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OBJECTIVE. The purpose of our study was to compare observer performances for the
diagnosis of choledochalithiasis using MR cholangiography with volume-rendered, maxi-
mum-intensity-projection, and thick-section half-Fourier rapid acquisition with relaxation
enhancement sequences.

MATERIALS AND METHODS. The images from three types of MR cholangiography
performed on 43 patients with biliary calculi were retrospectively analyzed. Image review was
conducted for two anatomic compartments (upper biliary tract and common bile duct). A total
of 86 compartments, including 19 with hile duct calculi, were reviewed by three independent
off-site gastrointestinal radiologists. Observer performance was determined by receiver operat-
ing characterigtic curve analysis. Image quality was subjectively judged by three radiologists.

RESULTS. Sensitivity was higher with volume-rendered MR cholangiography (58%)
than with thick-section (54%, not significant) and maximum-intensity-projection MR cholan-
giography (47%, p < 0.07). Specificity was higher with volume-rendered MR cholangiogra-
phy (92%) than with thick-section (86%, p < 0.03) and maximum-intensity-projection MR
cholangiography (88%, not significant). Accuracy was higher with volume-rendered MR cho-
langiography (84%) than with thick-section and maximum-intensity-projection MR cholan-
giography (79% for both, not significant). Observer performance with volume-rendered MR
cholangiography (A, = 0.791-0.952) was better than that with thick-section (A, = 0.722—
0.834) and maximum-intensity-projection MR cholangiography (A, = 0.771-0.887). Image
quality was better with maximum-intensity-projection MR cholangiography and thick-section
MR cholangiography than with volume-rendered MR cholangiography (p < 0.0001).

CONCLUSION. Observer performance with volume-rendered MR cholangiography
was better than that with maximum-intensity-projection and thick-section MR cholangiogra-
phy for the diagnosis of choledocholithiasis. Volume rendering may be an efficient technique

for the reconstruction of MR cholangiography.
R cholangiopancreastogrgphy has
developed as an ficient, noninva

IVI sive imaging tool for the diagnosis

of pancregticobiliary diseases. This technique is
feasble in patients in whom sufficient endo-
scopic  retrograde  cholangiopancrestography
(ERCP) hasfailed, in patients who have under-
gone gastrectomy or pancreati coduodenectomy
and in whom ERCP cannot be performed, in pa
tients with acute pancredtitis, and in infants or
ederly patients. Until now, averiety of pulse se-
quences such as eady-dae free precesson [1,
2], two-dimensona fast spin-echo [3-9],
three-dimensiond fast spin-echo [10, 11], and
half-Fourier rapid acquisition with relaxation en-
hancement (RARE) [12-14] sequences have
been described as optima imaging sequences

for MR cholangiopancreatography. Recent stud-
ies have described the dlinical usefulness of MR
cholangiopancreatography performed with half-
Fourier RARE sequences with or without image
recondruction using the maximum-intensity-
projection technique [15, 16]. MR cholangio-
pancreatography reconstructed from sequentia
corond source images 3-5 mm thick dlows
complete visudization of the pancresticobiliary
ducts and enables a cinematic observation by
spinning the images. Reconstructed MR cholan-
giopancreatography provides images that can be
reviewed in sequence on the computer monitor,
which alows viewing the pancredticobiliary
duct system rotating in space and improves the
observers ahility to recognize the anatomic ar-
chitecture and diseased Site.
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Researchers have described the usefulness
of the volume-rendering technique for recon-
structing three-dimensional images of the tra-
cheobronchia tree [17], colorecta polyps
[18], and splanchnic vessas[19] with CT im-
ages. However, to our knowledge no previous
studies have examined the usefulness of vol-
ume-rendering techniques for MR cholan-
giography. We assessed the usefulness of
volume-rendered MR cholangiography in pa
tients with choledocholithiasis by comparing
observer performance and image quality of
MR cholangiography with maximum-inten-
sity-projection, volume-rendered, and thick-
section half-Fourier RARE sequences.

