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ÖZET

AMAÇ: Nav�gatör tet�klemel� “Prospect�ve Acqu�s�t�on Correct�on 
Enhancement” tekn�ğ�, manyet�k rezonans kolanj�yopankreatografi 
tetk�kler�nde solunuma bağlı oluşan hareket artefaktlarını g�dermek �ç�n 
gel�şt�r�lm�ş b�r yöntemd�r. Bu çalışmada “Prospect�ve Acqu�s�t�on Correct�on 
E n h a n c e m e n t ”  t e k n � ğ �  � l e  e l d e  o l u n a n  m a n y e t � k  r e z o n a n s 
kolanj�yopankreotografi görüntüler�n�n koledokol�t�az�s tanısındak� etk�nl�ğ�n�n, 
altın standart olarak kabul ed�len endoskop�k retrograt kolanj�yopankreatografi 
tetk�k� �le karşılaştırılması amaçlanmıştır. 

GEREÇ VE YÖNTEM: Koledokol�t�az�s varlığının tanısında “Prospect�ve 
Acqu�s�t�on Correct�on Enhancement” tekn�ğ� �le yapılan manyet�k rezonans 
kolanj�yopankreatografi tetk�k�n�n tanısal doğruluğu altın standart olarak kabul 
ed�len endoskop�k retrograt kolanj�yopankreatografi tetk�k� sonuçlarına göre 
karşılaştırıldı. 

BULGULAR: Çalışmaya dah�l ed�len 107 hastadan manyet�k rezonans 
kolanj�yopankreatografi �le 40, endoskop�k retrograt kolanj�yopankreatografi�le 
36 hastaya koledokol �t �az�s tanısı  konuldu. Manyet�k rezonans 
kolanj�yopankreatografi�le koledokol�t�az�s tanısı konulan 40 hastanın 36'sında 
endoskop�k retrograt kolanj�yopankreatografi taş varlığını gösterd�. 
“Prospect�ve Acqu�s�t�on Correct�on Enhancement” tekn�ğ� �le yapılan 
manyet�k rezonans kolanj�yopankreatografi tetk�k�n�n poz�t�f pred�kt�f değer� 
%90, negat�f pred�kt�f değer� %98.5, sens�t�v�tes� %97.3, spes�fis�tes� %94.3 ve 
tanısal doğruluk oranı %95.3 olarak hesaplandı. 

SONUÇ: Nav�gatör tet�klemel� “Prospect�ve Acqu�s�t�on Correct�on 
E n h a n c e m e n t ”  t e k n � ğ �  � l e  e l d e  o l u n a n  m a n y e t � k  r e z o n a n s 
kolanj�yopankreatografi tetk�k�n�n koledokol�t�az�s tanısında yüksek doğruluğa 
sah�p güven�l�r b�r yöntem olduğunu düşünmektey�z. 

Anahtar kel�meler: Endoskop�k retrograt kolanj�yopankreatografi, Manyet�k 
rezonans kolanj�yopankreatografi, Nav�gatör tet�kleme, “Prospect�ve 
Acqu�s�t�on Correct�on Enhancement” tekn�ğ�. 

ABSTRACT

AIM: The nav�gator-tr�ggered Prospect�ve Acqu�s�t�on Correct�on 
Enhancement techn�que �s a method used to el�m�nate resp�ratory mot�on 
art�facts caused �n magnet�c resonance cholang�opancreatography 
exam�nat�ons. The purpose of th�s study was to compare the d�agnost�c 
accuracy of nav�gator-tr�ggered Prospect�ve Acqu�s�t�on Correct�on 
Enhancement tecn�que magnet�c resonance cholang�opancreatography 
exam�nat�on w�th endoscop�c retrograde cholang�opancreatography as a gold 
standard reference �n presence of choledochol�th�as�s. 

