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Abstract: Objective This study aims to assess the diagnostic utiityltrasonography and which methods of measuring
attenuation on computed tomography scans is bestefection and grading of hepatic fat contentatignts with chronic
hepatitis C virus (HCV) infectionMaterials and MethodsThis study included 65 patients, withchronic h#aC virus
infection, who had liver biopsies as a part of prguirement for interferon therapy. All patientbsiitted to ultrasound;
non enhanced and enhanced CT. Attenuation measntemere obtained from 3 regions of interest inliher and three

in the spleen on both unenhanced and portal phageast-enhanced CT images. Hepatic attenuatiorsumeents were
analyzed both with and without normalization witie tspleen. Normalization included both differenaed ratios between
hepatic and splenic attenuation values. Averagmadtion values of the liver were compared withhplatgic fat content,

as were the differences and ratios between hepaticsplenic attenuation valuddesults Ultrasound had a sensitivity of
76% and specificity 73.3% in the diagnosis of higpsteatosis. Also ultrasound accurately gradedutlof the 65 (63.1%)
patients included in the study. The simple measargrof hepatic attenuation on non enhanced CT (QWld the best
parameters for diagnosis of hepatic steatosis séthsitivity 83%, specificity 93.3% and positive gictive value (PPV)
97.6%. All series oR2 values for the unenhanced CT scans were higherttiose for the contrast-enhanced images. The
R2 values for simple liver attenuation measuremeithout comparison with splenic attenuation werehkigthan the
values in which splenic measurements were congldé&enclusion Ultrasound and non enhanced CT can be used as
screening tools for detection of hepatic steatwsfmtients with chronic hepatitis C virus patier8mple measurement of
hepatic attenuation on unenhanced CT is more aectinan differential liver spleen values. Also, mhanced CT can
differentiate between mild-moderate and severdstzsa
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1. Introducti In patients with a hepatitis C viral infection, div
. Introauction steatosis is considered to be both a viral and boéta

Non-alcoholic fatty liver disease (NAFLD) is a citmh ~ consequence of the disease. The coexistence dbsitea

defined by a significant lipid accumulation (5-104s) @nd hepatitis C viral infection has several imparta
hepatic tissue in the absence of significant clraftohol ~Prognostic implications, including a predispositimnmore

consumption (1). Hepatic steatosis is commonly sieen Progressive liver fibrosis, a reduceo! response tate
patients with chronic hepatitis C virus (HCV) infien, and ~ 2ntiviral therapy, and possibly an increased risk f
the prevalence is much higher than in the generdfePatocellular carcinoma (4,5).

population. Nonalcoholic fatty liver disease regrds a Percutaneous liver biopsy is the current standazedns

disease spectrum that ranges from simple hepatigesis ©f diagnosing and grading steatosis, but it is mrasive
to steatohepatitis to fibrosis and cirrhosis ( )& procedure with potentially serious complicationsliiling
hemorrhage, infection, bile leak, and a mortalifyup to
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0.3% (6). In view of the large population of suligec Table 1. Scoring of Hepatic Steatosis with US.
affected, including children, liver biopsy is nat aptimal

Normal echogenicity of liver parenchyma;

means of detecting and monitoring liver steatosi ‘S)t:e’:?osis Normal visualization of diaphragm and intrahepatic
Ultrasound (US) imaging is a completely noninvasiv blood vessel N _
method for evaluation of the liver. Also, US haew cost, 1. widg Slightly increased echogenicity of liver parenchyma

Normal visualization of diaphragm and intrahepatic
blood vessels
Markedly increased echogenicity of liver parenchyma

making this method suitable for screening and @egon  steatosis
evaluation during treatment (7).

The performances of ultrasound in diagnosis andigga it:e'\;t%dsfsrate Slightly impaired visualization of diaphragm and
of steatosis evaluation studies vary largely inlitezature. intrahepatic vessels N _
In patients with chronic hepatitis C, ultrasoundd ha BB (G S2E GEr LA a7 YR [FEOEnE i
sensitivity of 60% and a specificity of 79% (8). Wever, o Scvéré  With poor or no visualization of diaphragm and

. e steatosis intrahepatic vessels and posterior part of thet tighr

the sensitivity and specificity of ultrasonograpfoy the lobe
detection of steatosis may be high in the handmadxpert
radiologist who consistently applies particulatemia (9). Patients were scanned in thesupine and left lateral

