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Spectrum of histological features in non-alcoholic fatty liver

disease

NANDINI VASDEV, ANJALI G. KAKATI, SANJIV SAIGAL, NABEEN C. NAYAK

ABSTRACT

Background. Non-alcoholic fatty liver disease (NAFLD) has

become an important entity globally, including in India and other

Asian countries. Morphological evaluation of a liver biopsy is

necessary for the diagnosis, staging and possibly management of

this disease. However, the spectrum of changes in the liver, their

evolution, interrelationships and implications are incompletely

understood. We aimed to study the spectrum of histological

abnormalities in NAFLD.

Methods. The study material was drawn from a pool of

80 liver biopsies diagnosed in our laboratory as NAFLD,

67 retrieved retrospectively from our records and 13 obtained

prospectively with complete clinical data. After comprehensive

histological assessment, a detailed analysis was done of 32 of

those categorized as definitive NAFLD on the basis of a dependable

history of no alcohol intake and seronegativity for hepatitis virus

B and C infections.

Results. Fatty change was preferentially seen in acinar zones

2 and 3, more so in the former. Steatotic cells varied in size; some

large ones were non-spherical. Steatosis alone was present in

more than a quarter of the cases and steatosis along with

inflammation was present in half. The magnitude of steatosis

correlated with inflammation, while both these seemed to

correlate with hepatocyte injury and fibrosis.

Conclusion. A proportion of patients with NAFLD show only

hepatic steatosis. An increasing grade of steatosis is associated

with greater inflammation, hepatocyte injury and acinar fibrosis.

Preferential involvement of acinar zone 2 by steatosis, the

morphology of the steatotic cells, and nature and location of

inflammation are important in the diagnosis of NAFLD and its

differentiation from other causes of fatty liver.
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INTRODUCTION

Two decades after Ludwig et al. coined the term steatohepatitis

for a unique fatty liver disease in non-alcoholics,1 worldwide

interest was aroused in the high prevalence of fatty liver disease

including steatohepatitis in several population groups. Current

reviews have highlighted the epidemiology, complex array of

clinical features, aetiological associations, likely pathogenesis,

natural history, hepatic histopathology, diagnostic aspects and

treatment modalities of this condition.2–10 A variable proportion of

cases are reported to be associated with diabetes mellitus, insulin

resistance, hyperlipidaemic states and obesity. The term non-

alcoholic steatohepatitis (NASH), originally assigned to indicate

a combination of excess fat accumulation and lobular inflammation

and injury in the liver, has now been expanded to non-alcoholic

fatty liver disease (NAFLD)2 or non-alcoholic fatty liver (NAFL)

to focus attention on the central event of significant fatty change

in the hepatocytes. NAFLD is currently considered to be a

common cause of chronic liver disease in adults in several regions

of the world, in parallel with a high prevalence of hepatic steatosis

associated with obesity, diabetes mellitus and changing

lifestyles.6,7,11

It has been stressed that a definitive diagnosis of this condition,

which as of now appears to be a relatively heterogeneous entity of

primary hepatopathy, can only be made on morphological

evaluation of alterations in the liver biopsy along with exclusion

of other conditions known to be associated with primary or

secondary fatty liver.3,6 However, there is no consensus as yet on

the entire spectrum of morphological changes in the liver of

patients with NAFLD, and the frequency and prognostic

implications of these changes. Also, no morphological feature or

combination of features has been recognized as specific for or

strongly suggestive of NAFLD.

Several reports on NAFLD have been published from various

parts of India12–17 and Southeast Asia.11,18,19 It is not clear as to

whether the clinicopathological features of NAFLD in this part

of the world are similar to or different from those reported from

developed countries.20–22 Findings on hepatic histology in the

recently reported cases from India vary between centres as well

as between different studies from the same centre.12,14,20 This

may be due to the use of different criteria for the evaluation of

histological features, a true heterogeneity in the hepatic structural

changes in NAFLD or selection of study cases on the basis of

elevated serum transaminase values alone. A recent study showed

identical hepatic histology in NAFLD cases having normal and

elevated serum alanine aminotransferase (ALT) values.23 Proper

evaluation of liver biopsy also helps in prognosticating and

assessing the efficacy of therapy.1–6,23 Therefore, it is essential

that the complete range of histological changes in the liver of

patients with NAFLD at the first encounter, and the magnitude
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of accompanying features such as steatosis, inflammation,

hepatocytic injury and fibrosis, be identified and documented.

