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Fig. 1. Hemangioma in a 40-year-old woman. Fundamental image (A) shows a hyperechoic mass (arrow) with ‘good’ lesion con-
spicuity, ‘good’ internal morphology, and ‘good’ overall image quality. Note distinct peripheral halo that was graded as ‘good'.
Tissue harmonic image (B) and fundamental compound image (C) show a hyperechoic lesion (arrow) with the same grade in all pa-
rameters as that shown in A. Harmonic compound image (D) shows a hyperechoic lesion (arrow) graded as ‘excellent’ in all para-
meters, indicating the best image quality among all of these four images.
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Table 3. Comparison of FI, THI, FCI and HCI Techniques in 14
Metastases

Parameters Techniques
Table 1. Comparison of FI, THI, FCI and HCI Techniques in 27 Conspicuity FI < FCI = HCI
Hemangiomas THI < FCI
Paramet Techni FI = THI
arameters echniques Internal morphology FI < FCI = HCI
Conspicuity FI < THI = FCI = HCI FI = THI
Internal morphology FI < THI = FCI = HCI Overall image quality FI < THI = FCI = HCI
Overall image quality FI < THI = FCI = HCI THI < HCI
Peripheral halo FI = THI = FCI = HCI Peripheral halo FI = THI = FCI = HCI

FI, fundamental imaging; THI, tissue harmonic imaging; FCI, fun-
damental compound imaging; HCI, harmonic compound imaging
A > B: Ais superior to B with statistical significance(p < 0.05);

A = B: There is no significant difference between A and B;

A < B = Cmeans that A is superior to B and A is superior to C.

Table 2. Comparison of FI, THI, FCI and HCI Techniques in 15
Hepatocellular Carcinomas

FI, fundamental imaging; THI, tissue harmonic imaging; FCI, fun-
damental compound imaging; HCI, harmonic compound imaging
A > B: Ais superior to B with statistical significance (p<0.05);

A = B: There is no significant difference between A and B;

A < B = Cmeans that A is superior to B and A is superior to C.

Table 4. Comparison of FI, THI, FCI and HCI Techniques in 56
Total Solid Lesions

Parameters Techniques Parameters Techniques

Conspicuity FI < FCI = HCI Conspicuity FI < THI = FCI = HCI

Internal morphology FI = THI = FCI = HCI THI < HCI

Overall image quality FI < FCI Internal morphology FI < THI = FCI = HCI
FI = THI = HCI Overall image quality FI < THI = FCI = HCI

Peripheral halo FI = THI = FCI = HCI Peripheral halo FI = THI = FCI = HCI

FI, fundamental imaging; THI, tissue harmonic imaging; FCI, fun-
damental compound imaging; HCI, harmonic compound imaging
A > B: Ais superior to B with statistical significance (p<0.05);

A = B: There is no significant difference between A and B;

A < B = Cmeans that A is superior to B and A is superior to C.

FI, fundamental imaging; THI, tissue harmonic imaging; FCI, fun-
damental compound imaging; HCI, harmonic compound imaging
A > B: Ais superior to B with statistical significance (p<0.05);

A = B: There is no significant difference between A and B;

A < B = Cmeans that A is superior to B and A is superior to C.
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Table 5. Comparison of FI, THI, FCI and HCI Techniques in 38 OF

Hepatic Cysts (bandwidth)
Parameters Techniques
Internal artifact FI < THI = FCI = HCI
Sharpness of margin FI < THI = FCI = HCI ®.
Posterior enhancement FI = FCI < THI Cl
FCI < HCI cl
THI = HCI
FI

FI, fundamental imaging; THI, tissue harmonic imaging; FCI, fun-
damental compound imaging; HCI, harmonic compound imaging
A > B: Ais superior to B with statistical significance (p<0.05);

A = B: There is no significant difference between A and B;

A < B = Cmeans that A is superior to B and A is superior to C.