Materials and Methods
Patient Study

During the 16-month period between June 1997
and September 1998, 248 consecutive patients who
were suspected of having pancreeticobiliary dissase
on the bass of findings on previoudy performed
transabdomina sonography, CT, or serologic testsun-
derwent MR imaging a our department. All patients
understood that the MR examination was primarily
for clinical diagnosis and secondarily for radiologic
research. Two hundred five patients without proof of
the presence of hiliary calculi after the radiologic
workup with unenhanced helical CT (5- to 7-mm col-
limation, 120 kVp, 200-220 mAs), transabdomina
sonography (3.75-MHz convex transducer), ERCP, or
follow-up imaging were excluded from the study pop-
ulation because the purpose of our study was to com-
parethe observer performances among the three types
of images. The remaining 43 patients, including 21
men and 22 women (age range, 39-94 years, mean
age, 65 years), formed the study population. We in-
cluded patients with cholecydtlithias's alone because
radiologists commonly need to further scrutinize for
the presence of bile duct calculi on MR images when
gdlbladder calculi are seen. Of the 43 patients, 25
who were suspected of having choledocholithiasisun-
derwent ERCP; 17 of these patients were diagnosed
as having choledocholithiasis, and eight as having
cholecydlithiasis done. All remaining 18 patients
with cholecystlithiass done were examined with
transabdomina sonography (3.75-MHz convex trans-
ducer) and thin-collimation CT (5-mm collimation,
120kVp, 200-220 mAs), and were determined not to
have choledocholithiasis.

MR Imaging Techniques

MR imaging was performed using a 1.5-T MR
unit (Signa Horizon; Generd Electric Medical Sys-
tems, Milwaukee, WI) and phased array body multi-
coll (Torso-array coil; Generd Electric Medica
Systems). Theimaging protocol for MR cholangiog-
raphy comprised T2-weighted imaging with chemi-
cd shift selective fat-suppressed respiratory-triggered
fast spin-echo imaging (effective TR range/effective
TE range, 7500-15,000/252-255; echo train length,
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12-18; 2 signals averaged; matrix size, 256 x 192;
kHz, +16; field of view, 24 x 24 cm; 20-28 sections
per 3.5-5.5 min) and non-fat-suppressed breath-hold
half-Fourier single-shot fast spin-echoimaging (effec-
tive TR/effective TE, infinite/81,034; echo train
length, 136; half-Fourier acquisition; matrix size,
256 x 256; kHz, +31.3; fild of view, 24 x 24 cm; ac-
quisitiontime, 1 section per second). Respiratory-trig-
gered fast spin-echo images for the recongtruction of
MR cholangiography were obtained in the coronary
plane with 3-mm section thickness and no intersec-
tion gap. Thick-section MR cholangiography images
were obtained in the corond, oblique, and sagittal
planes with a section thickness of 20-50 mm. Six im-
ages at every 30° over 180° rotation with the zaxis
were obtained. Thinner section thicknesswas used for
anterior imagesto eiminate signals from gagtric juice
and spind fluid, and thicker section thickness for ob-
liqueimagesto cover areas as broad as possible.
Reconstruction of MR cholangiography was done
with a commercidly available workgation (Advan-
tage Windows verson 2.0; Genera Electric Medica
Systems) for maximum-intensity-projection recon-
struction, and another commerciadly available work-
gation (Magic View verson 3.1; Semens, Erlangen,
Germany) for volume-rendering reconstruction. The
z-axis was sdlected for cinematic three-dimensiona
observation at every 10° over 180° rotation, resulting
in 19 images each for the maximum-intensity-projec-
tion and volume-rendering techniques. To generate
volume-rendered MR cholangiography, parameter se-
lection was based on our preliminary findings (Kane-
matsu M, Kondo H, Matsuo M, unpublished data).
The position of the trapezoid was determined so that
thevoxelslocated at theinterface between the bileand
caculi were displayed. The trapezoid defined by win-
dow width and level was positioned on a histogram of
sgnal intensity of source images displayed on the
computer monitor (Fig. 1), in which the x-axis repre-
sented the signd-intensity value, which ranged from
—1000 to 3096 H, and the y-axis represented the de-
gree of opacity expressed as a percentage, at which
0% opecity indicates completely trangparent and
100% opecity indicates completely opagque. We em-
pirically used four preset pointsto determine the posi-
tion of the trapezoid: —980 to —680 H at 0% opacity
level, and —900 to —700 H at 100% opacity leve (Fig.
1). The window level was dways chosen & the mid-
point of the window width at the 100% opacity level.
For the remaining volume-rendering parameters, the
parenchymal opecification was set a 15% and an un-

shaded dgorithm was used. The 19 images each of
the maximum-intengity-projection and volume-ren-
dered MR cholangiograms were formatted into two
pieces of 4 x 5 formatted film using alaser imager. It
typicdly required 5 min to produce the maximum-in-
tensity-projection or volume-rendered MR cholangio-
gram for one patient.

