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Abstract

Purpose: To compare three-dimensional magnetic resonance cholangiopancreatography (MRCP)

with/without partial maximum intensity projection (MIP) and endoscopic retrograde

cholangiopancreatography (ERCP) in patients with autoimmune pancreatitis (AIP).

Materials and Methods: Three-dimensional MRCP and ERCP images were retrospectively analyzed in

24 patients with AIP. We evaluated the narrowing length of the main pancreatic duct (NR-MPD), multiple

skipped MPD narrowing (SK-MPD), and side branches arising from the narrowed portion of the MPD

(SB-MPD) using four MRCP datasets: 5 original images (MIPs), 10 original images (MIP o), all original

images (full-MIP), and a combination of these three datasets (a-MIP). The images were scored using a 3-

or 5-point scale. The scores of the four MRCP datasets were statistically analyzed, and the positive rate of

each finding was compared between MRCP and ERCP.

Results: The median scores for SB-MPD on MIPs and a-MIP were significantly higher than those on

MIP; and full-MIP. In other words, partial MIP is superior to full-MIP for visualization of detailed

structures. The positive rate for SB-MPD on full-MIP was significantly lower than that on ERCP, whereas

the positive rate on MIPs, MIP,, and a-MIP was not significantly different from that on ERCP. Moreover,

the positive rate for NR-MPD and SK-MPD on the MRCP images was significantly higher than that on

the ERCP images.



Conclusion: Partial MIP is useful for evaluating the MPD and is comparable with ERCP for diagnosing

AIP.



Introduction

Autoimmune pancreatitis (AIP), characterized by autoimmune processes, was originally described

as an unusual type of chronic pancreatitis with diffuse irregular narrowing of the entire main pancreatic

duct (MPD) on endoscopic retrograde cholangiopancreatography (ERCP) [1]. ERCP findings diagnostic

of AIP include involvement of >1/3 of the MPD, multiple strictures without marked upstream dilatation,

and segmental/focal narrowing without marked upstream dilatation [2-8]. These characteristics have been

adopted as part of the International Consensus Diagnostic Criteria (ICDC) for Autoimmune Pancreatitis

[9]. Secondary pancreatic duct derivation from the narrowed pancreatic duct is also useful in

differentiating AIP from pancreatic cancer [10,11].

Magnetic resonance cholangiopancreatography (MRCP), a noninvasive method of evaluating the

pancreatic duct, is reportedly useful in diagnosing AIP [12-14]. Some studies, however, have reported that

MRCEP is suboptimal for the diagnosis of AIP. Because MRCP shows lower resolution than ERCP, MRCP

is less able to show detailed strictures and side branches [15,16].

Traditional three-dimensional (3D) MRCP, which requires use of the breath-hold technique to

assess the pancreaticobiliary ducts [17,18], is dependent on the patient’s respiratory motion, which

sometimes causes motion artifacts. Barish et al. [19] performed the first 3D MRCP with the respiratory

triggering technique during free breathing. In addition, Papanikolaou et al. [20] reported that 3D MRCP

performed with the respiratory triggering technique resulted in a higher contrast-to-noise ratio (CNR) of



the bile duct and MPD than that performed with the breath-hold technique. However, respiratory

triggering, which involves monitoring movement of the abdominal wall, does not always reflect the

movement of the visceral organs. The navigator-echo triggering technique, which is used to monitor

movement of the right diaphragm with navigator echo, was recently reported to show greater spatial

resolution and better visualization of the pancreatic and bile ducts than free-breathing 3D MRCP or 2D

MRCP [21-23]. In addition, 3D MRCP at 3T resulted in an improved CNR and better visualization than

3D MRCP at 1.5T [24]. However, 3D MRCP has potential drawbacks because it is always displayed

using a reconstruction algorithm of maximum intensity projection (MIP). MIP images may be unable to

reveal detailed structures because of overlapping bright voxels. Partial MIP, in which the projection

volume is limited, may be useful in evaluating specific structures [25]. To our knowledge, no studies have

reported differences between 3D MRCP with partial MIP and conventional 3D MRCP. This study was

therefore designed to evaluate the usefulness of 3D MRCP with partial MIP in the diagnosis of AIP and to

compare 3D MRCP with conventional MRCP and ERCP.

