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Abstract
Background  In patients with non-alcoholic fatty liver disease (NAFLD), all-cause mortality increases with fibrosis stage. 
Liver biopsy (LB), performed predominantly in the right lobe, assesses fibrosis, however, right lobe LB may not be sufficient 
due to histological variation in different lobes. Endoscopic ultrasound (EUS) allows for biopsy of right and left liver lobes 
in the same setting.
Methods  This retrospective study assessed for histologic variability amongst left and right liver lobe (L:R) specimens 
obtained via EUS at a tertiary care center. Between January 2012 and December 2015, 38 NAFLD patients underwent LB, 
in whom both lobes were sampled.
Results  L:R agreement was near-perfect for steatosis (κ = 0.816, 95% CI 0.674, 0.958), good for ballooning (κ = 0.740, 95% 
CI 0.565, 0.916) and moderate for lobular inflammation (κ = 0.401 95% CI 0.110, 0.692) and fibrosis (κ = 0.473, 95% CI 
0.275, 0.672). Intra-observer variability assessed by blinded repeat slide readings was almost perfect for fibrosis and steatosis 
(κ = 1, 95% CI 1, 1 and κ = 0.939, 95% CI 0.881, 0.997 respectively) and substantial for lobular inflammation (κ = 0.725, 
95% CI 0.584, 0.866). Only right lobe assessment underestimated fibrosis in 21%, inflammation in 13%, and steatosis and 
ballooning in 8% cases.
Conclusions  These data indicate that in NAFLD, due to regional variation, EUS-guided bi-lobar LB improves assessment 
of disease activity and fibrosis.

Keywords  Fatty liver · Endoscopic ultrasound · Liver biopsy · Histology · NAS score

Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of the 
most common forms of chronic liver disease in the western 
world. The spectrum of NAFLD includes steatosis alone, 
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nonalcoholic steatohepatitis (NASH) and cirrhosis. The 
overall prevalence of NAFLD in United States in the gen-
eral population is 10–46% and that of NASH is approxi-
mately 3–5% [1-3]. The diagnosis of NAFLD is suggested 
by the combination of a bright (hyperechoic) liver appear-
ance on abdominal ultrasound, absence of heavy alcohol 
use, elevated serum aminotransferase levels and no other 
concomitant liver disease. The identification and assessment 
of its more severe form, NASH, may still require a liver 
biopsy [4].

There are several modalities available for obtaining liver 
tissue. The percutaneous route involves passing a biopsy 
needle either blindly (by percussion of liver span) or under 
image guidance via transabdominal ultrasound or CT scan 
[5]. A transjugular approach may be favored if the patient 
has coagulopathy, more than a trace of ascites, or if con-
comitant portal pressure measurements are required [6]. A 
laparoscopic approach has also been described, and is par-
ticularly valuable if done as part of a laparoscopic bariatric 
surgery [7]. Recently, it has been shown that endoscopic 
ultrasound-guided liver biopsy (EUS–LB) is safe, with tissue 
yields either equal or superior than percutaneous or tran-
sjugular routes [8, 9].

Several studies suggested that sampling variability may 
be a concern in the histological evaluation of various liver 
diseases [10-18]. Regarding NASH, regional variation in 
histological findings has been noted in some studies [19-22]. 
In clinical practice, most techniques to obtain liver tissue are 
via biopsy of the right lobe. Almost all ultrasound- or CT-
guided liver biopsies are performed on the right lobe. Vast 
majority of liver biopsies obtained via transjugular route 
also sample the right lobe. Recent studies have indicated that 
in NAFLD, histological assessment of disease activity can 
predict prognosis. For example, two studies have shown that 
increase in fibrosis stage is associated with increase in all-
cause and liver disease-related mortality [23, 24]. Therefore, 
accurate assessment of the disease activity, especially fibro-
sis, is key in assessing prognosis. In this regard, biopsies of 
more than one lobe of the liver are likely to enhance assess-
ment of disease activity. EUS–LB can provide an oppor-
tunity to sample both right and left lobes of liver easily. 
Therefore, to determine the histological variation in disease 
activity in NASH patients, we compared left and right liver 
samples obtained via EUS–LB for steatosis, lobular inflam-
mation, hepatocellular ballooning and fibrosis using NAS 
scoring criteria.

