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Chapterr 1 Introduction:: outline of the thesis 

Chapte rr  1 

GENERALL  INTRODUCTIO N 
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Chapterr 1 Introduction:: outline of the thesis 

Theree are two parts in the thesis. In part I two articles concerning auto fluorescence 
studyy on gastric cancer are presented. In part II  another four articles about imaging 
studyy on pancreaticobiliary diseases are presented. 

Recently,, the detection of early gastric cancer still depends largely on endoscopist's 
subjectivee judgement and morphological observation of gastric mucosa. At present, 
laserr technique has been widely applied in the field of clinical medicine. The 
combinationcombination of laser technique and endoscopy provides a new method for the 
diagnosiss of gastrointestinal tumors. In this thesis we used helium-cadmium laser 
systemm and double-channel laser scanning confocal microscopy (LSCM) with argon 
ionn laser and helium-neon laser to detect the autofluorescence in gastric cancer and 
correspondingg normal gastric tissues. The aim of our self-control study is to 
evaluationn the clinical application of laser induced fluorescence (LIF) spectra in 
diagnosingg the gastric cancer and dysplasia, and to investigate the characteristic image 
off  autofluorescence in gastric cancer. 

Inn chapter 2 the clinical application of laser-induced fluorescence (LIF ) spectra for 
diagnosingg gastric cancer during gastroscopy was evaluated. A helium-cadmium laser 
systemm (excitation wavelength = 442nm) was used to detect the autofluorescence in 
thirty-eightt patients with endoscopically and histologically diagnosed gastric cancer 
andd chronic gastritis. 

Inn chapter 3 the characteristics of gastric cancer in autofluorescence images was 
investigated.. A double-channel laser scanning confocal microscope with an argon ion 
laserr (excitation wavelength 488nm) and helium-neon laser (excitation wavelength 
543nm)) were used to detect the autofluorescence from sixteen gastric cancer tissue 
specimenss and corresponding normal gastric tissue. 

Pancreaticobiliaryy disease is the common disorder in clinical practice. To demonstrate 
thee level and the cause of pancreaticobiliary obstruction is the first premise in 
diagnosiss and therapy of pancreaticobiliary disease. Early diagnosis and assessment of 
tumorr resectability are fundamental to achieve a successful treatment of 
pancreaticobiliaryy tumors. With the technical developments of medical imaging, at 
present,, an integral examination system has been built up, including ultrasonography 
(US),, computed tomography (CT), magnetic resonance imaging (MRI) and direct 
cholangiopancreatography.. Recently, magnetic resonance cholangiopancreatography 
(MRCP)) offers a new approach for clinical diagnosis and treatment of 
pancreaticobiliaryy disease. In this thesis we carried out an imaging study on 
pancreaticobiliaryy disease. 
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Chapterr 1 Introduction:: outline of the thesis 

Inn chapter 4 the clinical application value of MR cholangiopancreatography (MRCP) 
inn diagnosis of pancreaticobiliary duct disease was evaluated. MRCP was performed 
inn fifty-eight subjects, including sixteen volunteers as comparison and forty-two 
patientss with various pancreaticobiliary duct diseases. MRCP uses non-breath-hold 
heavilyy T2-weighted Turbo Spin-Echo (TSE) sequence with respiratory-triggering and 
fat-suppressionn techniques. Three-dimensional (3D) reconstruction was used for 
post-processingg with a maximum-intensity-projection (MIP) algorithm. 

Inn chapter 5 the clinical value of various imaging methods in diagnosing the 
pancreaticobiliaryy diseases was evaluated and the optimal procedure was discussed. 
Eighty-twoo cases with pancreaticobiliary diseases confirmed by surgery and 
pathologyy were analyzed. There were 38 cases of cholelithiasis, 34 cases of 
pancreaticobiliaryy tumors and 10 other cases. The imaging methods included US, CT, 
ERCP,, PTC, cross-sectional MRI and MR cholangiopancreatography (MRCP). 

Inn chapter 6 the clinical value of MR multi-imaging technique in diagnosing and 
assessingg the resectability of pancreaticobiliary tumor was evaluated. The prospective 
diagnosiss and resectability of seventeen patients were evaluated. Surgical finding and 
pathologicc results confirmed pancreatic adenocarcinoma in eleven cases, 
cholangiocarcinomaa in four and non-neoplastic lesion in two. MR multi-imaging 
protocol,, including MR cross-sectional imaging, MR cholangiopancreatography 
(MRCP)) and three-dimensional dynamic contrast-enhanced MR portography (3D 
DCEE MRP), were performed in all patients. 

Inn chapter 7 the overview of the MR cholangiopancreatography was introduced, 
includingg the imaging technique and clinical application. MRCP has evolved as a 
feasiblee means of non-invasively evaluating the pancreaticobiliary system and has 
considerablee clinical utility. In patients with incomplete or failed ERCP or with biliary 
andd gastrointestinal surgical procedures, MRCP is the useful alternative modality. In 
thee near future, MRCP may replace most of the diagnostic ERCP such that ERCP is 
reservedd primarily for therapeutic interventions. Furthermore, when MRCP is 
performedd in conjunction with abdominal MR and MRA, the "all-in-one" 
examinationn may result that permits evaluation of the solid organs and vessels of the 
abdomenn as well as the ductal systems. 
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Chapterr 2 Gastric cancer - autofluorescence spectroscopy 

Chapterr  2 

DIAGNOSI SS OF GASTRIC CANCER BY USING 

AUTOFLUORESCENCEE SPECTROSCOPY 

Shu-Dongg XIAO, Liang ZHONG* , Zhi-Zheng GE, Hong-Yu LUO 

Departmentt of Radiology*, Renji Hospital 
Shanghaii  Institute of Digestive Disease 
Shanghaii  Second Medical University 

Shanghai,, RR.China 
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Chapterr 2 Gastricc cancer - autofluorescence spectroscopy 

ABSTRACT T 

AimsAims::  To evaluate the clinical application of laser-induced fluorescence (LIF ) spectra 
forr diagnosing gastric cancer during gastroscopy. 

Methods:Methods: A helium-cadmium laser system (excitation wavelength = 442nm) was 
usedd to detect the autofluorescence in 38 patients with endoscopically and 
histologicallyy diagnosed gastric cancer and chronic gastritis. 

Results:Results: The LEF spectra produced by the helium-cadmium laser from gastric cancer 
hadd one major peak (near 510nm) and three minor peaks (near 590nm, 670nm, 
710nm).. The intensity and shape of the LIF spectra in gastric cancer and normal 
gastricc tissue were significantly different. Using the integral fluorescence intensity (FI) 
att 662-677nm and 701-716nm, and the ratio of FI (502-518nm)/FI (701-716nm) as 
thee diagnostic parameters, it was possible to diagnose gastric cancer with a sensitivity 
off  83%, a specificity of 91%, a positive predictive value of 88% and a negative 
predictivee value of 88%. The diagnostic accuracy was 88%. 

Conclusions:Conclusions: Using autofluorescence spectroscopy to detect gastric cancer allows 
real-timee detection of gastric cancerous lesions and it serves as a guide for taking 
biopsyy specimens. The technique may become a useful tool in the diagnosis of early 
gastricc cancer. 

KeyKey Words: Autofluorescence Diagnosis Endoscopy Gastric cancer 
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Chapterr 2 Gastricc cancer - autofluorescence spectroscopy 

INTRODUCTIO N N 

Endoscopicc examination is an important approach in the diagnosing gastric cancer. 
Recently,, laser technique has been widely applied in the field of clinical diagnosis. A 
neww method for the diagnosis of gastrointestinal cancers combines laser techniques 
andd endoscopy. In the present study, we used a helium-cadmium laser system 
(excitationn wavelength = 442nm) to detect autofluorescence from gastric cancer, 
chronicc gastritis and corresponding normal gastric tissues. The aim of the present 
studyy was to evaluate the clinical use of laser induced fluorescence (LIF ) spectra for 
thee detection of gastric cancer during gastroscopy. 

MATERIAL SS AND METHOD S 

Consecutivee thirty-eight patients with various endoscopically and histologically 
diagnosedd gastric diseases underwent endoscopic laser-induced autofluorescence 
spectraa measurement. A helium-cadmium laser was used as the excitation light source. 
Seventeenn patients had gastric cancer (10 with signet-ring cell carcinoma and seven 
withh adenocarcinoma) and 21 patients had chronic gastritis (seven atrophic gastritis 
withh dysplasia and 14 non-atrophic gastritis). 

Afterr routine preparation, standard gastroscopy was performed using a 
video-gastroscopee (Olympus XQ-30) and a video-gastroscope (Welch-Allyan). A 
helium-cadmiumm laser system (Liconix 4240) with an excitation wavelength of 442 
nmm and an output energy of 40 mW was used. A coaxial optical cable that consisted of 
twoo optic fibers was used for laser and fluorescent light transmission. One quartz fiber 
wass used for transmission of helium-cadmium laser light and the other parallel fiber 
receivedd the fluorescence. During gastroscopy the optic cable was inserted through 
thee biopsy channel into the stomach cavity, and the tip of optic cable was in direct 
contactedd with the target. After turning off the light of standard endoscopy, a 
monochromatorr was used to scan the fluorescence in the range of 450-800 nm, and an 
opticall  multichannel analyzer (OMA) was used for fluorescence spectroscopy. The 
autofluorescencee spectra stored in the computer were displayed on the screen and 
recordedd on an X-Y recorder. 

Forr each patient, autofluorescence spectra measurement was performed two to three 
timess on both lesions and normal tissues (at least 5 cm away from the lesion). A 
biopsyy specimen for histologic examination was then obtained from both the lesion 
andd normal gastric tissue. Each autofluorescence detection procedure could be 
completedd within 10s. Ninety-four LIF spectra were recorded for analysis, from 
targetss including 33 cancerous lesions, 12 cases of atrophic gastritis with dysplasia 
andd 49 normal gastric tissues. 
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Chapterr 2 Gastricc cancer - autofluorescence spectroscopy 

Statisticall  analysis 

Thee autofluorescence spectra measurement data were compared using a one-tailed 
Student'ss / test and stepwise discriminant analysis using SAS software. The sensitivity, 
specificity,, positive and negative predictive value, and accuracy of LIF spectra in the 
diagnosiss of gastric cancer were calculated. In addition, the consistency rate of 
fluorescencee spectra in diagnosing dysplasia was evaluated using the discriminant 
function. . 

RESULTS S 

Thee LIF spectra are shown in Fig 1 and Fig 2. The range of fluorescence spectra was 
fromfrom 450nm to 750nm, with one major peak (near 510nm) and three minor peaks 
(nearr 590nm, 670nm, 710nm). The intensity and shape of the LIF spectra in gastric 
cancerr and normal tissue differed significantly. The fluorescence spectra of dysplasia 
weree located intermediately between those of normal tissue and gastric cancer. 

Becausee of slight shift at the peaks of fluorescence spectra, seven parameters were 
usedd for statistical selection, including four ranges of fluorescence intensity 
(502-518nm,, 584-598nm, 662-677nm, 701-716nm), which respectively covers one 
majorr peak (near 510nm) and three minor peaks (near 590nm, 670nm, 710nm), and 
threee ratios of FI (502-518nm)/FI (584-598nm), FI (502-518 nm)/FI (662-677nm) and 
FII  (502-518nm)/FI (701-716nm). 

Thee average LIF spectra showed that fluorescence intensity at the major peak was 
significantlyy different in normal tissue and gastric cancer (PO.01), with a 
fluorescencee intensity ratio of 2.79. The difference between normal tissue and 
dysplasiadysplasia was also significant at the major peak (PO.01), with a fluorescence 
intensityy ratio of 2.12. However, the difference between dysplasia and gastric cancer 
wass not significant at the major peak (/*>0.05), with a fluorescence intensity ratio of 
1.31.. Also, there were the similar results of statistical significance at three minor 
peakss and using three FI ratio parameters. 

Usingg stepwise discriminant analysis and the integral fluorescence intensity (FI) at 
662-677nm662-677nm (XI ) and 701-716nm (X2), and the ratio of FI (502-518nm)/FI 
(701-716nm)) (X3) as the diagnostic parameters, it was possible to diagnose gastric 
cancerr with a sensitivity of 83%, a specificity of 91%, a positive predictive value of 
88%% and a negative predictive value 88%. The diagnostic accuracy was 88% (Table 
1).. According to the discriminant function, 

YY (normal) = (-21.0812) + (-0.0083) XI  + (0.0192) X2 + (1.0270) X3 

YY (cancer) = (-10.7447) + (-0.0071) XI  + (0.0156) X2 + (0.7575) X3 

Eightt of 12 (67%) dysplasia LIF spectra could be classified as abnormal (cancerous). 
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Chapterr 2 Gastricc cancer - autofluorescence spectroscopy 

Tablee 1 . Comparison of fluorescence spectra of gastric cancer and 
normall tissue (as diagnosed by using pathological methods) 

Discriminant t 

Gastricc cancer 

Normall tissue 

Total l 

No.. with 

Gastricc cancer 

29 9 

6 6 

35 5 

No.. h lormc c 

4 4 

43 3 

47 7 

Total l 

33 3 

49 9 

82 2 
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Figur ee 1 . LIF spectra of gastric cancer and normal gastric tissue 
inn a case of gastric cancer 
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Figur ee 2. Average LIF spectra of gastric cancer, dysplasia and 
normall gastric tissue in 38 cases of various gastric diseases 
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Chapterr 2 Gastricc cancer - autofluorescence spectroscopy 

DISCUSSION N 

Inn recent years, progress has been made in the field of laser diagnosis for 
gastrointestinall  cancer * M] . Currently, autofluorescence detection is an important 
spectroscopicc technique being developed for use in endoscopy. This technique has 
alsoo been applied in the diagnosis of lesions in the gut tract with considerable success. 
Thee term "autofluorescence" is used here to denote the fluorescence emitted by tissue 
whenn it is excited by laser light without of haematoporphyrin derivatives (HpD) or 
otherr fluorescence drug administration [5l 

Thee basic mechanism of laser-induced fluorescence (LIF) generation remains poorly 
understood,, as does the reason for the different LIF values from cancerous and normal 
tissue.. Most authors consider that the differences of LIF spectra mainly depend on the 
morphologicall  and biochemical changes in various tissues, and that collagen, 
coenzymee NAD(P)H and flavins are the major sources of autofluorescence f6'7]. The 
characteristicc peaks near 630 nm and/or 690 nm in LIF spectra were due to 
accumulationn of endogenous porphyrin-like compounds [2]. In addition, a 
self-controlledd LIF spectra study of colonic cancer and normal tissue showed that the 
LEFF spectra of cancerous lesions and normal tissues differed in both the spectral shape 
andd the intensity distribution of the autofluorescence[3]. Bottirol et al. reported that 
excitationn at short wavelengths (<350 nm), which favors emission at 440 nm (typical 
off  biological tissues), results in differences in fluorescence intensity that are 
dependentt on the organization of the colonic tissue (collagen) and, possibly, on cell 
metabolicc activity (NAD(P)H) [8]. Excitation at long wavelengths (>350 nm), 
involvingg fluorophores in some way related to degeneration processes, could enhance 
thee differences in the spectral shape arising from the tumor host response. 

Inn using LIF spectra for the purposes of diagnosing gastrointestinal cancer, we aimed 
too distinguish the dysplasia and early cancer from normal tissue, and to increase the 
detectionn rate of early cancer as well as precancerous lesions. In 104 patients with 
variouss gastric diseases (including 28 gastric cancer) diagnosed by using xenon ion 
laserr induced autofluorescence spectroscopy (excitation wavelength of 365 nm), Xiao 
ett al. reported that the autofluorescence spectra of gastric cancer had the characteristic 
peakss at 630 nm and/or 690 nm and that this diagnostic method had a consistency rate 
off  75% as compared with pathologic diagnosis ^9\ Cothren et al. used 
nitrogen-pumpedd dye laser LIF spectroscopy (excitation wavelength of 370 nm) 
duringg colonoscopy in patients with adenoma, hyperplastic polyp and normal mucosa 
[io,ii ]]  -j^gy foun(i that spectra could be used to correctly differentiate adenoma from 
normall  colonic mucosa and hyperplastic polyp in 97% of the specimens with 100% 
sensitivity,, 97% specificity and a positive predictive value of 94% [ 1° 'n\ The LIF 
spectraa also correctly determined the tissue type in 88% of cases, equal to the 
agreementt of independent pathologists. The method was also able to detect of 
dysplasiadysplasia with 90% sensitivity, 95% specificity and a positive value of 90%. 
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Chapterr 2 Gastricc cancer - autofluorescence spectroscopy 

Inn the present study, we used a helium-cadmium laser system (excitation wavelength 
off  442nm) to detect autofluorescence in 38 patients. Ninety-four LEF spectra were 
recorded,, including 33 from gastric cancers, 12 from atrophic gastritis with dysplasia 
andd 49 from normal gastric tissues. We found that autofluorescence spectra ranged 
fromfrom 450nm to 750nm, with one major peak (near 510nm) and three minor peaks 
(nearr 590nm, 670nm, 710nm). The intensity and shape of LEF spectra in gastric 
cancerr and normal tissue differed significantly. The fluorescence spectra of dysplasia 
weree intermediate between those of normal tissue and gastric cancer. Using the FI at 
662-677nmm and 701-716nm and the ratio FI (502-518nm)/FI (701-716nm) as the 
diagnosticc parameters, it was possible to diagnose gastric cancer with 83% sensitivity, 
91%% specificity, a positive predictive value of 88%, a negative predictive value of 
88%,, and 88% diagnostic accuracy. Furthermore, 67% of the LEF spectra of dysplasia 
couldd be classified as abnormal (cancer). 

