Younossi Z, Lavine JE, Diehl 

AM, Brunt EM, Cusi K, et al. The diagnosis and 

management of non-alcoholic fatty liver disease: 

practice Guideline by the American Association 

for the Study of Liver Diseases, American College 

of Gastroenterology, and the American 

Gastroenterological Association. Hepatology. 

2012;55(6):2005-23. 

8. Cairns SR, Peters TJ. Biochemical analysis 

of hepatic lipid in alcoholic and diabetic and 

control subjects. Clin Sci (Lond). 1983;65(6):645-

52. 

9. Tandra S, Yeh MM, Brunt EM, 

Vuppalanchi R, Cummings OW, Unalp-Arida A, 

et al. Presence and significance of microvesicular 

steatosis in nonalcoholic fatty liver disease. J 

Hepatol. 2011;55(3):654-9. 

10. Kleiner DE, Brunt EM, Van Natta M, 

Behling C, Contos MJ, Cummings OW, et al. 

Design and validation of a histological scoring 

system for nonalcoholic fatty liver disease. 

Hepatology. 2005;41(6):1313-21. 

11. Chalasani N, Wilson L, Kleiner DE, 

Cummings OW, Brunt EM, Unalp A, et al. 

Relationship of steatosis grade and zonal location 

to histological features of steatohepatitis in adult 

patients with non-alcoholic fatty liver disease. J 

Hepatol. 2008;48(5):829-34. 

12. Brunt EM, Kleiner DE, Wilson LA, Unalp 

A, Behling CE, Lavine JE, et al. Portal chronic 

inflammation in nonalcoholic fatty liver disease 

(NAFLD): a histologic marker of advanced 

NAFLD-Clinicopathologic correlations from the 

nonalcoholic steatohepatitis clinical research 

network. Hepatology. 2009;49(3):809-20. 

13. Schwimmer JB, Behling C, Newbury R, 

Deutsch R, Nievergelt C, Schork NJ, et al. 

Histopathology of pediatric nonalcoholic fatty 

liver disease. Hepatology. 2005;42(3):641-9. 

14. Wong VW, Wong GL, Choi PC, Chan 

AW, Li MK, Chan HY, et al. Disease progression 

of non-alcoholic fatty liver disease: a prospective 

study with paired liver biopsies at 3 years. Gut. 

2010;59(7):969-74. 

15. Caldwell S, Ikura Y, Dias D, Isomoto K, 

Yabu A, Moskaluk C, et al. Hepatocellular 

ballooning in NASH. J Hepatol. 2010;53(4):719-

23. 

16. Lackner C, Gogg-Kamerer M, Zatloukal K, 

Stumptner C, Brunt EM, Denk H. Ballooned 

hepatocytes in steatohepatitis: the value of keratin 

immunohistochemistry for diagnosis. J Hepatol. 

2008;48(5):821-8. 

17. Huang Y, de Boer WB, Adams LA, 

MacQuillan G, Rossi E, Rigby P, et al. Image 

analysis of liver collagen using sirius red is more 

accurate and correlates better with serum fibrosis 

markers than trichrome. Liver Int. 

2013;33(8):1249-56. 

18. Gill RM, Belt P, Wilson L, Bass NM, 

Ferrell LD. Centrizonal arteries and microvessels 

in nonalcoholic steatohepatitis. Am J Surg Pathol. 

2011;35(9):1400-4. 

19. Caldwell SH, Lee VD, Kleiner DE, Al-

Osaimi AM, Argo CK, Northup PG, et al. NASH 

and cryptogenic cirrhosis: a histological analysis. 

Ann Hepatol. 2009;8(4):346-52. 

20. Poonawala A, Nair SP, Thuluvath PJ. 

Prevalence of obesity and diabetes in patients with 

cryptogenic cirrhosis: a case-control study. 

Hepatology. 2000;32(4 Pt 1):689-92. 

21. Levene AP, Goldin RD. Physiological 

hepatic nuclear vacuolation--how long does it 

persist? Histopathology. 2010;56(4):426-9. 

22. Welzel TM, Graubard BI, Zeuzem S, El-

Serag HB, Davila JA, McGlynn KA. Metabolic 

syndrome increases the risk of primary liver 

cancer in the United States: a study in the SEER-

Medicare database. Hepatology. 2011;54(2):463-

71. 

23. Salomao M, Yu WM, Brown RS, Jr., 

Emond JC, Lefkowitch JH. Steatohepatitic 

hepatocellular carcinoma (SH-HCC): a distinctive 

histological variant of HCC in hepatitis C virus-

related cirrhosis with associated NAFLD/NASH. 

Am J Surg Pathol. 2010;34(11):1630-6. 

24. Shibahara J, Ando S, Sakamoto Y, 

Kokudo N, Fukayama M. Hepatocellular 

carcinoma with steatohepatitic features: a 

clinicopathological study of Japanese patients. 