Methods

This retrospective study was approved by the Institu-
tional Review Board. Between January 2012 and Decem-
ber 2015, 268 EUS–LBs were performed at our center, of 

which 43 patients were suspected to have NAFLD. Prior 
to biopsy, these patients were evaluated to exclude other 
etiologies including alcohol, viral hepatitis, iron overload, 
autoimmune, Wilson’s disease and alpha-1 antitrypsin defi-
ciency. Five patients were excluded from this analysis as 
these patients either did not have both left and right hepatic 
lobe sampling performed or had NAFLD activity score 
(NAS) < 3. This resulted in 38 patients for analysis.

EUS examination was performed in the left lateral decu-
bitus position with a linear echoendoscope (GF-UC140P or 
GF-UCT180, Olympus America, Center Valley, Pennsylva-
nia). Each patient underwent EUS–LB of both left and right 
lobes of liver with a 19-gauge EUS fine needle aspiration 
needle (19 g Expect, or 19 g Expect Flexible, Boston Scien-
tific, Marlborough, MA). The left lobe was defined as that 
part of the liver seen by EUS from the upper stomach. The 
right lobe was defined as that part of the liver that is seen 
by EUS through the duodenal bulb. Liver cores obtained 
with EUS–LB were placed into formalin and transported 
to the surgical pathology laboratory for processing. Each 
biopsy was processed in the standard fashion and included a 
hematoxylin–eosin (H&E) stain, reticulin stain and Masson 
trichrome stain. Special stains, such as iron, rhodanine, and 
others, were ordered as needed.

The glass slides from the identified cases were pulled and 
“blinded” by affixing a piece of opaque tape over identifying 
information. The slides were then numbered in a random 
fashion. A single experienced gastrointestinal pathologist 
examined the liver biopsy slides twice, 4 weeks apart, in a 
blinded fashion. Assessment for steatosis, lobular inflamma-
tion, hepatocellular ballooning and fibrosis were made for 
each biopsy specimen. NAFLD activity score (NAS) was 
calculated by assigning points for each of these histologic 
features in a standard approach [22]. The slides were also 
quantitated for specimen length and number of complete 
portal triads.

38 patients had NAFLD activity scores (NAS) greater 
than or equal to 3 and readings from both the right and left 
lobes. For ten patients, the pathologist read more than one 
slide from a patient’s left side or more than one slide from a 
patient’s right slide. In these cases, a simple random sample 
of the slides was taken so that one slide from the right and 
one slide from the left was used for analysis.

Statistical analysis

Thirty-eight patients with a NAFLD activity score (NAS) 
greater than or equal to 3 were included in the analysis (a 
NAS score of 0–2 is not diagnostic of NASH, 3–4 is inde-
terminate and ≥ 5 is diagnostic of NASH). The agreement 
between left and right lobe individual NAS components 
was measured using Cohen’s simple kappa coefficient 
and Cohen’s weighted kappa coefficient, where kappa (κ) 
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of one indicates perfect agreement. κ = 0.81–1.00, almost 
perfect; κ = 0.61–0.80, substantial; κ = 0.41–0.60, moder-
ate; κ = 0.21–0.40, fair; and κ = 0.00–0.20 indicates slight 
agreement [25].

Results

Demographic data for the 38 patients is provided in Table 1. 
The mean patient age was 50 years, 23 patients (60.5%) were 
female. Mean BMI was 34.6. Regarding risk factors for 
NASH, 20 patients (52.6%) were hypertensive, 12 patients 
(31.6%) were diabetic and 22 patients (57.9%) had hyperlipi-
demia. The median ALT was 74 U/L normal range (10–50), 
median AST was 65 U/L normal range (10–50). Total length 
of biopsy specimens was 12–133 mm mean (30.1 mm for 
left and 23.2 mm for right); complete portal triad counts 
were 5–68 mean (12.7) for left and 6–29 mean (8.7) for the 
right. All specimens had adequate sample for histological 
diagnosis and assessment of fibrosis. See Fig. 1.

