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OBJECTIVE. Gdllstones are usually recognized on MRI as filling defects of hypointen-
sity. However, they sometimes may appear as hyperintensities on T1-weighted imaging. This
study investigated how gallstones appear on MRI and how their appearance influences the de-
tection of gallstones.

MATERIALS AND METHODS. Gadllstones from 24 patients who had MRI performed
before the removal of the gallstones were collected for study. The gallstones were classified
either as cholesterol gallstone (n = 4) or as pigment gallstone (n = 20) according to their gross
appearance and based on analysis by Fourier transform infrared spectroscopy. MRI included
three sequences. single-shot fast spin-echo T2-weighted imaging, 3D fast spoiled gradient-
echo T1-weighted imaging, and in-phase fast spoiled gradient-echo T1-weighted imaging.
The signal intensity and the detection rate of gallstones on MRI were further correlated with
the character of the gallstones.

RESULTS. On T1-weighted 3D fast spoiled gradient-echo images, most of the pigment
gallstones (18/20) were hyperintense and all the cholesterol gallstones (4/4) were hypointense.
The mean ratio of the signal intensity of gallstone to bile was (+ standard deviation) 3.36 +
1.88 for pigment gallstone and 0.24 + 0.10 for cholesterol gallstone on the 3D fast spoiled gra-
dient-echo sequence (p < 0.001). Combining the 3D fast spoiled gradient-echo and single-shot
fast spin-echo sequences achieved the highest gallstone detection rate (96.4%).

CONCLUSION. Based on the differences of signal intensity of gallstones, the 3D fast
spoiled gradient-echo T1-weighted imaging was able to diagnose the composition of gall-
stones. Adding the 3D fast spoiled gradient-echo imaging to the single-shot fast spin-echo T2-
wel ghted sequence can further improve the detection rate of gallstones.

allstones are usualy depicted on

MRI by the characteristic signa

void from the stones contrasted
against the high signa from the surrounding
bile. This phenomenon may be observed on
T2-weighted spin-echo images or T1-
weighted images of a patient who has been
fasting and has high signal from concentrated
bile[1, 2]. Nonetheless, gallstones may show
high-signal-intensity areas in their centers on
T2-weighted MRI, and this intensity is
thought to be caused by water-filled cleftsin
such gallstones [3, 4]. However, other factors
contributing to the hyperintensity of gall-
stones on MRI are ill possible [5-10].
Moeser et al. [6] first reported a case of hy-
perintense gallstones on T1-weighted imag-
ing, which was confirmed later by similar
findings of other investigators[5, 7-9]. Based
on the result of an in vitro study, Ukaji et al.

[10] concluded that metal ions in pigment
gallstones caused the hyperintensity of gall-
stones on T1l-weighted MRI. However, no
study to date has ever correlated the in vivo
MRI appearance of gdlstones with their
composition and assessed the impact of their
MRI appearance on detection. This study
was, therefore, aimed to investigate MRI of
patients with either cholesterol or pigment
gallstones and to assess the influence of vari-
ability of MRI on gallstone detection.

Materials and Methods
Gallstones

From August 2001 to March 2003, patients who
had gallstones removed by surgery and who aso
had MRI performed before surgery were enrolled in

this study. In total, 24 patients were enrolled (15
men and nine women) with a mean age of 63.8
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years (range, 32-83 years). Stones were found
solely in the gallbladder in 12 patients, in the intra-
hepatic ducts in four patients, and in the common
bile duct in two patients. Aside from these stones,
six patients had common bile duct stones combined
with either gallbladder stones (n = 5) or intrahepatic
duct stones (n = 1). The size of gallstones ranged
from 2 to 35 mm with a mean diameter (+ standard
deviation [SD]) of 10.6 + 7.7 mm.

