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Liver biopsy is the gold standard method to diagnose nonalcoholic fatty liver disease (NAFLD). However, ul-
trasound is widely recommended as the first-line imaging test for individuals with suspected NAFLD. This study
aimed to estimate the accuracy of ultrasound as a screening test for NAFLD compared to liver biopsy in a cohort
of patients with class II and III obesity undergoing bariatric surgery. This retrospective study included patients
undergoing Roux-en-Y gastric bypass in southern Brazil between 2010 and 2019 who were screened for NAFLD
with both ultrasound and liver biopsy. All samples were collected by a core biopsy needle and were analyzed by
the same pathologist. Sensitivity, specificity, and positive and negative predictive values of ultrasound were
estimated. The final database included 227 patients, mostly female (84%) and white (83.6%), with a mean age of
42.5 + 10.2 years and a mean preoperative body mass index of 49.5 + 8.4 kg/m2. A total of 153 subjects (67.4%)
were diagnosed with NAFLD through liver biopsies: 41 (18%) had fatty liver and 112 (49.3%) had nonalcoholic
steatohepatitis. Ultrasound sensitivity was 88.9% and specificity was 44.6%. Positive and negative predictive
values were 76.8% and 66.0%, respectively. Positive likelihood ratio was 1.6 (95% CI 1.30-1.98), and negative
likelihood ratio was 0.25 (95% CI 0.15-0.42). Therefore, approximately three every four subjects with an ul-
trasound suggesting NAFLD were true positives. Ultrasound showed a good sensitivity in detecting NAFLD in
patients with class II and III obesity.

Introduction

Nonalcoholic fatty liver disease (NAFLD) is an increasingly common
cause of chronic liver disease [1]. The current prevalence of NAFLD is
estimated to be about one-quarter in adults worldwide, with geographic
variations that indicate highest prevalences in the Middle East and South
America [2]. The prevalence is estimated to be substantially higher
among individuals with type 2 diabetes mellitus and obesity — 60% and

90%, respectively [3,4]. NAFLD has a broad spectrum of severity,
ranging from nonalcoholic fatty liver (NAFL) to nonalcoholic steatohe-
patitis (NASH). If not effectively treated, NASH can lead to advanced
cirrhosis and hepatocellular carcinoma [5]. The complications of NASH
are expected to increase with the growing epidemic of type 2 diabetes
mellitus and obesity worldwide [6].

Liver biopsy is recognized as the gold standard method to diagnose
NAFLD. However, the risks of performing such an invasive procedure
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overcome the benefits in most cases [7]. Therefore, a more affordable
and safer method for diagnosing NAFLD is needed [8]. Ultrasound is
widely recommended as the first-line imaging test for individuals with
suspected NAFLD [9]. Although a meta-analysis demonstrated that ul-
trasound has a pooled sensitivity of 84.8% and a specificity of 93.6% for
moderate-to-severe steatosis compared with liver histology [10], ultra-
sound accuracy to diagnose NAFLD in patients with class II and III
obesity is poorly described.

Although severe obesity is a well-known limitation to ultrasono-
graphic assessment of the abdominal cavity, obese individuals are at
major risk of developing NAFLD and its complications, which warrants
some type of diagnostic test for NAFLD to be done [4]. Hence, intra-
operative liver biopsies are commonly performed in patients undergoing
bariatric surgery [11].

This study aimed to assess the accuracy of ultrasound as a screening
test for NAFLD compared with liver biopsy in a cohort of patients with
class II or III obesity undergoing bariatric surgery.

Subjects

All patients who underwent Roux-en-Y gastric bypass (RYGB) be-
tween January 2010 and December 2019 in a public, tertiary care,
teaching hospital in Porto Alegre, southern Brazil, were assessed. The
final sample included only those who underwent both ultrasound in the
preoperative evaluation and liver biopsy during the bariatric surgery.
Fig. 1 presents the flowchart of participants included in the final sample.

Materials and methods
Study design

This single-center retrospective cohort study was conducted to assess
the accuracy of ultrasound in detecting NAFLD compared with liver
biopsy in patients with class II or III obesity (body mass index [BMI] of
35.0-39.9 kg/m? and >40 kg/m?, respectively) who underwent RYGB at
Hospital de Clinicas de Porto Alegre (HCPA) between 2010 and 2019
[12]. Patients underwent ultrasound during the preoperative evalua-
tion, and all biopsy samples were collected during the surgical proced-
ure. This study was approved by the local Ethics Committee
(2018-0088), and informed consent does not apply to this secondary
analysis. This study is reported according to the STARD guidelines [13].