We studied the histological alterations in patients of NAFLD

and controls.

METHODS

Patients

Two groups of patients with NAFLD were initially screened. A

retrospective series comprising 67 consecutive patients was chosen

from the files of the Department of Histopathology, Sir Ganga

Ram Hospital in whom a diagnosis of NAFLD/NASH was returned

on liver biopsies over a 44-month period from 1 January 2000

through 31 August 2003. In all these cases the pre-biopsy

provisional impression was NAFLD and histological diagnosis

was made after taking reasonable care to exclude other causes of

fatty liver. An additional set of 54 consecutive patients diagnosed

as NAFLD on the basis of clinical and ultrasonographic findings

during the next 12-month period starting 1 September 2003 were

prospectively entered into the study. A liver biopsy was available

in 13 of these patients. Twelve liver biopsies from non-alcoholic

patients chronically infected with hepatitis B virus (HBV) or

hepatitis C virus (HCV) served as controls; in these, fatty change

involved at least 10% of hepatocytes. Twenty other biopsies from

assorted non-alcoholic patients, with a variety of systemic or other

diseases associated with significant hepatic steatosis, were chosen

to compare the degree, type and distribution of fat in the hepatocytes

with the biopsies of patients with NAFLD.

Clinical and other data

In all the retrospective cases available, clinical, biochemical and

imaging data were retrieved from the files of the Departments of

Histopathology and Medical Records. Besides basic demographic

features, the data included evidence for the presence or previous

occurrence of various risk factors known to be associated with

liver disease including NAFLD, such as a history of alcohol

intake, hepatitis virus infection, obesity, diabetes mellitus,

hyperlipidaemic states, hypertension and drug intake. Patients in

the prospective series were interviewed by one of two investigators

(SS, AGK) and adequate data on the above-mentioned features

were entered in a predesigned proforma. Height, weight, waist–

hip ratio and abdominal girth were measured to assess overweight

and obesity.

Histopathological evaluation

All biopsies were reviewed blindly by two pathologists and only

the consensus on each item was recorded. Since the main objective

of our study was detailed evaluation of the histopathological

changes in NAFLD, the 80 cases were divided into 3 subgroups

according to the recorded lack of evidence for chronic alcohol

intake and chronic HBV or HCV infection, as both these conditions

may be associated with significant fat accumulation in the liver.

Patients who were known to not take alcohol as well as those

seronegative for HBV and HCV infection (n=32) were labelled as

definitive NAFLD. Those seronegative for HBV and HCV infection

but without information on alcohol use (n=8) as well as those

known to be teetotallers but without serological data on HBV or

HCV infection (n=12) were labelled as probable NAFLD. Patients

in whom no information was available on either alcohol intake or

HBV and HCV infection (n=28, all from the retrospective group)

were labelled as possible NAFLD, since the histopathological

diagnosis of NAFLD/NASH had been returned after consultation

with the referring physician.

