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Abstract

Background: Non-enhanced computed tomography (CT)
is a valuable modality in the diagnosis of non-alcoholic
fatty liver disease (NAFLD). However, it is not clear if
low-dose CT attenuation correction (CTAC) scans have
the same accuracy to diagnose NAFLD. Our aim is to
evaluate the diagnostic accuracy of low-dose CTAC in
the diagnosis of NAFLD using non-enhanced CT as a
gold standard.
Methods: A total of 864 patients who underwent a
clinically indicated hybrid nuclear imaging scanning
between May 2011 and April 2014 were included in the
study. Diagnosis of fatty liver was established if an
absolute liver attenuation was <40 Hounsfield units
and/or a liver-to-spleen ratio was <1.1. The diagnostic
accuracy parameters were calculated to detect NAFLDby
low-dose CTAC using unenhanced CT as a gold standard.
Results:The prevalence of fatty liver by diagnostic CT and
low-dose attenuation correctionwere 9.9 and 12.9% (using
liver attenuation<40HU and liver-to-spleen ratio<1.1),
respectively, with 32.9 and 34.9% (using absolute liver
attenuation or ratio-to-spleen criteria), correspondingly.
Low-dose CTAC had sensitivity (81.3%), specificity
(94.0%), positive predictive value (60.2%), and negative
predictive value (97.8%) using both diagnostic criteria.
Using either of the diagnostic criteria resulted in sensitivity
(76.8%), specificity (83.5%), PPV (66.3%), and NPV
(89.5%).
Conclusion: Low-dose CT could be used as a tool to rule
out the presence of fatty liver if neither liver attenuation of
less than 40 HU nor liver-to-spleen below 1.1 is present.
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Background

The term Non-alcoholic fatty liver disease (NAFLD)
refers to the abnormal accumulation of hepatic triglyc-
eride in the absence of significant alcohol intake [1–4].
Multiple modalities are utilized in NAFLD diagnosis [5,
6]. In biopsy-based studies, the prevalence of NAFLD
varies between 3 and 46% [7–10]. Although, liver ultra-
sound and biomarkers are the most commonly used non-
invasive tools in the assessment of NAFLD [11–14],
liver biopsy remains the gold standard for that diagnosis
[15–17].

NAFLD is associated with multiple medical disorders
including metabolic syndrome, coronary heart disease,
and atherosclerosis [18–24]. Additionally, it is labeled as a
precursor to non-alcoholic steatohepatitis which in-
creased the risk of developing hepatic cirrhosis over time.
Computed tomography (CT) is a widely available tool
that may aid in diagnosing hepatosteatosis and its
potential complications [25, 26]. Absolute liver measure-
ment less than 40 Hounsfield units (HU) or liver-to-
spleen HU ratio (LSR) less than <1.1 has been adopted
as a CT diagnostic criterion to diagnose NAFLD [26–28].

Non-diagnostic low-dose CT attenuation correction
(CTAC) is used as a tool of attenuation correction in
cardiac positron emission tomography/CT (PET/CT)
imaging. In our cardiac PET/CT practice, we routinely
perform a diagnostic unenhanced coronary calcium CT
and low-dose CTAC at the same setting. Such a scan
includes parts of the liver and spleen in the imaging field
[25, 26]. However, it is not clear if the same cutoffs can be
used to non-diagnostic low-dose CTAC to diagnoseCorrespondence to: Mouaz H. Al-Mallah; email: mouaz74@gmail.com
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NAFL. Thus, the aim of this study is to evaluate the
diagnostic accuracy of low-dose CTAC in diagnosis of
NAFLD using non-enhanced CT as a gold standard.

Materials and methods

Study population

A total of 864 consecutive patients (mean age 60.6 ±

11.45 years, 55% females) who underwent a clinically
indicated cardiac PET/CT between May 2011 and April
2014 were included. Patients had a diagnostic unen-
hanced cardiac CT for the evaluation of coronary cal-
cium and a low-dose CTAC in the same setting. We
excluded patients younger than 18 years and those who
are known to have coronary artery disease, since they did
not undergo coronary calcium score CT scans as per our
laboratory protocol. Patients with prior history of liver
diseases, liver transplant, or alcohol intake were also
excluded.

