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Comparative Study between Digital Tomosynthesis and Endoscopic
Retrograde Cholangiopancreatography for the Evaluation of
Common Bile Duct Stones: Focus on Detection and Stone

Conspicuity’

SEHAHEM B7OIM EREES R

] ot

)

A—“:H_I_I- LHA|7:|O:|UHEFX_I|_E_7IQ_%:|%9|

7 O0OT

Ji-Mi Huh, MD', Seung Yon Baek, MD', Yunmi Hwang, MD', Jeong Kyong Lee, MD',

Yookyung Kim, MD', Sun Young Yi, MD’

Departments of 'Radiology, 2Internal Medicine and Medical Research Institute, School of Medicine, Ewha Womans University, Seoul, Korea

Purpose: To compare digital tomosynthesis with endoscopic retrograde cholangio-
pancreatography (ERCP) for the evaluation of common bile duct (CBD) stones as a
complementary diagnostic tool.

Materials and Methods: Ninety six consecutive patients clinically suspected of hav-
ing CBD stones underwent ERCP and digital tomosynthesis over 22 months, from De-
cember, 2008 to May, 2010. Fourteen patients were excluded. Therefore 82 patients
were included in this study. The images were retrospectively reviewed to compare the
results with the final analysis based on the consensus of two abdominal radiologists.
An evaluation of the presence of CBD stones was followed by a determination of the
margins for the stones, scored with a five-point conspicuity scale.

Results: Among the 82 patients, 54 collectively had 89 CBD stones and 28 had no
stones. The sensitivity and specificity for the detection of CBD stones were 91.0%
and 80.6% for ERCP, 92.19% and 93.5% for digital tomosynthesis, respectively. The
average score was 3.29 for ERCP and 3.89 for digital tomosynthesis in 77 similar
detected stones. Digital tomosynthesis demonstrated significantly better conspicui-
ty than ERCP (p = 0.001).

Conclusion: Digital tomosynthesis is an effective and complementary diagnostic
method for the evaluation of CBD stones.
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INTRODUCTION

Digital tomosynthesis generates slice images using conven-
tional X-ray and offers several advantages over conventional
projection radiography. For example, tomographic imaging al-
lows for the determination of depth and improves the conspi-
cuity of structures by removing the visual untidiness associated
with the overlying anatomy. It also provides better contrast of
local structures by limiting the overall image dynamic range to

that of a single slice (1-3). Earlier conventional geometric to-
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mography found limited use of this method because of image
blurring, excessive radiation dose, and a long image-acquisition
time. However, digital tomosynthesis overcomes these limita-
tions by enabling the reconstruction of the numerous slices ob-
tained from the patient based on the low-dose acquisition of
data from a single imaging session (1, 4).

Tomosynthesis also allows for an arbitrary number of in-fo-
cus planes to be generated retrospectively from a sequence of
projection radiographs acquired during a single motion of the

X-ray tube. By adding and shifting these projection radio-
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graphs, specific planes can be reconstructed (1-5). Further-
more, with the introduction of flat-panel imaging systems, a
digital detector is now available that has all the properties
necessary for clinically practical tomosynthesis (1-4). With
these advanced techniques, a large number of low-dose pro-
jection images can be rapidly acquired.

There is growing interest in digital tomosynthesis for a
number of clinical applications including chest imaging,
mammography, orthopedic imaging, angiography, and dental
imaging (2). By contrast, although digital tomosynthesis
might be a valuable tool in abdominal imaging, especially for
the pancreaticobiliary system, little has been published on
clinical trials for abdominal tomosynthesis. Endoscopic retro-
grade cholangiopancreatography (ERCP) has been widely
used for diagnostic purposes and for removal procedures,
such as for the common bile duct (CBD) stones.

Therefore, the aim of the present study was to compare the
digital tomosynthesis with ERCP to evaluate common bile
duct stones as a complementary diagnostic tool, focusing on

their detection and conspicuity.

MATERIALS AND METHODS

Patient Selection
This study was approved by the Institutional Review Board.

The study population consisted of 96 consecutive patients (56

lat panel detector

Fig. 1. Mimetic diagram of digital tomosynthesis.

Digital tomosynthesis image acquired by continuous fluoroscopic ex-
posure from top to bottom at a range of 40°, and with the target part
as the center of the CBD. To focus the CBD, the target point is set at a
depth of 120 mm from the skin with 70 mm buffer in all directions and
continuous X-ray exposure for 2.5 seconds.

