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Abstract : The Objectives of this study are to measure the Hounsfield units (HU) for each liver segment to be
as standard values for normal liver as segmental anatomy as well as to compare the (HU) of the segments in
different hepatic disorders that may affected the liver attenuation.

In the present study, 248 patients were evaluated by means of non-contrast-enhanced computed tomography.
Sixty three patients had hepatic diseases and 185 were control subjects. Hounsfield was calculated in both cases
for the eight liver segments using non-contrast-enhanced computed tomography as the reference standard.

The overall normal mean of CT number(HU) of liver segments was found to be ranged between 58.99 +7.11and
60.22 +4.09 (HU) and the Liver SD was 15.39.

The study showed the CT (HU) are useful for determining the presence of underlying liver disease, and is useful
for diagnosis patients with alcohol fatty liver, obstructive biliary pathology, neoplastic diseases, metastases,
cirrhosis, Hepatitis, Ascites and can be used to screen for identify patients with cardiac, diabetes and
hypertension problems . The changes in (HU) between the diseased groups were found to be significantly
different after applying the ANOVA test at p<0.005.

Liver can be reliably diagnosed using non-enhanced CT scans (HU) measures. This study is a trial to introduce
this non-invasive radiologic study which may replace the more invasive liver biopsy in the future for accurate
diagnosis.
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I.  Introduction

The Hounsfield scale (HU) or Computerized Tomography numbers (CT NO), is a quantitative scale for
describing radio density. Normal liver (HU) is +40 to +60, fats—100 to —50, air-1000 and water is zero.[1] A
practical application of this is in evaluation of tumors, where, an adrenal tumor with a radio density of less than
10 (HU) is rather fatty in composition and almost certainly a benign adrenal adenoma.[2]

Fatty liver disease is a very common condition, with a prevalence of 20-30% in the adult population
[1] and 70% in diabetes patients [2]. Among patients who develop nonalcoholic steatohepatitis, half will evolve
to fibrosis, 10-15% to cirrhosis and 5.4% to hepatic insufficiency [1].

Fatty liver may present with different patterns of deposition and sparing. Six patterns of liver steatosis:
diffuse, geographic, focal, sub capsular, multifocal and perivascular. [3]The advancements in the medical
imaging now allow the detection of this condition noninvasively while avoiding the use of invasive diagnostic
liver biopsy. Though ultrasonography is widely used in clinical practice to image the liver without radiation
exposure and make the diagnosis of fatty infiltration of liver, [9] Diffuse forms may be graded subjectively
according to severity or quantitatively with magnetic resonance based methods [4].0n unenhanced computed
tomography (CT), liver density less than 40 Hounsfield units (HU) [5] or a density difference of more than 10
(HU) between spleen and liver indicates fatty liver [6]. Alternatively, liver parenchyma hypodensity relative to
vessels establishes the presence of moderate to severe fatty liver disease [7]. On portal phase contrast-enhanced
CT with a standardized protocol, a density difference greater than 25 (HU) between spleen and liver suggests
fatty liver deposition [6]. CT with contrast material was previously thought to be less reliable in detecting fatty
liver. However, recent data suggest that portal phase contrast-enhanced CT using blood-subtracted hepatic
attenuation may have a similar accuracy to or even greater accuracy than unenhanced CT in the diagnosis of
fatty liver [8].

Some unusual focal forms may be misdiagnosed as infiltrative or nodular liver lesions. Therefore,
previous knowledge of their (HU) appearance may prevent unnecessary investigations or allow non-invasive
diagnosis. Our study aimed to measure the HU for each liver segment to be as standard values for normal liver
as segmental anatomy as well as to compare the (HU) of the segments in different hepatic disorders that may
affected the liver attenuation.
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1. Materials And Methods
1.1 Technique and interpretation

The present study was approved by the Ethics Committee of the Research council, College Of Medical
Radiological Science. The abdominal CT images were analyzed regardless of clinical indication, in the period
between May(2013) and February (2015), until the arbitrarily established number of 248 patients, 185 called
“cases”, and 63 called “controls”, was reached ,utilizing non-contrast-enhanced CT as a reference imaging
method. The Study was obtained at Madani Hospital (Radiology Department)

Sample included patients with mean age (51.25 +18.88), Median (52.50), Minimum (12.00) Maximum
(98.00) years old. Requests for abdominal CT were integrated in the present study. Exclusion criteria for the
controls were the following: a) heterogeneous liver; b) patients with innumerable lesions in both liver lobes; c)
images with artifacts .which would make density measurements inaccurate or unreliable.