Subjects who underwent Roux-en-Y
gastric bypass between 2010 and 2019
N =549
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Test methods

Ultrasound was performed by different radiologists working at the
same radiology service. The most common ultrasonographic criterion
suggesting NAFLD was liver hyperechogenicity compared with the right
kidney parenchyma [14], and ultrasound result was dichotomized in the
analysis. Intraoperative liver biopsy samples were collected through a
core biopsy needle (UNIGUN 18-gauge, 160 mm; Medax Medical De-
vices). The Tru-Cut needle biopsy of the liver was the chosen method,
and it was always performed on the right lobe. The specimens were fixed
in formalin and embedded in paraffin for subsequent staining with
hematoxylin/eosin and picrosirius. All samples were analyzed by the
same pathologist. The radiologists and the pathologist were not blinded
and had access to the patients’ medical records.

Normal liver fat deposition was defined as the involvement of 5% or
less of the parenchyma in liver histology. Steatosis was classified ac-
cording to the percentage of fat infiltration of liver parenchyma as mild
(6%33%), moderate (34%-66%), and severe (greater than 66%) without
evidence of hepatocellular injury in the form of ballooning degeneration
of hepatocytes or evidence of fibrosis [15,16]. NASH was diagnosed in
the presence of hepatic steatosis, ballooning degeneration, and inflam-
mation [16].

Fasting plasma glucose >100 mg/dL was considered elevated. Total
cholesterol levels were high when >200 mg/dL, whereas high-density
lipoprotein (HDL)-cholesterol was reduced when <40 mg/dL in men
and <50 mg/dL in women. Triglyceride levels were elevated when >150
mg/dL. Calculated low-density lipoprotein (LDL)-cholesterol was
increased when >100 mg/dL. Alanine transaminase (ALT) and aspartate
transaminase (AST) were elevated when >40 mg/dL and >41 mg/dL in
men and when >32 mg/dL and >33 mg/dL in women, respectively.

Statistical analysis

Quantitative data are shown as mean and standard deviation (SD) or
median and interquartile range according to variable distribution. The
Kolmogorov-Smirnov test was used to determine normality of study
variables. Positive likelihood ratio, negative likelihood ratio, and ac-
curacy are presented as mean and 95% confidence interval (CI). Cate-
gorical data are presented as frequencies.

Two-by-two tables were used to calculate sensitivity, specificity,
positive and negative predictive values, and likelihood ratios (LRs).
Ultrasound was considered the index test and liver histology was
considered the reference standard. All statistical analyses were per-
formed in IBM SPSS, version 22.0.

Excluded
N=315

- Without preoperative abdominal ultrasound (N = 282)
- Without intraoperative liver biopsy (N =33)

Eligible subjects
N=234

Excluded
N=7

Insufficient biopsy sample

Included subjects
N =227

Fig. 1. Flowchart showing identification and selection of the study population (N = 227).
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Results

The final database included 227 subjects (Fig. 1), mostly female
(83.7%) and white (83.5%), with a mean age of 42.5 + 10.2 years. Most
patients were single (53.2%) and had middle school or lower as level of
education (51.6%). Median waiting time for surgery was 38 (27-49)
months. Self-reported average duration of obesity (defined as BMI > 30
kg/m?) was 19.7 + 9.0 years.

Table 1 presents baseline sociodemographic and clinical character-
istics. The most prevalent obesity-related conditions were hypertension
and dyslipidemia. Elevated fasting plasma glucose was found in 52.1%
of the sample, whereas 34.5% had high total cholesterol levels. Reduced
HDL-cholesterol was detected in 67%, and 43.5% showed increased
triglyceride levels. Calculated LDL-cholesterol was elevated in 60.8%.
Elevated AST and ALT were detected in 13.9% and 17.5%, respectively.

Median interval between ultrasound and intraoperative biopsy was 9
(4-17) months. Ultrasound suggesting NAFLD was found in 177 subjects
(78%). Once 136 of those were true positives, the calculated positive
predictive value was 76.8%. Yet, 33 of the 50 patients with normal ul-
trasound were true negatives, which corresponds to a 66% negative
predictive value.

A total of 153 subjects (67.4%) were diagnosed with NAFLD through
liver biopsies: 41 (18%) had NAFL and 112 (49.3%) had NASH. In both
groups, mild fat deposition was the most common presentation (132
patients in total). Table 2 presents liver biopsy results stratified by the
proportion of affected liver parenchyma.