Histopathology. 2014;64(7):951-62. 

25. Brunt EM, Janney CG, Di Bisceglie AM, 

Neuschwander-Tetri BA, Bacon BR. 

Nonalcoholic steatohepatitis: a proposal for 

grading and staging the histological lesions. Am J 

Gastroenterol. 1999;94(9):2467-74. 

26. Farrell GC, Chitturi S, Lau GK, Sollano 

JD, Asia-Pacific Working Party on N. Guidelines 

for the assessment and management of non-

alcoholic fatty liver disease in the Asia-Pacific 



 

 

  
Topical Update – The Hong Kong College of Pathologists Vol. 10, Issue 1 Page 8 of 11 

 

region: executive summary. J Gastroenterol 

Hepatol. 2007;22(6):775-7. 

27. Brunt EM, Kleiner DE, Wilson LA, Belt P, 

Neuschwander-Tetri BA, Network NCR. 

Nonalcoholic fatty liver disease (NAFLD) activity 

score and the histopathologic diagnosis in 

NAFLD: distinct clinicopathologic meanings. 

Hepatology. 2011;53(3):810-20. 

28. Bedossa P, Poitou C, Veyrie N, Bouillot 

JL, Basdevant A, Paradis V, et al. 

Histopathological algorithm and scoring system 

for evaluation of liver lesions in morbidly obese 

patients. Hepatology. 2012;56(5):1751-9. 

29. Bedossa P, Consortium FP. Utility and 

appropriateness of the fatty liver inhibition of 

progression (FLIP) algorithm and steatosis, 

activity, and fibrosis (SAF) score in the evaluation 

of biopsies of nonalcoholic fatty liver disease. 

Hepatology. 2014;60(2):565-75. 

 

 

 
Figure 1: Macrovesicular steatosis. 

 
Figure 2: Macrovesicular steatosis with small to 

medium-sized fat droplets. 

 

 
Figure 3: Ballooned hepatocytes with Mallory-Denk 

bodies 

 
Figure 4: Ballooned hepatocytes are characterized by 

loss of cytoplasmic expression of CK8/18, whereas 

residual immunoreactivity is confined to their 

Mallory-Denk bodies. (Immunohistochemistry of 

CK8/18) 
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Figure 5: Perivenular and pericellular fibrosis. 

(Sirius red stain) 

 

 
Figure 6: Lipogranuloma. 

 
Figure 7: Glycogenated nuclei. 

 

 
Figure 8. A giant mitochondrion.  

 
Figure 9: Hepatocellular carcinoma with 

steatohepatitic features. 
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Table 1: NAFLD Activity Score (NAS) and fibrosis stage by NASH-CRN.10 

NAFLD Activity Score 

Score Steatosis Lobular inflammation Ballooning degeneration 

0 <5% None None 

1 5-33% <2 foci/20x field Few 

2 >33-66% 2-4 foci/20x field Many 

3 >60% >4 foci/20x field  

    

Fibrosis Score  

Stage Histological findings 

1a Mild pericellular fibrosis (only seen on connective tissue stain) 

1b Moderate pericellular fibrosis (readily seen on H&E) 

1c Portal/periportal fibrosis without pericellular fibrosis 

2 Pericellular and portal/periportal fibrosis 

3 Bridging fibrosis 

4 Cirrhosis 
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Table 2: SAF (steatosis, activity, fibrosis) score and FLIP algorithm.29 

 

SAF (steatosis, activity, fibrosis) Score 

Steatosis  Steatosis 

S0 <5% 

S1 5-33% 

S2 >33-66% 

S3 >60% 

  

Activity Score Lobular 

inflammation (LI) 

Ballooning degeneration (BD) 

A0-4 

(LI+BD) 

0 None None 

 1 ≤2 foci/20x field Hepatocytes with a rounded shape 

and pale cytoplasm usually 

reticulated. Size is quite similar to 

that of normal hepatocytes 

 2 >2 foci/20x field Hepatocytes with a rounded shape 

and pale cytoplasm usually 

reticulated. Some cells are twice of 

the size of normal hepatocytes 

    

Fibrosis Histological findings 

F1a Mild pericellular fibrosis (only seen on connective tissue stain) 

F1b Moderate pericellular fibrosis (readily seen on H&E) 

F1c Portal/periportal fibrosis without pericellular fibrosis 

F2 Pericellular and portal/periportal fibrosis 

F3 Bridging fibrosis 

F4 Cirrhosis 

  

FLIP Algorithm 

Steatosis Ballooning 

degeneration 

Lobular 

inflammation 

Diagnosis 

0 0, 1 or 2 0, 1 or 2 Not NAFLD 

1, 2 or 3 0 0, 1 or 2 NAFLD 

1, 2 or 3 1 or 2 0 NAFLD 

1, 2 or 3 1 or 2 1 or 2 NASH 

 