In all patients, unenhanced axial CT images (7-mm slice collimation; 120 kVp; tube current, 280-
320mA) were initially acquired through the Liver at the proximal level of the main portal vein. Attenuation
values of the liver were measured on the operator defined circular or elliptic region of interest cursor. These
regions of interest each encompassed were placed in approximately the same location on every slice, avoiding
vessels and artifacts.

All the images were interpreted by single observer with three-year experience in imaging diagnosis. At
the moment of the interpretation; none of the clinical data were available to the observer. The differentiation
between the two groups (control and diseased) was based on the diagnostic criteria established for non-contrast
enhanced CT, utilizing the analysis of hepatic attenuation values in Hounsfield units (HU).

2.2 Statistical Analyses

All data obtained in the study were documented and analyzed using SPSS program versionl6.
Descriptive statistics, including mean + standard deviation, were calculated. ANOVA test was applied to test the
significance of differences, p-value of less than 0.05 was considered to be statistically significant.

l. TABLES
Table (1): Distribution of the study sample according to (Diagnosis):
Diagnosis Frequency Percentages (%0)
Normal 185 74.6
Abnormal 63 25.4
Total 248 100.0

Table (2): Descriptive statistics of the Normal liver segments CT number (Measured in Hounsfield), and Liver
SD of the control group (normal subjects)

CT Number of | N Mean Std. Deviation | Minimum Maximum

Liver Segments

Segment (1) 185 60.2162 +4.09 45.00 67.00
Segment (2) 185 59.5892 +5.29 30.00 68.00
Segment (3) 185 58.9946 +7.11 14.00 69.00
Segment (4) 185 59.6432 +4.85 32.00 67.00
Segment (5) 185 59.7838 +4.93 32.00 67.00
Segment (6) 185 59.7027 +4.92 32.00 68.00
Segment (7) 185 60.0108 +3.9 38.00 67.00
Segment (8) 185 59.7081 +4.94 32.00 68.00
Liver SD 15.39 +4.716 4.10 29.40

Table (3): Descriptive statistics of the liver segments CT number (Measured in Hounsfield) of the patient group

CT Number of | CT diagnoses N Mean STDV Minimum | Maximum

Liver Segments (63)

Segment (1) Liver Mass 16 43.18 13.24 28.00 60.00
Liver Cirrhosis 7 19.85 7.67 13.00 32.00
Fatty Liver 12 55.41 7.74 45.00 63.00
Patients With Cardiac Problems 3 50.00 0.00 50.00 50.00
Patients With Diabetes Problems 5 57.20 6.57 50.00 62.00
Hepatitis 4 20.00 231 18.00 22.00
Patients With Hypertension 5 53.40 2.19 51.00 55.00
Obstruction 2 25.00 0.00 25.00 25.00
Patients With Ascites 2 30.00 0.00 30.00 30.00
Metastases 2 63.00 0.00 63.00 63.00
Cancer 2 39.00 0.00 39.00 39.00
Alcoholic Liver Disease 3 28.00 0.00 28.00 28.00
Total 63 55.77 11.55 13.00 67.00

Segment (2) Liver Mass 16 38.00 12.65 19.00 53.00
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Liver Cirrhosis 7 20.85 7.24 15.00 33.00
Fatty Liver 12 55.75 3.91 50.00 59.00
Patients With Cardiac Problems 3 60.00 0.00 60.00 60.00
Patients With Diabetes Problems 5 57.00 2.74 55.00 60.00
Hepatitis 4 14.50 0.58 14.00 15.00
Patients With Hypertension 5 52.00 2.74 50.00 55.00
Obstruction 2 18.00 0.00 18.00 18.00

Patients With Ascites 2 19.00 0.00 19.00 19.00
Metastases 2 53.00 0.00 53.00 53.00
Cancer 2 40.00 0.00 40.00 40.00
Alcoholic Liver Disease 3 12.00 0.00 12.00 12.00
Total 63 54.67 12.79 12.00 68.00