Image Analysis

Three off-site radiologists, who had served
mainly as gastrointestinal radiologists for 7-17
years (mean, 12.5 years) with experience in inter-
preting MR images of the pancreaticobiliary sys-
tem were invited from other institutions to conduct
the image review. These radiologists indepen-
dently reviewed maximum-intensity-projection,
volume-rendered, and thick-section MR cholan-
giograms obtained in the 43 patients. They knew
that the patients were referred for assessment of
suspected hiliary calculi but did not have any other
information about the patients’ histories.

Theimage review was conducted for two anatomic
compartments. upper biliary tracts (intrahepatic bile
ducts, right and left hepatic ducts, and common he-
patic duct) and the common hbile duct. We performed
the image review on a compartment-by-compartment
bas's because correct locdization of hiliary caculi is
necessary when determining trestment options such as
endoscopic lithotripsy, laparascopic cholecystectomy,
lgparocystectomy, or lgpardlithotripsy, and because
our objective was to compare observer performance
with the three imaging sequences by meansof receiver
operating characteristic curve andysis.

The three radiologists independently reviewed 86
anatomic compartments in 43 patients, including 19
compartments that harbored bile duct caculi. Images
were reviewed in dphabetic order according to the pa:
tients’ names, but the order in which images obtained
with the three imaging sequences were reviewed was
randomized. In other words, images from dl patients
were reviewed at asingle session, but only theimeges
obtained with one of the threeimaging sequenceswere
reviewed for a given patient a that sesson. The other
types of images were reviewed at subsequent sessons.
To minimize learning bias, the name, age, identifica:
tion number, and imaging parameterswere masked.

The radiologigts recorded the Sze and ste of the
visble area of the Sgnd-intensity defect that was con-
sidered to be caused by bile duct calculi, and indicated
whether the presence of bile duct calculi could be as-
certained for each anatomic compartment. Each radi-

Opacity (%)

-1000

-900
Hounsfield Unit Number

-800 =700

Fig. 1.—Histogram shows opacity
percentage plotted against Houns-
field value. Trapezoid was placed so
that voxels located at interface be-
tween bile and calculi were seen.
Four fixed points were used to deter-
mine position of trapezoid: —980 to
—680 H at 0% opacity level, and —900
to 700 H at 100% opacity level.

-600
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ologigt alocated one of five confidence levels (1 =
definitely absent, 2 = probably absent, 3 = equivocal,
4 = probably present, 5 = definitely present) to each
compartment. When a large biliary caculus was lo-
caed over two compartments, the radiologist was
asked to consider only the compartment in which most
of the calculus was located and to assess the probabil-
ity of other bile duct caculi in another compartment.
Theradiologistswereingructed toindicate ascore of 1
when no signd-intensity decrease or defect was seen; a
score of 3 when the Sgnd-intensity decrease or defect
was subtle, ill-defined, or not gravity-dependent; and a
score of 5 when the Sgnd-intensity decrease or defect
was discrete, well-circumscribed, or gravity-depen-
dent. Scores of 2 and 4 were dlocated according to the
radiologist’s subjective judgment.

Furthermore, each radiologist evaluated image
quality in terms of image sharpness, image con-
trast, depiction of fine structures, and recognition
of anatomy using a five-point scale (1 = poor, 2 =
fair, 3 = good, 4 = very good, 5 = excellent). A
“poor” score was assigned when the image could
not be interpreted becuase of image degradation, a
“good” score was assigned when the image degra-
dation was present but did not markedly preclude
interpretation, and an “excellent” score was as-
signed when the image was virtually free from im-
age degradation. Scores of “fair” and “very good”
were alocated according to the radiologist’s sub-
jective judgment.