Materials and Methods

This study was approved by the institutional review board of our institution, which waived the

requirement for informed consent because of the retrospective design of this study.



Patients

The medical database of our hospital was reviewed to identify patients diagnosed with AIP

according to the ICDC from August 2007 to October 2012; who underwent imaging examinations,

including 3D MRCP at 3T MRI and ERCP; and were not treated prior to MRI and ERCP evaluation.

Twenty-four consecutive patients were identified (16 men and 8 women with a mean age of 62 years).

MRI and pulse sequences

All MR images were obtained with a 3T MR system (Trio Tim; Siemens Healthcare, Erlangen,

Germany) using standard body array and spine array coils.

The protocol for pancreatic MRI in our institution included axial T2-weighted imaging

[half-Fourier acquisition single-shot turbo spin-echo (HASTE) and fat-suppressed fast spin-echo

sequence] and axial T1-weighted gradient-echo imaging, followed by MRCP. Dynamic contrast-enhanced

T1-weighted images were acquired as needed. MRCP was performed using a 3D Sampling Perfection

with Application-optimized Contrasts using different flip angle Evolution (SPACE) with a

respiratory-trigger technique and 2D prospective acquisition correction (PACE). The detailed parameters

of MRCP are shown in Table 1. The scanning parameters were set to be as alike as possible, but some

parameters varied in accordance with the patients’ body size and respiratory cycle. All MRCP results were

obtained in the coronal oblique plane at angles parallel to the splenic hilum.



Four MRCP datasets were analyzed: partial MIP with 5 original images (slice thickness = 5-7.5

mm) (MIPs), partial MIP with 10 original images (slice thickness = 10—15 mm) (MIPo), MIP with all

original images (slice thickness = 72-90 mm) (full-MIP), and all three data sets (a-MIP). The slice gaps

of MIPs and MIP,o were the same as the slice thickness of the original images (1-1.5 mm).

Image analysis

MR images were assessed using commercial digital imaging and communication in medicine

(DICOM) software (EV Insite; PSP Corporation, Tokyo). All images were independently evaluated by

two experienced abdominal radiologists who were blinded to the identifiers and clinical information.

Findings evaluated included the length of the MPD narrowing (NR-MPD), multiple skipped MPD

narrowing (SK-MPD), and side branches arising from the narrowed portion of the MPD (SB-MPD).

NR-MPD was scored using a 3-point scale (0, absent; 1, present in <1/3 of the length of the MPD; and 2,

present in >1/3 of the length of the MPD). SK-MPD and SB-MPD were scored using a 5-point scale (0,

definitely absent; 1, probably absent; 2, equivocal; 3, probably present; and 4, definitely present). An

NR-MPD score of 2 (MPD narrowing in >1/3 of the MPD) and SK-MPD and SB-MPD scores of 4 and 5

were regarded as positive findings. The evaluators assessed each finding based on the four datasets, with

a >2-week interval between dataset assessments. Disagreements between the two evaluators were

resolved by discussion and consensus.



Two internal medicine physicians assessed the positivity or negatively of NR-MPD, SK-MPD,

and SB-MPD on ERCP; these evaluators were blinded to the patients’ clinical information.

Statistical analysis

Statistical analyses were performed with a statistical software package (Prism, version 6.01;

GraphPad Software, San Diego, CA). The Friedman test was used to compare the scores for each MR

finding in the four MRCP datasets. Fisher’s exact test was used to compare the positive rate of each

finding in each MRCP dataset and ERCP. A P-value of <0.05 was defined as statistically significant.

Results

The distribution of scores for NR-MPD, SK-MPD, and SB-MPD on MIPs, MIP,, full-MIP, and

a-MIP are shown in Figure 1. The median scores for NR-MPD and SK-MPD in all four MIP datasets

were 2 and 4, respectively. The median scores for SB-MPD on MIPs, MIP, full-MIP, and a-MIP were 4,

3, 2, and 4, respectively; they were significantly lower in the full-MIP dataset than in the other three

datasets (P < 0.05). Typical images are shown Figure 2.

