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Abstract

Background: Early screening, detection, and early intervention are life-saving modalities to lessen the impact and
burden of non-communicable diseases. Aim and Objectives: To evaluate the diagnostic strength of ultrasound in the
diagnosis of Non-alcoholic Fatty Liver Disease (NAFLD) stages. Material and Methods: Participants were recruited
from patients with fatty liver who underwent liver biopsy and baseline ultrasound at the University of Calabar
Teaching Hospital between January 2023 and December 2023. Ultrasonographic findings were correlated with the
histological findings of liver biopsy which was considered the gold standard for the diagnosis of NAFLD. Results:
One hundred and nine participants were recruited and participated in this study, of which 62 (56.9%) were females and
47(43.1%) were males, with the highest age bracket presenting at 56-65 years. The female-to-male ratio was 1:1.4 and
their mean age was 55.5 & 12.8 years (age range was 18-70 years). The ultrasonographic findings were correlated with
histological data (considered as the gold standard). The sensitivity, specificity, Positive Predictive Value (PPV), and
Negative Predictive Value (NPV) were evaluated. The ultrasonography had a sensitivity of 90.4% (95% Confidence
Interval (CI): 83.6-93.6) and a specificity of 72.5% (95% CI: 68.7-79.8). The PPV and NPV were 74.7% and 65.6%
respectively. The area under the curve was 84.5%. The positive likelihood ratio was 1.5 (95 CI: 1.21-1.90), and the
negative likelihood ratio was 0.30 (0.17-0.54). Conclusion: Ultrasound findings were highly significant and useful in
detecting advanced or late-stage steatosis in patients with fatty liver. In the future, as technology advances, it is hoped
that the need for liver biopsy may not be necessary as hi-tech radiological involvement may help patients with fatty
liver without the involvement of any invasive procedure.
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Introduction
Non-alcoholic Fatty Liver Disease (NAFLD) is the
most common cause of chronic liver disease and is

by NCDs was 41 million (74%) of all deaths
globally in 2019 [4]. Seventy-seven percent (77%)

considered to have a global prevalence of 25% [1-
2]. It is an emerging Noncommunicable Disease
(NCD) [3]. According to the World Health
Organization (WHO), mortality rate accounted for

of these deaths occurred in low-and middle-income
countries [4]. Early screening, detection, and early
intervention are life-saving modalities to lessen the
impact and burden of NCD. NAFLD is one of the
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common NCDs known for its terminal sequelae,
which could be life-threatening. As the name
implies, NAFLD is defined as a condition charac-
terized by the presence of hepatic steatosis, not
caused by alcohol intake [5]. It is one of the most
common causes of chronic liver diseases, and leads
to liver cirrhosis and other associated complica-
tions if prompt attention is not given to patients on
time [6-7]. When examined histologically e.g., ina
liver biopsy, excess accumulation of lipids (pre-
dominantly triglycerides) is usually evident within
the hepatocytes [7]. In some cases, NAFLD may
progress from steatosis to Non-alcoholic Steato-
hepatitis (NASH) (with evidence of inflammation
and cell injury), cirrhosis (hepatic fibrosis), and
ultimately, liver failure. The diagnosis of NAFLD
is mainly derived by excluding alcohol-related
hepato-pathology [6].

Liver biopsy remains the gold standard for diag-
nosing hepatic steatosis however, this has its draw-
backs [9]. Liver biopsy has two advantages; accu-
rate diagnosis and its further ability to differentiate
NASH from simple hepatic steatosis. Usually,
histological diagnosis of fatty liver is graded into
different types. However, liver biopsy is observer-
dependent and invasive, conveying a non-negli-
gible risk of significant morbidity and mortality
among other serious medical complications. The
relatively small core size of the biopsy also intro-
duces sampling errors, especially as steatosis is
known to be heterogeneous. Due to these limita-
tions, liver biopsy becomes a suboptimal tool for
screening, monitoring, and research. For this
reason, imaging can be seen as an alternative to
liver biopsy in the diagnosis and optimal manage-
ment of patients with NAFLD. Basic and available
conventional techniques for evaluating steatosis
include ultrasound, Computed Tomography (CT),

