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Detection and Quantification of Early
Hepatic Fibrosis from Ultrasonography
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The true frequency of y(t) altered from 12Hz to 48Hz with time.
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Power
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In Fourier spectrum, you found 30Hz, 90Hz and 150Hz with few nearby
tails. They are mathematical solution rather than physical solution.

Cut Frequency

Complete Spectrum
-+ Filtered Spetrum

True
—— FFT based fitting




HHT vs. FFT Filter

- ‘ AN

0 50 100 150 200

I Complete Spectrum
" Desired IMF

y(t) = 5.5c0s[0.092t + 0.3sin(0.184t)] - e ! +0.05c0s[0.0092t + 0.3sin(0.0184t)] + 5sin(0.00015t — 7/ 2)

= IMF1 + IMF2 + IMF3

How to extract desired IMF2(blue) out of complete spectrum by Filter ?

It is almost impossible to extract the desired mode (blue) out of
complete spectrum because of the overlapped spectrum.

Because the real spectrum of IMFs are actually independent, IMF2 is
adaptively decomposed by EMD shown on the next page.
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Real EEG signals
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Linear Curve Fitting

(a) L]

Real Data Point  x;,y;(i=1..n)

Model ¥, =a-x,+b
Error  E*=3 (v, ~$)* =2 (yy —a-x,~b)*
k=1 k=1

Real Data Points t;,y,(i=1...n)
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Medical Application




Needs

» Natural History of Chronic Liver Disease

Hepatocellular

Liver cirrhosis is a leading cause of death in Asia.

fibrosis

liver biopsy is associated with a risk of
complications, patient discomfort and high cost.

Texture Analysis

e Texture Coarseness Quantification
Normal liver Cirrhotic liver

Cirrhotic Liver creates more heterogeneous
texture in ultrasound imaging.

Empirically, our naked eye can differentiate them,
however, we need more objective quantification.

What kind of spatial scale
we are interested in ?

Normal liver Cirrhotic liver




Normal IMF 1 IMF 2

Cirrhosis IMF 1 IMF 2

Cirrhosis Liver contains more contrast in fine

structure and more fragile in coarse structure.

Why not FFT and Wavelet ?

- They are prior bases based.
e They are not truly 2D analyzer.

e They are not adaptive.

What is EMD ?

e Bi-dimension Empirical Mode Decomposition

Artificial Testing

Real Testing

Medical
Application

How to Process EMD ?

How to Separate the Original Data by EMD ?
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How to Find the 2nd
Component ?

The All Components

NSNS NSNS
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w— st Componet
2nd Component
e Background

Tumor Calcification

Heterogeneous Tissue with microcalcification

Detailed Comparison
-

e R A d. BEFRALG
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Clinical Database

» Patients with chronic liver disease (n = 63)
— Age : 49 1 11yrs
— Males: 42 (67%)
— Diagnosis
= chronic hepatitis B: 30 (48%)
= chronic hepatitis C: 30 (48%)
= chronic hepatitis B+C: 3 ( 4%)
— Metavir Score
« FO: 7 (11%)
e F1: 22 (35%)
e F2: 17 (27%)
* F3 + F4: 18 (27%)




Spatial Resolution
Alignment

Source Image
Polar Mapping

X=X, +I-cos@

Pixel volume depends

y=Y,+r-sin @
on depth.

Spatial Resolution Alignment

larger speckle size

similar speckle size

Other System Setting

e Scanning Frequency(3.5MHz)

High Frequency enhance resolution

Scanning Depth(10cm)

Deeper scanning decrease resolution

Time Gain Control (TGC)

TGC create incomparable echo

Without Persistence
Persistence makes speckle more smooth

Frame Rate (15 fps)

Fast fps decrease the resolution

Texture Analysis after EMD

e Texture Coarseness Quantification

Normal liver

Cirrhotic liver

Entropy = D" P, (k) - log[ P, (k)]
k
where:

Pun(K) =X 3 PG, ) with i+ =k

pqeetd

Heterogeneous
texture has greater
entropy
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Results

Results without EMD Results with EMD
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i aSUL. Health Early Serious
Fibrosis Fibrosis Fibrosis Fibrosis

Health and Early Fibrosis are not easily distinguished.

(Serious Fibrosis ) is significantly different from (Early
Fibrosis), df=63, P< 101 (too small)

Conclusion

Acting only before careful consideration:

e Spatial resolution should be well controlled.

Probe frequency, Frame rate, TGC,
Scanned Depth

e Suitable separation is a better tool than

contrast or Gamma correction in imaging
analysis.
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