In each biopsy, at least 4 serial sections stained by haematoxylin

and eosin (H&E) and, wherever necessary, by silver stain for

reticulin and Masson trichrome stain for collagen fibres, were

examined. Important histological features such as steatosis (fatty

change in the hepatocytes), inflammation in the acinar parenchyma

and portal tract, fibrosis at various sites within the acini and portal

tracts, hepatocyte injury in the form of hydropic or ballooning

change, focal necrosis and Mallory hyaline were recorded. The

approximate semiquantitative assessment of steatosis, inflam-

mation and fibrosis was made on the basis of criteria reported in

the literature.3,21,22,24 The degree of steatosis was graded as I, II and

III when up to 33%, 33%–66% and >66% of hepatocytes,

respectively, were involved.3

Morphology of the intracellular lipid and steatotic liver cells,

and the predominant zonal distribution of fat in the acinar

parenchyma were assessed. For inflammation in the acinar

parenchyma and portal tracts, the nature of cells and severity

graded were noted. Acinar inflammation was graded from 1 to 4

when <1 focus, 2–4 foci, 5–10 foci and >10 foci, respectively,

were present per one 10× objective field. 24 Portal inflammation

was graded as 1 or 2 when it was minimal or mild, respectively,

in some or all portal tracts, and as 3 or 4 when moderate or severe,

respectively, in all portal tracts.24 Acinar fibrosis was graded as

stage 1–43 on the basis of its extent and location—pericellular,

focal or bridging. Pericellular fibrosis in zone 3 was labelled as

stage 1, this with additional periportal fibrosis stage 2, bridging

fibrosis stage 3 and frank cirrhosis stage 4.3 Portal fibrosis was

recorded separately.

RESULTS

Even though the findings in the liver biopsy in the 3 subgroups of

patients with definitive, probable and possible NAFLD were

similar in many respects, for obtaining information specific to

NAFLD, data on only the 32 patients with definitive NAFLD were

analysed. These 32 patients (18 men and 14 women) ranged in age

from 12 to 75 years, the mean and median age being 40 and 39.4

years, respectively. Men appeared to be affected about a decade

earlier than women; 13 of 14 women (93%) being in the third to

eight decades of life compared with 17 of 18 men (94%) in the

second to seventh decades.

Hepatic histology

Steatosis was universal since significant fatty change of the

hepatocytes was a necessary criterion for inclusion of patients and

controls in our study. However, the degree, nature and acinar

distribution of steatosis varied (Table I). The three grades of

steatosis were seen in an equal proportion of patients. The nature

of fat was largely macrovesicular with a variable admixture of

some microvesicular fat. In most cases the size of the macrovesicular

fat varied significantly from relatively small to very large (Figs 1

and 2). Morphologically, a fair number of the large vacuoles

showed non-spherical or angulated outlines (Fig. 2). Lipid

granulomas were rare. The distribution of steatotic cells in the

acinar parenchyma had interesting features. A majority of cases

with a zonal or diffuse location showed somewhat accentuated

steatosis in acinar zone 2 (midlobular area) (Figs 1 and 3). Even

when the hepatocytes in zone 1 (periportal area) were spared, a

few steatotic cells were always present in this area (Fig. 1) and in

a proportion of cases, zone 1 had a fair number of steatotic cells

(Fig. 4). Steatosis predominantly affecting hepatocytes in zones

2 and 3 with small foci in zone 1 were seen in 50% and 15.6% of

cases, respectively (Table II). Steatosis was relatively diffuse in
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FIG 1. Grade I steatosis in non-alcoholic fatty liver disease
(NAFLD). The fat vacuoles are of variable sizes, some very
large (top). Note the preferential location of steatosis in zone 2
with the central vein (C) on the left and portal tract (P) on the
right. A few steatotic cells are seen in zone 1. (H&E ×300)

almost all controls showed significant portal inflammation (grades

2–4) with relatively lower grades (grades 1 and 2 only) of acinar

inflammation. In NAFLD, inflammation was exclusively acinar

in 11, exclusively portal in 7, acinar and portal in 5 and absent

in either area in 9. Among controls, on the other hand, none had

only acinar inflammation, all but one had portal inflammation,

and 7 had both acinar and portal inflammation. Thus, portal

inflammation alone or with acinar inflammation was present in

a significantly larger number of controls compared with patients

(chi-square p<0.01). Hepatocyte injury in the form of hydropic

change, mild-to-moderate ballooning and focal necrosis was

seen singly or in different combinations in approximately half

the patients with NAFLD (53.1%) as well as controls (50%).