Agreement between right and left lobes was substantial 
for steatosis weighted (κ = 0.816, 95% CI 0.674, 0.958) 
and ballooning weighted (κ = 0.740, 95% CI 0.565, 0.916), 
moderate for lobular inflammation weighted (κ = 0.401, 
95% CI 0.110, 0.692) and fibrosis weighted (κ = 0.473, 95% 
CI 0.275, 0.672). The agreement between left and right 
NAS scores was also moderate weighted (κ = 0.606, 95% 
CI 0.394, 0.818). Both simple and weighted κ values are 
shown in Table 2.

Intra-observer agreement for two readings of the same 
slides 4  weeks apart was strong for steatosis weighted 
(κ = 0.939, 95% CI 0.881, 0.997), lobular inflammation 
weighted (κ = 0.725, 95% CI 0.584, 0.866) and fibrosis 
weighted (κ = 1.000, 95% CI 1.000, 1.000) but not for bal-
looning weighted (κ = 0.609, 95% CI 0.451, 0.768). The 
agreement between first and second readings of NAS scores 
was also moderate weighted (κ = 0.695, 95% CI 0.563, 
0.828). Both simple and weighted κ values are shown in 
Table 3.

Tables 4, 5 indicate that the probability of agreement 
between both lobes for steatosis was 84%, for inflamma-
tion 74%, ballooning 82%, and NAS score 74%. Fibrosis 
had a 63% probability of agreement. However, examination 
of left liver biopsy specimen enhanced the steatosis score 
in three cases, inflammation score in five cases, ballooning 
in three cases and overall NAS score in four cases. Very 
importantly, examination of left liver specimen enhanced 
the fibrosis stage in eight cases.

Discussion

Our data indicate that in patients with NAFLD, (a) bi-lobar 
liver biopsies enhance the assessment of disease activity, 
especially fibrosis—the key indicator of prognosis, (b) there 
is significant variation amongst the two lobes for assess-
ment of inflammation and fibrosis, which underscores the 
importance of sampling both lobes for histological assess-
ment instead of just the right lobe, and (c) EUS guidance 
provides means to sample both liver lobes at the same setting 
and thus can be readily applied in clinical practice.

Although NASH is suspected based on fatty liver on 
imaging and elevated aminotransferases in the absence of 
significant alcohol use or other chronic liver disease, for 
diagnosis, liver biopsy remains the gold standard. Analysis 
of liver biopsies in various chronic liver disease states has 
shown that regional variation in disease severity is a concern 
in interpreting results. For example, Skripenova et al. [17] 
and Siddique et al. [18] showed that histological variation in 
grading and staging exists in chronic hepatitis C. Similarly, 
a case report showed variability in disease distribution in 
Wilson’s disease with more copper accumulation in the right 
than the left lobe of liver [26]. Another study highlighted the 

Table 1   Demographic and Lab Data

BMI body mass index, HbA1C hemoglobin A1C,  LT alanine ami-
notransferase, AST aspartate aminotransferase, HDL high density 
lipoprotein, LDL low density lipoprotein

Characteristic Values

Age, mean (SD) 50.0 (11.3)
Sex, n (%)
Female 23 (60.5%)
Male 15 (39.5%)
Race, n (%) White 38 (100.0%)
Ethnicity, n (%)
 Hispanic/Latino 2 (5.3%)
 Not Hispanic/Latino 36 (94.7%)

BMI,* mean (SD) 34.6 (7.5)
Comorbidities, n (%)
 Hypertension 20 (52.6%)
 Diabetes Mellitus 12 (31.6%)
 Hyperlipidemia 22 (57.9%)

Laboratory parameters
 HbA1C,* mean (SD) 6.4 (1.3)
 ALT,* median (IQR) 74 (52, 119)
 AST,* median (IQR) 65 (45, 105)
 Cholesterol, mean (SD) 206.9 (51.5)
 Direct Bilirubin, median (IQR) 0.2 (0.1, 0.2)
 Glucose, median (IQR) 109 (97, 166)
 HDL,* mean (SD) 47.3 (16.6)
 LDL,* mean (SD) 119.7 (48.8)
 Total bilirubin, median (IQR) 0.5 (0.3, 0.7)
 Triglycerides, mean (SD) 47.3 (16.6)
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importance of variable distribution of disease in terms of 
grading and staging in primary sclerosing cholangitis [16].