Statistical Analysis

Senditivity for detection of bile duct calculi was
determined using the number of anatomic compart-
ments assigned a score of 4 or 5 (i.e, probably
present or definitely present) of the tota number of

19 compartments with bile duct calculi. Specificity
was determined using the number of compartments
assigned a score of 1 or 2 (i.e., definitely absent or
probably absent) of the total number of 67 compart-
mentswithout bile duct calculi. Sensitivity and spec-
ificity were compared using the McNemar test.
Accuracy was compared with the chi-square test.

For each imaging sequence, a receiver operating
characteristic curve was fitted to each observer's
confidence rating using a maximum-likelihood esti-
mation with the ROCKIT 0.9.1B program (Metz,
University of Chicago, Chicago, IL) [20]. Observer
performance was estimated by calculating the area
under the receiver operating characteristic curve
(A,). Differences between the areas under the re-
ceiver operating characteristic curves were tested us-
ing the areatest with univariate z-score test.

To ass=ss interobsarver vaiability in interpreting
images, kappa satistics for multiple observers were
usad to measure the degree of agreement among the
three observers. We used the nonweighted kappa sta
tisticswith binary data defined in terms of the presence
(i.e, definitely present, probably present, or equivocal)
or absence (i.e., probably absent or definitely absent)
of cdceuli in a compartment. Kappa vaues of up to
0.40 indicated positive but poor agreement, vaues of
041-0.75 indicaed good agreement, and vaues
greater than 0.75 indicated excellent agreement.

Results

Inthe 43 patients, biliary calculi werelocated
in the gdlbladder donein 26 patients, upper bil-
iary tract donein one, common hile duct aone
in five, gdlbladder and upper hiliary tract in
one, gallbladder and common hile duct in eight,

upper hiliary tract and common bile duct in one,
and dl compartmentsin one.

The sensitivity, specificity, and accuracy
for detection of bile duct calculi arelisted in
Table 1. Sensitivity with volume-rendered
MR cholangiography was marginally higher
than that with maximum-intensity-projec-
tion MR cholangiography in the total data
(p < 0.07) (Figs. 2-4). Specificity with vol-
ume-rendered MR cholangiography was
marginally higher than that with thick-sec-
tion (p < 0.06) and maximum-intensity-pro-
jection (p < 0.07) MR cholangiography for
radiologist 2, and was significantly higher
than that with thick-section MR cholangiog-
raphy in the total data (p < 0.03). Accuracy
with volume-rendered MR cholangiography
was significantly higher than that with maxi-
mum-intensity-projection MR cholangiog-
raphy (p < 0.05) and marginally higher than
that with thick-section MR cholangiography
(p < 0.07) for radiologist 2, and was margin-
aly higher than that with maximum-inten-
sity-projection and thick-section MR
cholangiography in the total data (p < 0.09).

The recelver operaing characteristic curves
for each radiologist are shown in Figures 5-7.
Observer performance for detection of bile duct
calculi was marginally greater with volume-ren-
dered MR cholangiography than with maxi-
mum-intengity-projection MR cholangiography
for radiologists 2 and 3 (p < 0.08 for both). Ob-
saver performance was dgnificantly greater

Sensitivity, Specificity, and Accuracy for Detection of Bile Duct Calculi
Radiologist 1 Radiologist 2 Radiologist 3 Total
Imaging Sequence
No. % No. % No. % No. %
Sensitivity (19 compartments with calculi)
Maximum intensity projection 9 47 10 53 8 42 27 47
Volume rendering 10 53 13 68 10 53 33 582
Thick-section RARE 10 53 10 53 11 58 31 54
Specificity (67 compartments without calculi)
Maximum intensity projection 60 90 60 90 56 84 176 88
Volume rendering 62 93 66 99P 57 85 185 92¢
Thick-section RARE 61 91 61 91 50 75 172 86
Accuracy (all 86 compartments)
Maximum intensity projection 69 80 70 81 64 74 203 79
Volume rendering 72 84 79 g2d 67 78 218 84¢
Thick-section RARE 71 83 71 83 61 71 203 79

Note.—Data are numbers of segments among 19 segments with bile duct calculi assigned a score of 4 or 5 for sensitivity, segments among 67 segments without bile duct calculi assigned a
score of 1 or 2 for specificity, and sum of these segments for accuracy. RARE = rapid acquisition with relaxation enhancement.