MATERIAL AND METHOD: The d�agnost�c rates of magnet�c resonance 
cholang�opancreatography exam�nat�on performed w�th Prospect�ve 
Acqu�s�t�on Correct�on Enhancement techn�que �n the d�agnos�s of 
choledochol�th�as�s were compared accord�ng to the results of the 
endoscop�c retrograde cholang�opancreatography exam�nat�on, wh�ch was 
accepted as a gold standard reference. 

RESULTS: Among 107 pat�ents �ncluded �n the study, 40 pat�ents w�th 
magnet�c resonance cholang�opancreatography and 36 pat�ents w�th 
endoscop�c retrograde cholang�opancreatography were d�agnosed w�th 
choledochol�th�as�s. Endoscop�c retrograde cholang�opancreatography 
showed the presence of choledochol�th�as�s �n 36 pat�ents among 40 pat�ents 
d � ag n o se d  as  ch o l e d o ch o l � th � as � s  w � th  mag n e t � c  re so n an ce 
cholang�opancreatography. The pos�t�ve pred�ct�v�ty value of the magnet�c 
resonance cholang�opancreatography exam�nat�on performed w�th the 
Prospect�ve Acqu�s�t�on Correct�on Enhancement techn�que was 90%, the 
negat�ve pred�ct�v�ty value was 98.5%, the sens�t�v�ty was 97.3%, the 
spec�fic�ty was 94.3%, and the d�agnost�c accuracy was 95.3%. 

CONCLUSION: We th�nk that nav�gator-tr�ggered magnet�c resonance 
cholang�opancreatography exam�nat�on obta�ned w�th Prospect�ve 
Acqu�s�t�on Correct�on Enhancement techn�que �s a rel�able method w�th h�gh 
accuracy �n the d�agnos�s of choledochol�th�as�s.

Keywords: Endoscop�c retrograde cholang�opancreatography, Magnet�c 
resonance cholang�opancreatography, Nav�gator–tr�gger�ng, Prospect�ve 
Acqu�s�t�on Correct�on Enhancement techn�que. 
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INTRODUCTION
Magnet�c resonance cholang�opancreatography (MRCP) �s a non�nvas�ve 
�mag�ng techn�que that prov�des deta�led �nformat�on on the anatomy and 
pathology of the pancreat�cob�l�ary tree. T2-we�ghted MRCP has been 
essent�al for both the detect�on and character�zat�on of pancreat�cob�l�ary 

1d�seases.  Resp�ratory mot�on art�fact �s a major problem that leads to �mpa�red 
MRCP �mage qual�ty.

The nav�gator-tr�ggered prospect�ve acqu�s�t�on correct�on (PACE) techn�que 
�s a v�rtual resp�ratory mon�tor�ng techn�que. Th�s techn�que can reduce 
resp�ratory mot�on art�facts by d�rectly mon�tor�ng the super�or-�nfer�or 
movement of the r�ght d�aphragm w�th nav�gator echoes. The PACE techn�que 
�s a real-t�me grad�ent recalled echo fast low angle shot nav�gator sequence for 

2,3 mon�tor�ng d�aphragmat�c movement. The hallmark of th�s techn�que �s that 
�t does not requ�re pat�ents to hold the�r breath dur�ng �mag�ng. Among the 
techn�ques used to reduce resp�ratory art�facts, the PACE techn�que has 
always an �nd�spensable place, espec�ally �n the pat�ent group who can not 
establ�sh resp�ratory cooperat�on, and we th�nk there �s not enough 
�nformat�on �n the l�terature about the efficacy of th�s techn�que.

The purpose of th�s study was to compare the d�agnost�c accuracy of 
nav�gator-tr�ggered PACE techn�que �sotrop�c 3D-MRCP us�ng a parallel 
�mag�ng techn�que for choledochol�th�as�s w�th that of endoscop�c retrograde 
cholang�opancreatography (ERCP) as a gold standard reference.

