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SPECTROSCOPY LETTERS, 29(7), 1317-1321 (1996) 

NMR PROTON l/Tl RATES IN BILE FLUID 
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A.Yilmaz+ and Boylu* 

* 
'Department of Physics , Faculty of Science, Department of Generul Sur - 

geiy ,  School of Medicine, University of Dicle, Diyarbakir, Turkey. 

ID1 rates in bile fluids from patients with gallstones in the gallbladder have been deter- 
mined using a m-NMR spectrometer operating at 60MHz. The inversion recovery pulse se- 
quences (18Oo-~-9O0] were used for T1 measurements. Fluids from patients with non- 
obstructive. partially obstructive and complete obstructive gallstones have been studied. The 
mean l /r l  in bile fluids from patients with obstructive gallstones was highly significantly dif- 
ferent than those from patients with non-obstructive and partial obstructive gallstones, while 
the ID1 in the fluid of partially obstructive cases was significantly different than that of 
complete obstructive cases. This implies that in vivo MRI T1 measurements can be used for 
the clinical course of gallstone formation and for surgical decision about early intervention. 

INTRODUCTION 

Bile fluid consistes of water, solids, bile ascites, mucin and pigments, cho- 

lesterol , ester and inorganic salts. The proton NMR of bile fluid is adequate 

*To whom all correspondence should be addressed 
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1318 YILMAZ AND BOYLU 

since it contains more than 80 % water and each water molecule contains two 

protons. 

Magnetic resonance imaging (MRI) is extensively being used in hospitals for 

diagnostic purposes. MRI data are often based on a set of spin-echo images where 

spin-lattice relaxation time(T1) partly constitute the source of contrast( 1) In addi- 

tion, T1 map obtained by MRI is useful for diagnosis(2). 

The l / r l  in a fluid is known to be very sensitive to the composition of fluid(3). 

The composition of bile fluid changes when gallstone becomes an obstacle to the 

fluid flowing into gallbladder (4). In vitro NMR l/rl  rates in bile fluid may there- 

fore be related to the degree of obstruction in bile duct, and this may be useful for 

diagnostic MRI and planning surgical intewention. Although the T1 in healthy 

bile fluid was reported before(5), the l/rl rates in bile fluids from patients with 

gallstones have not been specifically investigated. 

MATERIALS AND METHODS 

The bile fluids were collected from patients with gallstone in the gallbladder 

during surgical operation. The bile fluid was obtained with dental needle from gall- 

bladder. Samples were divided into three groups : fluids from patients with non- 

obstructive gallstone, fluids from patients with partially obstructive gallstone and 

fluids from patients with complete obstructive gallstone.The groups were based on 

the range of the obstruction in cystic duct, which was determined during opera- 

tion. The groups were compared using student t-test(6). 

T1 measurements were carried out on a JEOL FX-60Q FT NMR spectrometer 

operating at 60MHz for proton and lOmm 0.d. NMR tubes were used. The inver- 

sion recovery pulse sequence was used with pulse spacing T, being vaned from 

0.0% to 5s. The peak heights of magnetization recovery were normalized to the 

infinite T which was 1%. Pulse repetition time was set at 20s. The magnetization 

decay curve was found to be a single exponential. The probe temperature was main- 

tained at 20 5 0.5 OC by means of a JNM-VT-3C automatic temperature controller 
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unit. All measurements were made immediately after bile fluids were obtained. 

The experimental error for T1 was about H . 0 3 ~ .  

RESULTS AND DISCUSS ION 

The average 1/T1 in bile fluid from patiens at each group is shown in Table 1 

together with standart deviations. It is seen that l f l l  in bile fluids from patients 

with non-obstructive gallstones is highly significantly different than those of 

other groups (P<O.OOOl), whereas l / r l  in partially obstructive group is signifi- 

cantly higher than that of complete obstructive group (p<O.OOl). 

The ranges of the l /r l  rates in fluids from patients with non-obstructive, 

with partially obstructive and with complete obstructive gallstones were (1.07- 

3.47)/s, ( 0.66-1.07)/s and ( 0.39-0.46)/s, respectively. As is seen, the ranges be- 

comes considerably smaller in the presence of an obstruction in bile duct. 

In addition to many functions in intermediary methabolism, the liver plays an 

important role by producing bile. Normally, the bile fluid flows into gallbladder 

where it is stored for the use, but gallstones may impacted in cystic duct or the 

neck of the gallbladder, resulting in a hydrops(4). In such cases the bile is ab- 

sorbed, and the gallbbladder becomes filled and distended with mucinous mate- 

rial. This makes up the colorless "white bile". The gallbladder also secretes 

calcium in the in the presence of an obstruction in the cystic duct(4). The 

large changes in the l/Tl rate in bile fluid should therefore be related to the 

changes in composition of bile caused by an obstacle. However, other causes 

of obstructions are not included in this study. 

Image contrast in MRI is partly dependent on T1 (7). MRI should therefore 

reflect the changes in the 1/T1 of bile fluid through image contrast and T1 

map when clinical course of the disease is considered. The Table 1 also im- 

plies that gradually growing obstacle causes gradually decreasing .l/Tl. Ac- 

cordingly, A l/Tl value corresponding to a critical degree of the obstacle 

may be a good indicator for planning surgical intervention. 
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Table 1 The average ID1 values of bile fluids from patients with non-obstructive, from pa- 
tients with partially obstructive and from patients with complete obslructive gallstone 
formation. The comparisons of the groups are as follows: The 1D1 in fluids from non- 

obstructive group versus the ID1 in fluids of partially obstructive group. O.ooO1: The 
ID1 in  non-obstructive group Venus the ID1 in complete obstructive group. O.ooO1: the 
ID1 in partially obstructive group versus 1/T1 in complete obstructive groupe, 0.001. 

Degrees of 
Obstruction 

Obstructive 

Partially t obstructive 

Complete 

Number of cases 

13 

17 

12 

Mean 1fl1 in bile fluids 
in I/s 

1.95 & 0.93 

0.86 & 0.15 

I 0.4.2 k 0.03 

In conclusion, present study suggests that l/Tl in bile fluid considerably 

changes in the presence of obstruction, and that this change may be useful 

for diagnostic purposes and for making decision on operation time. 
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