CT depicts fatty infiltration of the liver as a dease in decubitus position, utilizing subcostal and inteteb
attenuation [10,11]. The degree of decrease in Capproaches. Sonograms were performed under fasting
attenuation has been shown to be related to theederf conditions. The time-gain compensation was setdjasa
fatty infiltration of the liver [11, 12]. the tissue echogenicity as constant as possibsdiegs of

The purpose of this study was to assess the diignosdepth. In these images, the following four widetgepted
utility of ultrasonography and which methods of s#@ng scoring items were valuated: echogenicity of liver
attenuation on computed tomography scans is best fparenchyma, visualization of the diaphragm, visadion
detection and grading of hepatic fat content ingmés with  of intrahepatic vessels, and visualization of tlsterior

chronic hepatitis C virus (HCV) infection. part of the right hepatic lobe. A final score fré@nto 3 was
given with respect to liver steatosis (Table 1))(1Bhe
2 Materialsand M ethods degree of steatosis was classified as: 0 (absér(tyild),

2(moderate), and 3 (severe).

2.1. Patient Population
2.3. Computed Tomography

The patrticipants in this study comprised 65 adattgmts,

who were prospectively recruited from the departiseri Imaging was performed using a 16-MDCT scanner
Tropical medicine and infectious diseases. All gt (Somatom emotion 16, Siemens Medical Solutions). Al
provided informed consent. sixty five patients had both unenhanced imagesimades
All patients fulfilled the following inclusion cria: from the portal venous phase of contrast-enhanded.€.,
1. Chronic HCV patients who had HCV antibodies and0 seconds after injection of contrast material).ihages
HCV RNA were reviewed with 5-mm collimation. The mean
2. PCR positive Hounsfield density measurement was done using msgib

3. Liver tissue obtained for histopathologic analysys Interest placed on the liver and spleen. Threeoregoof

percutaneous biopsy, as a part of pre-requirengent fintere_st were obtained from th_e liver, “one in tf’r@h_tr
interferon therapy. hepatic lobe above the portal vein, one in thetriggpatic

4. Cross-sectional imaging (ultrasound and CTjobe below the portal vein, and one in the leftdobhree

performed within one month (before or after) okliv circular regions of interest were placed within gpdeen at
biopsy. matched levels to the liver measurements in om@ebtain
5. Absence of significant therapeutic interventiontthatn€ density of the spleen. The size of the regairiaterest
might affect hepatic steatosis, (pharmacologic of@S made as wide as possible, avoiding hepatics \aid

non-pharmacologic) in the period between imagingartifacts,_ usually 1.5 cm2 (range, 1.2_—2cm2). Splen
and tissue collection. attenuation was used to calculate a liver—spleedexn

Exclusion criteria: we excluded patients with sfigeint (CTL/S = mean hepatic HU/ mean splenic HU) as asll
fibrosis (F4). liver—spleen attenuation difference (CTL-S =meapatie

The study group consisted of 44 men and 21 womém wi U - mean splenic HU).

a mean age of 38.3 years (range, 18-54 years). Multiphasic_ (triphasic or biphasic) cor!t_rast-enha_thc
scans of the liver were evaluated for all patiémttuded in
2.2. Ultrasound the study. Triphasic studies consisted of the ehépatic

o . arterial, late hepatic arterial, and portal venphsses of
Ultrasound ~ examination ~was  performed  usingqntrast enhancement 20, 40, and 60 seconds after
commercially availableequipment (Siemens G60 S R10, 4qministration of contrast medium. An IV injectiof 150
GE E6). ml of nonionic iodinated contrast material (Optiray
Mallinckrodt) was administered at a concentratiér320
mg I/ml and a rate of 5 ml/s. CT was performed2Q kVp,
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240-340 mAs, 5-mm collimation, pitch of 1.5, andnf:
reconstruction interval. Biphasic studies consistédate
hepatic arterial and portal venous phase imagesiraut
approximately 40 and 60 seconds after 1V injectiéri50
ml of nonionic iodinated contrast material at
concentration of 320 mg I/ml and a rate of 3 nU$. was

performed at 120 kVp, 240-340 mAs, 7.5-mm collimati

pitch of 0.75, and 7.5-mm reconstruction interviadures
1-4).