Table 3 summarizes diagnostic accuracy for ultrasound. Estimated
sensitivity and specificity were, respectively, 88.9% and 44.6%. NAFLD
prevalence detected through liver biopsy (67.4%) corresponds to the
pretest probability, as seen in Fig. 2. With a positive LR of 1.6 (95% CI
1.30-1.98), approximately three every four subjects with an ultrasound
suggesting NAFLD were true positives. Finally, with a negative LR of
0.25 (95% CI 0.15-0.42), approximately two every three subjects with
an ultrasound not suggesting NAFLD were true negatives.

Discussion

Current medical literature has significant gaps in the knowledge

Table 1

Participant baseline sociodemographic and clinical characteristics.
Characteristic
BMI (kg/m?) 49.4+85
Excess weight (kg) 64.9 + 24.2
Abdominal circumference (cm) 134.5 + 16.2
Current alcohol drinker 0.0%
Former alcohol drinker 7.0%
Current smoker 2.2%
Former smoker 37.5%
Systolic blood pressure (mm Hg) 135.6 +17.1
Diastolic blood pressure (mm Hg) 85.8 + 11.8
Diabetes mellitus 34.4%
Hypertension 71.4%
Dyslipidemia 41.1%
Cardiovascular diseases 7.6%
Obstructive sleep apnea 38.4%
Fasting plasma glucose (mg/dL) 111.2 + 35.9
Glycated hemoglobin (%) 6.3+1.2
Total cholesterol (mg/dL) 186.3 £+ 36.1
HDL-cholesterol (mg/dL) 45.3 £ 12.2
Triglycerides (mg/dL) 161.0 + 81.0
LDL-cholesterol (mg/dL) 109.2 + 32.6
AST (U/L) 20 (17-25)
ALT (U/L) 23 (17-32)

Data are presented as mean + standard deviation, median (interquartile range),
or proportion n (%). ALT: alanine transaminase; AST: aspartate transaminase;
BMI: body mass index. HDL: high-density lipoprotein; LDL: low-density lipo-
protein. Excess weight was calculated with a BMI of 25 kg/m? as a reference for
ideal body weight.
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Table 2
Liver biopsy data analysis (N = 227).
Liver histology N (%)
Normal 74 (32.6%)
NAFLD 153 (67.4%)
Steatosis 41 (18%)
Mild 29 (12.8%)
Moderate 10 (4.4%)
Severe 2 (0.9%)
Steatohepatitis” 112 (49.3%)
Mild 103 (44.9%)
Moderate 8 (3.5%)
Severe 2 (0.9%)
Fibrosis 55 (24.2%)
Periportal 19 (8.4%)
Perisinusoidal 25 (11%)
Periportal and perisinusoidal 6 (2.6%)
Bridging fibrosis 2 (0.9%)
Portal to portal 0 (0.0%)
Portal to center 2 (0.9%)
Cirrhosis 3 (1.3%)

 Steatohepatitis classified according to the percentage of fat infil-
tration of liver parenchyma. NAFLD: nonalcoholic fatty liver disease.

Table 3
Ultrasound performance in diagnosing nonalcoholic fatty liver disease
compared with liver histology.

Ultrasound Liver biopsy
Positive Negative

Positive 136 41

Negative 17 33
NAFLD prevalence 67.4%
Sensitivity 88.9%
Specificity 44.6%
Positive predictive value 76.8%
Negative predictive value 66.0%

Positive likelihood ratio®
Negative likelihood ratio®
Accuracy”

1.6 (1.30-1.98)
0.25 (0.15-0.42)
74.5% (68.3%-80%)

@ Data are presented as mean and 95% confidence interval. NAFLD: nonal-
coholic fatty liver disease.

regarding the diagnostic approach to NAFLD [17]. In different clinical
settings, evaluating the diagnostic properties of many tests compared
with liver histology in a sufficiently large sample is challenging [18].

Despite the high prevalence of NAFLD diagnosed by liver biopsy
among patients included in this study (67.4%), this finding was com-
parable to those of several reports in an apparently similar population
[19,20]. Higher prevalences than those observed in this study were also
reported [21,22]. Variability in patient characteristics, health care sys-
tems, measurement methods, and determinants of steatosis, especially
alcohol and viruses, could be responsible for these differences [20].
However, these numbers are definitively higher than those observed in
the general population [23].

Despite the high prevalence of NASH in liver biopsies, most patients
had liver enzymes within normal limits, which may seem unusual. In
fact, prevalence studies based on elevated liver enzymes systematically
underestimate the true prevalence of NASH compared with studies
based on imaging tests [2]. Moreover, the degree of aminotransferase
elevation does not correlate with the diagnosis of NASH, severity of
fibrosis, or severity of inflammation [24]. Even patients with severe
NASH may have normal liver enzymes [25].

