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Introduction

N onalcoholic steatohepatitis (NASH) is currently the most 
common chronic liver disease in the United States and 
many other countries, including Iran.1, 2 NASH may prog-

ress to chronic end stage liver disease and it is anticipated that this 
disease would become the most common etiology for liver-related 
mortality in the near future.3

Although NASH was rst described clinically by Ludwig et al. in 
1980,4 its diagnosis and staging are still mainly histological. Many 
studies on the natural history of NASH5 and numerous clinical tri-
als6, 7 rely on liver histology to prove their exactness. Noninvasive 
diagnostic tests such as imaging techniques8 or serum and genetic 
markers9 are not sensitive and speci c enough to detect and stage 
NASH.10 Thus, liver biopsy is not only critical in de ning the di-
agnosis and prognosis of NASH, but also remains pivotal in the 
evaluation of therapeutic measures.

Despite the elaborate systems devised for grading and staging 
of liver biopsies,11-13 there is still no precise histological de nition 
for nonalcoholic fatty liver disease (NAFLD) or NASH.5 Errors 

in the assessment of liver histology might originate from interob-
server variability, small size of biopsy samples,14, 15and the fact that 
NASH does not uniformly affect the liver mass. In one study, biop-
sies from both lobes of the liver obtained during bariatric surgery 
revealed a 50% disagreement of brosis stage.16 Sampling error in 
paired samples and interobserver discordance has been reported in 
several other studies, both for NAFLD and other liver diseases.15, 

17-23

In studies evaluating paired biopsy samples, such as studies on 
treatment6, 24, 25 or natural history,26, 27 the uncertainty in evaluating 
liver histology is a serious problem that potentially undermines the 
validity of the results. 

In order to clarify the degree of sampling error in NAFLD sub-
jects, we have compared histological features in large samples tak-
en from different parts of the same post-mortem liver in a relatively 
large number of subjects with NAFLD. 

Materials and Methods

We analyzed samples collected during a forensic autopsy series 
performed on 945 subjects in Tehran.28 Autopsy was performed 
within 24 hours of death unless the death occurred on an of cial 
holiday, where in the autopsy was performed in 48 hours. Samples 
with autolysis were excluded.

Family members of subjects were contacted and information on 
alcohol intake and possible known liver disease was sought. Sub-
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jects with known liver disease and those with a history of alcohol 
intake greater than 40 grams per week were excluded.

In the original study, 49 liver samples were unusable due to au-
tolysis and 283 (31.6%) had steatosis. From this number, only 146 
livers were available for our study.

Large liver specimens, 2×2×2 cm each, were taken from 3 dif-
ferent parts of each liver; including left, right and caudate lobes, 
avoiding the capsule by at least 1 cm. Specimens were xed in 
10% neutral buffered formalin and processed, sectioned, and 
stained with hematoxylin and eosin following standard proce-
dures. A subject was considered as having NAFLD and included 
in our study only if macrovesicular steatosis affected at least 5% 
of the hepatocytes in any of the 3 specimens. Further staining with 
Masson’s trichrome, and Sweet’s reticulin was performed on spec-
imens from subjects with NAFLD.

Histological sections were examined by a single pathologist who 
was unaware of which samples belonged to the same liver. Four 
major histological features of steatohepatitis were recorded: ste-
atosis, hepatocyte ballooning, lobular in ammation, and portal 
in ammation. Each feature was scored from 0 to 3 following the 
criteria adopted from Brunt et al. and according to the modi cation 
introduced by Merat et al.11, 12 A NASH activity index (NAI) was 
calculated by summing the scores for these features, which yielded 
a number between 0 and 12 as described previously.11 Fibrosis was 
separately scored from 0 to 4 according to Brunt et al.12 The scor-
ing of histological features is detailed in Table 1. We also calculat-
ed the NAFLD activity score (NAS) as proposed by Kleiner et al.13

Statistical methods
In order to evaluate agreement between the 3 samples from each 

liver, multi-rater kappa was used for each histological variable; 

intra-class correlation (ICC) coef cient was calculated for NAI, 
NAS, and brosis. Values of 1 indicated perfect agreement; greater 
than 0.8 were considered as excellent; between 0.6 and 0.8 good; 
between 0.4 and 0.6 moderate; between 0.2 and 0.4 fair; and lower 
than 0.2 indicated slight agreement.   Statistical analyses were per-
formed using SPSS 18.0 (SPSS Inc., Chicago, IL) and STATA 10.1 
(Stata Corp, College Station, TX).