MATERIAL AND METHOD
Th�s study was approved by the Eth�cs Comm�ttee and Health Sc�ences 
Research Board of Başkent Un�vers�ty (dec�s�on no: 0.05.05.01/586, date: 
07/09/2010).

Study populat�on
The part�c�pants were the pat�ents who presented w�th cl�n�cal s�gns and 
symptoms that has suspected pancreat�cob�l�ary d�sease and performed both 
MRCP and ERCP at Başkent Un�vers�ty Faculty of Med�c�ne Ankara 
Hosp�talbetween February 2009 and December 2012. The t�me �nterval 
between ERCP and MRCP ranged from 0-to 30 days (mean 7,2 days). 
Inclus�on cr�ter�a were defined as perform�ng MRCP first, then perform�ng 
ERCP for pat�ents w�th the above-ment�oned compla�nts and find�ngs w�th�n 
the spec�fied t�me, and be�ng successful �n both exam�nat�ons. Pat�ents who 
had ERCP before MRCP and whose exam�nat�ons were not successful were 
excluded from the study. Wr�tten �nform consent was obta�ned from each 
pat�ent separately before the exam�nat�ons, and there was a confirmat�on 
clause �n the consent forms stat�ng that the hosp�tal where these 
exam�nat�ons were performed was a un�vers�ty �nst�tut�on and that the �mages 
could be used �n poss�ble future stud�es.

MRCP protochol and ERCP prosedure
Before MRCP �mag�ng, the pat�ents were asked to fast for a m�n�mum of 6 
hours to max�m�ze gallbladder fill�ng and gastr�c empty�ng. MRCP �mag�ng was 
performed w�th a 1,5 T (Magnetom Symphony, S�emens Med�cal Solut�ons) 
us�ng a 6-channel body phased-array surface co�l as a rad�ofrequency 
rece�ver. 3D heavy T2 we�ghted Turbo Sp�n Echo (TSE) sequence, sl�ce 
th�ckness 5 mm, fl�p angle 90 degrees, field of v�ew (FOV) 400 mm, matr�x s�ze 
384x384, and gap: 0 were selected as sequence parameters. The MRCP 
exam�nat�on was performed us�ng the nav�gator-tr�ggered PACE techn�que, 
w�thout hold�ng a breath. Repeat T�me (TR) t�me was determ�ned �nd�v�dually 
for each pat�ent accord�ng to the cycle of d�aphragm movements detected by 
nav�gator echoes. Echo T�me (TE) t�me was determ�ned as 100 msn and turbo 
factor was determ�ned as 21.

The source �mages were obta�ned �n two planes, prov�d�ng better anatom�c 
or�entat�on. We processed MRCP data sets w�th max�mum �ntens�ty project�on 
(MIP) and shaded surface d�splay (SSD) algor�thms. The MIP algor�thm was 
used to obta�n 3-d�mens�onal (3D) �mages of the �ntrahepat�c and 
extrahepat�c b�l�ary systems from the source �mages.

A standard defined protocol was used for 3D reformatted �mages. For the 
�mage analys�s, a ser�es of 19 project�ons rotated by 10 �ntervals from -90° to 
90° was created for each render�ng algor�thm. The reconstruct�ons were 
obta�ned �n the coronal plane.

For the PACE techn�que, the 2D-PACE w�th a standard protocol was used. The 
echoes of a grad�ent echo fast low angle shot (FLASH) sequence cont�nuously 
acqu�red a coronal 2D �mage to mon�tor the movement of the r�ght d�aphragm 

us�ng the follow�ng parameters, sl�ce th�ckness of 10 mm, field of v�ew of 
256x512 mm us�ng a bandw�dth of 260 Hz/p�xel, and a fl�p angle of 3 (matr�x 
s�ze= 256x512. TR=7.1 msec, TE=3.4 msec). Data of the end-exp�ratory phase 
were gathered v�a nav�gator-tr�gger�ng. The acqu�s�t�on t�me wh�ch depended 
on the pat�ent's resp�rat�on cycle was noted �n order to calculate the mean 
acqu�s�t�on t�me.

