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The Role of Ultrasonography, Computed Tomography and Magnetic
Resonance Imaging in Prediction of Gallstone Composition

Seung Woo Park, M.D., Si Young Song, M.D., Jin Kyung Kang, M.D., Hyung Sik Yoo, M.D.,*
Jae Bock Chung, M.D., In Suh Park, M.D. and Eun Sub Lee

Division of Gastroenterology, Department of Internal Medicine, and *Radiology,

Institute of Gastroenterology, Yonsei University College of Medicine, Seoul, Korea

Background/Aims: To predict the gallstone composition for nonsurgical treatment, various imaging
techniques have been used. One such technique that several researchers have recently showed
interest in magnetic resonance imaging(MRI). However, the usefulness of this technique has yet to
be studied. Thus, the purpose of this study is to compare the effectiveness of ultrasonography(US),
computed tomography(CT), and MRI for the prediction of gallstone composition. Methods: Thirty-
nine cases of gallstones removed surgically were used. The findings of each imaging studies in
vitro were compared with the type of stone classified according to the cholesterol content measured
by infrared spectrophotometry. Results: Infrared spectrophotometry showed that seventeen cases
were cholesterol, 8 mixed, and 14 pigment stones. When US findings were classified into shooting
star, crescent, half-moon, full-moon and star-dust pattern, a single pattern was noted in 19 cases,
and two or three patterns were noted in the remaining 20 cases. There was no correlation between
the US patterns and gallstone types. CT findings were classified into dense(7 cases), faint(4 cases),
hypodense(4 cases), rimmed(10 cases) and laminated(4 cases) patterns. Higher incidence of
cholesterol stones was found in hypodense(4/4) and rimmed(6/10) patterns, while the occurrence of
pigment stones was higher in the dense(11/17) pattern. In MRI, while T1-weighted images showed
visibly increased signal in 34 of the 39 cases, 17 cases were signal void on T2-weighted
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images. There was no correlation between signal intensity and cholesterol or calcium content. MRI

findings were categorized into dark(5 cases), faint(! case), bright(2 cases), rimmed(7 cases),

laminated(13 cases) and central sunburst(13 cases) patterns. There was higher incidence of

Cholesterol stones in the central sunburst pattern(10/11), while pigment stones occurred more in

rimmed(5/7), laminated(6/13), and bright(2/2) patterns. The sensitivity, specificity, positive and

negative predictive value for the prediction of cholesterol stone were 58.8%, 81.8%, 71.4% and

72.0% by CT, and 64.7%, 95.5%, 91.7% and 77.8% by MRI, respectively. Conclusions: US has

no value in predicting the composition of gallstones, while CT and MRI seem to have some

predictive power. However, MRI has higher specificity and negative predictive value than CT, and

therefore MRI is expected to have more clinical usefulness. (Korean J Gastroenterol 1995:27:

213-227)

Key Words: Prediction of gallstone composition, Ultrasonography, Computed tomography, Magne-

tic resonance imaging
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Fig. 1. Classification of gallstone according to ultrasonographic findings.
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Fig, 2. Classification of gallstone according to computed tomographic findings.
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Fig. 3. Classification of gallstone according to magnetic resonance imaging patterns,
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Fig. 4. Infrared spectrophotometric findings according to the composition of gailstone.
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Table 1. Cholesterol and Calcium Content According to ofl Wb HU2| 3§73k 447 o] ek dense

the Type of Gallstone o4} 426.5+464.00.2 7h3 EE3 ?;}BHZ:E 154

Type of No. Cholesterol ~ Calcium o] g3kt hypodense®olj 4] &= -210.7+215.02.8 7}

_gallsone  (n=39) (B (B A o n](p-0.05), Zall2d]E %&f “2‘ dl 228l

Cholesterol  17(43.6) 843+ 83* 87! 59* &Ao] ukohtd hypodense®ol| 4] 79.2+5.5% & 7hAk

Mixed 8(20 5) 42.1:4109 2201135 _‘r_ol_ﬂ-’ ‘—‘1 473,(-‘01 v%.%]\.[d dense°§0ﬂ&‘] 30.2i
59 . 25240 9.1 N

Pigment = 14(359) 747 47 2521 91 35.5% 5 7hak LSrhp < 0.05)(Table 5). el 26|%

Values are given as mean ' SE yl 7 ghakol] whE HUSMS] Akt Al S =z Ay

(), %; *, P<0.05 vs. mixed and pigment stone. W uh, HUSF Zall2uE dheke odnale) Ak A)

Table 2. Type of Gallstone According to the Ultrasonographic Findings

Fmdmgs Cholesterol  Mixed Pigment " Total
Shooting star 6(46.2) 2(15.9) 5(38.4) 13(100)
Crescent 2(40.0) 2(40.0) 1(20.0) 5(100)
Half-moon 8(47.1) 5(29.4) 4(23.5) 17(100)
Full-moon 12(48.0) 4(16.0) 5(36.0) 25(100)
Star-dust - - 2(100) 2(100)