The gallstones were washed with normal sdine
and maintained in airtight plastic bottles to avoid
transformation of the gallstone structure by drying.
The gallstones were classified as cholesterol stones
or pigment stones according to their surface and
cutting plane as described by the gallstone classifi-
cation of the Japanese Study Group (1986) [11].
The gallstones were further examined by Fourier
transform infrared spectroscopy on a Fourier trans-
form infrared (FTIR) spectrometer (FTS-40, Bio-
Rad) for wave number 4,000 to 400 em?and a
spectral resolution of 8 cm™L. Potassium bromide
pellets were used to generate the background spec-
tra. The chemica compositions were then com-
pared to the spectra of calcium bilirubinate, calcium
carbonate, and calcium palmitate.

InVivo Imaging

MRI was performed using a field strength of 1.5
T on an MRI system (Signa CV/i, Genera Electric
Medical Systems) with a phased array torso coil.
Two fast gpoiled gradient-echo T1-weighted images
and a single-shot fast spin-echo T2-weighted image
were obtained. For in-phase fast spoiled gradient-
echo images, the parameters were TR range/TE,
175-185/4.2; dice thickness, 8 mm; gap, 2 mm; and
flip angle, 90°. For 3D fast spoiled gradient-echo im-
ages, the parameters were TR/TE, 5.9/1.2; dice
thickness, 6 mm; 3-mm overlap between each im-
age; and flip angle, 10°. For single-shot fast spin-
echo T2 images, the parameters were TR range/TE
range, 20,000-25,000/90-100; dice thickness, 8
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mm; and gap, 2 mm. The 3D fast spoiled gradient-
echo images were acquired with fat saturation, and
the in-phase fast spoiled gradient-echo images were
not. All the sequences used a field of view as ad-
justed by the patients' respective body sizes and a
256 x 168 matrix. The gallstone images obtained us-
ing the different sequences were anayzed for the
presence and signd intensity of gallstones.

InVitro Imaging

The gallstones were placed in a normal saline
suspension in individua plastic bottles and em-
bedded in water-immersed custom floral foam asa
body phantom for MRI. In vitro MRI used the
same sequences and parameters as the set for the
in vivo MRI except that the slice thickness was 5
mm and an additional set of in-phase fast spoiled
gradient-echo images with fat saturation was also
obtained.

The gallstones were first pulverized and desic-
cated before the MRI was performed to analyze
the contribution of water content in the signd in-
tensity of gallstones on MRI. The homogeneous
gallstone powder was placed individualy in the
plastic Eppendorf tube and embedded in water-im-
mersed custom floral foam as a body phantom for
MRI. The setting used for the MRI was the same
as that described for the in vitro study. MRI was
repeated after adding normal saline to the desic-
cated gallstone powder to confirm the influence of
water on the signal intensity rather than that of any
structural change during the process of desicca
tion. The appearance and signal intensity of the
gallstones were recorded for further anaysis.

Measurement of Signal Intensity

Quantitative assessment of the signal intensity
on T1- and T2-weighted sequences was obtained
through operator-defined regions of interest. The
gallstone signal intensity was measured and com-
pared with the intensity of the gallbladder bile, re-

In Vivo and In Vitro MRI Appearances of Gallstones
Cholesterol Gallstone Pigment Gallstone
Imaging Technique | |ncreased ) Decreased | Increased ) Decreased
Signal Isointense Signal Signal Isointense Signal
3D Fast spoiled
gradient-echo
In vivo 0 0 4 18 1 1
In vitro 0 0 4 19 0 1
In-phase fast spoiled
gradient-echo
In vivo 0 0 4 6 13 1
In vitro 0 0 4 18 0 2
Single-shot fast
spin-echo
In vivo 0 0 4 2 18
In vitro 0 0 4 0 20
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sulting in a stone-bile signal intensity ratio for
each gallstone. Signal intensity was measured at
the bile of the dilated common bile duct in three
patients who underwent cholecystectomy earlier.
If theintensity of a gallstone's magnetic resonance
signal varied throughout its structure, it was mea-
sured at its most intense region.

In vitro measurement of signal intensity was
similar to the in vivo study except that the signal
intensity was measured either at the gallstones and
surrounding saline or at the gallstone powder and
the water-immersed floral foam phantom.