ERCP was performed by one of the attend�ng gastroenterolog�sts us�ng 
standard techn�ques and fiber-opt�c endoscopes. The ERCP reports of 
spec�fied dates were scanned and pat�ents w�th and w�thout stone d�sease 
detected �n ERCP were noted. All MRCP �mages were rev�ewed retrospect�vely 
by two rad�olog�sts, one w�th 5 years and the other w�th 15 years of exper�ence 
at an �ndependent workstat�on (Leonardo, S�emens Med�cal Systems, 
Erlangen, Germany). 

Stat�st�cal analys�s
Sens�t�v�ty, spec�fic�ty, pos�t�ve pred�ct�ve values (PPV), negat�ve pred�ct�ve 
values (NPV), and d�agnost�c accuracy of the MRCP techn�que were 
calculated us�ng SPSS software (SPPS �nc. vers�on 11, 2002, Ch�cago, IL, 
USA). The accuracy of MRCP for determ�n�ng the presence of 
choledochol�th�as�s was compared w�th that of ERCP as the gold standard by 
us�ng the McNemar test.

RESULTS
Between January 2009 and December 2012, we �dent�fied a total of 119 
pat�ents who underwent MRCP and then ERCP w�th the susp�c�on of 
pancreat�cob�l�ary d�sease. A total of 12 pat�ents had to be excluded from the 
study, 5 due to �nadequate �mage qual�ty on MRCP w�th pat�ent-related 
reasons and 7 due to unsuccessful cannulat�on dur�ng ERCP. In the rema�n�ng 
107 pat�ents, both MRCP and ERCP were performed successfully. The 
pat�ents were 51 (47,7%) men and 56 (52,3%) women w�th a mean age of 61,7 
years. MRCP revealed choledochol�th�as�s �n 40 of the 107 pat�ents, whereas 
ERCP revealed choledochol�th�as�s �n 36 of these 40 pat�ents. ERCP revealed 
choledochol�th�as�s �n 37 of the 107 pat�ents. Us�ng ERCP as the gold 
standard, the stat�st�cal results for MRCP �n detect�on of choledochol�th�as�s 
were as follows: pos�t�ve pred�ct�ve value (PPV): 90%, negat�ve pred�ct�ve 
value (NPV): 98,5%, sens�t�v�ty: 97,3%, spec�fic�ty: 94,3 %, and d�agnost�c 
accuracy: 95,3 %. Examples of the MRCP and ERCP �mages are g�ven �n 

F�gure 1

a) An ERCP �mage shows 16 mm s�zed stone �n the common b�le duct b) 
coronal c) ax�al T2-we�ghted TSE sequence MRCP w�th nav�gator-tr�ggered 
PACE techn�que d) and 3D max�mum �ntens�ty project�on MRCP �mages show 
the fill�ng defects as choledochol�th�as�s.
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F�gure 2. 
a) Coronal b) and ax�al T2-we�ghted TSE sequence MRCP w�th nav�gator-
tr�ggered PACE techn�que �mages show small stone �n the common b�le duct c) 
ERCP �mage shows choledochol�th�as�s �n the d�stal common b�le duct.

figures 1, 2. The mean acqu�s�t�on t�me was calculated 5,32 m�nutes (range 
4,21-7,52 m�n)

DISCUSSION
W�th recent advances �n the development of h�gh-performance grad�ent co�ls 
and phased array torso co�ls and evaluat�on of software, numerous pulse 
sequences have become ava�lable for T2 we�ghted MRCP �mag�ng. Art�facts 
caused by resp�ratory mot�on are one of the major problems w�th these pulse 
sequences because these art�facts may lead to �mage blurr�ng, ghost�ng, loss 
of s�gnal �ntens�ty, and m�sreg�strat�on, thereby obscur�ng �mportant anatom�c 

4structures and les�ons.