Mallory hyaline was present in 7 patients with NAFLD (21.9%)

but in none of the controls. Acinar fibrosis was present in about

one-third (34.4%) of patients with NAFLD; stage 1 in the

FIG 2. Irregular size of steatotic cells, some of which are
angulated and irregular in shape (asterix). Several hepatocytes
around the central vein (arrow) are spared. (H&E ×600)

FIG 3. Grade II steatosis affecting predominantly zone 2.The
steatotic cells are of variable sizes. Some normal hepatocytes
are seen in zone 3 around the central vein (C) and in zone 1
around the portal tract (P). (H&E ×300)

FIG 4. Grade III steatosis with prominent zone 2 involvement but
fair numbers of steatotic cells are seen in the paraportal area.
(H&E ×300)

28.1% cases and random in the remaining 6.2%. A proportion of

cases with different grades of steatosis had relatively excess fat in

acinar zone 2 (Table II). Only 2 of 12 controls (16.8%) had grade

III steatosis, the macrovesicular fat was of a more uniform size and

the distribution was random rather than zonal. In the 20 assorted

patients of secondary steatosis associated with heterogeneous

non-hepatic diseases, the size, shape, degree and zonal distribution

of fat were unlike those in patients with NAFLD and in many ways

similar to the controls with chronic hepatitis.

Acinar inflammation was generally focal and present in 16 of

32 (50%) patients with NAFLD, the majority (75%) with grade

1 inflammation (Table I). Constituent cells were largely mono-

nuclear, most being lymphocytes; in a few patients occasional

foci of neutrophils were also seen. Portal inflammation,

predominantly comprising lymphocytes, was present in half the

cases and was grade 1 in two-thirds (66.7%) of these. In contrast,
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increasing grade of steatosis the number of patients with additional

acinar lesions (inflammation, hepatocyte injury and fibrosis)

increased (Table IV). Similarly, acinar fibrosis also showed a

relationship with both acinar inflammation and hepatocyte injury

(Table V).

The serum ALT level was available in 26 of 32 patients with

NAFLD and in 19 of them the levels were raised. Even though

the numbers are small, acinar fibrosis was more often associated

with high ALT levels though morphological hepatocyte injury

was no different between the raised and normal ALT groups

(Table VI). More patients with raised serum ALT had grades II

and III steatosis (13 of 19) than those with normal serum ALT

(3 of 7).

majority and stages 3 and 4 in only 1 case each (Table I). A

quarter of controls showed fibrosis equally distributed among

stages 2, 3 and 4.

Analysis of combinations of various acinar lesions showed

that in patients with NAFLD only steatosis unaccompanied by

any other change was present in 9 (28.1%), a combination of

steatosis, inflammation, hepatocyte injury and fibrosis in 7 cases

(21.9%), and steatosis with inflammation alone in only 2 (Table

III). The various combinations of lesions in controls were not

different from those in patients with NAFLD. The relationship

between grade of steatosis and other acinar lesions, and of acinar

fibrosis with acinar inflammation and hepatocyte injury in

NAFLD are shown in Tables IV and V, respectively. With an

TABLE IV. Relationship of grade of steatosis with different acinar
lesions in patients with non-alcoholic fatty liver disease

Acinar lesion Grade of steatosis

I (n=10) II (n=11) III (n=11)

Only steatosis 4 (40.0) 4 (36.4) 1 (9.1)

Inflammation 3 (30.0) 5 (45.4) 8 (72.7) 

Hepatocyte injury 5 (50.0) 5 (45.4) 7 (63.6)

Fibrosis 2 (20.0) 2 (18.2) 7 (63.6)

Values in parentheses are percentages

TABLE VI. Relationship of serum alanine aminotransferase (ALT)
level with different acinar lesions

Lesion and severity Serum ALT

Raised (n=19) Normal (n=7)

Steatosis

Grade I 6 (31.6) 4 (57.1)

Grade II 6 (31.6) 2 (28.7)

Grade III 7 (36.8) 1 (14.3)

Acinar inflammation 10 (52.6) 3 (42.8)

Grade 1 7 (70.0) 2 (66.6)

Grade 2 1 (10.0) 1 (33.3)

Grade 3 2 (20.0) 0

Grade 4 0 0

Acinar fibrosis 5 (26.3) 1 (14.3)

Stage 1 3 (60.0) 1 (100)

Stage 2 0 0

Stage 3 1 0

Stage 4 1 (16.7) 0

Hepatocyte injury 20 (40.0) 5 (38.5)