Statistical Analysis

The value of signa intensity ratio was ex-
pressed as mean + 1 SD. The differences in the
signal intensity ratio between the cholesterol and
pigment gallstone groups were examined by the
Mann-Whitney U test. The detection rates of gall-
stones on different MRI sequences were compared
using the chi-square test. A p value of less than
0.05 was considered to be statistically significant.
The dtatistical calculations were computed using
SPSS version 8.0 (Statistical Package for the So-
cia Sciences) for Windows (Microsoft).

Results

All the black and brown stones (classi-
fied by the gallstone classification of the
Japanese Study Group [11]) showed broad
peaks on FTIR analysis corresponding to
calcium bilirubinate in the absorbency re-
gion 1,600-1,640 cm™ and calcium palmi-
tate in the absorbency region 2,900-2,940
cm L. No discrepancy was found between
the results of gallstone classification as de-
termined by the gallstone's gross appear-
ance and by FTIR analysis. In total, 20
patients had pigment gallstones and four pa-
tients had cholesterol gallstones.

As shown in Table 1, 90% and 30% of the
pigment gallstones were hyperintense on the
invivo T1-weighted 3D fast spoiled gradient-
echo (Fig. 1A) and in-phase fast spoiled gra-
dient-echo images, respectively, and all the
cholesterol gallstones were hypointense on
the T1-weighted images (Figs. 2A and 2B).
All the gallstones appeared as hypointensities
on the T2-welghted single-shot fast spin-echo
images (Figs. 1C and 2C). Thein vivo (Figs.
1A-1C and Figs. 2A—2C) and in vitro (Figs.
1D-1G and Figs. 2D-2G) images of gal-
stones were similar but differed in that more
pigment gallstones were hyperintense on the
in vitro T1-weighted in-phase fast spoiled
gradient-echo images.

As listed in Table 2, the contrast of signal
intensity between the pigment gallstones and
the background was prominent on either the
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in vivo or the in vitro 3D fast spoiled gradi-
ent-echo images and became less prominent
on the T1-weighted in-phase fast spoiled gra-
dient-echo images with and without fat satu-
ration. The signa intensity of cholesterol
gallstones was lower than that of the back-
ground on both T1- and T2-weighted MR im-
ages. The mean ratios of stone-to-background
signal intensities of pigment and cholesterol
galstones were therefore significantly differ-
ent on the 3D fast spoiled gradient-echo and
in-phase fast spoiled gradient-echo T1-
weighted images but were similar on the T2-
weighted single-shot fast spin-echo images.
Table 3 shows the effect of the water con-
tent on gallstone MRI. The desiccated pow-
ders of all cholesterol and pigment stones
were hypointense on T1-weighted imaging.

Fig. 1.—Invivo and in vitro MRI of pigment gallstone obtained from 83-year-old man

with common bile duct stone.

A, T1-weighted 3D fast spoiled gradient-echo MR image discloses hyperintense

gallstone (arrowhead) in distal common bile duct.

B, T1-weighted in-phase fast spoiled gradient-echo MR image obtained at same level
as A shows gallstone became isointense (arrowhead) and could not be detected.

C, T2-weighted single-shot fast spin-echo MR image shows gallstone is hypointense
and is seen as filling defect surrounded by hyperintense bile (arrowhead).

(Fig. 1 continues on next page)
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The intensities of the pigment gallstone pow-
ders on T1-weighted images were so greatly
enhanced after adding normal saline that the
mean intensity of pigment gallstones was
4.36 and 3.86 times greater, respectively, to
that of body phantom on 3D fast spoiled gra-
dient-echo and in-phase fast spoiled gradi-
ent-echo sequences. However, the mean
intensity of cholesterol gallstone was only
slightly enhanced after the addition of nor-
mal saline with a mean signa intensity ratio
of stone-to-body phantom of approximately
1 on T1-weighted images. Both the pigment
and cholesterol gallstone powders were hy-
pointense on T2-weighted images, and the
signa intensities were lower than that of the
body phantom, whether before or after the
addition of normal saline.