Magnetic Resonance (MR) spectroscopy, and
Magnetic Resonance Imaging (MRI). This present
study aimed to assess and outline the performance
and clinical utility of ultrasonography with histo-
logical findings of patients with NAFLD
presenting at the University of Calabar Teaching
Hospital. Imaging and related non-imaging techni-
ques could be used to precisely assess disease
markers of liver steatosis and advanced liver fibro-
sis. The primary objective of this study was to
explore adults with biopsy-proven NAFLD, the
diagnostic performance, and reliability in compa-
rison with abdominal ultrasonography for predic-
ting histology-determined NAFLD using histolo-
gic grade as the reference standard. This study is
relevant as there is limited data on the comparative
assessment of NAFLD using histology and radio-
logical approaches in our environment.
Furthermore, studies done in this regard have been
on Caucasians with little or no emphasis on blacks.
Based on these, it is necessary for clinicians to
formulate measures to help curb the impact of
NAFLD among persons at risk by initiating a local
study in this regard. This research assessed the
correlation between NAFLD patients diagnosed by
ultrasound at the University of Calabar Teaching
Hospital (UCTH) and compared with those
diagnosed by histology.

Material and Methods

Ethical approval

Ethical approval was obtained from the Health
Research Ethics Committee (HREC) of the UCTH
(with NHREC/07/10/2012 as UCTH HREC Regi-
stration number and UCTH/HREC/33/Vol.111/
123 as the HREC protocol assigned number) before
carrying out the study. The study was carried out
without coercion of participants and a signed
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informed consent was obtained from patients and
caregivers aged 18-70 years after duly explaining
the purpose of the study in simple and clearly
understood language.

Study design and population

This study was cross-sectional, with an analytical
component. Every recruited subject who presented
for this study had a liver biopsy done for histology,
to assess those who had an accurate diagnosis of
fatty liver. Histological diagnosis of the fatty liver
following liver biopsy is considered the gold stan-
dard for diagnosis of fatty liver. Patients with
absent liver biopsy results were excluded. Further-
more, patients with jaundice, ascites, and altered
blood profiles were also excluded if the biopsy was
performed for focal lesions or autoimmune liver
disease.

Study setting

The study was done in the Radiology and
Pathology departments of the UCTH from January
2023 to December 2023. All patients sent to the
Radiology Department of UCTH for ultrasound-
guided liver biopsy and matching the inclusion and
exclusion criteria were included. Relevant socio-
demographic data and clinical information from a
semi-structured questionnaire were filled in by the
researcher or research assistants. The participants
then had a complete physical examination. Data
was collected about their duration of illness (diabe-
tes mellitus / NAFLD), treatment details, and other
related health information. Patients' confidentiality
was maintained and held in high esteem.
Anthropometric measurements were taken for each
participant and included weight, height (and by
extension BMI), and blood pressure. Weight was
taken for all categories of patients with fatty liver-
lean, normal, or obese participants.

Sample size determination
Sample size was calculated using the Cochran
formula for calculating sample size, for a known
prevalence rate.

Z'PQ
==
Where:
n = the desired sample size
z = the standard normal deviation usually set at
1.96 which corresponds to a 95 percent confidence
level
p = 0.064 (the proportion in the target population
estimated to have Type 2 DM in Nigeria) [10]
q=0.936 (1-p)
d = degree of accuracy set at 0.05
b (1.96)’x 0.064 x 0.936 _0.23012 _

0.05° 0.0025

Although the minimum sample size required was

n

95

95, we recruited a total of 109 participants for this
study.