5-11Var�ous techn�ques have been used to reduce resp�ratory art�facts.  A 
stra�ghtforward strategy �s to use fast �mag�ng techn�ques performed by 
hold�ng a breath to the pat�ent. Techn�ques such as grad�ent echo, 2 or 3D fast 
sp�n echo, s�ngle-shot rap�d acqu�s�t�on w�th relaxat�on enhancement (RARE), 
and half-Four�er s�ngle-shot turbo sp�n-echo (HASTE) sequences wh�ch can 
fill the k-space dur�ng the resp�ratory mot�onless per�od have been w�dely 
used. However, �mages obta�ned w�th these sequences are usually poor, and 
art�facts �nherent to fast �mag�ng often become troublesome.

Another strategy used for overcom�ng challenges about resp�ratory art�facts �s 
a resp�ratory tr�gger�ng method. In many stud�es surveyed �n th�s field, �t has 
been shown that the �mage contrast, s�gnal-no�se rate, and spat�al resolut�on 
�ncrease due to the extens�on of s�gnal acqu�s�t�on t�me w�th resp�ratory-
tr�gger�ng T2 we�ghted sequences. Resp�ratory Ordered Phase Encod�ng 
(ROPE), Phase Encoded Art�fact Reduct�on (PEAR), and Phase Encod�ng 
Reorder�ng Mot�on (PERM) techn�ques use resp�ratory gat�ng or resp�ratory 
compensat�on methods known as resp�ratory-tr�gger�ng methods. Recent 
stud�es propose that a three-d�mens�onal (3D) th�n mult�sl�ce resp�ratory-
tr�ggered (RESP) techn�que us�ng TSE sequence �s super�or to breath-hold 
sequences. The RESP techn�que �s used �n an attempt to avo�dmot�on art�facts 

3 for non-breath-hold�ng sequences. Movement of the abdom�nal wall �s 
commonly mon�tored by a spec�al belt rolled around the upper abdomento 

6mon�tor resp�ratory mot�on.  Th�s method can mon�tor the resp�ratory cycle 
eas�ly. However, there �s a poss�b�l�ty that the qual�ty of the �mages obta�ned 
w�ll not be sat�sfactory because the mot�on of the abdom�nal wall does not 
always synchron�ze with that of the abdom�nal parenchymatous organ. As 
well, pat�ents need to be spec�ally prepared and �nterrupt�ons of an 
exam�nat�on because of the d�slocat�on of the respect�ve mon�tor�ng dev�ce 
can occur. Therefore, the probab�l�ty of exper�enc�ng problems w�th these 
techn�ques �s relat�vely common.

Another resp�ratory art�fact prevent�on strategy �s the nav�gator-tr�ggered 

method. Nav�gators are add�t�onal RF pulses used to dynam�cally track 
anatom�c mot�on, espec�ally the super�or-�nfer�or pos�t�on of the d�aphragm. 
Nav�gator pulses may be e�ther sp�n-echo (SE) or grad�ent echo (GRE). In the 
PACE techn�que, the movements of the r�ght d�aphragm dur�ng the resp�ratory 
cycle are mon�tored by echoes of a nav�gator. Its super�or�ty to the 
convent�onal RESP techn�que for 2D sequences of the upper abdom�nal area 

6,7has been reported.  However, judg�ng from many past reports about 3D 
9-12whole-heart coronary magnet�c resonance ang�ography,  such an �mproved 

mot�on correct�on techn�que w�ll be even more valuable for 3D sequences. The 
super�or�ty of 3D MRCP us�ng the 2D-PACE techn�que to convent�onal RESP 

5and breath-hold�ng 2D MRCP has been reported.  Mor�ta et al.'s prospect�ve 
comparat�ve study on healthy volunteers demonstrated the super�or�ty of the 
nav�gator-tr�ggered PACE techn�que over the RESP techn�que �n �mage 