Note.—CBD = common bile duct
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men, 40 women; mean age: 62.1 years; age range; 16-92 years),
clinically suspected of having CBD stones, and underwent
ERCP as well as digital tomosynthesis concurrently over 22
months, from December, 2008 to May, 2010. Among the 96
patients, 14 were excluded because of massive pneumobilia (n
=9), poor quality of the obtained images due to incomplete
study (n = 3), multiple (> 10) stones (n = 2). Consequently, 82

patients were included in this study.

Imaging Technique

Digital tomosynthesis with a digital FPD R/F X-ray system
(Sonialvision Safire, Shimadzu, Japan) was acquired by con-
tinuous fluoroscopic exposure from top to bottom with a 40°
range and the target as the center of the CBD. Images collect-
ed with 36 frames and a 768 x 768 matrix were reconstructed
to a 2 mm thickness interval with filtered back projection. To
focus on the CBD, the target point was made at a 120 mm
depth from the skin with a 70 mm buffer in all directions and
continuous X-ray exposure for 2.5 seconds (Fig. 1). ERCP and
digital tomosynthesis were performed with the patient under
conscious sedation. Every patient underwent an endoscopical

stone removal procedure during ERCP.

Image Analysis

The images were retrospectively reviewed to compare the
results with the final analysis based on the consensus of two
abdominal radiologists. An evaluation of the presence of
CBD stones was followed by a determination of the margins
of the stones, as scored by a five-point conspicuity scale. The
five-point scale was defined by degree of conspicuity of CBD
stones as the range of clear margin (1: 0-% of circumference,
2: 4-% of circumference, 3: ¥%2-% of circumference, 4: %-entire
of circumference, 5: entire circumference). We regarded the
results of the stone-removal procedure as the gold standard

for stone detection.

Statistical Analysis

Statistical analyses were performed with using SPSS (re-
lease 17.0.2; SPSS Inc., Chicago, IL, USA). The sensitivity and
specificity of ERCP and digital tomosynthesis for the detec-
tion of the CBD stones were calculated. The means of the

scores were compared using a two-tailed paired t-test. The
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data were reported herein as the means and standard devia-
tions. A p-value < 0.05 was considered to indicate statistically

significance.

RESULTS

On the basis of the final diagnosis obtained from endoscop-

ic stone removal, 54 of the 82 patients collectively had 89
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CBD stones, while the remaining 28 had no stones. ERCP
successfully detected 81 of the 89 stones while digital tomo-
synthesis detected 82 stones; 77 stones were detected by both
methods, whereas 4 stones were detected only on ERCP and 5
stones only on digital tomosynthesis. There were 6 false- posi-
tive cases using ERCP (Fig. 2), but only 2 using digital tomo-

synthesis. Moreover, there were 8 false-negative cases on ERCP

(Fig. 3), and 7 on digital tomosynthesis (Table 1). The sensi-

A
Fig. 2. A 79-year-old man without a CBD stone.

A. ERCP image obtained after injection of contrast material showing a CBD stone (arrow), which is considered to be a score of 5.
B. Although the digital tomosynthesis image is slightly blurred, no definite stones are seen in the CBD.
Note.—CBD = common bile duct, ERCP = endoscopic retrograde cholangiopancreatography

A

Fig. 3. A 70-year-old man with one stone in the proximal CBD.
A. On ERCP image, no definite CBD stone is visualized.

B. Digital tomosynthesis image showing a proximal CBD stone (arrow) with a score of 3 because the upper margin of the CBD stone is obscured.
Note.—CBD = common bile duct, ERCP = endoscopic retrograde cholangiopancreatography
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Table 1. Cross-Tabulation of the Number of CBD Stones on ERCP and Digital Tomosynthesis

CBD Stone Positive Negative
ERCP Positive 81 (TP) 6 (FP)
Negative 8 (FN) 25 (TN)
Digital tomosynthesis Positive 82 (TP) 2 (FP)
Negative 7 (FN) 29 (TN)

Note.—CBD = common bile duct, ERCP = endoscopic retrograde cholangiopancreatography, FN = false negative, FP = false positive, TN = true negative, TP

= true positive

Table 2. Sensitivity, Specificity of ERCP and Digital Tomosynthesis for the Detection of CBD Stones