CTotl 28¢5 13210y 21639 62(100)
(), %

1able 3. Diversity of the Ultrasonographic Findings

Uhras;)nographic findings

Type of gallstone -— - - - S Total
Single pattern Two patterns Three patterns

Cholesterol 8(47.1) 7(41.1) 2(11.8) 17(100)

Mixed 3(37.5) 5(62.5) - 8(100)

Pigment 8(57.1) 5(335.7 1( 5.9) 14(100)

Total 19487 17(43.6) (77 39(100)

() %.

Table 4. Type of Gallstone According to the Computed Tomographic Findings

Findings ChO]esterol Mixed Pigment Total

Dense 4(23.5) 2(11.8) 11(64.7) 17(100)

Faint 1(25.0) 3(75.0) - 4(100)
Hypodense 4(100) - - 4(100)
Rimmed 6(60.0) 3(30.0) 1(10.0) 10(100)
Laminated 2(50.0) - 2(50.0) 4(100)

Total 1436 8205 14(35.9) 39( 100)

() %.
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Table 5. Hounsefield Unit, Cholesterol and Calcium Content According to the Computed Tomographic Findings

Findings Hounsefield unit Cholesterol (%) Calcium (%)
Dense (n=17) 426.5 +464.0* 30.2:+35.5% 2131 12.0#
Faint (n= 4) 78.7£20.9 5352155 28.7+410.8*
Hypodense (n= 4) -210.7 1 215.0 792+ 5.5 98+ 29

Rimmed (n=10) 18.6 £77.4 622 +32.2 1004 7.2

Laminated (n= 4) 156.4 t22.8 51.7 1454 154+129

Values are given as mean ! SE. # P<0.05 vs. rimmed pattern.

* P<0.05 vs. hypodense and rimmed pattern.
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Fig. §. Correlation between Hounsefield unit and cholesterol or calcium
content in computed tomography. p<0.05, Hounsefield unit vs.
cholesterol content.
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Flndmgs Cholesterol
2

Dark 2(40.0)
Faint 1( 100)
Bright -

Rimmed 2(28.6)
Laminated 2( 154)
Central sunburst 10(90.9)*

S Towl 17436
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ted®(46.1%)91 73S0l 2=
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gl 77.8+185% 2 vhE Rl ule] A Ho
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11.7449%2 2Jull#] JekorkTable 7), 2}7]5
ged el A AEel FaluE i 7hy 3heka)

olofl A= UL cHFig. 6).
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Table 6. Type of Ga]l%tone Ac,cordmg to the Findings of Magnetic Reeonance Imagmg

Mixed Plgment Total
2(40.0) 1(20.0) 5(100)

- - 1(100)

- 2( 100 2(100)

- 5(71.4) 7(100)
5(38.5) 6(46.1) 13(100)
1 9.1) - 11(100)
8R05)  14359)  39(100)

Table 7. Cholesterol and Calcium Content According to
the Findings of Magnetic Resonance Imaging

Fmdmgs Cholestero](%) Calcnum(%)
Dark (n=5) 5691369 7.816.5
Faint (n=1) 80.1 0.8
Bright (n=2) 6.1139 243+77
Rimmed (n=7) 208 t41.7 20.6 1 15.1

Laminated (n=13) 3321270 243t [12#
Central sunburet(n=1 l) 77.8 118.5* 11.71t49

leues are given as mean ! SE

MRI, Magnetic resonance imaging.

* P<0.05 vs. bright, rimmed, laminated pattern.
# P<0.05 vs. dark, faint, central sunburst.
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Y
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%, 84.0%, 71.4% " 84.0% o]}t Table 8).
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Fig. 6. Correlation between signal intensity ratio of gallstone/agar and
cholesterol or calcium content in MRI.
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Table 8. Sensitivity, Specificity, Positive and Negative Predictability of the Computed Tomography and Magnetic

Resonance Imaging

Imagi rud Sensitivit Specificit Positive Negatiﬁ\rlﬁl -
aging s nsitivi Specifi
faging stucy enstivity peethieity predictability predictability
CT 55.8% 81.8% 71.4% 72.0%
MRI 64.7% 95.5% 91.7% 77.8%
CT + MRI 47.1% 95.5% 89.9%

70.0%

CT, computed tomography, MRI, magnetic resonance imaging.
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Fig. 7. Diversity of ultrasonographic patterns in a same gallstone. Both full-moon and shooting star patterns
are noted in a mixed stone(A). Both crescent and full-moon patierns are showing in a pigment
stone(B). Both full-moon and crescent patterns are noted in a cholesterol stone(C).
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