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Steatosis

Steatohepatitis 

(NASH)

Progressive fibrosis

Cirrhosis

100%

7%   Asia

30% North America

1.5-6.5% globally

40% of NASH

3-5%

• HCC development    - NASH/cryptogenic cirrhosis     2.6-11.3%

- non-cirrhotic NAFLD 0.04-6%

Huang, Nat Rev Gastroenterol Hepatol 2021

Histological spectrum of NAFLD 

Diehl & Day, NEJM 2017

Anstee, Nat Rev Gastro Hepatol 2019

Incidence



• diagnosis of NASH and classification of NAFLD

Liver biopsy is the “best” standard

Current concepts in NAFLD pathology

EASL-ESD-EASO  NAFLD Clinical Practice Guidelines 2016

AASLD NAFLD Practice Guidance 2018

Cotter & Rinella, Gastroenterology 2020



Simple NAFLD: Steatosis

Minimum criterion: involvement of 

➢ 5% liver parenchyma
usually macrovesicular

graded  by % of involved parenchyma (<1/3,  1/3-2/3, >2/3)

Tiniakos, Anstee, Brunt, Burt, Fatty  liver disease. Elsevier 2021 in press



Adult  NASH: Zone 3 predominance of the lesions

1

3

2

Portal tract

3

Tiniakos, Anstee, Brunt, Burt, Fatty  liver disease. Elsevier 2021 in press



Minimal criteria for diagnosis of adult  NASH 

Constellation of findings

Hepatocyte injury

Steatosis

Terminal  hepatic 
venule

Lobular inflammation

Tiniakos, Anstee, Brunt, Burt. Fatty  liver disease, Elsevier 2021 in press



NASH: Hepatocyte Ballooning

Feature required for the diagnosis 

Zone 3

Terminal 

hepatic 

venule

Tiniakos, Anstee, Brunt, Burt. Fatty  liver disease, Elsevier 2021 in press



• diagnosis of NASH and classification of NAFLD

• assessment of  necroinflammatory injury – grading NAFLD activity

NAS 3

SAF A1  

NAS 7

SAF A4

Liver biopsy is the “best” standard

NAFLD  Activity Score  0-8

Steatosis+Lobular Inflammation+Ballooning

Kleiner D et al, Hepatology 2005

SAF activity score   0-4

Lobular inflammation+Ballooning

Bedossa P et al, Hepatology 2012 

Current concepts in NAFLD pathology



Liver biopsy is the “best” standard

Current concepts in NAFLD pathology

• evaluation of extent of fibrosis and architectural remodeling – staging fibrosis

F1 

Brunt EM et al, Am J Gastroenterol  1999

Kleiner D et al, Hepatology 2005

• diagnosis of NASH and classification of NAFLD

• assessment of  necroinflammatory injury – grading NAFLD activity

Semi-quantitative staging systems 

Zone 3 sinusoidal/

pericellular 

fibrosis-Z3PCF



Liver biopsy is the “best” standard

Current concepts in NAFLD pathology

F1 

F2 Z3PCF &

periportal fibrosis F3  Bridging fibrosis F4 Cirrhosis
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• evaluation of extent of fibrosis and architectural remodeling – staging fibrosis

• diagnosis of NASH and classification of NAFLD

• assessment of  necroinflammatory injury – grading NAFLD activity

Semi-quantitative staging systems 

Zone 3 sinusoidal/

pericellular 

fibrosis-Z3PCF



Liver biopsy is the “best” standard

Current concepts in NAFLD pathology

F1 

F2 Z3PCF &

periportal fibrosis F3  Bridging fibrosis F4 Cirrhosis

Brunt EM et al, Am J Gastroenterol  1999

Kleiner D et al, Hepatology 2005

• evaluation of extent of fibrosis and architectural remodeling – staging fibrosis

• diagnosis of NASH and classification of NAFLD

• assessment of  necroinflammatory injury – grading NAFLD activity

Semi-quantitative staging systems 

Zone 3 sinusoidal/

pericellular 

fibrosis-Z3PCF

Fibrosis stage is a key independent prognostic marker for 

all-cause and liver-related mortality in NAFLD  patients
Taylor R et al, Gastroenterology 2020 Meta-analysis