Sensitivity (%) Specificity (%)
ERCP 91.0 80.6
Digital tomosynthesis 92.1 935

Note.—CBD = common bile duct, ERCP = endoscopic retrograde cholangiopancreatography

Table 3. Evaluation of Conspicuity of 77 Samely Detected Stones Using the Five-Pointed Scale on ERCP and Digital Tomosynthesis

Score Score Score
Stones ERCP TOMO Stones ERCP TOMO Stones ERCP TOMO
1 3 4 27 3 3 53 4 4
2 3 5 28 3 4 54 3 2
3 4 5 29 4 3 55 3 2
4 3 4 30 3 3 56 4 3
5 3 5 31 3 5 57 4 5
6 3 4 32 2 4 58 3 4
7 2 4 33 2 3 59 3 3
8 3 4 34 4 5 60 4 3
9 3 5 35 3 3 61 2 3
10 3 4 36 3 4 62 2 4
n 4 5 37 3 4 63 3 2
12 4 3 38 2 3 64 2 5
13 4 5 39 4 5 65 2 4
14 4 5 40 3 3 66 3 4
15 4 4 41 3 3 67 5 5
16 4 5 42 4 5 68 4 4
17 5 5 43 3 4 69 3 4
18 5 5 44 3 4 70 2 4
19 4 4 45 3 4 71 4 4
20 4 4 46 4 4 72 2 4
21 4 3 47 3 4 73 2 4
22 5 4 48 2 2 74 5 5
23 5 3 49 2 1 75 2 4
24 4 5 50 4 4 76 3 4
25 5 4 51 3 4 77 4 4
26 2 4 52 3 3
Note.—ERCP = endoscopic retrograde cholangiopancreatography, TOMO = digital tomosynthesis
Table 4. The 5-Point Scores of CBD Stones on ERCP and Digital Tomosynthesis
ERCP (n = 77) Digital Tomosynthesis (n = 77) p-value
Average of score (Mean + SD) 3.29+0.89 3.89+0.88 0.001
Median value of score 3.00 4,00

Note.—CBD = common bile duct, ERCP = endoscopic retrograde cholangiopancreatography, Mean + SD = mean standard deviation
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tivity and specificity for CBD stone detection were 91.0% and  results are shown in Table 3. The average score was 3.29 for
80.6% for ERCP, and 92.1% and 93.5% for digital tomosyn-  ERCP and 3.89 for digital tomosynthesis. In the evaluation of
thesis, respectively (Table 2). the stones’ margins, digital tomosynthesis demonstrated a sta-

The margins of the 77 concurrently detected stones were tistically superior conspicuity compared to ERCP (p = 0.001)

evaluated for conspicuity according to the 5-point scale. The  (Table 4). Forty-four stones were seen more clearly by digital

A B

Fig. 4. A 66-year-old man with two proximal CBD stones.

A. ERCP image obtained after injection of contrast material showing 2 CBD stones (arrows) which are considered to have a score of 2 (upper
stone) and 3 (lower stone).

B. Digital tomosynthesis image showing 2 CBD stones (arrows) more clearly compared with the visualization in (A), considered as score to have
a 5 for both stones.

Note.—CBD = common bile duct, ERCP = endoscopic retrograde cholangiopancreatography

A

Fig. 5. A 74-year-old woman with a CBD stone.

A. ERCP image clearly showing a CBD stone (arrow) with a score of 5.

B. Digital tomosynthesis image showing the presence of a stone (arrow) in the proximal CBD with blurring of the margin, considered to have a
score of 4.

Note.—CBD = common bile duct, ERCP = endoscopic retrograde cholangiopancreatography
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A

Fig. 6. A 47-year-old woman with a CBD stone.

CBD stone (arrow) clearly seen on both the ERCP image (A) and digital tomosynthesis image (B) with a score of 5.
Note.—CBD = common bile duct, ERCP = endoscopic retrograde cholangiopancreatography

tomosynthesis and thus had a higher score than ERCP (4.3 vs
2.9) (Fig. 4). In contrast, twelve stones were detected with a
higher score on ERCP than digital tomosynthesis (3.8 vs. 2.8)
(Fig. 5), while 21 stones were seen equally well by both ERCP
and digital tomosynthesis (Fig. 6).

DISCUSSION

The symptoms and signs of common bile duct stones in-
clude right upper quadrant abdominal pain, jaundice, fever,
and biochemical abnormality. A more serious complication is
cholangitis, which, if progressive, and can lead to septic shock
with a high mortality. Thus, the early diagnosis of CBD stones
is important, and their subsequent removal is reccommended.