Inn conclusion, the present study has helped confirm that LEF spectra detection is a 
usefull  real-time, noninvasive and accurate procedure in the diagnosis of gastric cancer. 
Autofluorescencee spectroscopy technique could serve as a guide to take biopsy 
specimenss and may become a useful tool in detecting dysplasia and early gastric 
cancer. . 
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Chapterr 3 Gastricc cancer - autofluorescence imaging 

ABSTRACT T 

Aims:Aims: To investigate the characteristics of gastric cancer in autofluorescence images. 

Methods:Methods: A double-channel laser scanning confocal microscope with an argon ion 
laserr (excitation wavelength 488nm) and helium-neon laser (excitation wavelength 
543nm)) were used to detect the autofluorescence from 16 gastric cancer tissue 
specimenss and corresponding normal gastric tissue. 

Results:Results: Autofluorescence from normal gastric tissue produced a green image. The 
intensityy of red color increased obviously in all gastric cancer tissue (100%) after 
illuminatingg and the tissues produced a reddish-brown-colored image. 

Conclusions:Conclusions: A reddish-brown image is characteristics of autofluorescence in 
gastricc cancer detected by an argon ion laser and helium-neon laser with a 
double-channell  laser scanning confocal microscope. Autofluorescence imaging 
analysiss is useful in the diagnosis of gastric cancer. 

KeyKey Words: Gastric cancer Autofluorescence 
Laserr scanning confocal microscope 
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Chapterr 3 Gastricc cancer - autofluorescence imaging 

INTRODUCTIO N N 

Laserr scanning confocal microscope (LSCM) uses a fluorescence microscope with a 
laserr scanning device together with computer image-processing techniques to obtain 
fluorescencefluorescence images of subtle tissue structures [1,2]. The aim of the present study was 
too investigate the characteristics of gastric cancer by using LSCM to detect 
autofluorescencee from surgical specimens of gastric cancer tissues and corresponding 
normall  gastric tissues. 

MATERIAL SS AND METHOD S 

Sixteenn histologically diagnosed surgical specimens of adenocarcinomatous gastric 
cancerr tissue were examined using LSCM autofluorescence imaging. Of the 
specimens,, seven were poorly differentiated, six were moderately differentiated, and 
threee were highly differentiated. 

Sampless of cancerous and normal tissue were obtained from fresh surgical specimens. 
Normall  controls were taken from resection specimens at least 5 cm away from 
cancerouss lesions. Al l specimens of gastric cancer and corresponding normal tissue 
weree approximately 0.5 cm x 0.5 cm in size with three layers: mucosa, submucosa and 
musculariss propria. The specimens were immediately frozen without any pretreatment 
Cancerouss and adjacent normal gastric tissue sections were stained with hematoxylin 
andd eosin (H&E) and submitted for routine histological examination. 

Double-channell  LSCM (Zeiss 510) was used to detect the green and red 
autofluorescencee from gastric cancer tissue and all layers of the normal gastric tissue, 
comprisingg mucosa, submucosa and muscularis. The LSCM scanning area was 
approximatelyy 0.22 urn2 with an imaging matrix of 512><512. Two excitation lights 
weree selected: one was a 15-mW argon ion laser (excitation wavelength = 488 nm) 
withh green autofluorescence at wavelengths between 505 and 530 nm, the other was a 
0.5-mWW helium-neon laser (excitation wavelength = 543 nm) with red 
autofluorescencee at wavelengths greater than 580 nm. For each specimen, green, red 
andd the integrative images were stored. 

Inn addition, the autofluorescence intensity was also measured using software designed 
forr the purpose (Zeiss version 2.10). The green/red autofluorescence intensity ratio 
wass calculated in the cancerous and normal controls. The two groups were compared 
usingg a one-tailed unpaired Student's Mest. 
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Chapterr 3 Gastricc cancer - autofluorescence imaging 

RESULTS S 

Autofluorescencee images of gastric cancer tissue and normal tissue are shown in Fig 1 
andd Fig 2. Green autofluorescence was seen in all three layers of the normal gastric 
tissues;; in the integrative image of the green and red autofluorescence, the green color 
wass evenly distributed. 

Thee green/red autofluorescence intensity ratios in normal gastric mucosa, submucosa 
andd muscularis were 3.20, 3.98 and 4.12, respectively. The intensity of red 
autofluorescencee increased in all gastric cancerous tissues compared with the normal 
tissue,, and the cancerous lesions were seen as a reddish-brown-colored area (Fig 3). 
Theree were no false-positive or false-negative results. 

Thee green/red autofluorescence intensity ratio in gastric cancer tissues was 1.29, 
whichh was significantly lower from that of normal gastric tissue (P<0.01; Fig 4). 

Figur ee 1. A B C 

Autofluorescencee image of normal gastric mucosa. (A) red autofluorescence image 
producedd by helium-neon laser; (B) green autofluorescence image produced by argon ion 
laser;; (C) integrative image of green and red autofluorescences produced by both 
helium-neonn laser and argon ion laser simultaneously (evenly distributed green color). 
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Figur ee 2. A B C 

Autofluorescencee image of gastric cancer tissue. (A) red autofluorescence image 
producedd by helium-neon laser; (B) green autofluorescence image produced by argon ion 
laser;; (C) integrative image of green and red autofluorescence produced by both 
helium-neonn laser and argon ion laser simultaneously. The cancerous lesion is shown as 
reddish-brown-coloredd area. 

Figur ee 3. Histology shown as poorly differentiated adenocarcinoma 
off stomach (hematoxylin and eosin stain, *330). 

Thee autofluorescence image of this specimen is shown in Fig 2. 
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Chapterr 3 Gastricc cancer - autofluorescence imaging 

Figur ee 4. Comparison of the green/red autofluorescence intensity ratio of gastric 
cancerouss lesions and three layers of normal gastric tissue (P<0.01). 

DISCUSSION N 

Thee autofluorescence technique is a noninvasive, safe, simple and fast procedure that 
cann be used in the diagnosis of gastric cancer. With the advantages of real-time 
detectionn of lesions and its ability to serve as a guide for taking biopsy specimens, it 
playss an important role in diagnosing precancerous lesions and the early stages of 
gastrointestinall  cancer efficiently [3"7l 

Recently,, endoscopic autofluorescence imaging systems have been used to diagnose 
gastrointestinall  cancer, and preliminary clinical usage has indicated that this newly 
developedd system is valuable in detecting dysplasia and early gastrointestinal cancers. 
Thee laser-induced fluorescence endoscope (gastrointestinal) (LIFE-GI) consists of a 
mercuryy light source with blue light pass filter, a camera equipped with two 
high-sensitivityy image sensors for the detection of green and red autofluorescence, 
andd an imaging processor for displaying autofluorescence image. Yano et al. used the 
LIFE-GII  system to test 30 patients with gastric cancer or suspicious gastric cancer [8]. 
Inn 23 of 25 early gastric cancers, the lesions could be observed as a dark 
reddish-coloredd area; histological examination revealed that the tumors corresponded 
welll  with this dark-reddish-colored area [8]. Van Ierland-van Leeuwen and Tytgat and 
hiss group [9'10] used LIFE-GI system to examine 38 patients with regular endoscopy, 
includingg 23 colonoscopies and 15 gastroscopies; they found that autofluorescence of 
dysplasiaa and carcinoma in situ was seen as a reddish-brown to red color [9'10]. 
Autofluorescencee images and histology were compared and the diagnostic sensitivity 
off  this method was found to be 100%; no false-negative results were obtained [ '10]. 
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Theyy also diagnosed 2 carcinomas in Barrett's segment, which were not clearly 
identifiedd during regular endoscopy. In addition, the LIFE-GI system has been used in 
thee detection of small malignant lesions, such as gastric cancer in the remnant 
stomach[1U2]. . 

Inn the present study, we detected the autofluorescence in 16 surgical specimens of 
gastricc cancer using a double-channel laser scanning confocal microscope to 
investigatee the characteristics of autofluorescence images in gastric cancer. We found 
thatt 100% of the autofluorescence in gastric cancer tissue appeared as a 
reddish-brownn image, with no false-negative results. The reddish-brow color of the 
autofluorescencee image of gastric cancer tissue was due to an increase in the intensity 
off  red autofluorescence and a decrease in the ratio of green/red autofluorescence 
intensityy compared with the autofluorescence images of normal control tissue. 
Autofluorescencee imaging analysis could be useful in the diagnosis of gastric cancer. 
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ABSTRACT T 

Objective:Objective: To evaluate the clinical application value of MR cholangiopancreatography 
(MRCP)) in diagnosis of pancreaticobiliary duct disease. 

Methods:Methods: MRCP was performed in fifty-eight subjects, including sixteen volunteers 
ass comparison and forty-two patients with various pancreaticobiliary duct diseases. 
MRCPP uses non-breath-hold heavily T2-weighted Turbo Spin-Echo (TSE) sequence 
withh respiratory-triggering and fat-suppression techniques. Three-dimensional (3D) 
reconstructionn was used for post-processing with a maximum-intensity-projection 
(MIP)) algorithm. 

Results:Results: MRCP examination was succeeded in all 58 cases. In sixteen persons as 
comparison,, gallbladder, extrahepatic bile duct and partial intrahepatic bile duct or 
mainn pancreatic duct were visualized clearly. In forty-two patients with 
pancreaticobiliaryy duct disease, MRCP can exhibit the imaging characteristic of 
variouss pancreaticobiliary duct diseases and the total diagnostic accuracy was 85.7%. 
Thee accuracy of MRCP in the detection of the degree and location of bile duct 
obstructionn was 100%. The accuracy of MRCP for evaluating the causes of 
obstructionn was 83. 8%. In the diagnosis of choledocholithiasis and malignant bile 
ductt obstruction, the diagnostic accuracy of MRCP was 90.9% and 80.0%, 
respectively. . 

Conclusion:Conclusion: MRCP examination has a high success rate and can depict 
pancreaticobiliaryy duct clearly. Because of reliable value in diagnosing 
pancreaticobiliaryy duct diseases, MRCP may provide an efficient alternative to direct 
cholangiopancreatography,, especially when the diagnostic endoscopic retrograde 
cholangiopancreatographyy (ERCP) and percutaneous transhepatic cholangiography 
(PTC)) are unsuccessful or inadequate. 

KeyKey Words: pancreaticobiliary duct disease MR imaging 
cholangiopancreatography y 
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INTRUCTIO N N 

Recently,, magnetic resonance cholangiopancreatography (MRCP) is one of the new 
clinicall  applications of MR imaging techniques and offers a new method for 
diagnosingg pancreaticobiliary system disorders. Compared with frequently used 
imagingg techniques, such as ultrasonography (US), computed tomography (CT) and 
directt cholangiopancreatography including endoscopic retrograde 
cholangiopancreatographyy (ERCP) and percutaneous transhepatic cholangiography 
(PTC),, MRCP combines many obviously advantages of noninvasive, simple, safe and 
withoutt the administration of contrast agents. The perspective of clinical application 
off  MRCP is very wide. To evaluate the technical utility and diagnostic value of MRCP, 
wee carried out a clinical trial in 16 volunteers as comparison and 42 patients with 
variouss pancreaticobiliary duct diseases. 

MATERIAL SS AND METHOD S 

Patientt  population 

Thiss study population included 58 subjects who were divided into two groups. Group 
11 had 16 volunteers without pancreaticobiliary duct diseases served as comparison (9 
malee and 7 female; mean age 49.4 years, range 20-75 years). 

Groupp 2 had 42 patients with clinical symptoms of pancreaticobiliary duct diseases, 
includingg 17 cholelithiasis, 10 other benign duct diseases and 15 malignant bile duct 
obstructionss (Table 1). The patients in the group 2 included 19 male and 23 female 
andd the mean age was 54.5 years old (range 19-78 years). All patients in the group 2 
weree scheduled to undergo MRCP examination from September 1997 to March 1998. 
Thee inclusion criterion was that the patient had detailed clinical data and definitely 
finalfinal diagnoses. 

Inn the group 2, all patients underwent US and 15 patients underwent CT examination 
beforee the completion of MRCP. In addition, 21 patients had undergone direct 
cholangiopancreatographyy (18 ERCP and 3 PTC). However, 3 direct 
cholangiopancreatographyy were unsuccessful due to difficult cannulation (2 ERCP) 
andd sick patient (1 PTC). 3 other ERCP were incomplete because only the pancreatic 
ductt could be demonstrated and the biliary tree was not opacified. Furthermore, 1 
patientt had complication of acute pancreatitis after the incomplete ERCP. The final 
diagnosess in the group 2, 31 pancreaticobiliary duct diseases were confirmed by 
surgicall  findings and pathology (1 patient underwent laparoscopic cholecystectomy). 
Thee remaining 11 disorders were diagnosed based on imaging findings and clinical 
data. . 
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Tablee 1. Patients with various pancreaticobiliary diseases in Group 2 (n=42) 

Pancreaticobiliaryy duct diseases No. of cases 
CholelithiasisCholelithiasis 17 

Gallbladderr stone 5 

Intrahepaticc bile duct stone 1 

Choledocholithiasis**  11 

OtherOther benign duct diseases 10 
Postcholecystectomyy 3 

Choledochitiss 2 

Sclerosingg cholangitis 1 

Choledochall  cyst 1 

Bilee duct injury 1 

Chronicc pancreatitis 2 

MalignantMalignant bile duct obstruction 15 
Cholangiocarcinomaa 4 

Pancreaticc head carcinoma**  4 

Ampullaryy carcinoma 2 

Gallbladderr carcinoma 2 

Metastaticc carcinoma 3 

**  5 patients associated with gallbladder stone, 4 with intrahepatic duct stone 

***  1 patient associated with choledocholithiasis 

Techniques s 

MRR imaging was performed with a LOT superconductive unit (Philips Gyroscan 
T10-NT,, software version 4.5.3) with a body coil. Al l MR examinations were 
performedd after the patients had fasted for 8-1 Oh. The patients were examined in the 
supinee position, quiet breathing and abdominal band compression. The routine upper 
abdomenn axial T1WI, T2WI and coronal T2WI MR examination with Turbo 
Spin-Echoo (TSE) sequence were performed first. In some patients with more 
abdominall  fat tissue, the additional axial T2WI fat-suppressed sequence was 
performed. . 

Thee routine axial images served as guides with which to locate the MRCP 
examination.. MR cholangiopancreatography was performed with coronal, multi-slices, 
heavilyy T2-weighted TSE sequence. A non-breath-hold, respiratory-triggering 
techniquee was used to decrease the respiratory motion artifact. The scan duration per 
respirationn was 2s. Fat suppression spectral pre-saturation with inversion recovery 
(SPIR)) sequence was also used to eliminate the signals on the background more 
completely.. The main imaging parameters were: repetition time 2000ms and echo 
timee 700ms (TR=2000ms, TE=700ms), field of view 355-405mm; matrix 190 x 256, 
slicess 50, slice thickness 2mm, gap 0mm, number of signals averaged (NSA) 2, TSE 
factorr 101. For MRCP, the total scan time was 6min 40 seconds and the average 
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imagingg time was approximately 11 min. The source images were three-dimensional 
(3D)) reconstructed by using a maximum-intensity-projection (MIP) algorithm to 
createe a rotating radial display of 13-16 projections at 6° intervals. 

Imagingg analysis 

MRCPP images were separately reviewed by two radiologists. When there was a 
disagreementt between readers, a consensus was achieved by discussion. By detailedly 
analyzingg MRCP findings, the study protocol included observing the dilatation and/or 
stricturee of pancreaticobiliary ducts, detecting the obstructive degree and location, and 
calculatingg the accuracy of MRCP in diagnosing various pancreaticobiliary duct 
diseases. . 

Thee diagnostic analysis for MRCP was identical to those for ERCP, but in MRCP it 
wass more important to carefully review both the source images and the MIP 
reconstructedd images. Dilatation of the common bile duct was defined as larger than 8 
mmm in maximal diameter in patients without histories of cholecystectomy and 10 mm 
inn patients with prior cholecystectomy. Dilatation of the intrahepatic bile duct and 
mainn pancreatic duct was defined as larger than 3 mm in maximal diameter. 