The positivity rates in the MIPs, MIP o, full-MIP, and a-MIP datasets and ERCP were 0.92, 0.86,

0.83, 0.86, and 0.50, respectively, for NR-MPD; 0.86, 0.75, 0.79, 0.86, and 0.42, respectively, for

SK-MPD; and 0.79, 0.86, 0.43, 0.83, and 0.86, respectively, for SB-MPD. The positivity rates for



NR-MPD and SK-MPD were significantly higher in all four MRCP datasets than in ERCP (P < 0.05) (Fig.

3). The positivity rate for SB-MPD was significantly lower in the full-MIP dataset than in ERCP (P <

0.05), whereas the other three MRCP datasets did not differ significantly from ERCP (Fig. 4).

Discussion

One of the important findings of this study is that the score for SB-MPD was lower in the full-MIP

dataset than in the other three MRCP datasets. This finding suggests that partial MIP has advantages in

visualizing small branches of the pancreatic duct. On MR angiography, contrast on MIP usually depends

on the intensities of the target structures and background. High-quality contrast images have been

reported when the signal intensity of the vessel was about two standard deviations above the mean

background noise [26]. Thus, the inability of MIP to visualize extremely fine vessels may be due to a low

signal-to-noise ratio (SNR). Similarly, the poor visualization of small branches in the full-MIP dataset

may have been due to a low SNR resulting from the large numbers of overlapping original images. In

addition, many overlapping images in the full-MIP dataset included other structures or organs, such as the

bile duct, stomach, duodenum, and kidneys. In contrast, partial MIP could have helped to achieve an

accurate diagnosis of AIP in our study. Takuma et al. [27] reported that SB-MPD was a useful finding

suggesting AIP; however, this finding was more faintly visualized on MRCP than on ERCP. On the other

hand, our study shows that partial MIP is superior to full-MIP and comparable with ERCP in the



visualization of SB-MPD. In other words, the partial MIP used in the present study could allow for clearer

visualization of detailed structures (e.g., SB-MPD). In contrast, the scores for NR-MPD and SK-MPD

were similar among the four MRCP datasets. Because the diameter of the MPD is usually larger than that

of its side branches, the SNR of the MPD is likely maintained on full-MIP.

The recent development of MR techniques with a high CNR has resulted in improved image

resolution. 3D MRCP using navigator-echo triggering may better overcome respiratory motion artifacts

than the breath-hold technique [21-23]. The former technique is clinically useful in evaluating the

abdominal area, which is easily affected by respiratory motions. Visualization of small branches of the

pancreatic duct may have also been facilitated by our use of 3T MRI, which results in a two-fold higher

SNR than 1.5T MRI, resulting in high-resolution MRCP with thin sections and a small voxel size [24,28].

High-resolution and high-CNR 3D MRCP with partial MIP may improve visualization of small aspects of

the pancreaticobiliary system, such as SB-MPD [25].

ERCP is useful in evaluating the bile and pancreatic ducts of patients with malignant lesions and

inflammation, such as AIP. This technique has been incorporated into diagnostic and therapeutic

procedures for pancreaticobiliary diseases. According to the ICDC, MPD findings are usually obtained

using ERCP [9], whereas MRCP is not recommended because of its lower resolution than ERCP. Our

results, however, indicate that the image quality of 3D MRCP is comparable with that of ERCP. Moreover,

ERCP is an invasive technique requiring cannulation of the biliary and pancreatic ducts and performance



of biopsies, which may result in various complications such as pancreatitis, bleeding, and cholangitis

[29-31]. In contrast, MRCP is a noninvasive and safer procedure, suggesting that 3D MRCP findings may

useful in the diagnosis of AIP.