Values in parentheses are percentages

TABLE I. Frequency of different types and magnitude of hepatic
lesions in non-alcoholic fatty liver disease (NAFLD) and controls

Lesion NAFLD (n=32) Controls (n=12)

Steatosis 32 (100) 12 (100)

Grade I 10 (31.2) 5 (41.6)

Grade II 11 (34.4) 5 (41.6)

Grade III 11 (34.4) 2 (16.8)

Acinar inflammation 16 (50.7) 7 (58.3)

Grade 1 11 (75.0) 4 (57.1)

Grade 2 2 (6.2) 3 (42.8)

Grade 3 3 (18.7) 0

Grade 4 0 0

Portal inflammation 12 (37.5) 11 (91.7)

Grade 1 8 (66.7) 2 (18.2)

Grade 2 4 (33.3) 3 (27.3)

Grade 3 0 3 (27.3)

Grade 4 0 3 (27.3)

Hepatocyte injury 17 (53.1) 6 (50.0)

Mallory hyaline 7 (21.9) 0

Acinar fibrosis 11 (34.4) 3 (25.0)

Stage 1 9 (81.8) 0

Stage 2 0 1 (33.3)

Stage 3 1 (9.1) 1 (33.3)

Stage 4 1 (9.1) 1 (33.3)

Values in parentheses are percentages

TABLE II. Predominant acinar location of steatosis in patients with
non-alcoholic fatty liver disease (NAFLD)

Grade of Predominant acinar location Total

steatosis Zone 2 Zone 3 Diffuse Random

I 3 (30.0) 4 (40.0) 2 (20.0) 1 (10.0) 10

II 8 (22.7) 2 (18.2) 1 (9.1) 0 11

III 5 (45.4) 1 (9.2) 5 (45.4) 0 11

Total 16 (50.0) 5 (15.6) 9 (28.1) 2 (6.2) 32 

Values in parentheses are percentages

TABLE III. Acinar lesions in patients with non-alcoholic fatty liver
disease (NAFLD) and controls

Acinar lesion NAFLD (n=32) Controls (n=12)

Only steatosis 9 (28.1) 3 (25.0)

Steatosis with inflammation only 2 (6.2) 3 (25.0)

Cell injury only 6 (18.7) 0

Fibrosis only 1 (3.1) 0

Inflammation and cell injury 4 (12.5) 2 (16.7)

Inflammation and fibrosis 3 (9.4) 0

Cell injury and fibrosis 0 2 (16.7)

Inflammation, cell injury and fibrosis 7 (21.9) 2 (16.7)

Values in parentheses are percentages

TABLE V. Relationship of acinar inflammation and hepatocyte
injury with acinar fibrosis in patients with non-alcoholic fatty
liver disease

Acinar lesion Stage of acinar fibrosis Total

0 1 2 3/4

Grade of inflammation

0 15 (93.7) 0 0 1 (6.3) 16 

1 4 (36.4) 7 (63.6) 0 0 11

2 1 1 0 0 2

3 or 4 1 1 0 1 3

Hepatocyte injury 

Present 10 (58.8) 6 (35.3) 0 1 (5.9) 17

Absent 11 (73.3) 3 (20.0) 0 1 (6.7) 15

Values in parentheses are percentages
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DISCUSSION