Table 4 shows the results of MRI diagnosis
of gdlstone using different MRI sequences.
The cholesterol gallstones exclusively oc-
curred in the gallbladder in our collections and
were visudized as filling defects on al three
MRI sequences (Figs. 2A-2C). The T2-
weighted single-shot fast spin-echo imaging
showed pigment galstone as a filling defect
and was good in detecting those gallbladder
stones. The T1-weighted 3D fast spoiled gra-
dient-echo imaging presented the pigment
gallstones as hyperintense areas and was
good in detecting those common bile duct
stones (Fig. 1A). The T1-weighted 3D fast
spoiled gradient-echo MRI missed a gall-
bladder stone and the T2-weighted single-shot
fast spin-echo MRI missed two common bile
duct stones. Moreover, both the T1- and T2-
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weighted MRI missed detecting a case of in-
trahepatic duct stones, which were isointense
pigment stones 5 mm in diameter and ap-
pearing in a nondilated bile duct. Because
more than haf the pigment galstones ap-
peared isointense on T1-weighted in-phase
fast spoiled gradient-echo images (Table 1),
the in-phase fast spoiled gradient-echo imag-
ing was not good for the detection of pigment
gallstone. Combining the 3D fast spoiled gra-
dient-echo and the single-shot fast spin-echo
MRI sequences achieved the highest rate of
gallstone detection.

Discussion

MR cholangiography detects bile duct
stones as areas of signal void in the high-sig-
nal-intensity bile and has been the diagnostic
tool of choice for detecting gallstones. How-
ever, symptoms relating to bile duct stones
may be nonspecific and can be merely bile
duct dilatation without fever and abdominal
pain [12]. Abdominal MRI may therefore be

1516
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Fig. 1. (continued)—In vivo and in vitro MRI of pigment gallstone obtained from 83-year-old man with common

bile duct stone.

D, In vitro 3D fast spoiled gradient-echo MR image shows gallstone is hyperintense.

E and F, In vitro in-phase fast spoiled gradient-echo MR images of gallstone acquired with (E) and without (F) fat
saturation shows gallstone appeared as hypointense structure with outer margin of hyperintensity.

G, In vitro T2-weighted single-shot fast spin-echo MR image shows gallstone as hypointense.

performed for gallstone patients with atypi-
ca symptoms. Because MRI usualy in-
cludes axial T1- and T2-weighted sequences,
the recognition of bile duct stones on these
sequences as the cause of symptoms, or as
coincidenta findings, would be beneficial.
T2-weighted imaging has been considered
superior to T1-weighted imaging in detecting
bile duct stones because most of the gal-
stones are isointense on T1-weighted MR
images [13]. Although only some gallstones
have been reported to be hyperintense on T1-
weighted imaging [5-10], a considerable
number of stones have appeared as hyperin-
tensities on our T1-weighted imaging. Gall-
stones of hyperintensity on T1-weighted
images have been found to be related to
stones having brown to black cross sections
or a sat-and-pepper appearance [6, 10].
These stones, according to the gallstone clas-
sification of the Japanese Study Group [11],
should be classified as pigment gallstones.
As seen in our study, the intensity ratio of
gallstone to bile or to normal saline of the

T1l-weighted imaging was significantly
higher for pigment gallstones than for cho-
lesterol gallstones. These findings show that
the hyperintense gallstones on T1-weighted
images were pigment gallstones and choles-
terol gallstones were exclusively hypointense
on T1-weighted imaging.

Differentiation of pigment and cholesterol
galstones was once important 10-20 years
ago, when gallstone dissolution therapy was
popular for patients with gallbladder stones.
At that time, diagnosis of the composition of
the gallstone was important in predicting the
success of gallstone dissolution and in
choosing the solvent for gallstone dissolu-
tion. The advent of laparoscopic cholecystec-
tomy, however, has changed that. Currently,
few patients with gallstones are treated with
dissolution therapy. Neverthel ess, because of
the different consistencies of cholesterol and
pigment gallstones, the differentiation of
gdlstone composition may still have a clini-
ca impact when dealing with endoscopic
mechanical lithotripsy for big common bile