RESULTS S 

Imagee quality 

MRR cholangiopancreatography was successfully performed in all 58 subjects and the 
imagess of MRCP were similar to those of direct cholangiopancreatography. 
Satisfactoryy MRCP images were obtained in 57 of the 58 subjects. In the remaining 1 
patientt with pancreatic head carcinoma, the presence of ascitic fluid in the upper 
abdomenn obscured visualization of the distal common bile duct and degraded the 
qualityy of the MRCP image. In 6 patients in whom direct cholangiopancreatography 
wass unsuccessful or incomplete, MRCP examinations were all succeeded. On MRCP 
images,, the fluid-containing organs including spinal cord, gastrointestinal tract and 
renall  pelvis were also exhibited high signal intensity, but they may not impact the 
imagee interpretation and diagnostic analysis due to the rotation in any direction of the 
3DD reconstructed images by MIP postprocessing algorithm. 

Normall  anatomic structures 

Inn 16 subjects with normal pancreaticobiliary duct in the group 1, the pancreatic duct 
andd biliary tree were shown clearly. The gallbladder and extrahepatic bile ducts (left 
andd right hepatic ducts, common hepatic duct and common bile duct) were visualized 
inn 100% (16/16). The cystic ducts were seen in 93.8% (15/16). The First segment of 
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intrahepaticc bile ducts could be seen in 62.5% (10/16). The main pancreatic ducts in 
thee head and body/tail of the pancreas were visible in 62.5% (10/16) and 43.8% (7/16), 
respectively.. In the group 1, the normal pancreaticobiliary ducts were all nondilated. 
Thee mean diameter of the common bile duct was 5.1mm (range 3-7mm) and that of 
thee main pancreatic duct was 1.7mm (range l-2mm). 

Imagingg analysis of various pancreaticobiliary duct diseases 

Thee overall diagnostic accuracy with MRCP in 42 patients with pancreaticobiliary 
ductt diseases was 85.7% (36/42) (Table 2). MRCP could exhibit the imaging 
characteristicc of various pancreaticobiliary duct diseases, especially the dilatation and 
stricturee of the pancreaticobiliary ducts. Except 5 patients with gallbladder stone, the 
remainingg 37 cases all displayed the dilatation and/or stricture of biliary and 
pancreaticc ducts with different degree. The accuracy of MRCP in the detection of the 
degreee and location of pancreaticobiliary duct obstruction was 100% (37/37). The 
accuracyy of MRCP for evaluating the causes of obstruction was 83.8% (31/37). 

Tablee 2. Diagnostic accuracy with MRCP 

Finall  diagnosis 

Cholelithiasis s 

Otherr benign duct disease 

Malignantt bile duct obstruction 

Total Total 

No.. of patients 

17 7 

10 0 

15 5 

42 42 

No. . off  correct 

16 6 

8 8 

12 2 

36 36 

diagnosis s Accuracy y 

94.1% % 

80.0% % 

80.0% % 

85.7% 85.7% 

1.. Cholelithiasis (17 cases) 

Thee criterion for the diagnosis of stones was the presence of a round, oval or 
multiangularr signal void in the gallbladder, intra- or extra-hepatic bile ducts (Fig 1). 
Onn MRCP reconstructed images, stones in 11 patients were shown clearly, and partial 
orr total stones in 5 other patients were obscured by the surrounding hyperintense bile, 
butt all be depicted on source images. In 1 patient with choledocholithiasis, no stone 
couldd be seen on MRCP. This patient had muddy stone confirmed later by ERCP 
papillosphincterotomy.. Biliary ductal dilatation with different degree was visualized 
inn all 11 patients with choledocholithiasis on MRCP. 5 associated gallbladder stones 
andd 4 associated intrahepatic duct stones in these patients were also discovered by 
MRCP.. Therefore, the total accuracy in diagnosing cholelithiasis with MRCP was 
94.1%% (16/17) and the diagnostic accuracy in detecting choledocholithiasis was 
90.9%% (10/11). 
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Figg 1 Choledocholithiasis 

MRCPP showed dilated intra- and extra-hepatic ducts and enlarged gallbladder. 
AA stone obstructed at the distal common bile duct. 

2.. Other  benign pancreaticobiliary duct diseases (10 cases) 

Inn 3 postcholecystectomy and 2 inflammatory stenosis of the common bile duct, 
MRCPP demonstrated a mild dilated common bile duct that tapers at the level of the 
ampulla,, and the cystic duct stumps were also seen in 3 patients with 
postcholecystectomy.. The intra- and extra-hepatic ductal strictures were shown on 
MRCPP as focal stenotic segments in 1 patient with sclerosing cholangitis. 1 
choledochall  cyst, MRCP demonstrated cystic dilatation of common bile duct, having 
thee shape of "calabash". 1 patient with bile duct injury had undergone 
cholecystectomy,, MRCP depict the dilatation of the intrahepatic ducts and the 
extrahepaticc duct was abruptly obstructed at the level of the porta hepatis. In 2 
patientss with chronic pancreatitis, MRCP showed the dilated, tortuous and irregular 
pancreaticc duct and the mild dilatation of distal common bile duct. In all 10 patients 
withh benign pancreaticobiliary duct diseases, 1 bile duct injury and 1 inflammatory 
stenosiss of common bile duct could not be identified by MRCP. 

3.. Malignant bile duct obstruction (15 cases) 

Thee level of obstruction was at the porta hepatis in 7 patients, at the proximal 
commonn bile duct or the junction of cystic duct and common hepatic duct in 2 
patients,, and at the distal common bile duct in 6 patients. MRCP could depict the 
dilatedd bile ducts proximal to the obstruction as well as the normal bile ducts distal to 
thee obstruction in patients with incomplete obstruction. The malignant obstruction 
presentedd as intraductal, irregular signal void or abrupt termination. 1 
cholangiocarcinomaa showed the focal stricture at the proximal common bile duct. In 1 
patientt with pancreatic head carcinoma, the distal common bile duct and main 
pancreaticc duct were seen unclearly due to the ascitic fluid obscuring. In 3 other 
pancreaticc head carcinoma and 1 ampullary carcinoma, MRCP demonstrated dilated 
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commonn bile duct and pancreatic duct, namely "double duct" sign (Fig 2). In addition, 
associatedd choledocholithiasis in 1 patient with pancreatic head carcinoma was also 
correctlyy diagnosed by MRCP. The other ampullary carcinoma showed asymmetric 
stricturee at the distal common bile duct. In 2 patients with gallbladder carcinoma 
invasionn into the porta hepatis, 1 had the irregular signal void at the bottom of 
gallbladder,, and the other had the atrophic gallbladder. 1 patient with 
cholangiocarcinomaa had undergone postendoscopic placement of biliary stent, and the 
stentt in common bile duct was well depicted on MRCP. In this patient and 2 patients 
withh pancreatic head carcinoma, the routine MRI examination also showed the 
multiplee metastases in the liver. 

Too summarize, MRCP detected the location of obstruction in all 15 patients with 
malignantt bile duct obstruction, with an overall diagnostic accuracy of 100% (15/15). 
Moreover,, the type of tumors was characterized with MRCP in 12 of 15 patients 
(80.0%). . 

Figg 2 Pancreatic head carcinoma 

MRCPP demonstrated dilated common bile duct and pancreatic duct, 

"doublee duct sign". 

DISCUSSION N 

MRCPP principle, technique and method 

Thee principle used by MRCP, MR myelography (MRM) and MR urography (MRU) is 
thee same, which all be called MR hydrography. The MR hydrography is based on 
heavilyy T2-weighted pulse sequences. As a result, stationary fluid (such as bile, 
pancreaticc secretions, cerebrospinal fluid and urine) exhibit a high signal intensity, 
whilee solid organs have a low signal intensity and the flowing blood has littl e or no 
measurablee signal. This combination of imaging characteristics means that MR 
hydrographyy provides optimal contrast between the hyperintense signal of 
fluid-containingg organs and the hypointense signal of the background[1]. 
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MRCPP was advocated by German researchers, Wallner BK et al, in 1991l J. Since then, 
manyy studies have been reported to date. With continued technologic advancements, 
thee imaging quality and the diagnostic ability to detect the pancreaticobiliary duct 
diseasess with MRCP have been improved increasingly[38]. We perform all MRCP 
examinationn with coronal, multislices, Turbo Spin-Echo (TSE) sequence 
(TR/TE=2000/700ms)) and three-dimensional MIP postprocessing algorithm. 
Furthermore,, the addition of respiratory-triggering and SPIR fat-suppression 
techniquess are also used. Our study shows, MRCP was successfully performed in all 
588 patients and the images of MRCP were similar to those of direct 
cholangiopancreatography.. Satisfactory MRCP images were obtained in 57 cases. 
Withh our imaging protocol, the normal anatomic structures of pancreatic duct and 
biliaryy tree can be demonstrated clearly in 16 subjects served as comparison. The 
visualizationn rate of pancreaticobiliary duct and caliber measurement of common bile 
ductt and main pancreatic duct conform to the results of pertinent studies [3'4]. 
Macaulayy et al [3*  pointed out that in most cases, the MRCP measurements of 
pancreaticobiliaryy duct caliber were slightly smaller than those obtained with direct 
cholangiopancreatography.. MRCP imaged the pancreatic duct and biliary system in 
theirr native state without the duct distention due to contrast material injection. 

MRCPP examination is simple and no special patient preparation is required. Although 
thee fluid-containing organs including spinal cord, gastrointestinal tract and renal 
pelviss can also be exhibited on MRCP images, in general, they may not impact the 
imagingg diagnosis due to the rotation in any direction of MIP reconstructed images. 
Recently,, it has been reported that the signal intensity in the gastrointestinal tract was 
almostt completely eliminated with the negative oral contrast agent. Differences in 
imagee quality between pre- and post-contrast images were statistically significantt9]. 

Clinicall  application value of MRCP 

Forr a long time, direct cholangiopancreatography obtained through ERCP or PTC has 
playedd an important role in diagnosing the pancreaticobiliary duct diseases. However, 
directt cholangiopancreatography has some remarkable drawbacks, such as ionizing 
radiationn and injection of contrast agent. ERCP is associated with a morbidity of 
l%-7%% and a mortality of 0.2%-1%, as reported in a recently published trial[1]. This 
techniquee is also highly operator dependent, with unsuccessful cannulation and 
incompletee examination occurring in 3%-9% and 6% of cases, respectively [I] . 
Generally,, PTC examination could not exhibit the dilated biliary tree at one time. 
Moreover,, direct cholangiopancreatography could not opacify the whole 
pancreaticobiliaryy duct system in patients with severe or complete obstruction. 

Recently,, MRCP examination is a newly introduced imaging modality for evaluating 
thee biliary and pancreatic ductal systems. It is a noninvasive, safe, simple method 
withoutt the ionizing radiation and injection of contrast agent. Our study shows, 
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MRCPP examination has extensive indication and reliable value in diagnosing 
pancreaticobiliaryy duct diseases. It can exhibit the morphological characteristics of 
variouss pancreaticobiliary system disorders and the total diagnostic accuracy was 
85.7%% (36/42). The accuracy of MRCP in the detection of the degree and location of 
pancreaticobiliaryy duct obstruction was 100% (37/37) and the accuracy for evaluating 
thee causes of obstruction was 83.8% (31/37), which conformed to the results of 
pertinentt studies [1,5]. In addition, in 6 patients in whom direct 
cholangiopancreatographyy was unsuccessful or incomplete, MRCP were all succeeded 
andd could depict the pancreaticobiliary duct satisfactorily. Therefore, MRCP may 
providee an efficient alternative to direct cholangiopancreatography when the 
diagnosticc ERCP and PTC are unsuccessful or inadequate[5]. 

Cholelithiasiss is the most common disease that involves the biliary system. US and 
CTT technique are most frequently used in the initial evaluation of patients with 
cholelithiasiss and both have a high accuracy in diagnosing gallbladder and 
intrahepaticc duct stones. In diagnosing choledocholithiasis, the specificity of US or 
CTT examination is high, but the sensitivity is low. The literature indicates that MRCP 
diagnosess the presence of choledocholithiasis with a sensitivity of 81%-90%, a 
specificityy of 98%-100%, and an overall diagnostic accuracy of 94%-97%[1]. In our 
studyy of 17 patients, the total accuracy in diagnosing cholelithiasis with MRCP was 
94.1%% (16/17) and the diagnostic accuracy in detecting choledocholithiasis was 
90.9%% (10/11). It must be noted that on MIP reconstructed images, partial or total 
stoness in 5 patients with cholelithiasis are obscured by the surrounding hyperintense 
bile,, but all be depicted on MRCP source images. Therefore, the importance of a 
carefull  review of the source images in diagnosing the cholelithiasis cannot be 
overemphasizedt6].. In 1 patient with gallbladder stone who underwent laparoscopic 
cholecystectomy,, MRCP depicted the whole anatomic structures of biliary tree and 
helpp to ensure the success of laparoscopic cholecystectomy. Before surgical dissection, 
too identify the anatomic variants of the biliary tree with MRCP results in a decreased 
riskrisk of bile duct injury during laparoscopic cholecystectomy.̂ 

Bilee duct obstruction is a common disease involving the biliary system. The literature 
indicatess that the sensitivity, specificity, and accuracy in distinguishing malignant 
fromfrom benign pancreaticobiliary diseases are 81%, 92%, and 87%, respectively, for 
MRCP.. The differences between MRCP and ERCP are not statistically significant [1\ 
MRCPP diagnoses the presence of malignant bile duct obstruction with a sensitivity of 
86%,, specificity of 98%, and accuracy of 97% [S\ In our study, MRCP characterized 
thee type of tumor in 12 (80.0%) of 15 patients with malignant bile duct obstruction. 
MRCPP can demonstrate the location, morphological characteristics and range of 
malignantt bile duct obstruction. Combined with routine MRI examination, MRCP 
exhibitss the pancreaticobiliary duct system and pertinently surrounding structures, 
whichh provides valuable information and improves the diagnostic ability [ . 
Additionally,, in patients with multiple metastases and unresectable tumors, MRCP can 
helpp to determine the best approach for palliative drainage. 
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ABSTRACT T 

Aim:Aim:  To evaluate the clinical value of various imaging methods in diagnosing the 
pancreaticobiliaryy diseases and to seek the optimal procedure. 

Methods:Methods: Eighty-two cases of pancreaticobiliary diseases confirmed by surgery or 
otherr operation were analyzed. There were 38 cases of cholelithiasis, 34 cases of 
pancreaticobiliaryy tumors and 10 other cases. The imaging methods included US, CT, 
ERCP,, PTC, cross-sectional MRI and MR cholangiopancreatography (MRCP). 

Results:Results: The accuracy rate of MRCP in detecting the location of pancreaticobiliary 
obstructionn was 100%. In differentiating malignant from benign obstruction, the 
sensitivityy of the combination of MRCP and cross-sectional MRI was 82.3%, the 
specificityy was 93.8%, and the accuracy rate was 89.0%. The accuracy rate for 
determiningg the nature of obstruction was 87.8%, which was superior to that of US 
(P=Q.000Q)(P=Q.000Q) and CT (i*=0.0330), but there was no significant difference between direct 
cholangiopancreatographyy and the combination of MRCP and conventional MRI 
(/M).6666). . 

Conclusion:Conclusion: In most cases, MRCP can substitute direct cholangiopancreatography for 
diagnosis.. The combination of MRCP and cross-sectional MRI should be considered 
ass an important means in diagnosing the pancreaticobiliary diseases, pre-operative 
assessmentt and post-operative follow-ups. 

KeyKey words: Pancreaticobiliary disease Imaging Diagnose Control study 
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INTRODUCTIO N N 

Pancreaticobiliaryy disorders are common diseases that often involve the biliary system 
too produce the symptom of obstructive jaundice. The precondition for treatment is to 
investigatee the obstructive location and causes of pancreaticobiliary diseases. The 
aimss of the present study were to evaluate the clinical value of various imaging 
methodss in diagnosing the pancreaticobiliary diseases and to discuss the imaging 
examinationn procedures. 

MATERIAL SS AND METHOD S 

Patients s 

Thee study subjects included 82 patients (54 men and 28 women, mean age 60.0 years, 
rangee 11-82 years), 67 (81.7%) cases had the symptom of obstructive jaundice. All 
patientss underwent US, MR cholangiopancreatography (MRCP) and cross-sectional 
MRR imaging. Fifty-seven patients underwent enhanced or un-enhanced CT scan. In 
addition,, 48 patients had undergone direct cholangiopancreatography (41 ERCP and 7 
PTC).. However, direct cholangiopancreatography was unsuccessful in 4 cases due to 
difficul tt cannulation (2 ERCP), post-gastroenterostomy (1 ERCP) and sick patient (1 
PTC).. ERCP was incomplete in another 4 cases because only the pancreatic duct 
couldd be demonstrated and the biliary tree was not opacified. Therefore, 40 direct 
cholangiopancreatographiess (34 ERCP and 6 PTC) were performed in all 82 cases, 1 
patientt had complication of acute pancreatitis after ERCP. All patients with 
pancreaticobiliaryy diseases were scheduled to undergo MRCP examination between 
Septemberr 1997 and March 1999, who were confirmed by surgical findings or other 
operationss in our hospital, among them including 12 by laparoscopic cholecystectomy 
(LC),, 6 by endoscopic sphincter tenotomy (EST) and 1 by PTC drainage (PTCD). 
Amongg the 82 cases, 38 were diagnosed as cholelithiasis, 34 as pancreaticobiliary 
tumorss and 10 as other diseases (Table 1). 