Segment (3) Liver Mass 16 38.00 12.66 19.00 53.00

Liver Cirrhosis 7 24.28 15.47 12.00 55.00
Fatty Liver 12 55.75 3.91 50.00 59.00
Patients With Cardiac Problems 3 60.00 0.00 60.00 60.00
Patients With Diabetes Problems 5 57.00 2.74 55.00 60.00
Hepatitis 4 14.50 0.57 14.00 15.00
Patients With Hypertension 5 52.00 2.74 50.00 55.00
Obstruction 2 18.00 0.00 18.00 18.00

Patients With Ascites 2 19.00 0.00 19.00 19.00
Metastases 2 53.00 0.00 53.00 53.00
Cancer 2 40.00 0.00 40.00 40.00
Alcoholic Liver Disease 3 12.00 0.00 12.00 12.00
Total 63 54.33 13.22 12.00 69.00

Segment (4) Liver Mass 16 38.00 12.45 19.00 52.00

Liver Cirrhosis 7 20.28 7.29 13.00 32.00
Fatty Liver 12 55.58 3.08 52.00 59.00
Patients With Cardiac Problems 3 50.00 0.00 50.00 50.00
Patients With Diabetes Problems 5 57.80 1.09 57.00 59.00
Hepatitis 4 15.50 0.57 15.00 16.00
Patients With Hypertension 5 52.40 3.28 50.00 56.00
Obstruction 2 18.00 0.00 18.00 18.00

Patients With Ascites 2 20.00 0.00 20.00 20.00
Metastases 2 50.00 0.00 50.00 50.00
Cancer 2 38.00 0.00 38.00 38.00
Alcoholic Liver Disease 2 12.00 0.00 12.00 12.00
Total 63 54.58 12.65 12.00 67.00

Segment (5) Liver Mass 16 38.00 12.45 19.00 52.00

Liver Cirrhosis 7 19.85 7.67 13.00 32.00
Fatty Liver 12 55.58 3.09 52.00 59.00
Patients With Cardiac Problems 3 50.00 0.00 50.00 50.00
Patients With Diabetes Problems 5 57.80 1.09 57.00 59.00
Hepatitis 4 15.50 0.57 15.00 16.00
Patients With Hypertension 5 52.40 3.28 50.00 56.00
Obstruction 2 18.00 0.00 18.00 18.00

Patients With Ascites 2 20.00 0.00 20.00 20.00
Metastases 2 50.00 0.00 50.00 50.00
Cancer 2 38.00 0.00 38.00 38.00
Alcoholic Liver Disease 2 12.00 0.00 12.00 12.00
Total 63 54.67 12.75 12.00 67.00

Segment (6) Liver Mass 16 38.00 12.45 19.00 52.00

Liver Cirrhosis 7 20.28 7.83 13.00 33.00
Fatty Liver 12 55.58 3.08 52.00 59.00
Patients With Cardiac Problems 3 50.00 0.00 50.00 50.00
Patients With Diabetes Problems 5 57.80 1.09 57.00 59.00
Hepatitis 4 15.50 0.57 15.00 16.00
Patients With Hypertension 5 52.40 3.28 50.00 56.00
Obstruction 2 18.00 0.00 18.00 18.00

Patients With Ascites 2 20.00 0.00 20.00 20.00
Metastases 2 50.00 0.00 50.00 50.00
Cancer 2 38.00 0.00 38.00 38.00
Alcoholic Liver Disease 2 12.00 0.00 12.00 12.00
Total 63 54.62 12.69 12.00 68.00