AJR:182, June 2004
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duct stones. On such an occasion, the big
pigment gallstone can be easily crushed by a
mechanical  lithotripter and  retrieved,
whereas the presence of big cholesterol gall-
stones usualy implies a difficult-to-treat
stone because they are harder than pigment
stones and endoscopic lithotripsy may fail.
Ukgji et a. [10] studied the in vitro im-
ages of gallstones and considered that the
hyperintensity of pigment gallstone on T1-
weighted images was caused by the presence
of metal ions in the pigment stones. These
metal ions behave as paramagnetic ions,
shortening the T1 relaxation time of water
protons, and as such, stones containing these
ions appeared as hyperintense areas on T1-
weighted images. The presence of water,
therefore, plays akey role in determining the
intensity of gallstones on MRI. This theory
was further tested and supported by our
study, showing that al pigment gallstones

Fig. 2—In vivo and in vitro MRI of cholesterol gallstone retrieved from 32-

year-old woman with symptomatic gallbladder stone.

A and B, Both T1-weighted 3D fast spoiled gradient-echo (A) and in-phase fast
spoiled gradient-echo (B) MR images disclosed hypointense gallstone sur-

rounded by hyperintense gallbladder bile (arrow).

C, T2-weighted single-shot fast spin-echo image also shows similar findings

(arrow) as seen on T1-weighted images.
(Fig. 2 continues on next page)
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became signal void on T1-weighted imaging
after desiccation, whereas the hyperintensity
of pigment gallstones was restored after add-
ing normal saline.

We found that most of the pigment gall-
stones were hyperintense on the T1-weighted
3D fast spoiled gradient-echo images, al-
though only one third of them were hyperin-
tense on the Tl-weighted in-phase fast
spoiled gradient-echo images. Because the
3D fast spoiled gradient-echo images were
acquired with fat saturation and the in-phase
fast spoiled gradient-echo images were not,
the higher intensity of gallstone on 3D fast
spoiled gradient-echo images may be caused
by fat saturation itself, which increased the
apparent brightness of water-bearing stones.
Such inference, however, has been dis-
counted because the in vitro in-phase fast
spoiled gradient-echo images showed similar
image and intensity ratio acquired either

with or without fat saturation. The 3D fast
spoiled gradient-echo MRI sequence differs
from the in-phase fast spoiled gradient-echo
sequence not only in the thickness of the
dlice but also in the TE and TR. As seen in
the previous ferumoxides experiment, the
short TE of 3D fast spoiled gradient-echo se-
quence may reduce the susceptibility and
short transverse rel axation effect of the metal
ions and therefore increase the signal of pig-
ment gallstones [14]. The TR of the 3D fast
spoiled gradient-echo sequence being shorter
than the in-phase fast spoiled gradient-echo
sequence may contribute to a suppression of
the background signal and result in improved
visualization of the longitudinal effect of
gallstones containing metal ions [14]. Be-
cause the 3D fast spoiled gradient-echo se-
guence is not used for routine MRI diagnosis
of gallstone, its application in our study
should account for the higher incidence of
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G

hyperintense gallstones in our study than in
other reports.

MR cholangiography and T2-weighted
MRI detect gallstones indirectly by showing
them as filling defects. However, several pit-

Tsai et al.

Fig. 2. (continued)—In vivo and in vitro MRI of cholesterol gallstone retrieved from 32-year-old woman with

symptomatic gallbladder stone.

D-G, Gallstone appeared as hypointense on in vitro T1-weighted 3D fast spoiled gradient-echo image (D), in-
phase fast spoiled gradient-echo image with (E) and without (F) fat saturation, and T2-weighted single-shot fast

spin-echo image (G).

falls are associated with them. First, other
types of intraluminal filling defects, such as
intraductal tumor, blood clot, or gas bubble
(pneumobilia), can mimic gallstones and may
be difficult to differentiate [15]. Second, gall-