Techniques s 

MRR imaging was performed with a LOT superconductive unit (Philips Gyroscan 
T10-NT,, software version 4.5.3 or 4.6.2) containing a body coil. The patients were 
examinedd in the supine position, quiet breathing and abdominal band compression. 
Thee routine upper abdominal axial T1WI, T2WI and coronal T2WI MR examinations 
withh Turbo Spin-Echo (TSE) sequence were performed first, and followed by the 
additionall  axial T2WI and/or T1WI fat-suppressed spectral pre-saturation with 
inversionn recovery (SPIR) sequence. The routine axial images served as guides to 
locatee the MR cholangiopancreatography (MRCP). 
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MRCPP was performed with coronal, multi-slices, heavily T2-weighted TSE sequence 
(TR=2000ms,, TE=700ms). A non-breath-hold, respiratory-triggering technique was 
usedd to decrease the respiratory motion artifact. The MRCP source images were 
three-dimensionallyy (3D) reconstructed using a maximum-intensity-projection (MIP) 
algorithm.. The total imaging time, including cross-sectional MR imaging and MRCP, 
wass approximately 30min. 

Computedd tomography (CT) used a whole body CT scan unit (Picker PQ-2000). All 
CTT examinations were performed after the patients had fasted for 4-8 hours and took 
500-10000 ml oral contrast (0.5%-l% Meglumine Diatrizoate) before CT scanning. 
Enhancedd CT scan used 80-100ml non-ion intravenous contrast agents injected 
throughh anecubital vein in a bolus at the rate of 2-3ml/s. Enhanced CT imaging 
comprisedd arterial phase and delay phase. 

Directt cholangiopancreatography (ERCP and PTC) was performed with a digital 
imagingg unit (Philips Diagnost 93). 

Tablee 1. Pancreaticobiliary diseases (n = 82) 

Pancreaticobiliaryy diseases 
CholelithiasisCholelithiasis a 

Gallbladderr stone 

Intrahepaticc bile duct stone 

Choledocholithiasis s 

PancreaticobiliaryPancreaticobiliary tumor 
Gallbladderr carcinoma 

Cholangiocarcinoma a 

Ampullaryy carcinoma 

Pancreaticc head carcinoma 

Bilee papilla carcinoma 

OtherOther diseases 
Bilee duct injury 

Choledochall  cyst 

Sclerosingg cholangitis 

Chronicc pancreatitis 

No.. of cases 

38 38 
14 4 

7 7 

17 7 

34 34 
6 6 

9 9 

3 3 
11 1 

5 5 

10 10 
2 2 

2 2 

2 2 

4 4 

aa Gallbladder stone mixed with intra- or extra-hepatic stone 15, 

Mirizzii  syndrome 2 

Hepaticc invasion or metastasis 5, lymphadenectasis 3 
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Imagingg analysis 

Imagee data of 82 cases were separately reviewed by two radiologists. When there was 
aa disagreement between readers, a consensus was achieved by discussion. The study 
protocoll  included detecting the obstructive locations, distinguishing the malignant 
fromfrom benign causes and evaluating the clinical value of various imaging methods 
(includingg US, CT, MRCP, ERCP/PTC) in diagnosing the pancreaticobiliary diseases. 
SASSAS software was used for all statistical analyses. 

Thee diagnostic principles and evaluating criteria for direct cholangiopancreatography 
andd MRCP were identical, but in MRCP it was more important to carefully review 
bothh the source images and the MIP reconstructed images. According to the findings 
off  the dilatation or stricture of pancreaticobiliary tree and gallbladder, the obstructive 
locationss of pancreaticobiliary duct were divided into three parts: intra-hepatic or 
extra-hepaticc bile duct and main pancreatic duct. Normal gallbladder was 7-10 mm in 
lengthh and 3-4 mm in width. Dilatation of the common bile duct was defined as larger 
thann 8 mm in maximal diameter in patients without histories of cholecystectomy and 
100 mm in patients with prior cholecystectomy. Dilatation of the intra-hepatic bile duct 
andd main pancreatic duct was defined as larger than 3 mm in maximal diameter[1_4]. 

Thee cause of pancreaticobiliary abnormality was evaluated using a five-point scale to 
assignn a confidence level: 1. definitely benign, 2. probably benign, 3. indeterminate, 4. 
probablyy malignant, and 5. definitely malignant[5]. If the cause of pancreaticobiliary 
abnormalityy was assumed to be malignant, the reasons were chosen from the 
followingg findings: visualization of tumor, double duct sign, abrupt obstruction of bile 
duct,, irregularity of obstructed margin, or asymmetric obstruction of the distal margin 
off  the dilated bile duct. Receiver operating characteristic (ROC) curve analysis was 
performedd to compare the results among of MRCP images, combination of MRCP and 
routinee MR images, and ERCP images. Binormal ROC curves were fitted using 
ROCKITROCKIT 0.9B software. The diagnostic capability was determined by calculating the 
areaa under the ROC curve (Az). Ratings of 1 or 2 indicated a reading of a benign 
lesion,, ratings of 4 or 5 indicated a rating of a malignant lesion. Ratings of 3 were 
consideredd to indicate an indeterminate diagnosis. Sensitivity, specificity and accuracy 
off  ERCP, MRCP and the combination of MRCP and routine MR imaging in 
differentiatingg malignant from benign causes of pancreaticobiliary tract obstruction 
weree calculated. 
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RESULTS S 

MRCPP image quality 

MRR cholangiopancreatography was successfully performed in all 82 patients and the 
imagess of MRCP were similar to those of direct cholangiopancreatography. 
Satisfactoryy MRCP images were obtained in 79 (96.3%) subjects with fine contrast 
betweenn the pancreaticobiliary structure and the surrounding background. In the 
remainingg 3 patients with pancreaticobiliary tumor, the presence of ascitic fluid in the 
upperr abdomen and the fluid-containing organs due to gastrointestinal obstruction 
obscuredd visualization of the pancreaticobiliary tree and degraded the quality of the 
MRCPP image. In 8 (16.7%) patients in whom direct cholangiopancreatography was 
unsuccessfull  or incomplete, MRCP examinations all succeeded. 

Diagnosiss of obstructive location 

Amongg the 82 patients with pancreaticobiliary diseases, 8, 60 and 21 cases had 
pancreaticobiliaryy obstructive locations in intra-hepatic, extra-hepatic bile duct and 
mainn pancreatic duct, respectively (totally 89 locations). MRCP could clearly 
visualizee the dilation of pancreaticobiliary ducts above the obstructive level in their 
nativee state, and was more suitable for demonstrating the extra-hepatic bile duct 
obstruction.. The total accuracy of MRCP in detecting the location of 
pancreaticobiliaryy obstruction was 100%, which was superior to that of US (i*=0.0002) 
andd CT (.P=0.0422), but there was no significant difference between MRCP and direct 
cholangiopancreatographyy (i*=0.1487) (Table 2). 

Tablee 2. Accuracy of pancreaticobiliary obstruction level (%) 
byy different imaging methods 

Level l 

US S 

CT T 

ERCP/PTC C 

MRCP P 

Intra-hepatic c 

100.0(8/8) ) 

100.00 (4/4) 

100.00 (5/5) 

100.0(8/8) ) 

Extra-hepatic c 

81.7(49/60) ) 

93.00 (40/43) 

96.77 (29/30) 

100.00 (60/60) 

Mainn pancreatic 

90.55 (19/21) 

100.0(19/19) ) 

100.00 (8/8) 

100.0(21/21) ) 

Total l 

85.44 (76/89) 

95.55 (63/66) 

97.77 (42/43) 

100.00 (89/89) 
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Differentiatio nn of malignant from benign obstruction 

Thee sensitivity, specificity and accuracy of MRCP in distinguishing malignant from 
benignn causes of pancreaticobiliary obstruction were 64.7%, 81.2% and 74.4%, 
respectively,, while those of ERCP/PTC were 77.8%, 86.4% and 82.5%, respectively. 
Thee difference was not significant between MRCP and ERCP/PTC in Az area under 
thee ROC curve (i*=0.4590). The combination of MRCP and routine MR imaging 
couldd obviously improve the diagnostic capability of differentiating the causes of 
pancreaticobiliaryy obstruction with a sensitivity of 82.3%, a specificity of 93.8% and 
ann accuracy of 89.0%. The difference was significant between MRCP and the 
combinationn of MRCP and routine MR imaging (^=0.0489) (Table 3 and Figure 1). 

Tablee 3. ROC analysis of pancreaticobiliary obstruction 

True-positive e 

True-negative e 

False-positive e 

False-negative e 

Sensitivityy (%) 

Specificityy (%) 

Accuracyy (%) 

A zz ValuesiSD 

ERCP/PTC C 

(«=40) ) 

14 4 

19 9 

3 3 

4 4 

77.8 8 

86.4 4 

82.5 5 

5 5 

MRCP P 

(«=82) ) 

22 2 

39 9 

9 9 

12 2 

64.7 7 

81.2 2 

74.4 4 

0 0 

MRCP+MRI I 

(w=82) ) 

28 8 

45 5 

3 3 

6 6 

82.3 3 

93.8 8 

89.0 0 

8 8 

.22 0.8 
o o 
re re 

0.6 6 

88 0.4 
Q. . 
O O 

££ 0. 2 

0 0 

w w 
MRCP+MRI I 

MRCP P 

P P 

0.0055 0.04 0.08 0. 12 0.2 0.5 0.9 

Falsee positiv e fractio n 

Figuree 1. ROC curve analysis of differentiation between malignant 
andd benign causes of pancreaticobiliary obstruction. 
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Diagnosiss of obstructive causes 

Thee total accuracy of MRCP in diagnosing the causes of pancreaticobiliary 
obstructionobstruction was 75.6%, which was similar to that of direct cholangiopancreatography 
(ERCP/PTC)) (P=0.2345) and CT CP=0.7970), but superior to that of US (P=0.0131). 
Thee combination of MRCP and routine MR imaging significantly improved the 
clinicall  diagnostic ability with an accuracy of 87.8%, which was superior to that of 
CTT (J>=0.0330) and US (ZM).0000). 

Thee diagnostic rate by the combination of MRCP and routine MR imaging was 92.1% 
andd 94.1%, for cholelithasis and choledocholithiasis, respectively, which was superior 
too that of CT (^=0.0428) and US (^=0.0049). But the difference between ERCP/PTC 
andd the combined MRCP and routine MR imaging was not significant (P=0.6445). 
Thee accuracy of CT, ERCP/PTC, MRCP and the combined MRCP and routine MR 
imagingg in distinguishing the various pancreaticobiliary tumors was significantly 
higherr than that of US (/*=0.0002) (Table 4). 

Tablee 4. Accuracy of diagnosis of obstructive causes (%) 

USS CT ERCP/PTC MRCP MRCP+MRI 

Cholelithiasis Cholelithiasis 

Gallbladderr stone 

Intrahepaticc bile duct stone 

Choledocholithiasis s 

PancreaticobiliaryPancreaticobiliary tumor 

Gallbladderr carcinoma 

Cholangiocarcinoma a 

Ampullaryy carcinoma 

Pancreaticc head carcinoma 

Bilee papilla carcinoma 

OtherOther diseases 

Bilee duct injury 

Choledochall  cyst 

Sclerosingg cholangitis 

Chronicc pancreatitis 

Total Total 

1\A 1\A 

85.7 7 

52.9 9 

50.0 0 

33.3 3 

33.3 3 

63.6 6 

40.0 0 

50.0 0 

100.0 0 

0.0 0 

75.0 0 

573 573 

75.0 0 

100.0 0 

63.6 6 

75.0 0 

75.0 0 

50.0 0 

81.8 8 

66.7 7 

100.0 0 

50.0 0 

75.0 0 

7373 J 

80.0 0 

100.0 0 

87.5 5 

60.0 0 

83.3 3 

100.0 0 

100.0 0 

100.0 0 

100.0 0 

100.0 0 

0.0 0 

100.0 0 

85.0 85.0 

78.5 5 

71.4 4 

88.2 2 

50.0 0 

77.8 8 

66.7 7 

90.9 9 

60.0 0 

100.0 0 

100.0 0 

0.0 0 

50.0 0 

75.6 75.6 

92.9 9 

85.7 7 

94.1 1 

66.7 7 

88.9 9 

66.7 7 

100.0 0 

80.0 0 

100.0 0 

100.0 0 

50.0 0 

75.0 0 

87.8 87.8 
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DISCUSSION N 

USS or CT examination has been regarded as the first choice in diagnosing the 
pancreaticobiliaryy diseases [6"9]. Direct cholangiopancreatography obtained through 
ERCPP or PTC has served as "golden standard" in pancreaticobiliary imaging. 

Magneticc resonance cholangiopancreatography (MRCP), advocated by German 
researcherr Wallner BK and his group in 1991[10], has offered a new imaging modality 
forr diagnosing pancreaticobiliary system disorders110"151. In the present study, MRCP 
wass successfully performed in all 82 patients and the images of MRCP were similar to 
thosee of direct cholangiopancreatography. Satisfactory MRCP images were obtained 
inn 79 cases (96.3%), including 8 (16.7%) in which direct cholangiopancreatography 
weree unsuccessful or incomplete. Therefore, MRCP might provide an efficient 
alternativee to direct cholangiopancreatography when diagnostic ERCP and PTC were 
unsuccessfull  or inadequatetl,16]. 

Inn our study, the accuracy of MRCP in detecting the location of pancreaticobiliary 
obstructionn was 100%, which was superior to that of US and CT, but was not 
significantlyy different between MRCP and direct cholangiopancreatography. 
Comparedd with ERCP/PTC examination, the noninvasive MRCP could exhibit the 
wholee pancreaticobiliary duct system and demonstrate the level, degree and range of 
obstructionn as well as morphological characteristics. In addition, MRCP could provide 
aa plenty of valuable imaging information and help determine the best approach for 
palliativee drainage and other interventional treatment for the patients with 
unresectablee tumors[17,18]. 

Inn pancreaticobiliary system imaging, it is very important in diagnosing and 
differentiatingg malignant from benign causes of pancreaticobiliary obstruction. The 
combinedd MRCP and routine MR imaging could significantly improve the clinical 
diagnosticc capability by exhibiting the pathological changes of the surrounding 
structuress [19"22l For pancreaticobiliary tumors, MRCP could define the location and 
morphologicall  characteristics of pancreaticobiliary obstruction, and evaluate the range 
off  tumors involvement and the surgical resectability. Furthermore, with the 
advantagess of both CT and direct cholangiopancreatography examination, the 
combinedd routine MR imaging and MRCP might exhibit the pertinent surrounding 
structuress and raise the clinical diagnostic accuracy l17'23-24!. 

USS and CT techniques are most frequently used in the initial evaluation of patients 
withh cholelithiasis and both have a high accuracy in diagnosing gallbladder and 
intrahepaticc duct stones. The sensitivity of MRCP in diagnosing gallbladder and 
intrahepaticc duct stones varied with the size, number and location of the stones and 
MRCPP being more suitable for the diagnosis of choledocholithiasis. In summary, 
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MRCPP could mainly detect the stones in common bile duct and exclude other 
pancreaticobiliaryy obstructive diseases [ " . 

Withh the development of laparoscopic technique, laparoscopic cholecystectomy (LC) 
andd endoscopic sphincter tenotomy (EST) have been widely used in the biliary 
surgery[28].. MRCP can depict the whole anatomic structure of biliary tree and help 
guaranteee the success of laparoscopic cholecystectomy. Before surgical dissection, to 
identifyy the anatomic variants of the biliary tree with MRCP could result in a 
decreasedd risk of bile duct injury during laparoscopic cholecystectomy [29\ Now, 
ERCPP may be no longer the routine examination in diagnosing choledocholithiasis. 
ERCPP is chiefly used for treatment purpose with endoscopic sphincter tenotomy to 
removee stones in common bile duct. 

Ass to the benign strictures, due to cholangitis, surgical injury or chronic pancreatitis, 
MRCPP may have some difficulties in showing the mini-changes of pancreaticobiliary 
ductt because of the low level of spatial resolution while compared with ERCP. But the 
literaturee indicates that the use of dynamic MRCP with secretin stimulation might be 
usefull  for diagnosing pancreatic papillary stenosis or dysfunction, and helpful for 
detectingg reduced pancreatic exocrine reserve l30-321. In addition, MRCP could be used 
initiall yy in evaluating choledochal cyst[33]. 

Inn conclusion, in recent imaging procedures of diagnosing the pancreaticobiliary 
diseases,, US is still the first choice for evaluation. The combination of MRCP and 
routinee MR imaging provides an efficient method to diagnose various 
pancreaticobiliaryy obstructions, differentiate malignant from benign causes and carry 
outt post-operative follow-ups. Cross-sectional MR imaging and CT are 
complementaryy modalities for pre-operative diagnosis and assessment of 
pancreaticobiliaryy tumors. Direct cholangiopancreatography (ERCP/PTC) for 
diagnosticc purpose is chiefly used in difficult cases and simultaneously combined with 
otherr interventional treatment, including EST or PTCD (Figure 2). 
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Clinicall history & Medical examination 

Ultrasonography y 

MRCPP + cross-sectiona l MR imagin g 

Cholelithiasis s 
I I 

Pancreaticobiliaryy tumor 

ERCP/PTC C 

LC,, Laparotomy |EST| pperation, intervention, palliative drainage! |follow-ups 

Figuree 2. Imaging examination procedure 
off  pancreaticobiliary diseases. 
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ABSTRACT T 

Objective:Objective: To evaluate the clinical value of MR multi-imaging technique in 
diagnosingg and assessing the resectability of pancreaticobiliary tumor. 