The patients’ demographics (age, gender, blood
pressure, height, weight, and body mass index (BMI)),
past medical history, traditional cardiovascular risk
factors (including hypertension, dyslipidemia, diabetes,
peripheral vascular disease, and smoking), recent medi-
cations, and indication for PET/CT scanning were col-
lected at the time of scanning.

Image acquisition and analysis

All participants were scanned using a sixty-four-detector
row CT scanner (PET CT D690 with a VCT CT from
General Electric Healthcare, Milwaukee, WI, USA).
Both scans started at the level of the carina until beyond
the level of the apex of the heart including cuts from the
liver and spleen. The diagnostic unenhanced coronary
calcium CT was initially performed, followed by the non-
diagnostic low-dose CTAC. The diagnostic calcium
scoring CT was acquired with prospectively ECG trig-
gering during respiratory breath holding. Utilizing
120 kVp, 200 mA filtered back projection reconstruc-
tion, and 2.5 mm slice thickness. The total dose length
product of this scan was 47–60 mGy-cm. The CTAC was
done as a free breathing spiral non-gated acquisition
utilizing the following parameters: 140 kVp and
10–40 mA in the adaptive mode. Low-dose CTAC was
reconstructed with a slice thickness of 3.75 mm. The
total dose length product of this scan ranged between 10
and 21 mGy-cm (due to the variable mA). All images
were reviewed on Advantage Windows workstation
(General Electric Healthcare, Milwaukee, WI, USA),
with window length of 40 and window width of 400.

A single reader measured the liver and splenic atten-
uation of the two scans (i.e., low-dose CTAC and diag-
nostic unenhanced coronary calcium CT) blinded to the
patients’ clinical parameters. Hepatic Hounsfield unit
(HU) values were measured using circular ROI area

greater than 165 mm2, placed in the anterolateral right
hepatic lobe and avoiding the vessels. The splenic
parenchymal attenuation was calculated by a single
random ROI value which was usually greater than
100 mm2. The measurements of the hepatic and the
splenic attenuation for the two views (between the
diagnostic CT and CTAC) were taken at the same level
of imaging as much as possible with the same measured
area (Fig. 1).

Definition of non-alcoholic fatty liver disease

In the present study, NAFLD was defined as CT criteria
for the diagnosis of fatty liver: liver attenuation of <40
HU and/or LSR of <1.1.

Other study definitions

Hypertension was defined as a systolic blood pressure
‡140 mm Hg, diastolic blood pressure ‡90 mm Hg, or
use of antihypertensive medications. Dyslipidemia was
defined as low-density lipoprotein >130 mg/dL, high-
density lipoprotein <40 mg/dL in men and <50 mg/dL
in women, or use of lipid-lowering medications. Diabetes
mellitus was defined as fasting blood glucose ‡126 mg/
dL or use of insulin or oral hypoglycemic medications.

Statistical analysis

Descriptive statistical analysis was utilized to describe the
baseline characteristics. It was reported as mean, stan-
dard deviation, or percentage when applicable. The
sensitivity, specificity, positive predictive value, negative
predictive value, and their 95% confidence intervals for
the low-dose CTAC diagnosis of NAFLD were calcu-
lated. We also calculated the diagnostic accuracy mea-
sures using both the liver attenuation and the LSR
criteria versus that of using each criterion alone. Pear-
son’s correlation coefficients were calculated for the liver
attenuation and the LSR on the two CT studies and a
scatter plots were created. All analysis was performed
using SPSS, version 21, (IBM Statistics, IL, USA).

Results

Table 1 summarizes the patients’ characteristics. Our
cohort had high prevalence of cardiac risk factors,
including hypertension (78%), diabetes (49%), and dys-
lipidemia (83%). The mean BMI was 31.71 ± 6.6 kg/m2.
A total of 485 patients (56%) had a BMI of more than
30 kg/m2.