We screened the liver biopsies of 80 patients diagnosed to have

NAFLD and did a detailed histological analysis of the changes in

32 of those that were categorized as having definitive NAFLD.2,6

The controls comprised non-alcoholic patients with chronic HCV

or HBV infection and those with other causes of fatty liver. We did

not include liver biopsies of patients with alcoholic liver disease

since hepatic alterations in these and NAFLD overlap to a

considerable extent and are frequently indistinguishable.25–27 In

fact, the only way to eliminate alcoholic liver disease is by

carefully excluding alcohol use.27

We focused our analysis on the histological changes in liver

biopsies of patients with NAFLD. While steatosis of the

hepatocytes is the most common and dominant feature of this

disorder, as our patients were unselected for other parameters,

these were likely to range from simple fatty liver to advanced

steatohepatitis and chronic liver disease.6,10 In fact, 20% of our

patients had steatosis alone without any other acinar lesion. This

finding is almost identical to that of a recent study from the USA

on 101 patients with NAFLD21 and a report from Malaysia.19

With progressively larger amounts of fat accumulation, the

number of our cases with steatosis alone decreased significantly

(Table IV). Thus, an increase in the proportion of steatotic

hepatocytes is associated with acinar changes such as

inflammation, hepatocyte injury, fibrosis or combinations of

these. Steatosis affected the hepatocytes in Rappaport acinar

zones 2 and 3 (midlobular and centrilobular zones) in almost all

cases, predominantly in these zones in 50% and 15.6% cases,

respectively, and including these zones in 28.1% cases in whom

steatosis was relatively more diffuse. In several patients, zone 2

had more steatotic cells than zone 3 and in some the steatosis was

more or less limited to zone 2 with a rim of zone 3 and zone 1

cells having far less or no fat (Figs 2 and 3). Thus, while all

reports on NAFLD, including a recent one on a large series based

on a multiobserver study with a standardized scoring protocol,9

stress preferential localization of steatosis in zone 3 (perivenular

area), our findings indicate that zone 2 tends to be affected more

and may in fact be the area to be involved earliest by steatosis.

The enzymatic and other functional variations in and gradients

among the hepatocytes of different acinar zones are well

recognized.28 NAFLD is currently considered to be causally

associated with the metabolic syndrome,2,3,11 which has several

biochemical and metabolic abnormalities. It is possible therefore

that because of their specific enzymatic and other constitutional

contents or abnormalities in levels of these, the hepatocytes of

zones 2 and 3 are more prone to be affected by fat accumulation

in NAFLD. Preferential zone 2 and 3 involvement also adds

another dimension to the study of NAFLD. It is well known that

fatty change of the liver is one of the commonest pathological

changes seen in humans, and occurs in both primary hepatopathies

and non-hepatic diseases.29 The diagnosis of NAFLD is therefore

difficult even on morphological evaluation of liver biopsy,

which is considered a necessary requirement for confirmation of

the diagnosis.1–4,9,20 Our findings suggest that if the biopsy shows

a preferential zone 2 or zone 2 and 3 steatosis, NAFLD is a far

greater diagnostic possibility than other hepatopathies. Fatty

change in alcoholic liver disease is preferentially in zone 3,25 and

chronic HCV or HBV infection-associated fatty livers, including

the controls in our study, never show this zonal pattern. This

zonal pattern of localization, when present,13 may even serve as

a better distinguishing factor than relatively minimal portal

fibrosis in differentiating NAFLD from chronic HCV hepatitis30

or in establishing the coexistence of the two diseases as has been

recently reported.3,31,32

The morphology of steatotic hepatocytes in NAFLD also

revealed some interesting features. The fat vacuoles were of

irregular sizes, some were very large and angular. This was not

seen either in controls with chronic HCV/HBV infection or in

those with fatty liver. These features can be attributable to

different cohorts of hepatocytes being affected in batches at

different times and the fat accumulation within individual liver

cells continuing for prolonged periods.