@Marginally higher than for maximum intensity projection (p < 0.07).
hMarginally higher than for maximum intensity projection (p < 0.07) and thick-section RARE (p < 0.06).

CSignificantly higher than for thick-section RARE (p < 0.03).

d Significantly higher than for maximum intensity projection ( p < 0.05) and marginally higher than for thick-section RARE (p < 0.07).
€Marginally higher than for maximum intensity projection ( p < 0.09) and thick-section RARE (p < 0.09).
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Fig. 2—58-year-old man with common bile duct calculus (arrows, A-C).
A-C, Anterior MR cholangiograms with maximum-intensity-projection (A), volume-rendered (B), and thick-section half-Fourier rapid acquisition with relaxation enhance-
ment (C) sequences show that visibility of calculus is comparable for all three types of images. However thick-section MR cholangiography is less blurred as result of

1-sec data acquisition during respiratory suspension.

A

B

Fig. 3.—48-year-old woman with gallbladder and common bile duct calculi (arrows, B).
A-C, Anterior MR cholangiograms with maximum-intensity-projection (A), volume-rendered (B), and thick-section half-Fourier rapid acquisition with relaxation enhance-
ment (C) sequences show that image in B shows both calculi more clearly than other types of images.

with volumerendered MR cholangiography
than with thick-section MR cholangiography for
radiologist 2 (p < 0.04). No dgnificant differ-
ence in observer performance was found
between maximum-intensity-projection and
thick-section MR cholangiography. Kappa vaues
were 044, 0.60, and 0.58 for maximumvinten-
sity-projection, volume-rendered, and thick-sec-
tion MR cholangiography, respectively. Good
agreement was obtained among theradiologigts.

The mean scores for the image quality are
shown in Table 2. Image quality was signifi-
cantly better with maximum-intensity-projec-
tion MR cholangiography and thick-section
MR cholangiography than with volume-ren-
dered MR cholangiography (p < 0.0001)
(Figs. 2-4).
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Discussion

The maximum-intensity-projection tech-
nigue is one of the primary means of dis-
playing three-dimensional images and has
been used for reconstructing MR cholangio-
pancreatography. However, the maximum-
intensity-projection technique uses only
approximately 10% of data [21], and the
limitations of the maximum-intensity-pro-
jection technique are that overlapping ducts
are not depicted as areas of increased den-
sity, as occurs with conventional cholan-
giography, and no information on depth is
available. These limitations make evaluation
of a single maximum-intensity-projection
image difficult. Furthermore, small polyps
or calculi are masked if brighter voxels in

source images without disease are projected
instead of the darker voxels caused by dis-
ease. The volume-rendering technique is a
novel recongruction agorithm that is fre-
quently used in clinical practice as a result of
recent advances in computer graphics software
and hardware. With volume rendering, which
uses information from all available voxels not
just those at the surface of the objects, some
voxels, are rendered opague whereas others
are transparent. Furthermore, the reconstruc-
tion agorithm and display technology used in
volume rendering yield a number of advan-
tages over maximum-intensity-projection or
shaded-surface—display techniques [22].

In our study, analysis of sengitivity
showed atrend toward the superiority of vol-

AJR:176, May 2001
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A

C

Fig. 4—68-year-old man with numerous calculi in upper biliary tract, common bile duct, and gallbladder.

A-C, Anterior MR cholangiograms with maximum-intensity-projection (A), volume-rendered, (B), and thick-section half-Fourier rapid acquisition with relaxation enhance-
ment (C) sequences show that calculi in upper biliary tract (straight arrows, B and C) are better shown in B and C than in A. Note that image in B clearly shows calculus
in upper biliary tract that is superimposed by signal intensity of gastric juice (curved arrow, B).

ume-rendered MR cholangiography over  Fig. 5.—Graph shows receiver oper-
maximum-intensity-projection MR cholan- ating characteristic curves for de-
. hv. althouah th f MR tection of bile duct calculi by
g'OQrap.y' though these two types o radiologist 1 for maximum-intensity-
cholangiography were reconstructed from  projection (O) (A, = 0.771), volume-
the identical source images. With the maxi- remti.ere? C())O(L(AZ; (;-2729)1')\}|6F\2ndr]thlick-
H ; . : : section =0 cholan-
mum-lntensFy-prOJectlon technique, IOWT giograms. Observer performance
signal-intensity voxels caused by calculi  with maximum-intensity-projection
were often masked by brighter voxels caused  and volume-rendered MR cholan-
by bile around the lesions. Meanwhile, with ~ 9iography tends to exceed that with
. . ’ thick-section MR cholangiography.
the volume-rendering technique, al voxels
of source images were transparent to some
degree, and the light reflection from voxels
inside the structures could be observed, re-
sulting in its superior ability to reveal bile
duct calculi (Figs. 3 and 4). .