Figure 1. Normal liver , with liver parenchyma higher attettion than
the spleen.

Figure 2. (A): non anhanced CT , mild hepatic steatosis wéhsity = 38
HU. (B) Enhanced CT in arterial phase, the densftthe liver is less than
the spleen.

a
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Fig 3. Axial and coronal reconstruction in patient witloderate steatosis
in portal Venous phase.

Fig 4. Enhanced CT in late arterial phase in patient withrked steatosis,
with density 28 HU.

2.4. Histopathologic Analysis

Liver tissue was obtained for histo-pathologic sl
within one month before or after imaging. Specimerse
obtained with a 16-gauge core needle biopsy andesta
with hematoxylin and eosin.

Liver fat was determined as the percentage of fat-
containing hepatocytes on hematoxylin and eosimiata
using a standard visualization technique.

Masson's trichrome. A grading system for hepatic
steatosis and NAFLD activity score (NAS) was perfed
based on Kleiner et al (14).

The steatosis grade ranging from 0 to 3, with 0
representing <5%; 5% to <33%; 22>33% to <66%; and
3, >66% of hepatocytes containing fat, respectively.

2.5. Satistical Analysis

Statistical analysis was performed on a per pabests.
Spearman’s correlation was used to compare histo-
pathologic liver steatosis grade with ultrasound,
unenhanced CT, and enhanced CT.

The sensitivity, specificity, positive predictivalue, and
negative predictive value for diagnosing hepatasisis.

The Histo-pathologic liver steatosis grade was used
the standard of reference and a 5% significancel lexas
used for analyses.

3. Results
This study consisted of 65 chronic HCV patients i@ h
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and 21 women with a mean age of 38.3 years, rai@y&54
years). Histo-pathological examination showed this
number of patients with grades 0, 1, 2, and 3 iérel7,
22, and 11, respectively.

For the diagnosis of hepatic steatosis, ultrasound
diagnosed 11 patients as true negatives, 12 patentalse
negatives, 38 patients as true positives and Zmatias
false positives (figure 5).

e

Figure 5. Ultrasound with mild steatosis (a), moderate &is&s (b,c,d),
and marked steatosis (e)

On NECT using <40HU as an indicator of steatosis,
fourteen patients were classified as true negaties
patients as false negatives, 41 patients as treitiyies and
1 patient as false positives. Using @3, with cut off value
of 0.8 as an indicator of steatosis, 15 patientgewe
classified as true negatives, 12 patients as fadgmtives,
38 patients as true positives and no patients &e fa
positives. Using CI-S, with cut off value of -9

HU as an indicator of steatosis, 14 patients were
classified as true negatives, 15 patients as fadgmtives,
35 patients as true positives and 1 patient as fadsitives.

On contrast enhanced CT (EGTising <40HU, thirteen
patients were classified as true negatives, 12epigtias
false negatives, 37 patients as true positivesZapdtients
as false positives. Using C7S, with cut off value of 0.8
fourteen patients was found to be true negativépatients
as false negatives, 36 patients as true positivéd gatient
as false positives.

Using CTL-S, with cut off value of -9, thirteen patients
classified as true negatives, 15 patients as fadgmtives,
35 patients as true positives and 2 patients ae fadsitives.

The sensitivity, specificity, positive predictivalue and
negative predictive value for each modality wasalalted
(Table 2).
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Table 2. Diagnostic performance of ultrasound, NECT and &mded CT
in diagnosis of hepatic steatosis.

NPV PPV Specificity — Sensitivity ~ Modality
47.8% 90.4% 73.3% 76% us
53.8 100 100 76.0
NECT
482 972 933 70.0
60.6 97.6 933 82% CTL/S CTL-SCTL
50.0 972 933 72.0
464 945 866 70.0 Ew_‘j‘gcggg oTL
50.0 94.8  86.6 74.0

NECT: non enhanced computed tomography

Ultrasound, accurately graded 41 out of the 651%3.
patients included in the study. It overestimated6%6
patients (24.6%), and underestimated 8/65 pat{@2t8%)
(Table 3).