Methods:Methods: The prospective diagnosis and resectability of 17 patients were evaluated. 
Surgicall  finding and pathologic results confirmed pancreatic adenocarcinoma in 11 
cases,, cholangiocarcinoma in 4 and non-neoplastic lesion in 2. MR multi-imaging 
protocol,, including MR cross-sectional imaging, MR cholangiopancreatography 
(MRCP)) and three-dimensional dynamic contrast-enhanced MR portography (3D 
DCEE MRP), were performed in all patients. 

Results:Results: MR multi-imaging technique allowed correct diagnosing 15 of 17 (88.2%) 
patientss with pancreaticobiliary tumors. The accuracy in detecting the range of tumor 
invasionn was 64.4%. The sensitivity, specificity, accuracy, positive and negative 
predictivee value of MR multi-imaging technique in assessing the resectability of 
pancreaticobiliaryy tumors were 83.3%, 77.8%, 80.0%, 71.4% and 87.5%, respectively. 

Conclusion:Conclusion: MR multi-imaging technique can not only improve the diagnostic 
abilityy of pancreaticobiliary tumor, but also assess the surgical resectability of the 
tumor.. With the fast development of MR techniques, the diagnosing and pre-operative 
assessmentt of pancreaticobiliary tumor may be more simplified and efficient by using 
thee non-invasive "all-in-one" method. 

KeyKey Words: Pancreaticobiliary tumor MR imaging Evaluation study 
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INTRODUC E E 

Pancreaticobiliaryy tumor is a common clinical disease and the incidence has 
constantlyy increased year by year. Currently, the only potential cure for 
pancreaticobiliaryy tumor is surgery. Therefore, early diagnosis and assessment of 
tumorr resectability are fundamental to achieve a successful treatment. For a long time, 
ultrasonographyy (US), computed tomography (CT), direct cholangiopancreatography, 
includingg endoscopic retrograde cholangiopancreatography (ERCP) or percutaneous 
transhepaticc cholangiography (PTC), and conventional angiography are main 
radiologicc imaging modalities for diagnosing and staging of pancreaticobiliary tumor 
[1].. However, they all have some remarkable drawbacks. With recent technical 
advancess in the field of MR imaging such as rapid cross-sectional sequence, MR 
cholangiopancreatographyy (MRCP) and three-dimensional dynamic 
contrast-enhancedd MR portography (3D DCE MRP), MR multi-imaging technique 
hass provided a noninvasive, safe, simple method in preoperative diagnosing and 
assessingg the resectability of pancreaticobiliary tumor. To evaluate the clinical value 
off  MR multi-imaging technique, we carried out a prospective study in 17 patients with 
pancreaticobiliaryy disease. 

METERIAL SS AND METHOD S 

Clinicall  Material s 

Duringg May to October 1999, seventeen patients were randomly selected from those 
withh pancreaticobiliary tumors scheduled to undergo surgical operation in our hospital, 
includingg 9 males and 8 females, aged from 45 to 83 years (mean: 67.2 years). The 
mostt common symptoms were abdominal discomfort, loss of weight and jaundice. 
Pancreaticobiliaryy tumor was suspected on the basis of clinical symptoms and 
trans-abdominall  US (n=17) and CT (n=13) findings. In addition, ERCP was also 
performedd in 3 patients, but all these examinations were inadequate because ERCP 
imagingg did not display the entire biliary tree and pancreatic duct completely. All 
patientss underwent MR imaging. 15 patients had explorative laparotomy between 1 
andd 25d (mean: 8d) after MR examination. 2 patients had palliative biliary drainage (1 
endoscopicc stent and 1 percutaneous transhepatic drainage). Diagnosis was confirmed 
withh surgical exploration and pathology in 15 patients, with clinical and imaging 
findingsfindings in 2 other patients. The final diagnoses included 11 pancreatic 
adenocarcinomas,, 4 cholangiocarcinomas and 2 non-neoplasitc lesions. 

M RR Imaging 

MRR imaging was performed with a 1.0-T super-conductive unit (Philips Gyroscan NT, 
softwaree version 4.6.2) with a body coil. All MR examination was performed after 
patientss had fasted for 8-1 Oh. The patients were in the supine position and abdominal 
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bandd compression. MR multi-imaging protocol, including cross-sectional Tl - and 
T2-weightedd imaging, MRCP and 3D DCE MRP, was applied in all exams. Total 
imagingg time was approximately 40min. 

(1)) Cross-sectional Tl - and T2-weighted pulse sequence parameters are shown in 
Tablee 1. Non-breath-hold respiratory triggering, with and without fat suppression 
(SPIR)) techniques were also used. Axial images were obtained through the liver 
andd pancreas with a 10mm thickness and a 1mm gap. 

(2)) The axial images served as guides with which to locate the MRCP examination. 
MRCPP was performed with a coronal, multi-slice, heavily T2-weighted TSE 
sequencee with respiratory triggering and fat suppression techniques 
(TR/TE=2000/700ms,, FOV 395mm, matrix 190x256, slices 50, slice thickness 
2mm,, gap Omm, NSA 2, TSE factor 101). The source images were 
three-dimensionall  (3D) reconstructed by using a maximum-intensity-projection 
(MIP)) algorithm to create a rotating radial display. 

(3)) 3D DCE MRP used a single 22s breath-hold, coronal fast field-echo (FFE) 
sequencee (TR/TE= 11 /2.5ms, FOV 450mm, matrix 164x512, slices 50, slice 
thicknesss 2mm, gap 0mm, NSA 1, flip angle 40 degree). A dose of 20-30ml 
Gd-DTPAA was injected through antecubital vein by hand in a bolus at a rate of 
2-3ml/s,, followed by flushing with 20ml physiologic saline solution. After a 
text-boluss timing examination, the imaging delay between the beginning of the 
injectionn of contrast agent and the start of the signal acquisition was determined in 
individuall  patients by using the following equation: Imaging delay — peak time + 
(injection(injection time/2) - (scan time/2). Three imaging sets were consecutively acquired. 
Thee images were viewed both as individual slices and after post-processing with 
MIPP algorithm to display vascular anatomy. 

Tablee 1. MR multi-imaging technique parameters («=17) 

Sequence e 

T,WI/EPI I 

T,WI/SE/SPIR R 

T2WIATSE E 

T2WI/TSE/SPIR R 

TR R 

(ms) ) 

760 0 

500 0 

1800 0 

1800 0 

TE E 

(ms) ) 

25 5 

15 5 

99 9 

80 0 

FOV V 

(mm) ) 

380 0 

375 5 

345 5 

345 5 

Matrix x 

218x512 2 

153x256 6 

203x256 6 

193x512 2 

Fast t 

Factor r 

3 3 

— — 

18 8 

14 4 

NSA A 

4 4 

2 2 

4 4 

4 4 
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Imagingg Analysis 

Byy careful review of the cross-sectional MR images and of the source and MIP 
reconstructedd images obtained from MRCP and 3D DCE MRP examination, the study 
protocoll  included diagnosis of pancreaticobiliary tumor, with definition of the range 
off  tumor infiltration, and prospective assessment of surgical resectability with MR 
multi-imagingg technique. Image data were separately reviewed by two radiologists. 
Whenn there was a disagreement between readers, a consensus was achieved by 
discussion. . 

Accordingg to the tumor staging TNM classification, the signs of unrecrectability of 
pancreaticobiliaryy tumor were: (1) major abdominal vascular involvement (portal and 
splenicc veins, superior mesenteric vein and artery, celiac axis, etc), including 
encasementt or stenosis, occlusion and tumor thrombosis; (2) tumor adjacent organ or 
tissuee infiltration, but excluding the simply extension into duodenum; (3) the presence 
off  distant metaststases or peritoneal carcinomatosis, particularly liver metastasis and 
ascites;; (4) regional and distant lymph node involvement (over 1 cm in diameter) or 
lymphadenopathyy and encasing the adjacent large vascular. If none of these criteria 
weree found, the tumor was regarded as resectable. 

Statisticall  Analysis 

Whenn compared the results of resectability assessing of pancreaticobiliary tumor 
usingg MR modality with the outcomes of surgical and US or CT findings, we evaluate 
thee value of MR multi-imaging technique in diagnosing the pancreaticobiliary tumor 
andd in judging the range of tumor involvement, and statistically calculate the 
sensitivity,, specificity, overall accuracy, positive and negative predictive value in 
assessingg the surgical resectability. 

RESULTS S 

Tumorr  Diagnosis and Characteristic Analysis 

Off  the 17 patients with pancreaticobiliary diseases, MR multi-imaging technique 
allowedd correct diagnosing of 15 pancreaticobiliary tumors, including 11 pancreatic 
adenocarcinomass and 4 cholangiocarcinomas. The overall diagnostic accuracy was 
88.2%% (15/17). The remaining 2 cases were misdiagnosed as pancreatic head 
carcinomass by MR examination, but histological diagnoses from explorative 
laparotomyy and surgical biopsy confirmed focal chronic pancreatitis in 1 case and 
choledocholithiasiss in another. 
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Inn all 15 patients with pancreaticobiliary tumors, MRCP demonstrated the 
pancreaticobiliaryy duct obstruction and dilatation with different degree (Fig A). Mass 
lesionss were identified with MR cross-sectional technique in the location of 
pancreaticobiliaryy obstruction. The lesions were hypointense on Tl-weighted images, 
andd isointense to mildly hyperintense on T2-weighted images (Fig B). 

Thee T2-weighted fat-suppressed imaging was particularly useful for the evaluation of 
tumorr extension, liver metastases and lymph node involvement. In 11 patients with 
pancreaticc adenocarcinoma, the hypointense mass lesions were more conspicuous 
againstt a background of hyperintense normal pancreatic tissue on Tl-weighted 
fat-suppressedd images (Fig C). On the source images of 3D DCE MRP, the pancreatic 
adenocarcinomaa appeared as slowly continuous enhancement and was conspicuous on 
early-phasee of the post-contrast images. 

Rangee of Tumor Invasion Detection 

MRR multi-imaging technique correctly identified tumor extension into adjacent organs 
(liver,, stomach and duodenum) in 8 of 11 patients, 2 of 3 liver metastases, and 2 of 3 
peritoneall  carcinomatoses with ascites. The portal vein system involvement was 
clearlyclearly visualized on the reconstructed images of 3D DCE MRP in 9 of 11 patients, 
includingg 6 of venous encasement or stenosis (Fig D), 2 of occlusion and 1 of tumor 
thrombosiss as well as formation of lateral circulation. In addition, MR examination 
predictedd lymph node involvement (over 1cm in diameter) in 5 of 10 patients and 
arteriall  involvement in 3 of 7 patients. Therefore, the accuracy of MR multi-imaging 
techniquee in detecting the range of pancreaticobiliary tumor invasion was 64.4% 
(29/45).. (Tab 2) 

Tablee 2. MR multi-imaging technique in detecting 
thee range of pancreaticobiliary tumor invasion 

Adjacentt organ infiltration 

Liverr metastases 

Lymphh node involvement 

Arteriall  involvement 

Portall  venous involvement 

Peritoneall  carcinomatosis 

Total Total 

MR R 
finding finding 

8 8 

2 2 

5 5 

3 3 

9 9 

2 2 

29 29 

Final l 
diagnosis s 

11 1 

3 3 

10 0 

7 7 

11 1 

3 3 

45 45 

percentage e 
(%) ) 

72.7 7 

66.7 7 

50.0 0 

42.9 9 

81.8 8 

66.7 7 

64.4 64.4 
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Tumorr  Reseetability Assessment 

Off  15 patients with pancreaticobiliary tumors verified by surgical or US and CT 
findings,, MR multi-imaging technique correctly diagnosed 5 of 6 resectable tumors 
withh 1 false-negative interpretation and 7 of 9 unresectable tumors with 2 
false-positivee interpretation. Therefore, the sensitivity, specificity, accuracy, positive 
andd negative predictive value of MR multi-imaging technique in assessing the 
reseetabilityy of pancreaticobiliary tumors were 83.3%, 77.8%, 80.0%, 71.4% and 
87.5%,, respectively. (Tab 3) 

Tabb 3. MR multi-imaging technique in assessing 
thee reseetability of pancreaticobiliary tumor 

MRR multi-imaging Final diagnosis 
techniquee Reseetability Unresectability 
Reseetabilityy 5a 2b 

Unresectabilityy 1 c 7d 

aa true-positive, b negative-positive,c false-negative,d true-negative 

Al ll  6 patients with resectable tumors (4 pancreatic head carcinoma and 2 common bile 
ductt carcinoma) underwent complete resection by the radical pancreatoduodenectomy. 

Inn the 1 false-negative case, encasement of SMV was detected by 3D DCE MRP 
examination,, whereas tumor underwent successful resection because it was only 
adherencee to superior mesenteric vessel but without invasion. 

77 of 9 patients with unresectable tumors underwent palliative bypass and biopsy. The 
remainingg 2 cases confirmed by other imaging findings performed biliary drainage 
(endoscopicc stent or percutaneous transhepatic drainage). Of these 7 patients, 
althoughh some lymph node and arterial involvement did not detect, yet the tumors 
weree still considered unresectable by MR assessment because of the simultaneous 
presencee of other signs of unresectability. 

Inn the 2 false-positive cases, MR examination did not demonstrate the involvement of 
portall  venous system (1 case), liver and peritoneal metastasis (1 case). 
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Figg  A. MRCP Fig B. T2WI 

FigC .. T1WI/SPIR Fig D. 3D DCE MRP 

AA case of male, 65-year old patient with unresectable pancreatic adenocarcinoma. MRCP 
(Figg  A) demonstrates the pancreaticobiliary duct obstruction and marked dilatation, with 
"doublee duct" sign. T2-weighted TSE image (Fig B) shows an isointense to mildly 
hyperintensee tumor adjacent to the duodenum, with portal vein and celiac arteries 
encased.. The hypointense mass lesion is more conspicuous on T1 -weighted fat-
suppressedd image (Fig C). 3D DCE MRP clearly shows the occlusion of SMV by the 
tumorr (Fig D). 

DISCUSSION N 

Recentt technical advances in the field of MR imaging have resulted in a dramatic 
reductionn in image acquisition time and in improved quality in abdomen [2]. With 
improvedd quality of cross-sectional MR images, MRCP and 3D DCE MRP have 
expandd the role of MR in imaging pancreaticobiliary diseases. In present study, the 
overalll  accuracy is 88.2%, similar to the results of pertinent study[3]. The mass lesions 
weree hypointense on Tl-weighted images, and isointense to mildly hyperintense on 
T2-weightedd images. The T2-weighted fat-suppressed imaging was particularly useful 
forr the evaluation of tumor extension, liver metastases and lymph node involvement. 
Pancreaticc adenocarcinomas are best detected on non-contrast Tl-weighted 
fat-suppressedd images and early phase of post-contrast dynamic images. 
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Duee to the presence of aqueous protein in the acini of the pancreas, rich endoplasmic 
reticulumm and high manganese content of the pancreatic cells, the use of fat 
suppressionn on Tl-weighted images renders the normal pancreas high in signal 
intensity.. Pancreatic tumors are readily detected on fat-suppressed Tl-weighted 
imagess as hypointense foci in a background of high-signal-intensity pancreatic 
parenchyma.. The phenomena of slow continuous enhancement of pancreatic 
adenocarcinomaa reflected the fact that pancreatic cancer is the desmoplastic tumor 
withh sparse vascularity and tend to enhance less than the capillary-rich pancreatic 
parenchymaa ^ . However, the results of this study also suggest that the identification 
off  pancreatic tumor and focal chronic pancreatitis sometimes may be very difficult 
evenn with dynamic MR studies. 

MRCPP is the fundamentally new innovation in MR imaging of the pancreaticobiliary 
diseases.. Advocated by German researcher Wallner in 1991, the imaging quality and 
thee diagnostic ability of MRCP have been improved increasingly with continued 
technologicc advancements. MRCP is a non-invasive, safe, simple method without the 
ionizingg radiation and injection of contrast agent. In most clinical situations, MRCP 
mayy replace direct cholangiopancreatography (ERCP or PTC) as a diagnostic toolE5]. 

Inn our study of 17 patients, MRCP satisfactorily demonstrated the pancreaticobiliary 
ductt obstruction and dilatation with different degree, including 3 patients in whom 
ERCPP was incomplete. Therefore, MRCP may provide an optimal imaging alternative 
whenn direct cholangiopancreatography is unsuccessful or inadequate. The literature 
indicatess that the accuracy of MRCP in the location of pancreaticobiliary obstruction 
wass 85%-100% as well as the sensitivity, specificity, and accuracy in diagnosing the 
presencee of malignant bile duct obstruction were 86%-100%, 98%-100%, and 
97%-100%,, respectively [6]. 