Segment (7) Liver Mass 16 37.68 11.85 18.00 53.00

Liver Cirrhosis 7 21.28 6.57 15.00 32.00
Fatty Liver 12 54.08 1.37 52.00 56.00
Patients With Cardiac Problems 3 53.00 0.00 53.00 53.00
Patients With Diabetes Problems 5 56.20 1.64 55.00 58.00
Hepatitis 4 16.00 0.00 16.00 16.00
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Patients With Hypertension 5 51.00 2.73 49.00 54.00
Obstruction 2 19.00 0.00 19.00 19.00
Patients With Ascites 2 24.00 0.00 24.00 24.00
Metastases 2 49.00 0.00 49.00 49.00
Cancer 2 44,00 0.00 44.00 44.00
Alcoholic Liver Disease 3 13.00 0.00 13.00 13.00
Total 63 54.85 12.23 13.00 67.00
Segment (8) Liver Mass 16 38.00 12.44 19.00 52.00
Liver Cirrhosis 7 20.28 7.82 13.00 33.00
Fatty Liver 12 55.58 3.08 52.00 59.00
Patients With Cardiac Problems 3 50.00 0.00 50.00 50.00
Patients With Diabetes Problems 5 57.80 1.09 57.00 59.00
Hepatitis 4 15.50 0.57 15.00 16.00
Patients With Hypertension 5 52.40 3.28 50.00 56.00
Obstruction 2 18.00 0.00 18.00 18.00
Patients With Ascites 2 20.00 0.00 20.00 20.00
Metastases 2 50.00 0.00 50.00 50.00
Cancer 2 38.00 0.00 38.00 38.00
Alcoholic Liver Disease 3 12.00 0.00 12.00 12.00
Total 63 54.62 12.70 12.00 68.00

Table (4): ANOVA Test of the liver segments CT number (Measured in Hounsfield) of the patient groups

CT Number of Liver Sum of Squares df Mean Square F P value

Segments

& Age

Segment (1) Between Groups 26023.24 14 2001.78 67.63 .000
Within Groups 6925.563 234 29.59
Total 32948.80 248

Segment (2) Between Groups 32351.30 14 2488.56 71.88 .000
Within Groups 8100.886 234 34.61
Total 40452.19 248

Segment (3) Between Groups 29765.21 14 2289.63 40.03 .000
Within Groups 13381.67 234 57.18
Total 43146.88 248

Segment (4) Between Groups 32414.58 14 2493.43 81.81 .000
Within Groups 7131.799 234 30.47
Total 39546.38 248

Segment (5) Between Groups 32886.41 14 2529.72 80.88 .000
Within Groups 7318.125 234 31.27
Total 40204.54 248

Segment (6) Between Groups 32526.13 14 2502.01 80.26 .000
Within Groups 7293.994 234 31.17
Total 39820.12 248

Segment (7) Between Groups 31634.91 14 2433.45 106.26 | .000
Within Groups 5358.561 234 22.900
Total 36993.48 248

Segment (8) Between Groups 32536.28 14 2502.79 79.816 | .000
Within Groups 7337.583 234 31.35
Total 39873.87 248

1. Discussion and Conclusion

We examined scans of all participants in the study. The attenuation measurements of the 8 liver
segments were available in all the normal subjects (185).The final analysis was performed on the normal
Sudanese participants where images of liver was available on the CT scans ,this was presented in table (1,
2).The normal mean attenuation of the liver the segments from (1-8) were 60.2162+4.09, 59.5892+5.29,
58.9946+7.11, 59.6432+4.85, 59.7838, +4.93, 59.7027+4.92, 60.0108+3.9, 59.7081+4.94 Hounsfield (HU)
respectively where the liver SD mean values was 15.39+4.716.

There were ethnic differences present in the previous studies regarding liver CT (HU) changes as
Caucasians and African Americans, Hispanics and Chinese. Our findings authenticate what was mentioned
previously [10]

Fatty liver disease is a fairly common clinical entity in the general population. The advancements in the
medical imaging now allow the detection of this condition noninvasively while avoiding the use of invasive
diagnostic liver biopsy in asymptomatic patients. Our study showed that CT scanning may be a useful means of
diagnosing liver fat and can be used in clinical and research settings. These measures are shown to be highly
reproducible and easy to obtain. Prevalence of fatty liver in our Sudanese population was found to be 12 of the
63 patients (19%) of the sample. this value is similar to a study done previously [10]
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The identification of liver fat by CT as a predictor of health risk was first described by Banerji et al. [11] and
Goto et al. [12] in 1995. The CT method employed realizes that the lower the mean liver attenuation or CT
number in Hounsfield units (HU), the lower the tissue density and hence the greater the fat content. Therefore,
liver density (attenuation in HUS) is inversely related to liver fat and thus is a surrogate for it (13).However,
although extremely low (HU) values have been measured in livers infiltrated with fat, an overlap exists between
normal and abnormal liver (HU) values (14).Table (2) and table (3) reflects the findings of the normal and
diseased groups.