Currently, there are several modalities to detect common bile
duct stones including abdominal ultrasound, endoscopic ultra-
sound, MRI with magnetic resonance cholangiopancreatogra-
phy (MRCP), ERCP, and computed tomography (CT), which
included computed tomographic cholangiography (CTC).

The traditional first-line modality, abdominal ultrasound, is
operator-dependent and has a wide-ranging sensitivity (20-
80%) (6-9). Endoscopic ultrasound is considered as an alter-
native method, but it is an invasive procedure that is not only
operator-dependent but also accompanied by the potential

for endoscopy-related complications (10).

500

CT and CTC yield high-resolution images of the biliary
tree and adjacent anatomic structures with low invasiveness,
but both require relatively high doses of ionizing radiation
(11) in addition to intravenous contrast medium (12, 13).
MRCP is not invasive. Moreover, because diagnostic accuracy
does not depend on the skill of the operator, more objective
results can be obtained. Many studies have confirmed the
high sensitivity of MRCP for detecting CBD stones (14-17).
However, MRCP cannot be used in patients who are claustro-
phobic or who have implanted devices, such as internal cardio-
verters, pacemakers, or metallic clips for cerebral aneurysms.
Furthermore, MRCP has several potential pitfalls including pa-
tients with tortuous common bile ducts, compression of the he-
patic duct by the right hepatic artery, an origin of the cystic
duct mimicking CBD stones, or pneumobilia (17).

For these reasons, ERCP has become the standard diagnos-
tic and therapeutic technique in the evaluation of the pancre-
aticobiliary tract. However, it is an invasive procedure with a
mortality rate of 1-2% (18-23). Despite its invasiveness, ERCP
is widely performed, as it not only accurately detects the pres-
ence of stones, but also allows for simultaneous treatment,
such as extraction.

In our study, during the ERCP procedure, digital tomosyn-
thesis was conducted concurrently, without the need for addi-
tional preparation of the patient to determine its complemen-
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tary utility in the diagnosis of CBD stones. Tomographic
imaging has several advantages such as improved conspicuity
and contrast with local structures which offer more accurate
diagnosis of CBD stones during the ERCP procedure (1). A
drawback in our patient series was the need for conscious se-
dation during ERCP and digital tomosynthesis, which result-
ed in the blurring of some images because patients could not
perform a spontaneous breath hold during the procedure. In
this situation, the higher conspicuity and contrast of local
structures achieved with tomographic imaging are likely to
improve CBD stone diagnosis.

Our findings demonstrated the sensitivity and specificity of
digital tomosynthesis, both of which were slightly higher than
those of ERCP with respect to the detection of CBD stones. In
terms of conspicuity, the mean score obtained with digital to-
mosynthesis was significantly higher than that obtained with
ERCP, suggesting that digital tomosynthesis is a superior mo-
dality to ERCP in the evaluation of CBD stones. Moreover,
our findings showed that digital tomosynthesis can better de-
pict the size and extent of CBD stones during the procedure
and thus allows a more appropriate treatment choice. Addi-
tionally, digital tomosynthesis resulted in fewer false-positive
cases than did ERCP, implying that digital tomosynthesis can
avoid unnecessary stone-removal procedures. Hence, digital
tomosynthesis can be a complementary diagnostic tool for
the evaluation of CBD stones during ERCP.

This study has some limitations. First, because some pa-
tients were referred for an ERCP examination without a pre-
vious non-invasive diagnostic examination, such as MRCP or
CT, only 54 of the 82 patients actually had CBD stones. Thus,
a relatively small number of patients with CBD stones were
evaluated. Further studies with more cases are needed to con-
firm the clinical usefulness of digital tomosynthesis for appli-
cations involving the biliary ductal system. Second, a method
to distinguish air in the CBD from a stone is still lacking. This
is potentially problematic, as biliary air might be confused
with biliary calculi. However, differentiation is usually possi-
ble because biliary air moves into a nondependent position
when the patient’s position is changed, whereas calculi tend to
localize in a dependent position.

In conclusion, the advantages of digital tomosynthesis over

ERCP in the diagnosis of CBD stones include fewer false pos-
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itive cases and a higher conspicuity score. Digital tomosyn-
thesis is an effective and complementary diagnostic method
to evaluate CBD stones, with clinical usefulness in imaging of

the biliary ductal system.
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