Liver biopsy and histological examination

Each patient for this study had a liver biopsy done
to make a diagnosis of fatty liver based on histo-
logy. The liver biopsy was performed under ultra-
sound guidance by an experienced consultant
radiologist, and the findings were interpreted by a
hepato-pathologist who was oblivious to the clini-
cal history and presentation of the patient. Non-
targeted percutaneous biopsies of the right liver
lobe were performed for clinical care using a 16- or
18-gauge needle by hepatologists.

Although biopsies were performed for clinical
care, histology slides were reviewed by an expert
hepato-pathologist for this research. A consultant
pathologist carried out the histological examination
ofall liver biopsies suspected to have fatty liver.
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Blinded to clinical and radiologic data, this hepato-
pathologist scored steatosis at low-to-medium
power using a 4-point ordinal score, as defined by
the Nonalcoholic Steatohepatitis Clinical Research
Network scoring system. Our study included only
patients with biopsy-proven NAFLD and only
three steatosis grades (1, 2, and 3) were observed in
the study cohort.

Imaging

Patients were asked to fast for a minimum of 4
hours before imaging. Ultrasound examinations
were performed on the same day if possible. The
same patients who had liver biopsies were made to
have an abdominal ultrasound to assess for the
presence of fatty liver based on imaging. The
essence was to correlate the imaging findings and
diagnoses with the histological diagnoses. Though
liver biopsy is the gold standard for making a
diagnosis of fatty liver, however, because of its
associated complications and high cost, it is a lot
easier and cheaper to consider radio-imaging for
the same diagnostic purpose. Ultrasonography was
performed by an experienced radiologist using a
3.5MHz probe Siemens G60S scanning machine,
who looked for radiological evidence of hepatic
steatosis in each recruited participant. This was
further confirmed by another consultant radiologist
to ensure certainty of diagnosis with a curved
vector array transducer. This transducer has a
nominal frequency range of 1-4.5 MHz (in this
case 3.5Hz). Scanning was done with the patient in
the dorsal decubitus position with the right arm at
maximum abduction. The transducer was placed at
90’ to the liver capsule through the right inter-
costal approach. The ultrasound beam scattering by
fat droplets in steatosis caused more echo signals to
return to the transducer, creating the appearance of
a “bright” or hyperechoic liver.

Furthermore, fat also attenuates the beam which
decreases beam penetration into tissue. This
attenuation leads to poor visualization of structures
within the steatotic liver parenchyma-such as intra-
hepatic vessels, bile ducts, and in some cases liver
lesions and structures deep into the liver, such as
the diaphragm. Thus, the presence of steatosis can
be inferred if the liver is too bright and/or if liver
structures are blurry or poorly visualized radio-
logically.

Data analysis

Data were analyzed using SPSS version 20
(Chicago, USA). Quantitative variables like age,
height, and BMI had mean and standard deviation
calculated. Also, sensitivity, specificity, Positive
Predictive Value (PPV), and Negative Predictive
Value (NPV) were noted for ultrasonographic
findings of fatty liver whose diagnosis was already
made on histology, which is considered the gold
standard.

Results

Actotal of 109 participants were recruited and parti-
cipated in this study, of which 62 (56.9%) were
females and 47 (43.1%) were males with the
highest age bracket presenting at 56-65 years. The
female-to-male ratio was 1:1.4 and their mean age
was 55.5 + 12.8 years (age range was 18-70 years).
The ultrasonographic findings were correlated with
histological data (considered as the gold standard).
The ultrasonography had a sensitivity of 85.4%
(95% CI: 83.6-93.6) and specificity of 72.5% (95%
CI: 68.7-79.8) (Figure 1). The PPV and NPV were
74.7% and 65.6% respectively. The area under the
curve was 84.5%. The positive likelihood ratio was
1.5 (95CI:1.21-1.90), and the negative likelihood
ratio was 0.30 (0.17-0.54).
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Figure 1: Receiver operating characteristic (ROC) curve for ultrasonography