Because of variable combinations of steatosis, inflammation,

hepatocyte injury and fibrosis, chronic HCV and HBV hepatitis

and alcoholic liver disease are important differential diagnoses in

the histological diagnosis of NAFLD. In our study there was no

instance of only acinar inflammation among patients of chronic

HCV/HBV infection, while this was present in more than one-

third (34.4%) of NAFLD cases. Also, portal inflammation was

50% more common in controls than in those with NAFLD, while

grade 4 portal inflammation was seen in more than a quarter

of controls as against none with NAFLD (Table I). Portal

inflammation alone or accompanied by acinar inflammation was

significantly more common in controls than in patients with

NAFLD (p<0.01). High grade (grades 3 and 4) acinar inflammation

was not seen in controls (Table I). Steatosis was of low or medium

grade in more than 80% of controls (Table I). Thus, a combination

of low or medium grade of randomly distributed fat, low grade

lobular inflammation and high grade portal inflammation would

be strongly suggestive of a chronic HCV or HBV infection rather

than NAFLD. In none of our cases was there significant neutrophilic

infiltration or stellate acinar fibrosis, which are commonly seen in

alcoholic injury.26,33 A large segment of the currently widened

field of NAFLD is constituted by NASH, the hepatic histopathology

of which has been broadly documented in several reports.1–4,9,21–23

In the original report on NASH, Ludwig et al. described

macrovesicular steatosis, acinar inflammation and hepatocyte

injury indistinguishable from steatohepatitis in alcoholic persons.1

These three features have now been accepted as the minimum

criteria for giving a histological label of steatohepatitis, while

fibrosis and Mallory hyaline, when present, may serve as indicators

of severity of the disease and possibly prognosis. In our series,

these three criteria together with or without additional features

were present in 11 of 32 patients (34.4%; Table III). On the other

hand, a minimum combination of steatosis and inflammation,

which justifies the name steatohepatitis, was present in a much

larger number (16; 50%). Thus, steatohepatitis defined in the

latter manner seemed to be present in half of our patients with

NAFLD. Even the 7 other patients who showed cell injury or

fibrosis only may have had inflammation in some other part of the

liver, since small, randomly distributed foci of inflammation may

have been missed due to sampling of a tiny segment of the liver as

has been shown recently.34 It is interesting that the recent report by

the non-alcoholic steatohepatitis clinical research network on a

validated scoring system shows that a little less than half of 576

adults with NAFLD were categorized as definite steatohepatitis.9

It is worth noting that Harrison et al. have reported steatosis alone

progressing to NASH without fibrosis.35 We believe that before

larger, well controlled, long term follow up studies contribute to

a proper understanding of the natural history or long term prognosis

of NASH and NAFLD, a combination of acinar inflammation and

steatosis should constitute the minimum histological criteria to

label a case as NASH.

In a recent report on liver biopsies of 40 patients with NAFLD,



287

7 patients not included as NASH in fact had mild (grade 1) lobular

inflammation.15 It has been suggested that the presence of

pericellular and perivenular fibrosis would point towards advanced

disease and the potential for progression.2–4,36–38 Fibrosis in the

acinar parenchyma was seen in half of our patients, three-fourths

of whom had only grade 1 fibrosis. Advanced fibrosis was seen in

only 3. Thus, the majority (27 of 32) had either no fibrosis or mild,

grade 1 fibrosis (Table I). A similar frequency has also been

reported in another study from this region on first-encounter

biopsy in 43 patients with NAFLD.14 Another study from the same

area on 40 patients with NAFLD reported fibrosis in 67.5%, with

22.5% having advanced fibrosis in stages 3 and 4.20

The relationship between different lesions in the acinar

parenchyma showed interesting features. Forty per cent of patients

with low grade steatosis had no other associated lesion and with

an increase in the magnitude of steatosis, acinar inflammation

progressively increased (Table IV). Increase in the grade of

inflammation was in turn accompanied by a significant increase in

the stage of fibrosis (Table V). Likewise, the frequency of

hepatocyte injury manifesting as isolated or combined lesions of

hydropic change and ballooning, focal necrosis and Mallory

hyaline seem to be directly related to inflammation and fibrosis.

It is therefore reasonable to assume that persistence and progression

of steatosis, which is the initial and basic abnormality in NAFLD

due possibly to metabolic stress, leads to increased parenchymal

inflammation and hepatocyte injury. These induce and maintain

fibrogenesis through the action of cytokines and cause progressive

disease. The central role of continuing abnormal fat metabolism

in the progression of NAFLD has been documented in some recent

reports, in one of which improvement in liver histopathology was

associated with weight loss in obese patients39 and in another,

progression of liver fibrosis on follow up biopsy was significantly

associated only with obesity and body mass index.40 It appears that

progressive steatosis referred to as the ‘first hit’10 possibly caused

by metabolic stress prepares the ground for subsequent

inflammation, hepatocyte injury and fibrosis—the ‘second hit’.

That the levels of serum transaminases fail to indicate the state of

hepatic damage or stage of fibrosis as reported by others6,8,16could

not be confirmed in our study because of the relatively small

numbers.
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