(beamformer electronics)

C D

Fig. 2. Hepatocellular carcinoma in a 60-year-old man. Fundamental image (A) shows a hyperechoic lesion (arrows) graded as 'fair’
in all parameters. Except peripheral halo, this lesion (arrows) in tissue harmonic image (B) was ranked as 'excellent’ on all parame-
ters, while it (arrows) was ranked as 'good’ in all parameters on fundamental compound image (C) and harmonic compound image
(D). For peripheral halo, tissue harmonic and fundamental compound images show a 'good’ peripheral halo due to some indistinct
portion at its upper part (black arrows), while harmonic compound image shows a 'fair’ peripheral halo due to a greater extent of
its indistinct portion (black arrows).
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Fig. 3. Metastatic adenocarcinoma in a 69-year-old man with advanced gastric cancer. Fundamental image (A) shows a hypoechoic
lesion (arrows) with target appearance with ‘poor’ lesion conspicuity, ‘fair’ internal morphology, and 'fair’ overall image quality.
This lesion was regarded to have no peripheral halo noted. Tissue harmonic image (B) shows a target lesion (arrows) with ‘fair’ le-
sion conspicuity, ‘good’ internal morphology, and 'fair’ overall image quality. Fundamental compound image (C) and harmonic
compound image (D) show a target lesion (arrows) that was all graded as 'good’ in all parameter, although there are subtle differ-
ence in each parameter between them.
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Fig. 4. Cyst in a 55-year-old woman. Fundamental image (A) shows an anechoic lesion (arrows) with ‘good’ internal artifact, ‘good’
sharpness of margin, and 'fair’ posterior enhancement. Tissue harmonic image (B) shows an anechoic lesion (arrows) that was
graded as ‘good’ in all parameters. Fundamental compound image (C) and harmonic compound image (D) show a clearly demar-
cated, anechoic lesion (arrows) without internal artifact, indicating ‘excellent’ sharpness of margin and internal artifact. Posterior
enhancement appears to be much brighter in D compared to any other image, and therefore posterior enhancement shown in D
was graded as 'excellent’.

(8). THI FI
12).
Cl Fl : , .
(multi—angle) CI Cl HI
HI
(variance) , , .
4. cl , HI
: cl
, . HI ClI
(15). .
, THI, FCI,
HClI FI . ,
THI  HCI

- 370 —



2002;47:365-372

) ) Fl
THI  HCI
, THI  HCI
1. Ward B, Baker AC, Humphrey VF. Nonlinear propagation applied

2.

to the improvement of resolution in diagnostic medical ultrasound.
J Acoust Soc Am 1997;101: 143-154

Muir TG, Cartensen EL. Prediction of nonlinear acoustic effects at
biomedical frequencies and intensities. Ultrasound Med Biol
1997;6: 345-357

. Tranquart F, Grenier N, Eder V, Pourcelot L. Clinical use of ultra-

sound tissue harmonic imaging. Ultrasound Med Biol 1999;25: 889-
894

. Burns PN, Wilson SR, Simpson DH. Pulse inversion imaging of liv-

er blood flow; improved method for characterizing focal masses
with microbubble contrast. Invest Radiol 2000;35:58-71

. Entrekin R, Jackson P, Jago JR, Porter BA. Real-time spatial com-

pound imaging in breast ultrasound: technology and early clinical
experience. Medicamundi 1999;43:35-43

. Hann LE, Bach AM, Cramer LD, Siegel D, Yoo H-H, Garcia R.

Hepatic sonography: comparison of tissue harmonic and standard
sonography techniques. AJR Am J Roentgenol 1999;173:201-206

. Kono Y, Moriyasu F, Nada T. Gray scale second harmonic imaging

oo

9

10.

11.

12.

13.

14.

15.