Specificity with volume-rendered MR cho- 0 o5 X
langiography was significantly superior to
that with thick-section MR cholangiography.
Because thick-section MR cholangiography
takes advantage of the partial volume-averag-
ing effect, the thicker the imaging section, the
less the image contrast, possibly decreasing

True-Positive Fraction

False-Positive Fraction

the consmcu.oum?SS of small cacul I_' Be- AVA N =373 |mage Quality Subjectively Judged by Three Radiologists

cause the radiologists knew of the low image

contrast with thick-section images, they Image Image Depiction of Recognition

might have recognized the small areas of sub- Imaging Sequence Fine b| Total?
g ecognize - - Sharpness? | Contrast? Structures? | °f Anatomy

tly decreased signal intensity caused by arti-

facts as areas of disease. Maximum intensity projection | 3.6+0.9 3.6+07 32+10 35+07 35+09
The receiver operating characteristic curve | volume rendering 33+10 | 33+10 | 26+10 | 33:08 | 3110

anaysis indicated a trend toward the superior- | rpjck-section RARE 36408 | 36+07 | 33:10 | 34406 | 35:08

ity of volume-rendered MR cholangiography

over maximum-intensity-proiection and thick- Note.—Numbers are mean + 1 standard deviation. Data are based on radiologists’ scores of degree of image quality (1 =
ensity-proj poor, 2 = fair, 3 =good, 4 = very good, 5 = excellent). RARE = rapid acquisition with relaxation enhancement.

section MR chol ang ography. Th_e capabl Ilty @Mean score was significantly greater with maximum intensity projection ( p < 0.001) and thick-section RARE ( p < 0.01) than
of volume-rendered MR cholangiography to  with volume rendering.

show inside structures presumably yielded the bMean score was significantly greater with maximum intensity projection than with volume rendering ( p < 0.005).
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Fig. 6.—Graph shows receiver operat-

True-Positive Fraction

ing characteristic curves for detection
of bile duct calculi by radiologist 2 for
maximum-intensity-projection (1)
(A,=0.887), volume-rendered () (A,=
0.952), and thick-section (O) (A, =
0.834) MR cholangiograms. Observer
performance with volume-rendered
MR cholangiography significantly (p <
0.04) exceeds that with thick-section
MR cholangiography, and marginally (o
< 0.08) exceeds that with maximum-in-
tensity-projection MR cholangiography.

0 T
0 0.5

False-Positive Fraction

Fig. 7—Graph shows receiver operat-

True-Positive Fraction

ing characteristic curves for detection
of bile duct calculi by radiologist 3 for
maximum-intensity-projection (0) (A, =
0.777), volume-rendered () (A, =
0.848), and thick-section (O) (A, =
0.830) MR cholangiography. Observer
performance with volume-rendered
MR cholangiography marginally (p <
0.08) exceeds that with maximum-inten-
sity-projection MR cholangiography.

0 T
0 0.5

False-Positive Fraction

higher observer performance. Observer perfor-
mance with volume-rendered MR cholangiog-
raphy was significantly superior to that with
thick-section MR cholangiography  even
though volume-rendered MR cholangiography
was interpreted without referring to its source
images in this study. Had the volume-rendered
MR cholangiography and its source images
been reviewed together, the observer perfor-
mance might have been better than that
yielded by volume-rendered MR cholangiog-
raphy aone.