Similarly, in different lobes of liver, NASH appears to 
have variable disease activity. Ratziu, et al showed that 
agreement between two percutaneously obtained samples 
from disparate areas of the right lobe of liver was good 

for steatosis, ballooning and fibrosis but less so for lobular 
inflammation [19]; Another study comparing left and right 
liver biopsy specimens obtained during surgeries showed 
similar findings [21]. However, Merriman et al showed that 
agreement between left and right lobes of liver tissue speci-
mens obtained intra-operatively were similar for steatosis 

Fig. 1   Photomicrograph of liver sections from EUS–LB are shown. a 
Low-powered (4X) view indicates multiple trichrome-stained (blue) 
biopsy samples. b 20X view of H&E-stained section indicates severe 

hepatic steatosis. c A 200X view of H&E-stained section is shown. d 
20X view shows a trichrome-stained section. e A 100X view of sec-
tion shown in panel D illustrates hepatic fibrosis (blue)

Table 2   Right/Left Agreement of Kappa coefficients and their 95% 
confidence intervals

Right/Left Agreement n Kappa 95% Confidence 
Interval for 
Kappa

Steatosis
 Simple kappa 38 0.763 0.586 0.939
 Weighted kappa 38 0.816 0.674 0.958

Lobular Inflammation
 Simple kappa 38 0.381 0.076 0.687
 Weighted Kappa 38 0.401 0.110 0.692

Ballooning
 Simple kappa 38 0.696 0.495 0.898
 Weighted Kappa 38 0.740 0.565 0.916

Fibrosis
 Simple kappa 38 0.410 0.189 0.632
 Weighted Kappa 38 0.473 0.275 0.672

NAS Score
 Simple kappa 38 0.549 0.315 0.783
 Weighted Kappa 38 0.606 0.394 0.818

Table 3   Intraobserver agreement between two readings (Kappa coef-
ficients and their 95% confidence intervals)

Reading 1/Reading 2 
Agreement

n Kappa 95% Confidence 
Interval for kappa

Steatosis
 Simple kappa 76 0.921 0.846 0.996
 Weighted kappa 76 0.939 0.881 0.997

Lobular Inflammation
 Simple kappa 76 0.700 0.539 0.861
 Weighted kappa 76 0.725 0.584 0.866

Ballooning
 Simple kappa 76 0.586 0.426 0.746
 Weighted kappa 76 0.609 0.451 0.768

Fibrosis
 Simple kappa 76 1.000 1.000 1.000
 Weighted kappa 76 1.000 1.000 1.000

NAS Score
 Simple kappa 76 0.653 0.502 0.804
 Weighted kappa 76 0.695 0.563 0.828
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and fibrosis but not for ballooning and lobular inflammation 
[20].

Our results indicate that distribution of steatosis and 
ballooning was similar between left and right lobes, but 
there was variability for lobular inflammation and fibrosis. 
Reading of biopsies, separated by 1 month, was performed 
to assess whether these differences were attributable to 
intra-observer variability. Our results indicate (Table 3) 
that there was good agreement for most histological fea-
tures except for ballooning, for which agreement was mod-
erate. The observed differences in lobular inflammation 
and fibrosis between left and right lobes may have signifi-
cant clinical implications. Accurate assessment of these 

parameters in various regions of liver are critical to assess 
the effects of newer therapies being developed that target 
hepatic inflammation and fibrosis.