Sign_al Contrast _of Gallstones to Gallbladder Bile and Normal Saline for
In Vivo and In Vitro MRI
In Vivo In Vitro
Imaging Technique Cholesterol Pigment Cholesterol Pigment
Gallstone Gallstone Gallstone Gallstone
3D Fast spoiled 0.24+£0.10 3.36 £ 1.882 0.30£0.16 3.38£1.728
gradient-echo
In-phase fast spoiled 0.27+0.13 1.38 +0.90P 0.31+0.19 1.86 +0.81P
gradient-echo
In-phase fast spoiled — — 0.24+0.10 1.97 +0.662
gradient-echo with
fat saturation
Single-shot fast 0.26 £0.07 0.40 £0.27 0.23+0.13 0.30+£0.21
spin-echo

Note.—Data are expressed as mean + standard deviation. Dash (—) indicates no data available.

ap=0.001.
Pp =0.02, Mann-Whitney U test.
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stones impacted at the ampulla may be
missed on T2-weighted imaging because of
the lack of bile surrounding the stone and,
hence, no filling defect will appear on theim-
ages [15]. These pitfalls can be avoided by
using T1-weighted 3D fast spoiled gradient-
echo imaging because it reveal s pigment gall-
stones directly as hyperintense areas on images
rather than just asfilling defects. This charac-
teristic of T1-weighted 3D fast spoiled gradi-
ent-echo imaging explains why the 3D fast
spoiled gradient-echo sequence is better than
the single-shot fast spin-echo sequence for
MRI in terms of diagnosing common bile
duct stonesin our study.

In summary, our study shows the MRI
characterigtics of cholesterol and pigment
gallstones. In addition to recognizing a gall-
stone as a filling defect on T2-weighted sin-
gleshot fast spin-echo imaging, the
cholesterol and pigment gadlstones can be
readily differentiated because most pigmented
stones are bright, whereas cholesterol stones
are dark on 3D fast spoiled gradient-echo T1-

AJR:182, June 2004
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TABLE 3 Signal Contrast of Gallstone Powder to Body Phantom With and Without

Normal Saline

Without Normal Saline With Normal Saline
Imaging Technique Cholesterol Pigment Cholesterol Pigment
Gallstone Gallstone Gallstone Gallstone

3D Fast spoiled 0.058 +0.022 0.082 +0.038 125+0.12 4.36 +1.062
gradient-echo

In-phase fast spoiled 0.17 £0.06 0.17 £0.05 1.00£0.20 3.86+1.282
gradient-echo

Single-shot fast 0.064 +£0.033 0.042 £0.021 0.46 +0.27 0.19 +0.21°
spin-echo

Note.—Data expressed as mean + standard deviation.
ap = 0.001.
Pp = 0.02, Mann-Whitney U test.

TABLE 4 a%tlectlon Rate of Gallstones in Different Locations of the Biliary Tree on

Pigment Gallstone
Cholesterol - Total
Imaging Technique Gallstone in Gallbladder | Common ile | 'Mtrahepatic -
= Bile Duct | (1=28)
Gallbladder (n = 4) (n=11) Duct (n = 8)
(n=5)
3D Fast spoiled 4 (100) 10 (90.9) 8 (100) 4 (80) 26 (92.9)2
gradient-echo
In-phase fast spoiled 4(100) 2(18.2) 2 (25) 3(60) 11 (39.3)
gradient-echo
Single-shot fast 4(100) 11 (100) 6 (75) 4(80) 25 (89.3)2
spin-echo
Combined single-shot 4(100) 11 (100) 8 (100) 4(80) 27 (96.4)
fast spin-echo and
3D fast spoiled
gradient-echo?

Note.—Data are expressed as number of patients with detection rate in parentheses (%).
p = 0.003 by chi-square test between in-phase fast spoiled gradient-echo and other two sequences.

weighted imaging. The 3D fast spoiled gradi-
ent-echo T1-weighted imaging is as good as
T2-weighted single-shot fast spin-echo imag-
ing in diagnosing gallstones and can even be
better when applied to bile duct stones. Com-
mon bile duct and intrahepatic duct stones are
frequently pigment gallstones and are preva-
lent in many areas of Asia. We recommend a

AJR:182, June 2004

combined use of 3D fast spoiled gradient-
echo and single-shot fast spin-echo sequence
for routine MRI of gdllstones.
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