Image quality was generdly inferior with
volume-rendered MR cholangiography. Image
sharpness deteriorated with volume-rendered
and maximum-intensity-projection MR cholan-
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giography, especidly in patients whose irregu-
lar respiration caused blurring of the source
images. To remedy this, the source images may
be obtained during bresth-hold using a haf-Fou-
rier RARE sequence. However, the respiratory-
triggered fast pin-echo sequence was preferred
because an adequate number of thin sections
covering the entire biliary system could be ob-
tained, and the contrast waswell preserved even
with 3-mm section thickness. We frequently ex-
perienced substantia blurring of source images
obtained with a breath-hold haf-Fourier RARE
sequence, which may have been caused by the
patient’s imperfect respiratory suspension. Im-
age contrast was inferior with volume-rendered
MR cholangiography, probably because we set

the opacity a 15%; 85% of the light penetrated
the voxels, resulting in transparent images that
were often ghostlike compared with maximum-
intensity-projection MR cholangiograms. Re-
garding the depiction of fine structures, the
peripherd intrahepatic bile ducts were poorly
depicted with volume-rendered MR cholan-
giography compared with maximum-intensity-
projection MR cholangiography. The low setting
of opacity percentage might be related to the
poor depiction of fine anatomic structures with
volume-rendered MR cholangiography.

There are some limitations to this sudy. The
17 patients with choledocholithias's and eight
with cholecyslithiasis done underwent ERCP
for the confirmation of disease, but theremaining
18 patients with cholecydtlithiasis done did not.
Ideally, proof of choldlithiasis is obtained at
ERCP or intraoperative direct cholangiogra-
phy. However, noninvasive MR cholangiog-
raphy is often substituted for diagnostic
ERCP, and intraoperative cholangiograms
are not obtained in the event that laparo-
scopic cholecystectomy is performed.
Thirty-six of the 43 patients in the current
study had cholecystlithiasis; this high preva-
lence of cholecystlithiasis might have led the
radiologists, who were unaware of the pa
tients' histories, to an interpretation bias to-
ward the frequent positive findings of
choledocholithiasis. The significance in sen-
sitivity and specificity in our study was lim-
ited because of the exclusion of all patients
without biliary calculi.

The three radiologists reviewed recon-
structed MR cholangiograms aone, without re-
ferring to their source images. Although it is
common to refer to source images of MR cho-
langiography or transaxial T2-weighted images
in the clinical setting, we ddliberately avoided
having the radiologists review the source im-
ages to achieve a net comparison of volume-
rendered and maximum-intensity-projection
MR cholangiography. We could not completely
blind the off-site radiologists to the types of im-
aging sequences because each sequence had
specific imaging features. The off-site radiol-
ogists invited from other ingtitutions did not
have any clinica experience with volume-
rendered MR cholangiography, whereas they
had routinely interpreted maximum-inten-
sity-projection and thick-section MR cholan-
giography at their institutions. Such
unfamiliarity with volume-rendered MR cho-
langiography might have affected the ob-
server performance and assessment of image
quaity. However, the diagnostic accuracy
with volume-rendered images might have been
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higher had the radiologists been accustomed to
interpreting volume-rendered images. Findly,
athough we limited our study to the evauation
of MR cholangiography for the detection of
choledochalithiasis, the usefulness of volume-
rendered MR cholangiopancrestography for the
diagnosis of pancreeticobiliary disease caused
by malignancy, inflammation, or congenitd dis-
order should be further evauated.

In conclusion, observer performance for
volume-rendered MR cholangiography tended
to exceed that of maximum-intensity-projec-
tion MR cholangiography in sendtivity and
exceeded thick-section MR cholangiography
in specificity in the diagnosis of choledocho-
lithiasis. The receiver operating characteristic
study showed atrend toward the superiority of
volume-rendered MR cholangiography over
maximum-intensity-projection and thick-sec-
tion MR cholangiography. The volume-ren-
dering technique is recommended rather than
the maximum-intensity-projection technique
for reconstruction of MR cholangiography for
the diagnosis of choledocholithiasis.

Acknowledgment

We thank Hirokazu Osakabe of Siemens-
Asahi Medical Technologies, Tokyo, Japan,
for technical advice.

References

1. Walner BK, Schumacher KA, Weidenmaier W,
Friedrich M. Dilated biliary tract: evauation with
MR cholangiography with a T2-weighted CE-FAST
sequence. Radiology 1991;181:805-808

2. Morimoto K, Shimoi M, Shirakawa T, et a. Bil-

AJR:176, May 2001

10.