Results

  There were 146 livers with NAFLD suitable for histologic evalu-
ation. Subjects included 128 males and 18 females. Mean age 
was 47 years (range: 11 – 94 years). According to data provided 
by family members, 46 subjects were smokers and 26 were drug 
abusers (mainly inhalational opium). None were alcohol abusers. 
The causes of death were myocardial infarction in 49, trauma and 
accidents in 36, and opium overdose in 14. Other causes of death 
included cerebrovascular accidents, infection, and homicide. None 
of the subjects had known liver disease.

Samples were scored as described in Methods and results com-
pared. We calculated the multi-rater kappa for each of the histo-
logic variables (Table 2). The results indicated that brosis, lobular 
in ammation, and portal in ammation were somewhat uniformly 
distributed in the damaged liver whereas steatosis and, particularly, 
hepatocyte ballooning was not.

The ICC for NAI from the 2-way random model was 0.86 (95% 
CI = 0.82 – 0.89, P < 0.0001) and for brosis was 0.87 (95% CI = 
0.83 – 0.90, P < 0.0001), both indicating good agreement.

Agreement was generally better for higher scores indicating that 
more severe damage is more uniformly distributed, e.g. severe ste-
atosis was more uniform than mild steatosis (Table 2). The promi-

Variable Score Description

Steatosis

0 None

1 Up to 33% of acini, mainly macrovesicular

2 34%–66% of acini, commonly mixed steatosis

3 Over 66% of acini (panacinar), commonly mixed steatosis

Hepatocyte ballooning

0 None 

1 Occasional in zone III

2 Obvious in zone III

3 Marked, predominantly in zone III

Lobular in ammation

0 None

1 Scattered neutrophils, occasional mononuclear cells, 1 or 2 foci per 20x objective.

2 Neutrophils associated with ballooned hepatocytes, mild chronic in ammation, 3 or 4 foci per 20x objective

3 Acute and chronic in ammation, neutrophils may concentrate in zone III, over 4 foci per 20x objective

Portal in ammation

0 None 

1 Mild, some portal areas

2 Mild to moderate, most portal areas

3 Moderate to severe, most portal areas

Stage

0 No brosis

1 Zone III perivenular, perisinusoidal (pericellular) brosis

2 Stage 1 changes + periportal brosis

3 Bridging brosis

4 Cirrhosis

* From Merat et al. 

Table 1. Scoring ofhistology ndings in NAFLD.*
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nent exception was hepatocyte ballooning where the best agree-
ment was observed for score 0 (absence of ballooning).

As hepatocyte ballooning had the worst agreement, we calculat-
ed the ICC for the sum of portal in ammation, lobular in amma-
tion, and steatosis, excluding hepatocyte ballooning. The resulting 
ICC was0.87 (95% CI = 0.84 – 0.90, P < 0.0001), not signi cantly 
better than NAI.

Despite the poor agreement for hepatocyte ballooning, this fea-
ture is an important characteristic of liver damage in NASH. As 
seen in Table 2, the absence of hepatocyte ballooning (score 0) was 
fairly uniformly distributed, thus we recoded this variable as 0 for 
absence and 2 for any degree of hepatocyte ballooning.  The multi-
rater kappa for the recoded variable was 0.68 and when substituted 
into NAI the resultant ICC was 0.84 (95% CI = 0.80 – 0.88, P < 
0.0001).

Staging hepatocyte ballooning from 0 to 2 as proposed by Klein-
er et al.13 ( instead of 0 to 3 as used in NAI) did not change the 
multi-rater kappa for this variable which remained at 0.57. The 
ICC for NAS was 0.83 (95% CI = 0.79 – 0.87, P < 0.0001), not 
signi cantly worse than NAI. NAS was originally developed to 
make the diagnosis of “NASH” vs. “not NASH” based on histo-
logic scoring.13 Using this criteria, the diagnosis of NASH (NAS 
> 4) had good agreement when various sections of the same liver 
were evaluated (multi-rater kappa = 0.74).

Discussion

Liver biopsy is an invasive procedure that carries a small risk 
of complications not considered acceptable by many patients and 
physicians. It is also subject to errors in interpretation, and more 
importantly, sampling. Sampling error in liver disease is well rec-
ognized and may lead to a misdiagnosis of cirrhosis in up to 30% 
of subjects.29

As seen in Table 2, the worst agreement was noted for hepatocyte 
ballooning. Interestingly, during the validation of NAI, the worst 
inter- and intra-observer agreements also belonged to this histo-
logic feature.11 This might indicate that the poor agreement we ob-
served for hepatocyte ballooning in different samples of the same 
liver might be due to rater variability rather than true non-uniform 
involvement of the liver. In either case, hepatocyte ballooning, al-
though an important diagnostic criterion for NASH, might not be a 
suitable variable for scoring liver histology. 