Prognostic significance of histological features of NAFLD

Loomba, Gastroenterology 2015

Angulo, Hepatology 2015



Adult NAFLD: Portal inflammation
May be seen in addition to lobular inflammation

• usually minimal or mild



Adult NAFLD: Portal inflammation
May be seen in addition to lobular inflammation

Sutti & Albano, Nat Rev Gastro Hepatol 2020



Adult NAFLD: Portal inflammation
May be seen in addition to lobular inflammation

• usually minimal or mild

• T lymphocytes & macrophages 

predominate at all stages

• B lymphocytes and plasmacytes

are also present

• portal macrophages

is the earliest inflammatory        

change observed in simple steatosis                                

Gadd, Hepatology 2014; Sutti & Albano, Nat Rev Gastroenterol Hepatol 2020

CD8

CD68



Adult NAFLD: Portal inflammation
May be seen in addition to lobular inflammation

• usually minimal or mild

• T lymphocytes & macrophages 

predominate at all stages

• portal macrophages

is the earliest inflammatory        

change observed in simple steatosis                                

Gadd, Hepatology 2014; Thibaut, FEBS J 2021

CD8

CD68

Early macrophage infiltration 

and subsequent 

portal inflammation may play a 

role in NAFLD progression



NASH: Portal inflammation correlates with ductular    

reaction and hepatic progenitor cell  (HPC) activation

Gadd, Hepatology 2014

• The inflammatory niche in portal tracts may drive the fate of  HPC

• T cells and macrophages in close contact with proliferating bile ductules

• Portal inflammation may drive fibrogenesis in NAFLD:

- by releasing profibrogenic cytokines

- by determining the fate of HPC towards 

fibrogenic ductular reaction

Gadd, Hepatology 2014

Carotti, J Clin Pathol 2015



51 biopsies with NASH (50 patients)

Mild portal inflammation (Brunt et al, 1999)

1999



Mild portal inflammation (Brunt et al, 1999)

1999



1999



NAFLD biopsies

Study set:  576 adult, 162  paediatric

Validation set:  32 adult, 18 paediatric

Portal inflammation did not correlate with 

steatohepatitis

2005



Moderate inter-observer agreement 

for portal inflammation 

2005



Histological  definition  for portal inflammation in NAFLD

None: no inflammation or only rare inflammatory cells at high magnification in any portal area

Mild:  a few mononuclear cells, usually, but not always, in more than one portal tract. 

More than mild: at least one portal area showed a moderate to marked density of inflammation,

and/or the presence of lymphoid aggregates

2009



Portal inflammation correlated with

- increased age

- female gender

- higher BMI

- markers of insulin resistance

- severity of steatosis

- hepatocyte ballooning

- advanced fibrosis

- definite steatohepatitis

728 adult NAFLD biopsies semiquantification of portal inflammation:  none, mild, more than mild

2009



Two adult NASH treatment trials: PIVENS Pioglitazone vs Vitamin E vs  placebo     96 weeks

FLINT Obeticholic acid  vs placebo 72 weeks

Baseline  and final paired  liver biopsies

2019



89% 88%79% 84%

2019



In NASH, improvement of portal inflammation from baseline strongly 

associated with fibrosis improvement in post-treatment liver biopsy 

2019



Semiquantification of portal inflammation in current NAFLD clinical trials

0

minimal: inflammation <  matrix

1

none

mild: inflammation = matrix

2



moderate: inflammation > matrix

severe: inflammation  > matrix, matrix 

expanded +/- interface activity

3

4

Semiquantification of portal inflammation in current NAFLD clinical trials



NAFL/NASH concurrent with other liver disease

• Frequent high prevalence of insulin resistance and metabolic syndrome

• Autoimmune hepatitis, CHC, CHB, biliary disease, HIV infection, inherited metabolic disease

• In ALD, CHC and drug induced liver injury, development of steatosis of NASH may be 

independent of insulin resistance: de novo FLD or exacerbation of underlying NAFLD?