Forr pancreaticobiliary tumor, MRCP can define the location and morphological 
characteristicss of pancreaticobiliary obstruction, and evaluate the range of tumor 
involvementt and the surgical resectability. Furthermore, MRCP may increase the 
accuracyy of MR imaging in the differentiation between benign and malignant 
pancreaticobiliaryy diseases. MRCP also helps to provide valuable information to 
determinee the best approach for palliative drainage or endoscopically placed stent in 
thee patients with unresectable tumors. 

Thee MR angiography (MRA) technique has recently become available for 
non-invasivee vascular imaging. Nonenhanced MRA with time-of-flight (TOF) and 
phase-contrastt (PC) techniques is first means of demonstrating vessels but is limited 
byy its long data acquisition time, motion and flow artifact, and in-plane saturation[7]. 
Recentt studies have demonstrated that MRA with contrast enhancement is suitable for 
evaluationn of vascular structures, and its use overcomes flow artifact and saturation 
effects. . 
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Inn the patients with pancreaticobiliary tumors, it is important to evaluate portal venous 
invasionn and assess resectability before surgery. 3D DCE MRP can clearly 
demonstratee the intra- and extra-hepatic portal venous system, and also show portal 
veinn and hepatic vein as well as inferior vena cava on the same images. Repeated 
sequencess after administration of contrast agent allow separate demonstration of the 
abdominall  arteries and portal veins [8l In addition, the coronal source images 
simultaneouslyy demonstrate parenchymal lesions of the liver, pancreas, biliary tract 
andd reflect the enhancement characteristics of tumor. The evaluation of both MIP 
reconstructedd and source images, as well as the morphological images (both Tl - and 
T2-weighted),, provides detail information on vessel anatomy and on the relationship 
off  the tumor with vascular wall. 

Ourr study shows that based on the imaging delay time focusing on portal veins, the 
accuracyy of 3D DCE MRP in assessing the involvement of portal venous system is 
81.8%,, but accuracy in detecting the arterial involvement is only 42.9%. The reason 
off  the low accuracy for 3D DCE MRP in assessing the arterial involvement may be 
thee fact that if the interval between injection of contrast agent and the start of imaging 
iss too prolong, the arteries and portal veins can not be differentiated. The arteries 
mightt be well visualized if additional MRA examination is performed according to the 
arteriall  imaging delay time. 

Pancreaticobiliaryy tumors are considered unresectable if invasion or encasement of 
anyy of the vascular structures is present or if there is liver metastasis, peritoneal 
carcinomatosis,, lymphadenopathy or extension into the adjacent organs (excluding the 
duodenum).. By far, the main index of resectability, in the absence of distant 
metastases,, is the patency and absence of infiltration of the major abdominal vessels. 

MRR multi-imaging technique can not only improve the diagnostic ability of 
pancreaticobiliaryy tumor, but also assess the surgical resectability of tumor[9]. But our 
studyy also shows, the accuracy of MR multi-imaging technique in detecting the range 
off  pancreaticobiliary tumor invasion was only 64.4%. The possible explanation for the 
loww positive predictive value (PPV) of tumor resectability assessment and the low 
accuracyy of the range of tumor invasion detection is that MR multi-imaging technique 
wee performed in the present study tends to underestimate the degree in diagnosing 
lymphh node and arterial involvement, which was only 50.0% and 42.9%, respectively. 

Inn conclusion, it can be believed that with the fast development of MR techniques, the 
diagnosingg and pre-operative assessment of pancreaticobiliary tumor may be more 
simplifiedd and efficient by using the non-invasive "all-in-one" method. 
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INTRODUCTIO N N 

Magneticc resonance cholangiopancreatography (MRCP) is one of the crucial 
developmentss in the field of MR imaging techniques. Since advocated by German 
researcherr Wallner BK and his group in 1991 [1], MRCP has offered a new 
non-invasivee method in diagnosing pancreaticobiliary system diseases. 

Comparedd with frequently used imaging techniques in pancreaticobiliary system, such 
ass ultrasound (US), computed tomography (CT) and direct cholangiopancreatography, 
includingg endoscopic retrograde cholangiopancreatography (ERCP) and percutaneous 
transhepaticc cholangiography (PTC), MRCP combines many obvious advantages of 
beingg noninvasive, simple, safe and not requiring ionizing radiation or administration 
off  contrast agents [2_6]. 

Recently,, MRCP has been widely used in the diagnosis and differentiation of various 
pancreaticobiliaryy system diseases. It has been demonstrated that the clinical value of 
MRCPP application is similar to that of diagnostic direct cholangiopancreatography 
andd in most instances, MRCP may gradually replace direct cholangiopancreatography 
forr diagnostic purposes and provide an efficient alternative when diagnostic ERCP or 
PTCC is unsuccessful or inadequate [7'8]. 

Furthermore,, with the new advancements such as MR virtual endoscopy (MRVE) [9"15] 

inn the pancreaticobiliary tract and the combination of MRCP with other MR 
techniques,, including conventional cross-sectional MR imaging and MR angiography 
(MRA),, MRCP has increasingly widened the fields of clinical application and may 
becomee an important tool in pre-operative evaluation and post-operative follow-up of 
pancreaticobiliaryy diseases [1618]. 

COMPARISONN WIT H ERCP 

Forr a long time, direct cholangiopancreatography obtained through ERCP or PTC has 
playedd an important role in the diagnosis of pancreaticobiliary duct diseases. However, 
directt cholangiopancreatography has undeniable drawbacks, such as the need for 
ionizingg radiation and injection of contrast agent. Diagnostic ERCP is associated with 
aa morbidity of l%-7% and a mortality of 0.2%-1%. This technique is also highly 
operatorr dependent, with unsuccessful cannulation and incomplete examination 
occurringg in 3%-9% and 6% of cases, respectively I19,20]. Moreover, direct 
cholangiopancreatographyy could not opacify the whole pancreaticobiliary duct system 
inn patients with severe or complete obstruction. 

Thee high-quality images obtained with MRCP are similar to those with direct 
cholangiopancreatographyy and can be rotated in any direction by maximum intensity 
projectionn (MIP) post-processing algorithm. MRCP produces images of the 
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pancreaticobiliaryy ducts in their natural state without distention of the ducts by 
injectionn of contrast agent. In some patients, such as those who have undergone 
surgeryy with biliary-enteric anastomosis or Billroth II , it may not be possible to 
performm ERCP, so MRCP is the modality of choice to evaluate such post-surgical 
patients. . 

Theree are two main drawbacks of MRCP. The major disadvantage is that MRCP is 
entirelyy diagnostic in contrast to ERCP, which can provide diagnostic information as 
welll  as access for therapeutic interventions. Another limitation of MRCP is the low 
levell  of spatial resolution while compared with ERCP. 

IMAG EE TECHNIQU E 

BasicBasic prin ciple 

Thee basic principle used by MRCP, MR myelography (MRM) and MR urography 
(MRU)) is the same, which all be called MR hydrography (MRH). The MR 
hydrographyy is based on the heavily T2-weighted pulse sequences [21]. As a result, 
stationaryy fluid, such as bile, pancreatic secretions, cerebrospinal fluid and urine, 
whichh have a long T2 relaxation time, exhibit a high signal intensity, while solid 
organs,, which have a shorter T2 relaxation time, have a low signal intensity and 
flowingg blood has littl e or no measurable signal  [22]. This combination of imaging 
characteristicss means that MR hydrography provides optimal contrast between the 
hyper-intensee signal of fluid-containing organs, such as pancreaticobiliary ductal tree, 
andd the hypo-intense signal of the background (Figure 1). 

Figuree 1. Normal MRCP image 

PatientPatient preparation 

MRCPP examination is simple and no special patient preparation is required, except 
fastingg for 8-10 hours to empty the solid alimental leftover in patient's gastrointestinal 
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tract.. Although some fluid signal in the fluid-containing organs, including spinal cord, 
gastrointestinall  tract and renal pelvis, can also be exhibited on MRCP images, in 
general,, they may not impact the imaging diagnosis due to the rotation in any 
directionn of maximum intensity projection (MIP) reconstructed images. 

Itt also has been reported that the signal intensity in the gastrointestinal tract is almost 
completelyy eliminated with negative oral contrast agent, such as high-concentrate 
ferricc ammonium citrate. Differences in image quality between the pre- and 
post-contrastt images are statistically significant [23"25]. 

ImagingImaging sequence 

Regardlesss of the MR scanner or specific sequence used, MRCP is performed with 
heavilyy T2-weighted sequences to visualize stationary or slow-moving fluids in the 
biliaryy system and pancreatic duct with high signal intensity. The ideal sequence wil l 
providee fast imaging, heavy T2 weighting for good duct-to-background contrast and 
adequatee spatial resolution for identification of subtle ductal pathology. A number of 
sequencess have been employed, mainly including steady-state free precession 
gradient-recalledd echo (SSFPGRE), two-dimensional or three-dimensional fast spin 
echoo (FSE) and single-shot fast spin echo (SSFSE) [26~351. 

Recently,, SSFSE has become the most widely used sequence because it provides 
ultra-fastt and reliable images. The SSFSE sequence can be implemented as a series of 
singlee thick-slab acquisitions or as a thin multi-slice acquisition. Single and 
multi-slicee acquisition methods have been shown to provide complementary data for 
thee evaluation of the pancreaticobiliary ductal systems. 

AA significant advantage of the single thick-slab method is its short acquisition time, 
eachh requiring a less than 2-second breath-hold, which allows for the performance of 
aa dynamic MRCP. Repeated sequential imaging of the same slab will help detect 
sphincterr of Oddi dysfunction. It may also demonstrate changes in the pancreatic duct 
followingg secretin administration. 

Secretin-enhancedd dynamic MRCP (s-MRCP) is a technique for functional imaging 
andd improved anatomic depiction of the pancreatic ductal system [36'37]. Secretin 
stimulatess the secretion of fluid by the exocrine pancreas, with a consequent increase 
inn the volume of fluids inside the pancreatic ducts. A thick-slab acquisition, showing 
thee full length of the pancreatic duct, extra-hepatic biliary tree, and duodenum in one 
projection,, can be performed dynamically with good temporal resolution to evaluate 
flowflow of pancreatic fluid from the pancreatic ducts into the duodenum. Secretin 
improvess visualization of the pancreatic duct and reduces the false-positive depiction 
off  strictures. Administration of secretin also provides an estimate of pancreatic 
exocrinee function and allows better evaluation of the sphincter area and ductal 
anatomy,, such as pancreas divisum. 
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Mangafodipirr trisodium (Mn-DPDP) enhanced MR cholangiography (MRC) can in 
additionn provide a functional assessment of the hepatobiliary system and increase the 
sensitivityy and confidence for diagnosing acute cholecystitis and obstruction, 
especiallyy when SSFSE sequence MRCP is inconclusive [38'39]. Mn-DPDP is a 
hepatobiliaryy MR contrast agent that is administratered intravenously, taken up by the 
liver,, and transported to bile, where it cause Tl shortening as a result of the 
paramagneticc effects of its bound manganese ion. Because it is excreted primarily via 
thee biliary system, Mn-DPDP-enhanced MRC is suitable as a functional MRC (fMRC) 
too the anatomic and functional assessment of the biliary tree and gallbladder [40_42]. 

IntInt  aging procedure 

Inn general, the first step in performing MRCP using SSFSE sequence is to localize the 
pancreaticobiliaryy duct. In many instances, this is accomplished by acquiring a scout 
MRCPP obtained at a section thickness of 30-70 mm. This image is often referred to as 
aa thick-slab or single-shot projection MRCP. It does not allow the assessment of the 
subtlee details of the ductal system in many instances, such as bile duct stones. This is 
becausee of the visualization of stones being small intra-ductal signal void is obscured 
byy surrounding intra-ductal high signal from fluid. 

Too depict the finer details of the ducts, a multi-slice, thin-slab MRCP technique is 
oftenn employed. By using the thick-slab MRCP images as guides, multiple, thin-slab 
imagess of the pancreaticobiliary tract are acquired at section thickness ranging from 
2-55 mm in the coronal or oblique coronal plane and at a variety of angles that 
optimallyy depict the ductal systems. The thin-slab images may be manipulated with 
maximumm intensity projection (MIP) algorithms and multi-planar reformatting (MPR) 
techniquess to generate three-dimensional images of the ductal systems t43"47!. However, 
volume-averagingg effects can obscure small stones and subtle mural irregularity, so 
sourcee thin section images must always be reviewed (Figure 2). 

Figur ee 2. Cholelithiasis. 
Thin-slabb (A), thick-slab (B) and source (C) MRCP image. 
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Additionall  parenchyma information may be obtained when conventional MRI is 
performedd in conjunction with MRCP. With the addition of conventional Tl-weighted, 
T2-weighted,, and gadolinium or mangafodipir enhanced sequences to MRCP, 
pancreaticc adenocarcinoma can be detected and staged. Furthermore, in the setting of 
aa suspected malignancy of the pancreaticobiliary tract, MR angiography (MRA) may 
alsoo yield information important in determining the resectability of neoplasms. 
Comprehensivee MR imaging is one of the important state-of-the-art techniques in 
earlyy diagnosis and accurate staging of pancreatic malignancies, including multi-slice 
CTT (MSCT), endoscopic US (EUS) or intra-ductal US (IDUS). 

CLINICA LL  APPLICATIO N 

NormalNormal anatomic structure 

MRCPP may demonstrate the normal anatomic structures of pancreatic duct and biliary 
tree,, including gallbladder, left and right hepatic duct, common hepatic duct, common 
bilee duct and pancreatic duct. It has been reported [48'49] that the gallbladder and 
extra-hepaticc bile ducts can be visualized in 100%, the cystic ducts are shown in 88%, 
andd the first segment of intra-hepatic bile ducts can be seen in more than 90%. The 
mainn pancreatic ducts in the head and body/tail of the pancreas are visible in 97% and 
83%,, respectively. The branches of main pancreatic duct can be shown in 75% of 
cases.. Of the non-dilated pancreaticobiliary ducts, the diameter range of common bile 
ductt is from 3 to 8mm and that of the main pancreatic duct is in the range from 1 mm 
too 3 mm. 

Itt should be pointed out that in most instances, the MRCP measurements of the 
pancreaticobiliaryy ductal caliber are slightly smaller than those obtained with direct 
cholangiopancreatography,, MRCP images the pancreatic duct and biliary tree in their 
nativee state without duct distention due to contrast material injection. 
Secretin-enhancedd dynamic MRCP (s-MRCP) may improve the anatomic depiction of 
thee pancreatic duct branches. 

AnatomicAnatomic variants and congenital anomalies 

Anatomicc variants of the cystic duct have received much attention recently because of 
theirr higher risk of complication during cholecystectomy. In 171 patients evaluating 
anatomicc variants of the biliary tree [49], MRCP could accurately demonstrate various 
variants,, including low cystic duct insertion (11 cases), medial cystic duct insertion 
(222 cases), parallel course of the cystic and hepatic ducts (31 cases), and aberrant right 
hepaticc duct (12 cases). The sensitivity, specificity and accuracy of MRCP in 
diagnosingg the variant cystic duct insertion were 86%, 100% and 95%, respectively. 
Thosee of MRCP in diagnosing aberrant right hepatic duct were 71%, 100% and 98%, 
respectively.. MRCP may play an important role in the detection of biliary variants 
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priorr to laparoscopic cholecystectomy [ \ To identify the anatomic variants of the 
biliaryy tree with MRCP before surgical dissection can result in a decreased risk of bile 
ductt injury during laparoscopic cholecystectomy (Figure 3). 

MRCPP has been shown to be equivalent to ERCP in detecting and defining the 
morphologicc characteristics of congenital cystic lesions of the bile duct and in 
detectingg the presence of anomalous pancreaticobiliary junction (APBJ), particularly 
inn the pediatric population because of lack of ionizing radiation ^5 52\ It been reported 
thatt the sensitivity and specificity of MRCP in diagnosing APBJ are 82% and 100%, 
respectivelyy [53'54]. According to Todani's classification system of congenital bile 
ductall  cystic lesions, MRCP can be effective and comparable with ERCP in 
evaluatingg choledochal cyst, choledochocele and Caroli's disease. In addition to cyst 
detection,, MRCP is also useful in detecting associated abnormalities, such as 
gallstonee disease and cancer (Figure 4). 

Figuree 3. Bile duct injury Figure 4. Choledochal cyst 

Pancreass divisum is the most common anatomic variant of the pancreas, resulting 
fromm failure of fusion of the embryonic dorsal (Santorini) and ventral (Wirsung) 
pancreaticc ducts, which occurs in 5% to 14% of the population [55,56]. In this anomaly, 
thee majority of the pancreas is drained by the dorsal duct that enters the minor 
ampulla,, whereas the remainder of the pancreas is drained by a small ventral duct that 
enterss the major ampulla. In patients with pancreas divisum, the minor papilla may 
causee impaired pancreatic drainage and result in recurrent acute pancreatitis. MRCP 
cann easily demonstrate the anomaly and is an accurate method for diagnosing 
pancreass divisum due to showing a continuous dominant dorsal pancreatic duct 
runningg anteriorly to the common bile duct and draining into the minor papilla. The 
performancee of MRCP in conjunction with secretin administration (s-MRCP) can 
assistt in detecting pancreas divisum and cystic dilation of the dorsal duct 
-"santorinicele"-- that may be associated with pancreas divisum. 