Table 3. US Scores Compared with Pathological Grading

. . . Ultrasound

Histological grading ore
1

S 2 >5% to Y
>66% >33% to <66% <33% <5%)
0 4 8 11 0 (n=23)
1 1 6 3 1 (mild) (11
2 16 2 1 2 (moderate) 21
8 1 1 0 3 (severe 10
11 22 17 15 Total

Table 4 shows the range and mean Hounsfield urlh (
correlated with the histo-pathological grade ofasdsis,
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were higher than those for the contrast-enhancedyés
The R2 values for simple liver attenuation measurement
without comparison with splenic attenuation werghier
than the values in which splenic measurements were
considered.

4. Discussion

In Egypt, Overall prevalence of antibody to HCVthe
general population is around 15—20% (15). Steatisss
complication of hepatitis C infection and its demhent is
complex, involving viral and

host factors. HCV related steatosis predicts rapid
progression of fibrosis and negatively impacts riet®n
therapy (16).

Clinicians routinely order hepatic ultrasonograpimy
patients with hepatitis C as an initial screeniagt.t Two
earlier studies have compared steatosis on ultrasdo
histology in HCV-infected patients (17,18).

No correlation was observed between histologic and
radiologic results in the first study, which incadl 64
patients (17).

Also, in the other more recent study, in 136 pasievith
chronic hepatitis C patients, found that ultrasousmcan
unreliable predictor of steatosis when described aon
routine ultrasound report in HCV-infected patients.

In the current study, ultrasound had sensitivity/6
specificity 73.3%, positive predictive value 90.4%nd
negative predictive value of 47.8%.

Concomitant liver pathology may complicate the

Non enhanced CT could differentiate only betweea thdiagnosis of steatosis on ultrasound. Echogenicity

moderate and severe degrees of steatosis, wiiktisty
significant difference (p value = 0.01).

Table4. NECT density, range and mean in each grade oftiegigatosis.

Histological grading

1

& 2 0

: >5% to NECT
>66% >33% to <66% <33% <5%)
19-29 33-51 35-63 42-70  Range HU
25.7 41.2 52.2 56.1 Mean HU

p value between grade 0 and grade 1 = 0.7 p valyeeken grade 1 and
grade 2= 0.4 p value between grade 2 and gade03= 0.

ultrasound may be consistent with either fibrosis o
steatosis, and ultrasonography may not effectively
differentiate between these two conditions (19).

Fibrosis has been demonstrated to be independently
associated with steatosis in hepatitis C patieB® As
regards grading and quantification, ultrasound eately
graded 41 out of the 65 (63.1%) patients includedhi
study.

Generally, ultrasound is unable to provide a peecis
determination of hepatic fat content. Grading gbdte fat
content into broad categories (mild, moderate aawkr®
steatosis) had been attempted in previous stu@ie4).

Spearman’s correlation was used to compare histétowever, all of the previous studies found the argbf

pathologic liver steatosis grade with
unenhanced and enhanced CT, The highest correlatisn
observed with CTL on non-enhanced CT (table 5).

Table 5. Spearman’s correlation coefficients for imagingretation with
histopathologic liver steatosis grade.

ECT NECT us
CTL/SCTL-SCTL CTL/SCTL-SCTL

0.50.50.56 63 0.63 0.66 0.58 r2
<0.01 <0.01 <0.01 Pvalue

r2, Spearman’s correlation coefficient

All series of R2 values for the unenhanced CT scang

ultrasoundhepatic fat content using ultrasound to be subjecti

On unenhanced CT, the attenuation value of thetheal
liver tissue is 50-57 HU, and it decreases with H\& for
each milligram triglycerides deposited per granhepatic
tissue (25).

Several CT metrics have been studied in recematitee
(liver/spleen attenuation index, liver minus spleen
attenuation index, and liver attenuation only).

The spleen provides a suitable organ to which itrer |
might potentially be normalized. Overall splenic
attenuation is not affected by most diffuse patbimio
rocesses, and the spleen is usually located orsahee
xial CT slice as the liver, making it easy to measthe
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attenuation [20]. Results of different CT metricsed to
measure hepatic fat vary in the literature.

measurement of hepatic attenuation on unenhanced CT
more accurate than differential liver spleen values

Kodama et al (26), found that the best method of Also, Non enhanced CT can differentiate betweem-mil

predicting pathologic fat content in the liver letsimple
measurement of liver attenuation on unenhancedc@i. s

moderate and severe steatosis.

In the current study, Simple hepatic attenuation
measurement carried the best parameters in thaatisjof References
hepatic steatosis. Non enhanced CT was more aeciumrat
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