11

12.

iary obstruction: evauation with three-dimen-
sona MR cholangiography. Radiology 1992,
183:578-580

. Nal-Craggs MA, Allen CM, Owens CM, et d.

MR cholangiography: clinical evaluation in 40
cases. Radiology 1993;189:423-427

. Ishizaki Y, Wakayama T, Okada Y, Kobayashi T.

Magnetic resonance cholangiography for evaua-
tion of obstructive jaundice. Am J Gastroenterol
1993;88:2072-2077

. Guilbaud L, Bret PM, Reinhold C, Atri M,

Barkun ANG. Diagnosis of choledocholithiasis:
vaue of MR cholangiography. AJR 1994;
163:847-850

. Macaulay SE, Schulte SJ, Sekijima JH, et a.

Evaluation of non-breath-hold MR cholangiogra-
phy technique. Radiology 1995;196:227-232

. Guilbaud L, Bret PM, Reinhold C, Atri M,

Barkun AN. Bile duct obstruction and choledo-
cholithiasis: diagnosis with MR cholangiogra-
phy. Radiology 1995;197:109-115

. ChanY, Chan ACW, Lam WWM, et a. Choledo-

cholithiasis: comparison of MR cholangiography
and endoscopic retrograde cholangiography. Ra-
diology 1996;200:85-89

. TakeharaY, Ichijo K, Tooyama N, et a. Breath-

hold MR cholangiopancreatography with a long-
echo-train fast spin-echo sequence and a surface
cail in chronic pancrestitis. Radiology 1994;192:
73-78

Soto JA, Barish MA, Yucel EK, et a. Pancrestic
duct: MR cholangiopancreatography with a
three-dimensional fast spin-echo technique. Radi-
ology 1995;196:459-464

Barish MA, Yucel EK, Soto JA, Chuttani R, Fer-
rucci JT. MR cholangiopancreatography: efficacy
of three-dimensional turbo spin-echo technique.
AJR 1995;165:295-300

Regan F, Smith D, Khazan R, et a. MR cholan-
giography in biliary obstruction using half-Fou-
rier acquisition. J Comput Assist Tomogr
1996;20: 627-632

13. Miyazaki T, Yamashita Y, Tsuchigame T, Yama
moto H, Urata J, Tekahashi M. MR cholangio-
pancreatography using HASTE (haf-Fourier
acquisition single-shot turbo spin-echo) se-
quences. AJR 1996;166:1297-1303

14. Ichikeawa T, Nitatori T, Hachiya J, Mizutani Y.
Breath-held MR cholangiopancreatography with
half-averaged single shot hybrid rare acquisition
with relaxation enhancement sequence: compari-
son of fast GRE and SE sequences. J Comput As-
sist Tomogr 1996;20:798-802

15. Ernst O, Calvo M, Sergent G, Mizrahi D, Carpen-
tier F. Breath-hold MR cholangiopancreatogra-
phy using a HASTE sequence: comparison of
single-shot and multislice acquisition techniques.
AJR 1997;169:1304-1306

16. Irie H, Honda H, Tgjima T, et a. Optimal MR
cholangiopancreatographic sequence and its clin-
ical application. Radiology 1998;206:379-387

17. Remy-Jardin M, Remy J, Artaud D, Fribourg M,
Duhamel A. Volume rendering of the tracheo-
bronchia tree: clinica evaluation of broncho-
graphic images. Radiology 1998;208:761-770

18. McFarland EG, Brink JA, Loh J, et . Visuadiza
tion of colorectal polyps with spira CT cologra-
phy: evaluation of processing parameters with
perspective volume rendering. Radiology 1997;
205:701-707

19. Johnson PT, Hedth DG, Kuszyk BS, Fishman
EK. CT angiography with volume rendering: ad-
vantages and applications in splanchnic vascular
imaging. Radiology 1996;200:564-568

20. Metz CE. ROC methodology in radiologic imag-
ing. Invest Radiol 1986;21:720-723

21. Heath DR, Soyer P, Kuszyk B, et a. Three-di-
mensional spiral CT during arterial portography:
comparison of 3-D rendering techniques. Radio-
Graphics 1995;15:1001-1011

22. Rubin GD, Dake MD, Semba CP. Current status
of three-dimensional spiral CT scanning for im-
aging the vasculature. Radiol Clin North Am
1995;33:51-70

1189