Interestingly, we found that the positivity rates of NR-MPD and SK-MPD were significantly higher

in MRCP than ERCP. Using contrast medium in the MPD, ERCP can directly distinguish the ducts and

show their shapes. In contrast, MRCP is performed without putting pressure on the MPD. The diameter of

the MPD was found to be larger on ERCP than on MRCP in patients with chronic pancreatitis, perhaps

because the use of contrast medium in ERCP results in distention of the MPD; thus, ERCP may

overestimate its diameter [32]. The diameter of the MPD on MRCP appears to reflect the physiological

flow of bile and pancreatic fluid; therefore, ERCP may underestimate some MPD findings relative to

MRCP. In contrast, no discrepancies between MRCP and ERCP findings have been reported in patients

with pancreatic cancer. Therefore, it is necessary to determine whether discrepancies between MRCP and

ERCP findings are useful in differentiating focal AIP from pancreatic cancer.

This study had several limitations, including its retrospective design and inclusion of a small

number of patients. Prospective studies with large numbers of patients may be necessary to validate our

results. Second, there was no gold standard for the MPD findings. Although our findings suggested that

ERCP may underestimate the MPD findings compared with MRCP, the true condition could not be

established, especially in patients with benign lesions (e.g., AIP). Carbognin et al. [33] showed that



secretin-enhanced MRCP was a useful method in the differential diagnosis between focal AIP and

pancreatic carcinoma. This method could show more physiological pancreatic secretion than ERCP with

contrast medium. Unfortunately, secretin is not approved for the diagnosis of AIP in Japan; however, this

method could help to resolve the discrepancy between the ERCP and MRCP findings.

Conclusion

MRCP is comparable with ERCP for diagnosing AIP. In addition, partial MIP is useful for

evaluating the pancreatic duct, especially small branches from the MPD.
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Table 1

Sequence parameters of magnetic resonance cholangiopancreatography

Repetition time (TR) (ms) 2983-8853¢?
Echo time (TE) (ms) 601-649

Flip angle factor Constant
Echo-train duration (ms) 1020

Turbo factor 63

Parallel acquisition technique factor 3

Field of view (mm) 300-320 x 300-320
Acquisition matrix (mm) 320 x 289-309
Slice thickness (mm) 1-1.5

Slice number 60-80
Acquisition time (min) 3-5°¢

TR differed among subjects according to respiratory cycles.

®The flip angle evolution in Application optimized Contrasts using different flip angle
Evolution (SPACE) was calculated to achieve a high and nearly constant signal of
tissues during most of the duration of signal acquisition.

€ Acquisition time differed among subjects according to respiratory cycle.



Figure 1

score score score "
= *
2 4 2] e y P
Y . 3 vvrerr e— i
Hoow . 2 . 2] v e
1 . 1 e
0§ T ¥ RN T & & ®
R 5 Q& S 5 s & S 3 3
& S % & S > & N 'S
(a) (b) (©)

Distribution of scores on magnetic resonance cholangiopancreatography (MRCP). (a) Length of the main

pancreatic duct (MPD) narrowing (NR-MPD). (b) Multiple skipped MPD narrowing (SK-MPD). (c) Side

branches arising from the narrowed portion of the MPD (SB-MPD). The scores in the four datasets were

similar in (a) and (b) but were significantly lower (* P < 0.05) for full-MIP than for the other three

datasets in (c). Abbreviations: MIPs, partial maximum intensity projection (MIP) with 5 original images;

MIP;, partial MIP with 10 original images; full-MIP, MIP with all original images; a-MIP, all three

datasets



Figure 2

(a) (b)

MIP reconstructions obtained from a 69-year-old man with autoimmune pancreatitis. MIPs (a) and MIP o

(b) clearly showed side branches arising from the narrowed portion of the main pancreatic duct

(SB-MPD) (arrow), whereas full-MIP (c) was unclear.



Figure 3

MIP reconstructions and ERCP obtained from a 57-year-old man with autoimmune pancreatitis. MIPs (a),

MIP (b) and full-MIP (c) clearly showed the length of the main pancreatic duct narrowing (NR-MPD)

(arrow head), whereas ERCP (d) was unclear.



(©) | (d)

MIP reconstructions and ERCP obtained from a 58-year-old woman with autoimmune pancreatitis. MIPs

(a) and MIP ¢ (b) clearly showed side branches arising from the narrowed portion of the main pancreatic

duct (SB-MPD) (arrow), whereas full-MIP (c) was unclear. The visibilities of SB-MPD on MIPs and

MIP, were nearly comparable with that of ERCP (arrow) (d).