CT findings of the liver in hepatitis have been reported as follows: atrophy of the liver, localized, or
diffuse decrease of CT number, dilatation of portal vein, splenomegaly, Ascites, shrinkage or disappearance of
hepatic vein and increase of CT number during the recovery stage. [15,16,17,18].

Among the findings mentioned above, decreases of hepatic CT numbers are found in our study. We
suggest that the changes in the segments CT Hounsfield are to be particularly important to estimate the therapy
and to follow the clinical course of hepatitis this gives an important value in measuring CT number in cases of
hepatitis this also was mentioned previously [15, 16, 18]

Therefore, measurement of a conventional parameter such as mean hepatic CT number of all segments
might reflect the exact functioning reserve of the whole liver. In order to obtain a more reliable parameter by CT
examination, we calculated the CT number of the 8 liver segments and evaluated its clinical significance.
Among cases of hepatitis, CT (HU) was found to be the lowest in cases of hepatitis, Decreases of CT attenuation
(HU) in hepatitis were highly significant when compared to controls.

The reduction of the mean CT (HU) in cases of metastases and cancers and liver masses can be
justified as follows: The water content of the non-tumor region in livers with metastases had almost the same
level as that of the normal livers. However, the water content of the tumor was higher than that of the normal
livers. Moreover, in 20f 63cases in which a tumor was observed and 2 of 63 cases of metastases as well as 16 of
63 cases with liver masses at CT as a low density area, the water content was higher in the tumor than in the
non-tumor region. These findings suggest that the increase in the water content of the tumor plays a major role
in demonstration of this region as a low-density area on CT. the same justification was mentioned and found in a
study done by Ueda J,et al.1988[19]

This previous study had mentioned that the increase in the water content, the decrease in the metal
contents in the tumors, and the difference in the metals content between the tumors and non-tumor regions were
considered to be factors associated with a low-density area of the tumors as observed on CT.[19]

Therefore our study suggested that water may be the factor that causes the tumors as a low-density area
on CT. Computed tomography scan as one of the imaging modalities for the liver scan is widely used. Studies
showed the CT are useful for determining the presence of underlying liver disease, and can be useful for
excluding other causes of abnormal liver tests in patients who abuse alcohol such as infiltrative disease,
obstructive biliary pathology and neoplastic diseases of the liver [ 20]. CT Imaging can also aid in the diagnosis
of cirrhosis and can be used to screen for and identify tumors. In our study the CT scan was used and are able to
diagnose all these disease and by measuring the CT (HU) values they showed valuable results and we can
predict the changes by these measurement and the differences between groups was found to be significantly
different after applying the ANOVA test (table 4).

Our study showed that hepatic steatosis was easily detected by a non-contrast CT scan which can be a
particularly useful technique to detect fats in the liver also the result showed that CT (HU) can detect and
quantify hepatic cirrhosis. Our results is consistent with the previous studies that mentioned the measurement of
attenuation of the liver is used to identify and predict of hepatic steatosis[21,22] .

Alcoholic liver disease (ALD) is a general term used to refer to the spectrum of alcohol-related liver
injuries [23,24].Excessive alcohol use is ranked as one of the top five risk factors for death globally[25]
.Alcohol is a well established hepatotoxin associated with increased risk of development of ALD. Several risk
factors have been identified for ALD including gender, ethnicity, age, obesity, co-existing chronic viral
hepatitis, and other factor[26].0ur study showed that 3out of 63 patients are with alcohol liver disease (4.8%)
and shows changes in liver CT attenuation ;this was noticed in table (4). however our study didn’t considered
the gender or age or duration of consumption.

Changes have been shown to be associated with insulin resistance and are considered a part of the
metabolic syndrome (27, 28). Studies are also looking at the association of changes with inflammatory markers
and subclinical atherosclerosis, or cardiovascular evaluating its associations beyond the liver (29-31).Our study
also suggested that the changes in the CT attenuation of the liver was detected in patients with cardiac problems,
hyper tension and diabetes as seen in table(4)

Our study is a trial to introduce this non-invasive radiologic study which may replace the more invasive liver
biopsy in the future for accurate diagnosis of liver diseases. Liver can be reliably diagnosed using non-enhanced
CT scans (HU) measurements.
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