
1.2 1.3
0

2

4

6

8
x 10

4

F0

F4

Figure 3

O
pt

ic
al

ly
 S

ca
nn

ed
 

Im
ag

e
M

R
 Im

ag
e

F0 F4

Figure 1

 

 

1.1

1.15

1.2

1.25

1.3

1.35

 

 

1.1

1.15

1.2

1.25

1.3

1.35

Figure 2

AUTOCORRELATION ANALYSIS OF HEPATIC FIBROSIS ON MRI 
Jonathan F. Brand1, Lars R. Furenlid1,2, Maria I Altbach2, Jean-Philippe Galons2, Tulshi Bhattacharyya2, Achuyt Bhattacharyya3, Ali Bilgin2,4, Zhitao Li4, and Diego R. 

Martin2 
1College of Optical Sciences, University of Arizona, Tucson, AZ, United States, 2Department of Medical Imaging, University of Arizona, Tucson, AZ, United States, 

3Department of Pathology, University of Arizona, Tucson, AZ, United States, 4Electrical and Computer Engineering, University of Arizona, Tucson, AZ, United States 
 

Purpose: Chronic liver diseases (CLD) are a major health 
concern worldwide [1]. Hepatic fibrosis (HF) is a hallmark of 
CLD.  CLD with HF is usually progressive and if untreated leads 
to cirrhosis and elevated risk of liver cancer. Staging of HF is 
critical for diagnosis, treatment decisions and to monitor CLD 
progression. The gold standard for staging of HF is liver biopsy, 
which is invasive, has associated risks, and is prone to sampling 
errors. A proposed alternative is to measure liver stiffness via 
Magnetic Resonance Elastography (MRe)[2]. However, MRe 
requires specialized hardware and operator training. The objective 
of this study is to use high resolution MRI to detect the textural 
changes in the liver due to HF, and locally analyze the tissue with 
a mathematical observer to grade HF on a scale consistent with 
the standard METAVIR score used for biopsy staging. 
 Methods: We use ex-vivo liver samples fixed in 10% formalin.  
Li et al., showed that the fibrotic structures in fixed tissue appear 
similar to the delayed phase Gd contrast enhanced images 
acquired in vivo [3]. Figure 1 shows two livers collected from 
autopsy, identified as F0 (No fibrosis on histology) and F4 
(Severe fibrosis on histology), with optically scanned images (top) 
and the corresponding high resolution MR images (bottom) 
acquired with 0.35mm3 resolution.  The change in texture between healthy and diseased tissue is readily seen on both optical and MRI modalities.   

MRI were obtained for each ex-vivo liver sample on a 3T Siemens Skyra scanner with a T1-
weighted 3D gradient echo sequence (TR /TE /α = 9.3ms /4.41ms/15 ) at 0.35mm3 isotropic resolution.  
To simulate an in-vivo scan at a clinically viable spatial resolution we down sampled the data to 
0.70mm3 isotropic resolution. Fifteen biopsies were collected from the surface of each ex-vivo tissue 
sample and the METAVIR score was read by an expert liver pathologist, providing the reference standard. Biopsy METAVIR results were correlated 
with MRI to locate areas of HF stages for analysis. Biopsy is only capable of scoring HF on a small region of the liver (the size of a biopsy slide is 
~10x10x3mm3). A mathematical observer analysis can probe the extent of HF across the entire liver image.  

Livers from each collected METAVIR class were selected at random as training or testing data for the Hotelling observer. The background and 
blood vessels were segmented and removed from the images. Independent 7x7 (2.45mm2) pixel grids were collected over the full FOV and separately 
analyzed with 2D autocorrelation and 2D circular autocorrelation. We use the 
Hotelling observer because it is the optimal linear observer and represents the 
weighted combination of features that yield the best classification 
performance from collected training data processed via the chosen 
autocorrelation method. A Hotelling template was trained for each 
autocorrelation analysis method with separate ex-vivo, biopsy confirmed, F0 
and F4 tissues to classify F4 from F0 classes. The F0-F4 template was 
applied to separate ex-vivo, biopsy confirmed, F0 and F4 tissue samples for 
testing. Applying the Hotelling template yields a scalar test statistic that is 
the inner product of the template with the analyzed data collected from the 
testing sample. HF staging is accomplished by comparing the test statistic 
values to a threshold and performance is evaluated with ROC analysis. The 
test statistics are displayed as a map to highlight local areas of HF. 
Histograms are used to show the range of test statistics recovered from the 
entire testing tissue samples. 
 Results: Table 1 shows the area under the curves (AUC) for each of the two analysis methods at 0.35mm3. A circular 
autocorrelation analysis outperformed autocorrelation analysis.  Using the circular autocorrelation analysis on simulated 
0.70mm3 resolution data, the observer performed with an AUC of 0.915. Figure 2 shows the test statistic maps of a single 
slice from the circular autocorrelation analysis for normal (F0) and disease (F4) tissue samples at the simulated 0.70 mm3 
resolution. Figure 3 shows the histograms of all test statistics recovered from the simulated 0.70mm3 resolution circular 
autocorrelation analysis. The statistic maps show features corresponding to HF throughout the F4 liver sample compared 
to the uniform low signal of the F0 sample. The histograms show the separation of values across the complete data set.  
Conclusion: Autocorrelation and circular autocorrelation Hotelling observer analysis shows feasibility for classifying 
grades of liver fibrosis as defined by METAVIR scores.  It is also shown that the results can be represented as maps of 
diseased tissue.  This raises the potential for use by a radiologist as a diagnostic aid.  Our approach can be easily adapted for evaluating all grades of 
HF, from early to severe disease. This MR method has the potential for non-invasively characterizing HF, providing an MRI biomarker surrogate for 
biopsy. 
References:[1] Kim WR, Hepatology 2002; 36: 227;[2] Singh, Clinical Gastroenterology and Hepatology 2014;[3] Li, ISMRM 2014; 7640;  

Table 1 .35mm3 resolution 
Autocorrelation 0.966 
Circular Autocorrelation 0.987 
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