Discussion

NAFLD is the most common cause of chronic liver
disease in Western countries with prevalence
ranging from 20% to 40% [2, 5, 11-12]. It encom-
passes a histological spectrum that ranges from
simple steatosis to steatohepatitis, which can
progress to cirrhosis in up to 20% of patients. The
diagnosis of fatty liver is usually a diagnosis of
exclusion. NAFLD is diagnosed by the presence of
steatosis in = 5% of'the hepatocytes in the absence
of other liver diseases. Other causes of hepatic
steatosis, systemic diseases, pancreatic diseases,
effects of drugs, congenital abnormalities, and

iatrogenic causes have to be ruled out [13-15]. The
diagnosis of NAFLD is confirmed by the presence
of hepatic steatosis seen on abdominal ultrasound
assessment and the exclusion of significant alcohol
(defined as alcohol intake less than 30 g/day in men
and less than 20 g/day in women ingestion in susce-
ptible patients) and the presence of hepatic steatosis
on ultrasound evaluation [16].

Liver biopsy is also the hallmark for assessing the
severity of the NAFLD. Grades of fatty liver seve-
rity can be assessed by liver biopsy under histolo-
gical examination. However, radiological findings
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are unable to express features that suggest similar
diagnoses with high sensitivity as evidenced in this
and otherresearch [17].

Sadly, accurate non-invasive modalities for diag-
nosing NASH and monitoring disease progression
or regression are rare to come by. This has placed
liver biopsy to remain the gold standard in diagno-
sing NAFLD. This procedure is not without asso-
ciated risks and sampling errors. Since liver biopsy
cannot be performed as a screening method to
detect NAFLD in the general population, abdomi-
nal ultrasonography as a noninvasive modality has
been widely used. Abdominal ultrasonography has
been shown to have a sensitivity of 60-94% and
specificity of 84-95% for detecting fatty liver. This
study obtained a high sensitivity which tallies with
the works of other researchers who found 92%
sensitivity and 100% specificity [18-20]. High
diagnostic accuracy in correlating ultrasonography
with histology has been obtained from various
other studies [21-23]. The inability of ultrasono-
graphy to distinguish different forms of NAFLD
and staging hepatic fibrosis limits the use of
ultrasonography as a stand-alone investigation for
detecting NAFLD [24-25].

Although liver biopsy remains the gold standard
for diagnosis, its limitations have already been
stressed necessitating the use of imaging modali-
ties. However, a major limitation of radiological
diagnosis is the inability to distinguish between
simple steatosis and steatohepatitis. In the future,
serum markers together with advancements in
imaging modalities may potentially diminish or
obviate the need for liver biopsy. It is hoped that the
best diagnostic approach for patients with NAFLD
may be abdominal ultrasonography and potentially

replace the necessity for liver biopsy in most
patients just as other researchers [26-30]. In this
study, it was observed that the weight of the indivi-
dual patients (lean, obese, or normal) did not affect
the final result outcome. This study differs from
other studies in that this study was done among
blacks with fatty livers as against those done in
Caucasians. More so, this study further stressed the
fact that the histological grade of the liver patho-
logy determines its ability to be picked up on radio-
logical imaging as agreed by other researchers [18,
25-27]. So, ultrasonography is an important non-
invasive tool in the assessment of NAFLD.
Normal or grade 1 hepatic echogenicity can soun-
dly exclude histological NAFLD and obviate the
need for liver biopsy.

Limitations

Ultrasound performs best at detecting liver
steatosis when there are no other associated liver
diseases; however, it remains relatively insensitive
to the detection of fatty liver at the early stage.
Despite its many limitations, it may be reasonable
to use ultrasound in the appropriate clinical setting
as an initial screen for steatosis, though it is not
suitable for clinical trials.

Conclusion

The use of ultrasonography of the liver to assess for
NAFLD has high diagnostic accuracy as a valuable
diagnostic tool in resource-poor environments. It
makes the process of diagnosing NAFLD easier
thereby bringing early attention of physicians. This
may help in cutting off the anticipated delay
usually occasioned by tissue processing demands
from biopsy for histology.
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