- 371 -

of the liver : a preliminary animal study. Ultrasound Med Biol
1997;23:719-26

. Jang H-J, Lim HK, Lee W], Kim SH, Kim KA, Kim EY. Ultrasound

evaluation of focal hepatic lesions: comparison of pulse inversion
harmonic, tissue harmonic, and conventional imaging techniques.
J Ultrasound Med 2000;19:293-299

. Kim BH, Lim HK, Choi MH. et al. Detection of parenchymal ab-

normalities in acute pyelonephritis by pulse inversion harmonic
imaging with or without microbubble ultrasonographic contrast
agent : correlation with computed tomography. J Ultrasound Med
2001;20:5-14

Seo B-K, Oh YW, Kim HR, et al. Sonographic evaluation of breast
nodules: comparison of conventional, real-time compound, and
pulse-inversion harmonic images. Korean | Radiology 2002;3:38-44
Berson M, Roncin A, Pourcelot L. Compound scanning with an
electronically steered beam. Ultrasonic Imaging 1981;3:303-308
Shapiro RS, Wagreich J, Parsons RB, Stancato-Pasik A, Yeh H-C,
Lao R. Tissue harmonic imaging sonography: evaluation of image
quality compared with conventional sonography. A/JR Am ]
Roentgenol 1998;171:1203-1206

Staritt HC, Duck FA, Hawkins AJ, Humphrey VF. The develop-
ment of harmonic distortion in pulsed finite-amplitude ultrasound
passing through liver. Phys Med Biol 1986;31:1401-1409

Jesperson SK, Wilhjelm JE, Sillesen, H. Multiangle compound
imaging. Ultrasonic Imaging 1998;20:81-102

Entrekin RR, Porter BA, Sillesen HH. Real-time spatial compound
imaging: application to breast, vascular, and musculoskeletal ultra-
sound. Semin Ultrasound CT MR 2001;22:50-64



J Korean Radiol Soc 2002;47:365-372

Ultrasonographic Evaluation of Focal Hepatic Lesions :
Comparison of Fundamental, Tissue Harmonic, Fundamental

Compound and Harmonic Compound Imaging Techniques'

Jung Hee Shin, M.D., Ji Young Hwang, M.D.,
Seung Yon Baek, M.D., Chung Sik Rhee, M.D.

'Department of Radiology, Ewha Womans University Mokdong Hospital

Purpose: To compare the ultrasonographic image quality of fundamental imaging (FI), tissue harmonic imag-
ing (THI), fundamental compound imaging (FCI), and harmonic compound imaging (HCI) in the evaluation of
focal hepatic lesions.

Materials and Methods: Ninety-four focal hepatic lesions (27 hemangiomas, 15 hepatocellular carcinomas, 14
metastases, and 38 cysts) in 74 patients [30 males and 44 females aged 33—82 (mean, 55) years] were included
in our study. All patients underwent FI, THI, FCI, and HCI using an HDI 5000 Sono CT scanner (Advanced
Technology Laboratories, Bothell, CA., U.S.A.) with a 2—5MHz convex transducer. Images were analysed by
two abdominal radiologists who used a 4-point scale and reached a consensus. In the case of solid lesions, four
parameters, as follows, were evaluated: lesion conspicuity, internal morphology, overall image quality, and
peripheral halo. For cysts, three parameters (internal artifact, sharpness of margin, and posterior enhance-
ment) were assessed. For statistical analysis, the Scheffe method (ANOVA test) was used.

Results: For solid lesions (hemangioma, hepatocellular carcinoma, and metastasis), THI, FCI and HCI were
superior to FI in terms of lesion conspicuity, internal morphology and overall image quality (p<0.05), though
for peripheral halo, the four imaging techniques were not statistically different. For cysts, THI, FCI and HCI
revealed clearer internal artifact and better margin sharpness than FI (p<0.05), while in terms of posterior en-
hancement, THI was superior to both FI and FCI, and HCI was superior to FCI (p<0.05).

Conclusion: For the evaluation of focal hepatic lesions, harmonic imaging techniques (i.e. THI and HCI) ap-
pear to provide better image quality than fundamental imaging techniques (i.e. FI and FCI). There is, however
no significant difference in image quality between the two harmonic techniques.
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