The liver and spleen attenuations were measured in
864 and 674 participants, respectively. The mean liver
attenuation was 49.35 ± 12.53 HU on the unenhanced
CT and 50.5 ± 12.24 HU on the low-dose CTAC. The
mean spleen attenuation was 36.38 ± 11.8 HU on the
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unenhanced CT and 44.16 ± 7.49 HU on the low-dose
CTAC.

A total of 187 patients (21.6%) and 151 patients
(17.5%) had liver attenuation <40 HU on the diag-
nostic calcium scoring CT scan and low-dose CTAC,
respectively. A total of 134 patients (19.9%) and 202
patients (30%) had LSR <1.1 on the diagnostic unen-
hanced CT scan and low-dose CTAC, respectively. A
positive correlation was shown between the diagnostic
calcium scoring CT and the low-dose CTAC measure-
ments for both liver attenuation (r2 = 0.456, p =
0.001; Fig. 2) and LSR data (r2 = 0.159, p = 0.001;
Fig. 3).

When the diagnosis of NAFLD was based on the
presence of both liver attenuation < 40 HU and LSR
<1.1, the prevalence of fatty liver on the diagnostic cal-
cium scoring CT and low-dose CTACwere 9.9 and 12.9%,
respectively. Using this criterion, the sensitivity, speci-
ficity, positive predictive value (PPV), and negative pre-
dictive value (NPV) of low-dose CTAC in diagnosing fatty
liver were 81.25, 94.01, 60.19, and 97.83%, respectively.

On the other hand, when the diagnosis of fatty liver
was based on the presence of either liver attenuation
<40 HU or liver-to-spleen ratio <1.1, the prevalence of
fatty liver on diagnostic CT and CTAC were 32.9 and
34.9%, respectively. Using this criterion, the sensitivity,
specificity, PPV, and NPV of non-diagnostic low-dose
CT in diagnosing fatty liver were 76.81, 83.50, 66.25, and
89.52%, respectively (Table 2).

Given the high prevalence of obesity in our cohort,
we stratified our analysis according to BMI. A high BMI
of more than 30 kg/m2 reduces the accuracy of the low-
dose CT in detecting fatty liver when the diagnosis is
made using the liver attenuation and LSR measures
combined (Fig. 4).

Fig. 1. Two transverse CT images demonstrating the method of measuring hepatic and the splenic attenuations for the
diagnostic calcium scoring CT and non-diagnostic low-dose CTAC examinations.

Table 1. The demographic data of the sample size

Baseline characteristics Total (864)

Age (years) 60.6 (11.45)
Female Gender (%) 439 (54.50%)
Body Mass Index (Kg/m2) 31.71 (6.6)
Hypertension (%) 631 (78.31%)
Dyslipidemia (%) 665 (82.50%)
Diabetes mellitus (%) 394 (49.40%)
Renal Failure (%) 63 (7.90%)
Smoking (%) 41 (5.10%)

All data presented as mean and standard deviation and percent frequen-
cies, as appropriate

Fig. 2. Scatter plot of liver attenuation in terms of diagnostic
CT versus low-dose attenuation CT shows positive relation-
ship between the two types of study.
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Discussion

NAFLD encompasses the entire spectrum of fatty liver
disease in individuals without significant alcohol con-
sumption. Establishing the diagnosis of NAFLD re-
quires either imaging or histological evidence of hepatic
steatosis, and exclusion of other secondary causes of
hepatic fat accumulation. CT can be used to assess for
hepatic steatosis by measuring the absolute attenuation
of the liver parenchyma or calculating the LSR [11, 25].