It would be expected that excluding hepatocyte ballooning from 
the total score of NAI should result in a much better agreement. 
However as previously mentioned in the results, we did not ob-
serve any improvement in ICC. The number of zero scores (no 
hepatocyte ballooning) in our data was high (78% vs. 21% for 
other variables) and the absence of ballooning (score 0) had the 
best kappa score among various severities of hepatocyte balloon-
ing (Table 2). Thus by excluding this variable we also lost the good 
agreement observed in “no hepatocyte ballooning”; this probably 

explains why we did not observe a better ICC by excluding he-
patocyte ballooning from NAI. The large number of zero scores 
in hepatocyte ballooning probably also explains why we did not 
observe better ICC when recoding this variable from 4 levels (0 to 
4) to 2 levels (0 and 2).

We observed that despite the variability of the individual histo-
logic features, there was a better agreement in NAI between differ-
ent samples from the same liver. Apparently the variability in indi-
vidual features was diluted in the summary score that has de ned 
NAI. Thus, NAI might be a more suitable indicator of general liver 
damage than each of the individual features.

It should be noted that we have analyzed large tissue samples (> 
2×2×2cm). In clinical settings such tissue size will not be avail-
able. Therefore in real-life the agreement could be even less. This 
might explain the inconsistencies seen in studies that depend on 
paired liver biopsies to de ne disease progression. 

Other researchers have also studied sampling variation in NASH. 
Arun et al. have described a series of 31 obese patients in each of 
which 2 biopsies were taken from the left liver lobe. They observed 
that portal brosis had the greatest sampling discordance followed 
by ballooning degeneration.22  Larson et al., who have studied 
biopsies from the right and left liver lobes of 41 morbidly obese 
patients reported the greatest degree of sampling error in lobular 
in ammation followed by ballooning necrosis.23 Both studies con-
cluded that the agreement between various features was good. It 
should be noted that they only included morbidly obese patients 
which generally have more advanced liver lesions.  Our data have 
also con rmed that advanced lesions are more uniformly distrib-
uted throughout the liver (Table 2). Most studies used core needle 
biopsies which yielded much smaller samples than our study and 
have smaller numbers of subjects. Those studies only compared 
2 sections of each liver, not 3, as we did. The large sample sizes 
used in our study allowed us to conclude that the variations we 
observed were real and not a side effect of small sample sizes of 
needle biopsies.

We did not have detailed clinical data on our subjects. But as 
those with known liver disease have been excluded, it is relatively 
safe to assume that the prevalence of various liver diseases among 
our subjects is comparable to the general population. Recent stud-
ies on the prevalence of liver disease in the general population of 
Iran indicate a seroprevalence of 2.6% for hepatitis B followed by 
0.5% for hepatitis C.30, 31 The prevalence of other liver diseases is 
much lower. Thus it is logical to assume that over 95% of our sub-
jects had pure NAFLD or NASH. Alcohol abuse might have been 
underreported by family members. But considering the low rate 
of alcohol abuse in a Muslim community, we feel con dent that 
a very small minority of our subjects, if any, had true alcoholic 
steatohepatitis. Furthermore, the 4 major histological criteria used 
for determination of the severity of the necroin ammatory process 
in NAFLD have diagnostic value irrespective of the cause or back-
ground circumstances which led to fat deposition and subsequent 

Score 0 Score 1 Score 2 Score 3 Overall

Steatosis NA 0.66 0.52 0.81 0.64

Hepatocyte ballooning 0.68 0.44 0.58 0.50 0.57

Lobular in ammation 0.50 0.83 0.83 0.90 0.83

Portal in ammation 0.68 0.84 0.80 0.89 0.83

*NA: Not applicable.

Table 2. Multi-rater kappa for correlation of various histology features between 3 samples taken from the same liver.*

Sampling error in NASH 
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changes in the liver.
The results of our study will add to previous evidence emphasiz-

ing the limitation of liver biopsy in diagnosis and monitoring of 
NASH. This should urge hepatologists to seek a better alternative 
that should ideally be a noninvasive indicator of general histologic 
damage. 

Unfortunately, all currently available alternatives fail to reliably 
identify the early disease stage which is more common. For this 
reason, in the absence of better alternatives to identify early dis-
ease and despite the numerous drawbacks of liver biopsy, histo-
logic evaluation is still the best option.32 There might be ways to 
improve the usefulness of histologic evaluation. One might think 
of seeking histological features or scoring systems which are more 
consistent across the liver.
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