Therefore, we argue that to accurately assess the dis-
ease activity, different regions of the liver may be biopsied. 
EUS-guided sampling of both lobes of the liver is readily 
accomplished with EUS–LB, compared to more invasive 
approaches of bilateral percutaneous or surgical biopsy. The 
efficacy and safety of EUS–LB has been well documented. 
In a seminal study, 22 patients underwent left lobe-EUS–LB 
using a 19-gauge FNA needle. The median specimen length 
was 36.9 mm with a median of 9 complete portal tracts 
(CPTs) [27]. A multicenter study of 110 cases of EUS–LB 
using 19-gauge FNA needle reported diagnostic yield of 
98% with median aggregate length of 38 mm and median 
CPTs of 14 [9]. In this study, liver biopsies were obtained 
from left, right, or both lobes. There was only one compli-
cation of self-limited bleeding in patient who was coagu-
lopathic and had thrombocytopenia, which was managed 
conservatively.

In clinical practice, EUS–LB is being increasingly used 
and is effective and safe. Tissue yields are excellent and 
reproducible. Expertise with EUS-guided FNA is a require-
ment, and the procedure is currently being performed 
exclusively by endosonographers. There are many potential 
advantages of EUS–LB other than just the ability to eas-
ily sample widely separated areas of liver. For example, in 
patients who require an EGD or EUS in addition to liver 
biopsy, EUS–LB is cost saving. Since EUS–LB is performed 
using conscious or deep sedation (in our center is always 
performed in propofol-sedated patients), EUS–LB is well-
tolerated, particularly in anxious adults and children. To 
refine EUS–LB technique, our group has conducted several 
prospective randomized studies. 19G EUS–FNB needle 
gives the best samples. We have found that a single nee-
dle pass with three needle “throws” gives excellent speci-
men yields. Priming the needle with saline or heparin also 
enhances the yield [28]. Patients with coagulopathy or sig-
nificant ascites are excluded from EUS–LB, and liver biopsy 
in these cases is accomplished by the transjugular route.

Table 4   Probability of agreement between both lobes for steatosis, 
inflammation, ballooning and NAS scoring

Right Lobe Left Lobe Total

0 1 2 3

Steatosis
  0 1 0 0 0 1
  1 0 11 2 0 13
  2 0 1 13 1 15
  3 0 0 2 7 9

Totals 1 12 17 8 38
Lobular Inflammation

  0 0 1 0 1
  1 1 22 4 27
  2 0 4 6 10

Totals 1 27 10 38
Ballooning

  0 4 1 0 5
  1 3 16 2 21
  2 0 1 11 12

Totals 7 18 13 38
NAS score 0–2 3–4  ≥ 5

  0–2 2 2 0 4
  3–4 1 12 2 15

   ≥  5 0 5 14 19
 Total 3 19 16 38

Table 5   Probability of 
agreement between both lobes 
for fibrosis

Fibrosis Left Lobe Total

0 1 2 3 4

Right lobe
 0 0 1 0 0 0 1
 1 0 12 3 0 0 15
 2 0 3 11 2 1 17
 3 0 1 2 1 1 5
 4 0 0 0 0 0 0
 Total 0 17 16 3 2 38
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Our study demonstrates that bi-lobar liver sampling is 
easily accomplished by EUS, and this sheds light on regional 
distribution of the histologic manifestations of NASH. A 
strength of the study is that it utilized repeat, blinded read-
ing of the biopsies by a single expert pathologist. A pos-
sible limitation of the study is that it comprised a relatively 
small sample size. However, our sample size is comparable 
or larger than other studies that assessed the variation in 
disease activity in bi-lobar liver biopsy specimens.

In summary, sampling of both left and right lobes of the 
liver by EUS–LB demonstrated that lobular inflammation 
and fibrosis showed regional variation, whereas steatosis 
and ballooning were more evenly distributed. Overall NAS 
scores were similar between lobes, likely due to the rela-
tively high weight assigned to the steatosis component of 
the score. Single lobe liver biopsy is generally adequate if 
an overall NAS score is required. However, biopsies of both 
left and right lobes of liver can provide valuable informa-
tion regarding individual components of the NAS score, and 
especially fibrosis—the key indicator of prognosis.
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