Cholelithiasis Cholelithiasis 

Thee initial imaging modality for cholecystolithiasis is ultrasound. But both US and CT 
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imagingg show relatively low sensitivity for the diagnosis of bile duct stones, range 
fromm 18%-70% and 76%-87%, respectively [57]. Accurate diagnosis of 
choledocholithiasiss is crucial because their presence is an important consideration and 
challengee for cholecystectomy (Figure 5 and Figure 6). 

Figur ee 5. Choledocholithiasis Figur e 6. Mirizzi syndrome 

ERCPP is considered the gold standard procedure for the evaluation of the biliary 
systemm and has the major advantage of its ability to perform diagnosis and therapeutic 
interventions,, but in most cases, MRCP can be accepted as an alternative to diagnostic 
ERCP. . 

MRCPP has shown to be an excellent non-invasive method for detecting gallstones and 
bilee duct stones. It is superior to ultrasound and CT, and comparable or superior to 
ERCPP in detecting bile duct stones. Recent studies note sensitivities of 90%-100%, 
specificitiess of 92%-100%, and positive and negative predictive values both range 
fromm 96% to 100% for MRCP in the diagnosis of choledocholithiasis [5861]. On 
thin-slicee source images, stones appear as signal void lesions in the high signal 
intensityy bile and can be detected as small as 2 mm in dilated and non-dilated ducts. 
Onn thick-slab images, large- or medium-sized stones in normal caliber ducts are easily 
detectable,, however, small stones that are be completely surrounded by fluid may be 
obscuredd and difficult to detect due to volume-averaging effects. In addition, there are 
severall  pitfalls or mimickers of stones with MRCP, such as intra-ductal air bubbles or 
bloodd clots, extra-ductal compression from adjacent vessel and metallic clips. So the 
importancee of a careful review of the thin-slice source images in conjunction with 
thick-slabb MIP reconstructed images in diagnosing the cholelithiasis cannot be 
overemphasized.. EUS can also help detect small stones in bile duct. 

PrimaryPrimary sclerosing cholangitis 

Inn a preliminary study, MRCP was shown to have a sensitivity of 88%, specificity of 
97%,, positive and negative predictive value of both 94% in the diagnosis of primary 
sclerosingg cholangitis (PSC)[62]. The imaging appearance includes multiple, irregular 
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stricturess and saccular dilatations of the intra-hepatic and extra-hepatic bile ducts, 
occasionallyy causing a beaded appearance. Associated with MRCP, cross-sectional 
abdominall  MR also provides useful information regarding the presence of cirrhosis 
andd portal hypertension. Another major strength is that MRCP provides visualization 
off  bile ducts proximal to even severe stenoses. 

Althoughh MRCP may emerge as a non-invasive alternative to ERCP for the diagnosis 
andd follow-up of PSC, ERCP may remain indicated to establish the diagnosis of PSC 
earlyy in course of the disease when ductal abnormalities are minimal, because of the 
high-resolutionn images provided by ERCP [63]. In addition, ERCP is the study of 
choicee if there is a need for therapeutic intervention such as stent placement or 
stricturee dilation. 

Pancreatitis Pancreatitis 

MRCPP has sensitive detection and accurate characterization of pancreatic duct 
segments.. In the setting of recurrent acute pancreatitis, MRCP may detect the cause 
andd complications of pancreatitis, including choledocholithiasis, pancreas divisum, 
pancreaticc carcinoma, and anomalous union of the bile and pancreatic ducts. 

MRCPP is useful in detecting typical findings of ductal manifestations of chronic 
pancreatitiss such as dilatation, narrowing or stricture, irregularity and stones. MRCP is 
alsoo suited for the detection of prominent dilatation of side branches, which is a 
featuree of chronic pancreatitis that can help distinguish from pancreatic cancer, and 
pseudocystss when they not clearly opacified at ERCP (Figure 7). Comparisons 
betweenn MRCP and ERCP in cases of chronic pancreatitis have revealed agreement of 
83%-100%% for identification of ductal dilatation, 70%-92% for identification of 
narrowing,, and 92%-100% for identification of fillin g defects [64]. 

Figur ee 7. Pancreatic pseudo-cyst. (A) MRCP, (B) ERCP. 

Secretin-stimulationn MRCP can improve side-branch visualization and also be used to 
assesss possible exocrine function impairment in chronic pancreatitis [65]. The 
differentiall  diagnosis of focal chronic pancreatitis and pancreatic carcinoma remains 
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difficult .. In this circumstances, in patients with a preserved pancreatic exocrine 
function,, MRCP with secretin administration may help demonstrate the associated 
pancreaticc duct stricture, its filling  dynamics, and the location of the side branches at 
thee level of the stricture. Mn-DPDP-enhanced MRI may also improve the detection 
ratee and characterization of local pancreatic lesions because of better delineation of 
thee abnormal area[66]. 

PostoperativePostoperative alteration of pancreaticobiliary duct 

Utilit yy of MRCP has been demonstrated not only in the evaluation of the 
postoperativee alteration of the pancreaticobiliary tree, including biliary-enteric 
anastomoses,, pancreatico-enteric anastomoses and choledo-choledochostomies, but 
alsoo in the identification of post surgical biliary complications, such as biliary stricture 
orr obstruction, retained bile duct stones, biliary leak and biliary fistula (Figure 8). 
MRCPP is useful both in detecting abnormalities and in assessing the selection of 
patientss for appropriate surgical interventions [61"69\ 

However,, it should be noticed that in some cases, MRCP is equivocal in evaluating 
thee postoperative changes due to relative low spatial resolution and the artifacts such 
ass metallic surgical clips and pneumobilia that may be mistaken as strictures or stones. 
Thee thin-slab source images of MRCP should be examined to evaluate the 
postoperativee biliary strictures and retained stones because the subtle changes may be 
obscuredd on thick-slab or MIP-reconstructed images by surrounding high signal 
structures. . 

Figur ee 8. Biliary-enteric anastomoses 

Cholangiocarcinoma Cholangiocarcinoma 

MRCPP is well suited for the detection and staging of cholangiocarcinoma, particularly 
hilarr cholangiocarcinoma (Klatskin's tumor) and extra-hepatic cholangiocarcinoma. 
MRCPP can clearly depict the level and length of the bile duct obstruction as well as 
thee dilation of biliary duct. It was reported that in a study evaluating malignant 
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perihilarr biliary obstruction in 40 patients including 26 Klatskin's tumors, MRCP was 
ass effective as ERCP at detecting the presence and the level of biliary obstruction [7 \ 
Thee identification of the level of obstruction is helpful in providing a road map for 
planningg percutaneous interventions (Figure 9). 

Inn contrast to direct cholangiopancreatography, the main advantage of MRCP is that it 
cann depicts the biliary ducts both proximal and distal to a high-grade obstruction, 
whichh may not be sufficiently opacified by ERCP or PTC [71'72]. In addition, ERCP 
mayy results in sepsis caused by over-distention of the obstructed biliary duct with 
stagnantt bile that is colonized by bacteria. 

Figur ee 9. Hilar cholangiocarcinoma 

PancreaticPancreatic carcinoma 

MRCPP readily depicts the ducts obstructed by a pancreatic mass and localizes the 
obstructionn in the pancreas. MRCP identifies not only the dilated ducts located 
proximall  to the obstruction but also the irregular ducts that are narrowed and encased 
byy tumor [73'77\ In pancreatic head carcinoma, the "double duct sign" is the typical 
feature,, which occurs in 77% of cases and represents dilatation and 
non-communicationn of the pancreatic and common bile ducts (Figure 10). 

Figur ee 10. Pancreatic head carcinoma 
"doublee duct sign". 
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Inn a prospective study evaluating 124 patients with suspicion of pancreatic carcinoma, 
itt has been shown that MRCP was as effective as ERCP for the detection of the 
pancreaticc carcinoma with a sensitivity and specificity of 84% and 97%, respectively, 
forr MRCP, and a sensitivity and specificity of 70% and 94%, respectively, for ERCP 
[78].. When MRCP is combined with conventional MR imaging and MR angiography 
(MRA)) in the same examination, the preoperative staging and resectability of the 
pancreaticc carcinoma can also be assessed. In the patients with unresectable tumor, 
MRCPP is useful in planning palliative endoscopic and percutaneous procedures. 

Spirall  CT (SCT) is regarded the most efficient modality for imaging pancreatic 
neoplasms.. SCT has been reported to have a positive predictive value of 100%, 
negativee predictive value of 56%, and 70% overall accuracy for unresectable 
pancreaticc carcinoma[73]. Recently, unenhanced and contrast-enhanced MR imaging 
withh MRCP and MRA has been reported to have positive and negative predictive 
valuess for cancer non-resectability of 90% and 83%, respectively, and the accuracy, 
sensitivity,, and specificity were 85%, 69%, and 95%, respectively[79]. 

CysticCystic pancreatic tumors 

Thee most common types of cystic neoplasms of pancreas include serous and 
mucinouss tumors and intraductal papillary mucinous tumors (IPMTs). Serous tumors 
aree benign and typically show central calcification and fibrotic scar on CT scan. 
Mucinouss cystic neoplasms are more sinister tumors with malignant potential. 
Contrastt enhanced CT can demonstrate the enhancement of cystic walls and thin, 
straightt or curvilinear septations *73l 

Intraductall  papillary mucinous tumors (IPMTs) can easily be detected on MRCP 
becausee of their high fluid contents. MRCP is more sensitive and effective than is 
ERCPP in evaluating IPMTs t80'84^ The virtually pathognomonic finding of IPMTs is 
dilationn either of the major papilla or minor papilla with bulging into the duodenal 
lumen,, which can be appreciated on MR imaging and MRCP. In branch-duct IPMTs, 
communicationn with the main pancreatic duct is a valuable finding that is often 
demonstratedd best on secretin-stimulation MRCP. 

Thee observation of thick walls and mural nodules aids the diagnosis of IPMTs as 
malignancy.. The detection of nodules in the cystic lesion is better accomplished with 
MRCPP than with ERCP. The large sizes of the lesion and the main pancreatic duct are 
alsoo important to consider IPMTs as malignancy. It had be found [80] that 83% of 
tumorss large than 4 cm were malignant, and main pancreatic ductal dilation greater 
thann 15 mm was associated with malignancy (Figure 11). 
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Figuree 11. Intraductal papillary mucinous tumor 

PANCREATICOBILIAR YY DUCT OBSTRUCTION -
DIAGNOSI SS AND DIFFERENTIATIO N 

Inn a meta-analytic statistical literature [85] that compared MRCP with other gold 
standardd tests for diagnosing biliary obstruction (for example, ERCP, EUS, and 
intraoperativee or intravenous cholangiography), of 498 studies identified (MEDLINE 
search,, January 1987 to March 2003), 67 important articles were included (4711 
patients).. The overall adjusted sensitivity and specificity of MRCP in diagnosing 
biliaryy duct obstruction are 95% (spread, 75% to 99%) and 94% (CI, 86% to 99%), 
respectively.. MRCP compared well with most other gold tests, it seems relatively less 
sensitivee for the diagnosis of stones (92% [CI, 80% to 97%]) and less sensitive for the 
differentiationn of benign from malignant biliary obstruction (88% [CI, 70% to 96%]) 
thann it is in diagnosing the presence (97% [CI, 91% to 99%]) and level (98% [CI, 
94%% to 99%]) of biliary obstruction. 

Inn current imaging procedure of diagnosing the pancreaticbiliary diseases, ultrasound 
(US)) is still the first choice for evaluation. The combination of MRCP and 
conventionall  MR imaging provides an efficient method to diagnose pancreaticobiliary 
obstruction,, differentiate malignant from benign causes and for post-operative 
follow-upp f86"90]. Cross-sectional MR imaging and CT are complementary modalities 
forr pre-operative diagnosis and assessment of pancreaticobiliary tumors. The 
diagnosticc direct cholangiopancreatography (ERCP or PTC) is mainly used in difficult 
casess and combined with other interventional treatment, including endoscopic 
sphincterr tenotomy (EST) or PTC drainage. 

Forr pancreaticobiliary tumors, MRCP can define the location and morphological 
characteristicss of pancreaticobiliary obstruction as well as evaluate the area of tumor 
involvementt and the surgical resectability. Furthermore, with the advantages of both 
CTT and direct cholangiopancreatography examination, the combination of 
conventionall  MR imaging and MRCP may exhibit the pertinently surrounding 
structuress and increase the clinical diagnostic accuracy [91"93]. 
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MRR multi-imaging protocol, including MR cross-sectional imaging, MR 
cholangiopancreatographyy (MRCP) and dynamic contrast-enhanced MR angiography 
(DCEE MRA), integrates the advantages of various special imaging techniques. MR 
cross-sectionall  images can demonstrate the nature of tumor lesion and the range of 
tumorr involvement. MRCP can visualize the whole pancreaticobiliary tree and the 
levell  and degree of duct obstruction. DCE MRA can exhibit the spatial relationship 
betweenn the mass lesion and pertinent structures and the range of vessel invasion. 
Therefore,, the non-invasive "all-in-one" MR multi-imaging techniques might provide 
comprehensivee information needed for the preoperative diagnosis and evaluation of 
pancreaticobiliaryy tumor, which otherwise could be obtained only by performing three 
differentt exams, including ERCP or PTC, CT and angiography [94~,01]. It has been 
reportedd that the overall accuracy of comprehensive MR multi-imaging techniques in 
diagnosingg pancreaticobiliary tumor and its unresectability was 85% - 94% t79'99'100!. 
Ass a result, if the tumor is deemed resectable based on MR multi-imaging techniques, 
thenn the patient wil l be spared an unnecessary diagnostic ERCP and stent placement 
andd wil l undergo surgery in most instances. On the other hand, if the tumor is deemed 
unresectable,, then the patient wil l be spared an unnecessary surgical exploration and 
wil ll  be palliated with endoscopic or percutaneous stent placement. 

MRR VIRTUA L ENDOSCOPY 

Thee virtual simulation of fiberoptic endoscopy can be obtained with a new software 
tooll  based on surface or volume rendering techniques [9"15]. MR virtual endoscopy 
(MRVE)) uses the source images of thick-slab MRCP to endoluminal views of the 
pancreaticc and bile ducts. The integration between MRCP source images and 
reconstructedd images both with external and intraluminal points of view can improve 
thee diagnostic potentialities in pancreaticobiliary diseases, such as cholelithiasis, 
cholangitis,, biliary obstruction or postoperative alteration and pancreaticobiliary 
tumorr (Figure 12). 

Figur ee 12. Malignant biliary obstruction. MRCP (A) and MRVE (B). 
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Inn a controlled study evaluating 23 patients with various pancreaticobiliary diseases 
[15],, it has been shown that the diagnostic sensitivity, specificity and accuracy were 
improvedd from 92%, 78% and 89%, respectively, for using MRCP alone, to those of 
94%,, 89% and 93%, respectively, for the combination of MRCP and MRVE. However, 
thee clinical value of MRVE should be confirmed by more studies with larger sample 
cases. . 

MRC PP PITFALL S 

Manyy pitfalls related to both imaging techniques and intrinsic limitations may 
simulatee or mask pancreaticobiliary diseases. Familiarity with the findings that 
typicallyy lead to misdiagnosis and with the causes of these diagnostic pitfalls may 
helpp avoiding misinterpretation of MRCP images I102"105!. For example, maximum 
intensityy projection (MIP) reconstructed images may completely obscure small filling 
defectss and pneumobilia may be misinterpreted as bile duct stones. Metallic foreign 
bodiess or gastric-duodenal gas may cause magnetic susceptibility artifacts, and 
pulsatilee vascular compression can cause pseudo-obstruction of the bile duct. In 
patientss with prominent duodenal papilla, the mass-like structure protruding into the 
duodenumm may be suspected for papillary tumor or impacted stone. 

Usee of both source and MIP reconstructed images obtained from different angles can 
helpp avoid cystic duct-related pitfalls. Combination of MRCP and conventional MR 
imagingg can clarify the local anatomy of the periampullary region and differentiate 
betweenn benign and malignant diseases. Secretin-stimulation MRCP (s-MRCP) can 
helpp interpreter segmental collapse of the normal main pancreatic duct and improve 
thee anatomic depiction of the pancreatic ductal system. 