13 qual�ty. However, there has been no prospect�ve comparat�ve report prov�ng 
th�s super�or�ty by compar�ng the 2D-PACE and RESP techn�ques w�th 
suspected pancreat�cob�l�ary d�sease pat�ents. Furthermore, because only a 
l�m�ted number of compan�es prov�de 2D-PACE, there has been some 
skept�c�sm. Thus, whether PACE �s super�or to convent�onal RESP for 3D 
MRCP needs more cons�derat�on. Th�s study contr�butes to the l�m�ted 
�nformat�on ava�lable �n the l�terature about the cl�n�cal efficacy of th�s 
techn�que, wh�ch does not requ�re breath-hold�ng due to the nav�gator-
tr�gger�ng method and has a cr�t�cal place �n the MRCP �mag�ng, espec�ally �n 
the pat�ents w�th breath-hold�ng problems.

In our study, we �nvest�gated pat�ents w�th 3D heav�ly T2-we�ghted MRCP 
us�ng the nav�gator-tr�ggered PACE techn�que. Th�s TSE techn�que prov�des 
th�n sl�ces that d�splay ductal fill�ng defects as areas of s�gnal vo�d surrounded 

12by br�ght b�le s�gnals.  There was an opt�mal contrast between the 
hyper�ntense s�gnal of the b�le and the hypo�ntense s�gnal of the stone (F�gure 
1, 2). Our results revealed a total accuracy rate 95,3 % for MRCP �n the 
detect�on of choledochol�th�as�s �n suspected pancreat�cob�l�ary d�sease 
cases wh�ch suggests a h�gh accuracy rate. Resp�ratory tr�ggered TSE 
acqu�s�t�on comb�nes h�gh SNR and contrast of �mages and m�n�mal mot�on 
art�facts comparable to breath-hold techn�ques. Our study results show 
comparable d�agnost�c performance of 3D-MRCP w�th ERCP for evaluat�ng 
common b�le duct stones probably due to the nav�gator-tr�ggered �sotrop�c 
3D-TSE sequence for MRCP. 

The stone d�sease can be d�agnosed us�ng several d�fferent MR techn�ques, 
�nclud�ng 3D heav�ly T2-we�ghted TSE MR sequences, HASTE, and s�ngle-
shot RARE sequences. These are currently cons�dered opt�mal because they 
prov�de th�n sect�ons w�th h�gher spat�al resolut�on, h�gher s�gnal-to-no�se 

14,15rat�os, and comparable �mage contrast �n a s�ngle-breath t�me frame.  
However, there �s no clear consensus about wh�ch sequence �s most 

15,16appropr�ate for MRCP �mag�ng and for detect�ng stones �n the b�le duct.
The l�terature �nd�cates that MRCP �s a h�ghly sens�t�ve (50-100%) and spec�fic 

16-18 (83-100%) tool for d�agnos�ng b�l�ary stone d�sease. In a systemat�c rev�ew 
study of Kaltenthaler et al., wh�ch �ncluded 15 stud�es compar�ng MRCP and 
ERCP �n the d�agnos�s of choledochol�th�as�s, the overall sens�t�v�ty and 
spec�fic�ty values   calculated w�th the average d�agnost�c threshold value were 

19 found to be 91% and 95%, respect�vely. The correspond�ng values �n our 
study were very h�gh too (97,3%, and 94,3% respect�vely). 
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Table 1. S�m�lar stud�es on the efficacy of MRCP w�th d�fferent techn�ques �n the 
d�agnos�s of pancreat�cob�l�ary d�sease �n the l�terature.

shows some s�m�lar stud�es on the efficacy of MRCP w�th d�fferent techn�ques 
20-26�n the d�agnos�s of pancreat�cob�l�ary d�sease �n the l�terature.