• Concurrent NASH aggravates liver injury and accelerates fibrosis progression

Kleiner & Brunt, Semin Liv Dis 2012

Brunt, Mod Pathology 2003

Powell E, Dig Dis 2010



NAFL/NASH concurrent with other liver disease

• Frequency of  NASH concurrent with other chronic liver disease: 2.6%

in a series of 3,581 nonallograft liver biopsies

- most common was CHC   5.5%

- autoimmune hepatitis       1.6%

Brunt, Mod Pathology 2003

• Differential diagnosis is difficult: 

- steatosis, lobular inflammation, ballooning 

common in chronic hepatitis



NAFL/NASH concurrent with other liver disease

• Frequency of  NASH concurrent with other chronic liver disease: 2.6%

in a series of 3,581 nonallograft liver biopsies

- most common was CHC   5.5%

- autoimmune hepatitis       1.6%

Brunt, Mod Pathology 2003

• Differential diagnosis is difficult: 

- steatosis, lobular inflammation, ballooning 

common in chronic hepatitis 

• Required for diagnosis of concurrent NASH: 

- Zone 3 sinusoidal/pericellular fibrosis 

- Accentuation of necroinflammatory lesions in zone 3



Common clinical problem: 

Positive autoantibodies in a patient with unexplained transaminasemia

• Up to 21% of NAFLD patients have positive autoantibody serology 

usually low titres ANA  21%, anti-SMA  5%, both ANA & anti-SMA 7%, AMA 2% 

• +  γ-globulins in rare NAFLD patients Loria , Digg Dis 2003

Vuppalanchi, Hepatol  Int 2012

In a more recent study:       Younes, Am J Gastroenterol 2020

• 16.9% of  923 biopsy-proven NAFLD  patients with positive  ANA (>1:40)

• ANA (+) NAFLD cases:   higher prevalence of NASH, ballooning, F1-F3 fibrosis

• No patient developed AIH after long follow-up  (106±50 months)

• ANA (+)  patients similar outcome as ANA (-) NAFLD patients 



• Up to 210% of NAFLD patients have positive autoantibody 

serology (usually low titres ANA, anti-SMA and/or AMA)

Vuppalanchi, Hepatol Int 2012

• +  γ-globulins, in rare NAFLD patients

Non-alcoholic fatty liver disease/steatohepatitis (NAFLD/NASH)

Using the clinical simplified scoring system for AIH, 

rare patients with  NASH may be misdiagnosed as having probable AIH 

Common clinical problem: 

Positive autoantibodies in a patient with unexplained transaminasemia











Hennes EM et al, Hepatology 2008

Diagnostic scoring systems for autoimmune hepatitis

Simplified diagnostic criteria, 2008

81-88%  sensitivity, 97-99%  specificity



Hennes et al, Hepatology 2008

Simplified diagnostic criteria, 2008

Diagnostic scoring systems for autoimmune hepatitis



Case 1 history

• 70 year old lady

• Referred from a local hospital for further management

• Presented with fatigue and found raised liver enzymes

• ALT 164, AST 94

• ANA 1:80 and positive dsDNA and IgG 17.2 (ULN 15)

• Otherwise asymptomatic, no history of autoimmune disease

• No medications or herbal remedies 

• Overweight with BMI 29.7,  dyslipidaemia, non-diabetic

• Alcohol 10 units/week, no previous history of alcohol excess

• No family history of liver disease



Further history

• Referring clinician suspected AIH and empirically treated with 
prednisolone 30mg for 6 weeks

• No change in liver enzymes so this was stopped

• A liver biopsy was performed 4 weeks later



Review of liver biopsy from local hospital

Preserved architecture – Moderate steatosis – Thin fibrous septa

Reticulin

Good biopsy sample

10 portal tracts

Case  by Prof. A.D. Burt

Photos by Dr Y. Bury, 

Royal Victoria Infirmary,

Newcastle upon Tyne



Review of liver biopsy from local hospital

Periportal fibrosis with short fibrous  septa

Reticulin



Review of liver biopsy from local hospital

Perivenular fibrosis with pericellular  distribution

Reticulin



Review of liver biopsy from local hospital

Moderate macrovesicular steatosis



Occasional ballooning

Lobular inflammation

Steatohepatitis with 

early bridging fibrosis 



Focal interface activity 

Moderate portal  chronic inflammation



Plasmacytes  in the 

chronic portal infiltrate

Portal interface activity 



Plasmacytes  in  perivenular  inflammatory foci 

Mild nonalcoholic steatohepatitis with early bridging fibrosis 

Suspicion of concurrent autoimmune hepatitis?