SUMMAR Y Y 

Inn summary, MRCP has evolved as a feasible means of non-invasively evaluating the 
pancreaticobiliaryy system and has considerable clinical utility. In patients with 
incompletee or failed ERCP or with biliary and gastrointestinal surgical procedures, 
MRCPP is the useful alternative modality. In the near future, MRCP may replace most 
off  the diagnostic ERCP such that ERCP is reserved primarily for therapeutic 
interventions.. Furthermore, when MRCP is performed in conjunction with abdominal 
MRR and MRA, the "all-in-one" examination may result that permits evaluation of the 
solidd organs and vessels of the abdomen as well as the ductal systems, which provides 
comprehensivee information needed for the preoperative diagnosis and staging in 
patientss with pancreaticobiliary tumor. 
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SUMMAR Y Y 

PARTT I: AUTOFLUORESCENCE OF GASTRIC CANCER 

ChapterChapter 2 reports on the clinical application of laser-induced fluorescence (LIF) 
spectraa for diagnosing gastric cancer during gastroscopy. A helium-cadmium laser 
systemm (excitation wavelength = 442nm) was used to detect the autofluorescence in 
388 patients with endoscopically and histologically diagnosed gastric cancer and 
chronicc gastritis. The LEF spectra produced by the helium-cadmium laser from gastric 
cancerr had one major peak (near 510nm) and three minor peaks (near 590nm, 670nm, 
710nm).. The intensity and shape of the LIF spectra in gastric cancer and normal 
gastricc tissue were significantly different. Using the integral fluorescence intensity (FI) 
att (662-677nm) and (701-716nm), and the ratio of FI (502-518nm)/FI (701-716nm) as 
thee diagnostic parameters, it was possible to diagnose gastric cancer with a sensitivity 
off  83%, a specificity of 91%, a positive predictive value of 88% and a negative 
predictivee value of 88%. The diagnostic accuracy was 88%. Using autofluorescence 
spectroscopyy to detect gastric cancer allows real-time detection of gastric cancerous 
lesionss and it serves as a guide for taking biopsy specimens. The technique may 
becomee a useful tool in the diagnosis of early gastric cancer. 

ChapterChapter 3 reports on the characteristics of gastric cancer in autofluorescence images. 
AA double-channel laser scanning confocal microscope with an argon ion laser 
(excitationn wavelength 488nm) and helium-neon laser (excitation wavelength 543nm) 
weree used to detect the autofluorescence from 16 gastric cancer tissue specimens and 
correspondingg normal gastric tissue. Autofluorescence from normal gastric tissue 
producedd a green image. The intensity of red color increased obviously in all gastric 
cancerr tissue (100%) after illuminating and the tissues produced a 
reddish-brown-coloredd image. A reddish-brown image is characteristics of 
autofluorescencee in gastric cancer detected by an argon ion laser and helium-neon 
laserr with a double-channel laser scanning confocal microscope. Autofluorescence 
imagingg analysis is useful in the diagnosis of gastric cancer. 
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PARTT II : IMAGIN G OF PANCREATICOBILIAR Y DISEASES 

ChapterChapter 4 reports on the clinical application value of MR cholangiopancreatography 
(MRCP)) in diagnosis of pancreaticobiliary duct disease. MRCP was performed in 
fifty-eightt subjects, including sixteen volunteers as comparison and forty-two patients 
withh various pancreaticobiliary duct diseases. MRCP uses non-breath-hold heavily 
T2-weightedd Turbo Spin-Echo (TSE) sequence with respiratory-triggering and 
fat-suppressionn techniques. Three-dimensional (3D) reconstruction was used for 
post-processingg with a maximum-intensity-projection (MIP) algorithm. MRCP 
examinationn was succeeded in all 58 cases. In sixteen volunteers as comparison, 
gallbladder,, extrahepatic bile duct and partial intrahepatic bile duct or main pancreatic 
ductt were visualized clearly. In forty-two patients with pancreaticobiliary duct disease, 
MRCPP can exhibit the imaging characteristic of various pancreaticobiliary duct 
diseasess and the total diagnostic accuracy was 85.7%. The accuracy of MRCP in the 
detectionn of the degree and location of bile duct obstruction was 100%. The accuracy 
off  MRCP for evaluating the causes of obstruction was 83. 8%. In the diagnosis of 
choledocholithiasiss and malignant bile duct obstruction, the diagnostic accuracy of 
MRCPP was 90.9% and 80.0%, respectively. MRCP examination has a high success 
ratee and can depict pancreaticobiliary duct clearly. Because of reliable value in 
diagnosingg pancreaticobiliary duct diseases, MRCP may provide an efficient 
alternativee to direct cholangiopancreatography, especially when the diagnostic ERCP 
andd percutaneous transhepatic cholangiography (PTC) are unsuccessful or inadequate. 

ChapterChapter 5 reports on the clinical value of various imaging methods in diagnosing the 
pancreaticobiliaryy disease and the optimal procedure. Eighty-two cases with 
pancreaticobiliaryy diseases confirmed by surgery and pathology were analyzed. There 
weree 38 cases of cholelithiasis, 34 cases of pancreaticobiliary tumors and 10 other 
cases.. The imaging methods included US, CT, ERCP, PTC, cross-sectional MRI and 
MRR cholangiopancreatography (MRCP). The accuracy rate of MRCP in detecting the 
locationn of pancreaticobiliary obstruction was 100%. In differentiating benign from 
malignantt obstruction, the sensitivity degree of combination of MRCP and 
cross-sectionall  MRI was 82.3%, the specificity degree was 93.8%, the accuracy rate 
wass 89.0%, and the accuracy rate for determining the nature of obstruction was 87.8%, 
whichh was superior to that of US (PO.01) and CT (P<0.05). However, there was no 
significantt difference between direct cholangiopancreatography and the combination 
off  MRCP and conventional MRI (P>0.05). In most cases, MRCP can substitute for 
diagnosticc direct cholangiopancreatography. The combination of MRCP and 
cross-sectionall  MRI should be considered an important means in the diagnosis, 
assessmentt and follow-up of the pancreaticobiliary diseases. 
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ChapterChapter 6 reports on the clinical value of MR multi-imaging technique in diagnosing 
andd assessing the resectability of pancreaticobiliary tumor. The prospective diagnosis 
andd resectability of 17 patients were evaluated. Surgical finding and pathologic results 
confirmedd pancreatic adenocarcinoma in 11 cases, cholangiocarcinoma in 4 and 
non-neoplasticc lesion in 2. MR multi-imaging protocol, including MR cross-sectional 
imaging,, MR cholangiopancreatography (MRCP) and three-dimensional dynamic 
contrast-enhancedd MR portography (3D DCE MRP), were performed in all patients. 
MRR multi-imaging technique allowed correct diagnosing 15 of 17 (88.2%) patients 
withh pancreaticobiliary tumors. The accuracy in detecting the range of tumor invasion 
wass 64.4%. The sensitivity, specificity, accuracy, positive and negative predictive 
valuee of MR multi-imaging technique in assessing the resectability of 
pancreaticobiliaryy tumors were 83.3%, 77.8%», 80.0%, 71.4% and 87.5%, respectively. 
MRR multi-imaging technique can not only improve the diagnostic ability of 
pancreaticobiliaryy tumor, but also assess the surgical resectability of the tumor. With 
thee fast development of MR techniques, the diagnosing and pre-operative assessment 
off  pancreaticobiliary tumor may be more simplified and efficient by using the 
non-invasivee "all-in-one" method. 

ChapterChapter 7 reviews the imaging technique and clinical application of MR 
cholangiopancreatography.. MRCP has evolved as a feasible means of non-invasively 
evaluatingg the pancreaticobiliary system and has considerable clinical utility. In 
patientss with incomplete or failed ERCP or with biliary and gastrointestinal surgical 
procedures,, MRCP is the useful alternative modality. In the near future, MRCP may 
replacee most of the diagnostic ERCP such that ERCP is reserved primarily for 
therapeuticc interventions. Furthermore, when MRCP is performed in conjunction with 
abdominall  MR and MRA, the "all-in-one" examination may result that permits 
evaluationn of the solid organs and vessels of the abdomen as well as the ductal 
systems. . 
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SAMENVATTIN G G 

DEELL  I: AUTOFLUORESCENTI E VAN MAAGKANKE R 

HoofdstukHoofdstuk 2 behandelt de klinische toepassing van laser-geïnduceerde fluorescentie 
(LLF)) spectra voor het diagnostiseren van maagkanker tijdens gastroscopie. Een 
Helium-Cadmiumm laser systeem (excitatiegolflengte=442nm) werd gebruikt om 
autofluorescentiepatronenn te bepalen in 38 patiënten met endoscopisch en histologisch 
gediagnostiseerdee maagcarcinoom en chronische gastritis. De LIF spectra van 
maagkankerr die door de helium-cadmium laser werden geproduceerd, lieten één grote 
piekk (510nm) zien en drie kleinere pieken (590nm, 670nm, 710nm). De intensiteit en 
dee vorm van de LIF spectra in maagkanker en normaal maagweefsel waren significant 
verschillend.. Gebruik makend van de integrale fluorescentie-intensiteit (FI) bij 
(662-677nm)) en (701-716nm) en van de ratio van FI (502-518nm)/FI (701-716nm) als 
diagnostischee parameters was het mogelijk om maagkanker te diagnostiseren met een 
sensitiviteitt van 83%, een specificiteit van 91%, een positief voorspellende waarde 
vann 88% en een negatief voorspellende waarde van 88%. De diagnostische 
accuratessee was 88%. Het gebruik van autofluorescentie spectroscopie maakt 
real-timee detectie van maagkanker mogelijk en kan dienen als leidraad voor het 
nemenn van biopten. Deze techniek zou een nuttig hulpmiddel kunnen worden in het 
diagnostiserenn van maagkanker in een vroeg stadium. 

HoofdstukHoofdstuk 3 heeft betrekking op de kenmerken van maagkanker in 
autofluorescentiebeelden.. Een double channel laser microscoop met een argon 
ionenlaserr (excitatiegolflengte 488nm) en een helium-neon laser (excitatiegolflengte 
543nm)) werd gebruikt om autofluorescentiepatronen van 16 specimens van het 
tumorweefsell  en overeenkomstig normaal maagweefsel te ontdekken. Het 
autoo fluorescentiepatroon van normaal maagweefsel liet een groen beeld zien. De 
intensiteitt van rode kleur steeg duidelijk in al het maagkankerweefsel (100%) na het 
verlichtenn en de weefsels vertoonden een roodbruin gekleurd beeld. Een roodbruin 
autofluorescentiepatroonn gedetecteerd door een argonionen- en helium-neon laser 
gezienn met een double-channel laser microscoop is karakteristiek voor maagkanker. 
Analysee van autofluorescentiebeelden is bruikbaar bij het diagnostiseren van 
maagkanker. . 
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DEELL  II : BEELDVORMIN G VAN PANCREATICOBILIAIR E ZIEKTE N 

HoofdstukHoofdstuk 4 behandelt de klinische toepassingswaarde van MR-geleide retrograde 
cholangiopancreaticographiee (MRCP) in het diagnosticeren van pancreaticobiliaire 
aandoeningen.. MRCP werd uitgevoerd bij achtenvijftig personen, onder wie 
tweeënveertigg patiënten met diverse pancreaticobiliaire aandoeningen en zestien 
gezondee personen die fungeerden als controlegroep. MRCP maakt gebruik van adem-
getriggerdee T2-gewogen Turbo Spin Echo (TSE) sequenties met vetsuppressie. Een 
driedimensionelee (3D) reconstructiemethode werd gebruikt voor de beeldverwerking 
mett een maximum-intensiteit-projectie (MIP) algoritme. MRCP was mogelijk bij alle 
588 personen. In de controlegroep werden zowel galblaas, intra- en extrahepatische 
galwegenn als ductus pancreaticus duidelijk gevisualiseerd. In de tweeënveertig 
patiëntenn met pancreaticobiliaire aandoeningen, toonde MRCP de karakteristieke 
afwijkingenn van diverse pancreaticobiliaire aandoeningen met een diagnostische 
accuratessee van 85.7 %. De nauwkeurigheid van MRCP in het detecteren van de 
plaatss en ernst van obstructie van de galweg was 100%. De nauwkeurigheid van 
MRCPP in het bepalen van de oorzaak van obstructie was 83.8%. In het diagnostiseren 
vann choledocholithiasis en galwegobstructie ten gevolge van maligniteit, was de 
diagnostischee accuratesse van MRCP respectievelijk 90.9% en 80.0%. MRCP kent 
eenn hoog slagingspercentage en kan zowel de ductus pancreaticus als de galwegen 
goedd in beeld brengen. Gezien de goede betrouwbaarheid van MRCP bij het 
vaststellenn van pancreaticobiliaire aandoeningen kan MRCP een efficiënt alternatief 
betekenenn voor directe cholangiopancreaticographie (echogeleide retrograde 
cholangiopancreaticographie,, ERCP), vooral in die gevallen waarin diagnostische 
ERCPP en percutane transhepatische cholangiographie (PTC) niet succesvol of 
onvolledigg zijn. 

HoofdstukHoofdstuk 5 beschrijft de klinische waarde van diverse beeldvormende technieken in 
hett diagnosticeren van pancreaticobiliaire aandoeningen en de optimale procedure 
hiervoor.. Tweeëntachtig personen met pancreaticobiliaire aandoeningen, zowel 
chirurgischh als pathologisch bevestigd, werden geïncludeerd. Er waren 38 patiënten 
mett cholelithiasis, 34 patiënten met tumoren van het pancreaticobiliaire systeem en 10 
patiëntenn met andere pancreaticobiliaire aandoeningen. De beeldvormende technieken 
omvattenn US, CT, ERCP, PTC, conventionele MRJ en MRCP. De accuratesse van 
MRCPP in het ontdekken van de lokatie van pancreaticobiliaire obstructie was 100%. 
Dee sensitiviteit van conventionele MRI gecombineerd met MRCP in het differentiëren 
tussenn benigne en maligne oorzaken van obstructie was 82.3%, de specificiteit was 
93.8%,, de accuratesse was 89.0%. De accuratesse in het bepalen van de 
obstruerendee aandoening was 87.8%, hetgeen superieur was ten opzichte van zowel 
USS (PO.01) als CT (PO.05). Evenwel bleek er geen significant verschil tussen 
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ERCPP en de combinatie van MRCP en conventionele MRI (P>0.05). In de meeste 
gevallen,, kan MRCP ERCP vervangen. De combinatie van MRCP en conventionele 
MRII  kan worden beschouwd als een belangrijk hulpmiddel bij zowel het 
diagnosticerenn van pancreaticobiliaire aandoeningen als de pre-operative beoordeling 
enn postoperatieve follow-up ervan. 

HoofdstukHoofdstuk 6 beschrijft de klinische waarde van MR multi-imaging techniek bij het 
diagnosticerenn en preoperatief beoordelen van pancreaticobiliaire tumoren. De 
prospectievee diagnose en resectabiliteit van 17 patiënten werden geëvalueerd. 
Chirurgischee bevindingen en de pathologische resultaten wezen uit dat bij 11 
patiëntenn sprake was van pancreascarcinoom, bij 4 patiënten van cholangiocarcinoom 
enn bij 2 patiënten van benigne tumoren. Een MR multi-imaging protocol, met inbegrip 
vann conventionele MR, MRCP en driedimensionale dynamische MR portographie met 
toedieningg van contrast (3D DCE MRP) werd uitgevoerd in alle patiënten. MR 
multi-imagingg techniek diagnosticeerde 15 van 17 (88.2%) patiënten met 
pancreaticobiliairee tumoren correct. De accuratesse in het ontdekken van de graad van 
tumoringroeii  was 64.4%. De sensitiviteit, specificiteit, accuratesse, positieve en 
negatievee voorspellende waarde van MR multi-imaging techniek in de beoordeling 
vann resectabiliteit van pancreaticobiliaire tumoren waren respectievelijk 83.3%, 
77.8%,, 80.0%, 71.4% en 87.5%. Met behulp van MR multi-imaging techniek kan niet 
alleenn de mogelijkheid tot diagnosticeren van pancreaticobiliaire tumoren verbeterd 
worden,, maar ook de beoordeling van chirurgische resectabiliteit. Met de snelle 
ontwikkelingg van MR technieken kan bij pancreaticobiliaire tumoren door het gebruik 
vann een niet-invasieve "all-in-one" methode het diagnostische traject vereenvoudigd 
enn efficiënter worden, 

HoofdstukHoofdstuk 7 laat de techniek en de klinische toepassing van MRCP de revue passeren. 
MRCPP heeft zich ontwikkeld als een geschikt middel om het pancreaticobiliaire 
systeemm op niet-invasieve wijze te evalueren en is goed bruikbaar in een klinische 
setting.. Bij patiënten in wie ERCP niet volledig gelukt of mislukt is of bij patiënten 
diee in het verleden gastrointestinale operaties hebben ondergaan waardoor ERCP niet 
mogelijkk is, is MRCP een bruikbare alternatieve modaliteit. In de nabije toekomst kan 
MRCPP grotendeels de ERCP vervangen, zodat ERCP hoofdzakelijk gereserveerd kan 
wordenn voor therapeutische interventies. Voorts zou - wanneer MRCP zou worden 
uitgevoerdd in combinatie met een abdominale MR en een MRA- een "all-in-one" 
onderzoekk resulteren dat beoordeling van zowel buikorganen als abdominale vaten als 
ductalee systemen mogelijk maakt. 
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