W�th the development of rap�d �mag�ng techn�ques �n MRI exam�nat�ons over 
the years, advances have also been made �n MRCP �mag�ng. W�th techn�cal 
�mprovements �n MRI, �nclud�ng faster grad�ents, more rece�ver co�ls, and the 
appl�cat�on of parallel �mag�ng, 3D MRCP protocols capable of reveal�ng 
�mages �n a s�ngle breath-hold t�me became feas�ble. A faster 3D �sotrop�c 
techn�que w�th a reduced and vary�ng fl�p angle has recently become w�dely 
accepted for MRCP because �t can produce th�n �sotrop�c �mages but w�th a 
shorter acqu�s�t�on t�me and decreased spec�fic absorpt�on rate. Vendor-
spec�fic names that the reader would be fam�l�ar w�th are SPACE (sampl�ng 
perfect�on w�th appl�cat�on-opt�m�zed contrasts us�ng d�fferent fl�p-angle 
evolut�ons; S�emens Healthcare), Cube (GE Healthcare), and VISTA (Ph�l�ps 

27 Healthcare). In a recent prospect�ve comparat�ve study, �t was shown that all 
v�sual scores, contrast and contrast no�se rat�o (CNR) of common b�le duct 
were h�gher for the 3D MRCP SPACE than the convent�onal TSE sequence and 

28 there was a s�gn�ficant d�fference �n mot�on art�facts. Such new techn�ques, 
wh�ch shorten the acqu�s�t�on t�me and decrease spec�fic absorpt�on rates, 
can also be used �n nav�gator-tr�ggered MRCP exam�nat�ons. In another 
prospect�ve comparat�ve study conducted by Chen et al. �n 2019, �t was shown 
that the rap�d nav�gator-tr�ggered MRCP exam�nat�on us�ng the SPACE 
techn�que �s super�or �n �mage qual�ty scores compared to the convent�onal 
nav�gator-tr�ggered MRCP exam�nat�on whereas the mean s�gnal-no�se rat�o 
(SNR), the contrast rat�o, and the contrast no�se rat�o of the common b�le duct 

29 were h�gher on nav�gator-tr�ggered MRCP. Nevertheless, there �s a lack of 
stud�es on the accuracy of SPACE MRCP conducted on cl�n�cal 
pancreat�cob�l�ary patholog�es.

One l�m�tat�on of our MRCP techn�que concern�ng detect�ng gall stones �s that 
the sl�ce th�ckness requ�res part�al volume averag�ng. Th�s can lead to false-
negat�ve results when a stone �s smaller than the sl�ce th�ckness �n d�ameter. 
More stud�es to be made by th�nn�ng the sect�on th�ckness can g�ve more 
�ns�ght �nto th�s �ssue. The other l�m�tat�on of our stduy �s relat�vely low number 
of cases.

Another l�m�tat�on �s that �t �s not always easy to d�st�ngu�sh between stones 
and pneumob�l�a, tortuous common b�le duct, compress�on of the hepat�c 
duct by the r�ght hepat�c artery, and or�g�n of the cyst�c duct m�m�ck�ng 
common b�le duct stones can be all confus�ng. These s�tuat�ons can lead to 
false-pos�t�ve results. Our study cannot make any comments about the 
super�or�ty of the techn�ques to each other �n these confus�ng s�tuat�ons.

CONCLUSION
T2 we�ghted �sotrop�c 3D MRCP us�ng the nav�gator-tr�ggered PACE 
techn�que can accurately show the presence of choledochol�th�as�s and s�nce 
no breath-hold�ng �s necessary �t can be used effect�vely �n elderly pat�ents 
who can not do breath-hold�ng. Prospect�ve stud�es that �nvest�gate 
pancreat�cob�l�ary d�sease pat�ents by compar�ng the nav�gator-tr�ggered 
PACE techn�que w�th other methods are needed.
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