Case 1 progress

• Coexistent autoimmune hepatitis that has in part been obscured by 
steroid therapy prior to biopsy?

• Repeat blood tests showed ALT 190, ANA 1:320, IgG 17.9 

• A repeat liver biopsy was performed



2nd Liver biopsy – 11 months after 1st biopsy

Moderate macrovesicular steatosis

21 mm  
liver tissue core

Preserved architecture 



Mild  portal chronic inflammation



Portal

chronic

inflammation

Focal interface 
activity



Occasional ballooningMild lobular inflammation

Steatohepatitis 

THV

THV



Portal/periportal fibrosis with short fibrous  septa

van Gieson

Early bridging fibrosis

2nd Liver biopsy – 11 months after 1st biopsy



Portal & periportal fibrosis with short fibrous  septa

van Gieson

Zone 3 sinusoidal fibrosis

THV

2nd Liver biopsy – 11 months after 1st biopsy



van Gieson

Zone 3

Mild nonalcoholic steatohepatitis with early bridging fibrosis

[activity score NAS 4, fibrosis stage 3 (NASH CRN Kleiner et al 2005)]  

Portal chronic inflammation part of the NASH spectrum?



Case 1 progress
• Repeat biopsy - NASH with no evidence of autoimmune hepatitis

• After 6 months she had lost 6% of bodyweight (BMI 28)

• ALT fell from 230 to 130

• Regained weight over the next 6 months (BMI 31.4 again)

• ALT 139              Vitamin E 800 mg daily started

• ALT fell to 37  after 6 months on Vitamin E   (weight stable)

• Vitamin E continued long term

• 3 years later Fibroscan reading was 7 kPa

• 10 years later she is well and now aged 81 and Fibroscan remains 7 kPa



Increased portal inflammation in NAFLD/NASH

When to suspect a second pathology?

Severe portal inflammation –

focal interface activity

Prominent lobular inflammation –

confluent necrosis

Case 2: Fatty liver. Increased Fibroscan values. 

Suspected NASH. No clinical info.



Prominent interface activity
Plasmacytes in the lobular infiltrate 

Case 2



Mild nonalcoholic steatohepatitis with bridging fibrosis

Prominent  portal/periportal inflammation and overall pattern of injury raise suspicion of concurrent chronic hepatitis 

(viral, autoimmune, other ?)



Increased portal inflammation in NAFLD/NASH

When to suspect a second pathology?

Prominent portal inflammation >> lobular changes: 

Consider concurrent chronic hepatitis of other aetiology!



Take home messages

PORTAL INFLAMMATION IN NAFLD

• Mild/more than mild portal inflammation is very frequent in NAFLD

• In untreated cases, is related to more severe disease and features of the 

metabolic syndrome in both adults and children

• In treated NASH, is a feature of disease resolution

• May have prognostic significance for NAFLD patient outcome



Take home messages

NAFLD concurrent with another chronic liver disease 

• Is frequent due to the high prevalence of the metabolic syndrome

• Aggravates liver injury and accelerates fibrosis progression

• Differential diagnosis is difficult and no widely accepted histological criteria exist

• Helpful for diagnosing NASH concurrent with chronic hepatitis, in addition to

steatosis, lobular inflammation and ballooning: 

- zone 3 sinusoidal/pericellular fibrosis

- accentuation of necroinflammatory injury in zone 3

• Suspect concurrent chronic hepatitis in NAFLD when portal inflammation  is more 

prominent than lobular changes….  Talk to the hepatologist!



Non-alcoholic fatty liver disease

Atlas of histological images

Guidelines for diagnosis and scoring

Pierre Bedossa, Dina Tiniakos

https://tinyurl.com/LITMUS-Histology

https://tinyurl.com/LITMUS-Histology


Paul NASH (1889-1946)