A previous study in a similar setting reported a lower sensitivity and
a much higher specificity than those reported herein [26]. Possibly, the
number of patients with a negative biopsy result included in that study
(11 and 16, respectively) was very low to estimate ultrasound speci-
ficity. Moreover, overall agreement between the two tests is influenced
by the prevalence of disease, which is undoubtedly different between
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Positive ultrasound:
- DPositive likelihood ratio: 1.6 (1.30-1.98)
- DPosttest probability: 76.7% (72.8-80.4%)

M Negative ultrasound:
- Negative likelihood ratio: 0.25 (0.15-0.42)
- DPosttest probability: 34.1% (23.7-46.5%)

Fig. 2. Fagan nomograph with pretest and posttest probabilities of nonalcoholic fatty liver disease within a 95% confidence interval.

studies, as stated above [27,28]. Therefore, as our findings are derived
from a much larger sample, it is possible that ultrasound specificity is not
that high.

A large systematic review with meta-analysis [10] summarized a
similar sensitivity (84.8%) but a much higher specificity (93.6%) for
ultrasound in diagnosing liver steatosis. Nevertheless, most participants
of the studies included in that meta-analysis were patients with liver
disease or suspected liver disease, thereby differing from the patients of
our study. Also, data on patients’ BMI were not described. Moreover, our
sample consisted mostly of patients with mild steatosis. Histological
criteria for defining the severity of fat deposition were also different: in
the meta-analysis, mild fat infiltration (up to 20% or 30% of liver pa-
renchyma) was considered absence of steatosis.

In the evaluation of diagnostic accuracy of a medical test, partici-
pants are expected to undergo both the index and reference tests within
a short period. This would avoid biases caused by changes in their true
disease status, which can also affect the diagnostic accuracy of the index
test [29]. This information was not available for all patients in our
database and was not provided by other studies [22,23]. An ultrasound
is usually ordered at the time patients start initial examinations to be
considered eligible for bariatric surgery. Although bariatric surgery is an
effective treatment for class II and III obesity and is associated with
long-term improvement in obesity-related diseases [30], the demand is
greater than the capacity in several countries [31]. A recent study
conducted by our group showed that the median waiting time for sur-
gery was 30 (21-41) months [32]. Considering the preoperative man-
agement of participants, the long interval between tests could have led
to an increase in false-positive rate. Despite this potential conservative
bias, the index test showed a good sensitivity.

Other than methodological differences, the low specificity observed
in this study could also be explained by the qualitative nature of ultra-
sound [14]. Considering the widespread knowledge that NAFLD has an
extremely high prevalence among patients with severe obesity, the
appraisal of an operator-dependent test (such as ultrasound) may entail
a high risk of bias. Hence, our hypothesis is that ultrasound operators
tend to overestimate ultrasonographic findings in morbidly obese in-
dividuals, which increases the false-positive rate. Moreover, there is a
wide variation in ultrasound parameters for assessing fatty liver, and

they were not described in detail in the studies.

The present study has some limitations. The uneven distribution of
NASH lesions throughout the liver parenchyma can lead to sampling
error, misdiagnosis, and staging inaccuracies [33]. The qualitative na-
ture of ultrasound assessment leads to limited intra- and interobserver
variability [34]. Other ultrasound techniques (e.g., Doppler and histo-
gram) that would have allowed a more objective quantification of fat
infiltration in the liver parenchyma were not included. Also, the esti-
mated accuracy may have been lowered by the long time between ul-
trasound and intraoperative biopsy. The strengths of this study include
the assessment of a large number of liver biopsies as the gold standard,
the evaluation of liver biopsies performed by only one expert, the ul-
trasound operator’s unawareness of biopsy results, and the representa-
tive sample of patients with normal liver histology.

This study highlights some concerns about the diagnostic perfor-
mance of ultrasound in patients with class II and III obesity. The esti-
mated sensitivity of 88.9% supports the widespread recommendation of
ultrasound as the first-line test for NAFLD screening in these patients.
However, unlike previous studies, our estimated 44.6% specificity
points to an important impact of severe obesity in ultrasound qualitative
assessment of the liver parenchyma. In summary, once ultrasound alone
is not enough to state a NAFLD diagnosis in patients with class II and III
obesity, further steps following ultrasound must be included in NAFLD
investigation.
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