Cardiac PET as a non-invasive nuclear imaging uses
radioactive tracers to produce images of the heart. These
scans are usually performed in patients with coronary risk
factor, many of which are shared with non-alcoholic fatty
liver. Thus, quantifying liver fat on the routinely per-
formed low-dose attenuation correction CT would help in
the risk stratification of these patients [29, 30]. Low-dose
CTAC is becoming increasingly used in myocardial per-
fusion imaging [31–34]. Also, screening low-dose lung
scans are increasingly utilized, which typically includes
parts of the liver and spleen. Thus, it is conceivable that
low-dose scans could be used to assess for NAFLD. To
our knowledge, the ability of low-dose scans in diagnosing

NAFLDwas not assessed before. Our analysis shows that
low-dose CTAC has good specificity and NPV compared
to an unenhanced diagnostic calcium scoring CT in
detecting NAFLD. However, the PPV of low-dose CTAC
is comparably low. Thus, a low-dose CTAC from a car-
diac PET examination can be reasonably used to exclude
NAFLD, but it is limited in confirming the presence of the
disease. We also noted that an increased BMI negatively
affects the diagnostic accuracy of low-dose CTAC in the
diagnosis of NAFLD.

Boyce et al. [35] demonstrated that low-dose
colonography CT is a reasonable objective and non-in-
vasive measure of asymptomatic patients, with more
reliability than clinical risk assessment alone. In their
study, a lower radiation dose was achieved using
120 kVp and 25–75 mAs tube output, but it did not af-
fect hepatic attenuation. In another study, Cho et al. [36]
evaluated the ability of different imaging modalities in
diagnosing fatty liver, including the assessment of
unenhanced CT studies. Assessment was performed for
both the preoperative and postoperative CT scans in
patients who underwent partial hepatectomy. Their
findings were corroborated by hepatic histological anal-
ysis for the presence of fatty fat. The sensitivity and
specificity for unenhanced CT were 33 and 100%. Similar
to our study, CT was better in excluding fatty liver than
in confirming its presence. Additionally, obesity had a
detrimental effect on the diagnostic accuracy of CT in
diagnosing fatty liver. Lee et al. [37] assessed the accu-
racy of unenhanced CT in diagnosing fatty liver in his-
tologically proven fatty liver in living hepatic donors,
concluding that unenhanced CT is reliable in diagnosing
fatty liver, using both subjective and qualitative methods.

Although we included a large real-world sample of
clinically indicated cardiac patients, our study has several
limitations. First of all, not all our patients had their
spleen imaged on their low-dose CTAC scan. Secondly,
we did not evaluate our ability in diagnosing fatty liver
on low-dose CTAC using subjective visual assessment, a
method that was used in other studies [36, 37]. Thirdly,
we used a single large ROI to measure hepatic and
splenic attenuations, rather than obtaining different
smaller ROIs. The use of the latter method would have
reasonably accounted for potential cases of non-uniform
fatty liver distribution. Fourthly, the fact that the low-

Fig. 3. Scatter plot of liver-to-spleen attenuation ratio in
terms of diagnostic CT versus low-dose attenuation CT
shows non-constant positive relationship between the two
studies. In our data, most of the liver-to-spleen ratios below
1.5 for all low-dose CT with wide variable ranges for diag-
nostic CT affect the slope of the linear correlation.

Table 2. Testing of low-dose attenuation correction with diagnostic CT as the reference standard

LSR <1.1 and HU <40 LSR <1.1 or HU <40

Percentage 95% CI Percentage 95% CI

Sensitivity 81.25 (70.96–89.10%) 76.81 (70.46–82.38%)
Specificity 94.01 (92.02–95.63%) 83.50 (79.92–86.68%)
Positive predictive value 60.19 (50.32–69.48%) 66.25 (59.89–72.21%)
Negative predictive value 97.83 (96.44–98.78%) 89.52 (86.35–92.17%)

CT computed tomography, LSR liver-to-spleen ratio, HU Hounsfield units, CI confidence intervals
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dose CTAC was performed with a different x-ray tube
output compared to that of the diagnostic calcium
scoring scan may have an effect on the overall HU
measured and on noise levels. Finally, since our study
was retrospective in nature, we did not have the oppor-
tunity to correlate our results with histological liver
analysis or any other cardiac imaging modalities, which
was not clinically indicated in many patients.

In conclusion, compared to an unenhanced diagnostic
CT, a low-dose CTAC scan can be reliably used to ex-
clude NAFLD, if neither liver attenuation of <40 HU
nor LSR of <1.1 is present. High BMI reduces the
overall diagnostic accuracy of low-dose CTAC in
excluding NAFLD.
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