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Introduction 
Dynamic T1-weighted MRI in conjunction with Gd-DTPA is a promising method for investigating breakdown of the blood-brain barrier (1,2).  In the lower extremities, 
most of dynamic contrast MRI studies have been devoted to detection of abnormal blood flow in major or peripheral vessels (3). The purpose of this study is to 
investigate the feasibility of dynamic contrast MRI for estimation of vessel permeability in calf muscle of healthy control. 
 
Materials & Methods 
Subjects:  The study was conducted in 6 healthy, young male subjects (age: 28±5, body weight 160±12 lbs) under a protocol approved by the IRBs of relevant 
institutions.  Gadopentetate dimeglumine (GdDTPA, Berlex Laboratories, Wayne, NJ, USA) was injected at the recommended clinical dosage of 0.1 mmol/kg 
intravenously using a power injector at a rate of 3cc/sec followed by 20cc of saline flush at 0.3cc/sec.   
MRI:  The dynamic contrast MRI was conducted on a 3T MR scanner (Trio, Siemens AG, Germany) using a CP volume coil for transmission and reception.  The MR 
exam consisted of baseline, dynamic, and post contrast T1 measurement as follows: (i) Baseline T1 values of blood and muscles were determined by averaged of 4 
measurements of a multi-TI turbo FLASH sequence (TR/TE/FA = 9000/1.2/8û with time intervals 2.4ms between acquisition of each line in k-space, acquisition matrix 
64x128, FOV 260, slice thickness 8mm) at TI values of 100,200,350, 500,700,900,1500ms, and ∞. (ii) Dynamic T1 measurements synchronized with the injection were 
performed with a single-shot turbo FLASH sequence near the null point of calf tissue (~450ms) (TR/TE/FA = 9300/1.2/8û) for 4 minutes.  (iii) 4 minutes post contrast 
injection, T1 was measured by the multi-TI turbo FLASH sequence at the same TR/TE/TI values as in (i).  The multi-TI T1 measurement was repeated at intervals of 5 
minutes to monitor the T1 values until 20 minutes post GdDTPA injection. 
Data analysis:  T1s of blood and tissue at baseline and post contrast were calculated from least square fits of the multi-TI inversion recovery images.  For the dynamic 
T1 measurement, regions of interest (ROIs) were placed within the main vessels for estimating the blood T1 and regions near the peroneal vein and artery and posterior 
tibial vessels in the soleus and tibials posterior muscles across the time series of the images to estimate leakage of GdDTPA from the vessels.  T1 changes of the blood 
and the tissue were calculated from the corresponding signal changes based on the signal vs T1 relationship (2).  Area under the curve of the tissue R1 (=1/T1) versus 
time between the arrivals of the contrast and the R1 reaching its maximum was used to estimate the relative volume of the contrast reached tissue compartment.  
Specific relaxivity of the GdDTPA was measured to be 4.0Hz/mM at ~25C at 3T by measurement of T1s of a series of saline phantoms at different GdDTPA 
concentrations.   
 
Results 

At baseline, blood has a T1 of ~1.4secs, and muscle T1 ~1sec, consistent with literature reported values (4).  Four minutes after the contrast injection, blood and 
muscle T1s were still shortened to ~0.4sec and 0.72 sec respectively, implicating that there was still a significant amount of GdDTPA in blood.  Dynamic T1 
measurement indicated that MR signal intensity of blood experienced a rapid increase and plateau ~40secs after the contrast injection while the signal of the tissue 
monotonically increased at a much slower pace (Figure 1).  The arrival time to the local blood vessels is consistent with values reported previously (3).  The blood 
signal then remained at its plateau and muscle signal increased monotonically.  The much slower increase of the muscle signal intensity suggests that it was due to 
leakage of GdDTPA from blood vessels into tissue.  

The blood and tissue signals were converted into changes in the T1 relaxivities and the initial slope of the tissue reflexivity change curve (Figure 2) indicate the 
permeability-surface-area-product values range from 0.019 to 0.049 min-1 (mean 0.035+/-0.012 min-1, n=6) in the regions of the muscles (2,5).  A �perfused� volume 
map can be generated based on the integration of R1 change versus time (Figure 3), which indicates a relative variation among gastrocnemius, soleus, and tibialis 
muscles.   
 
Discussion 

Increased microvascular permeability induces leakage of proteins or plasma from the intravascular to the extravascular space.  This leakage may occur as a side 
effect of medication and is a physiologic event of great clinical significance. Conversely, a medication that reduces microvascular permeability or increases protein 
permeability could be of value to maintain normovolemia and to reduce the need for plasma substitutes.  On the other hand, an agent such as nifedipine (6,7) that may 
increase vascular permeability would require closely monitoring on possible increase of vascular leakage during use.  Evens blue and other dyes have been the standard 
method for measurement of vascular permeability (8,9).  However, their invasiveness and possible side effect in patients have limited their application in clinical 
diagnosis and treatment monitoring. 

Most of the MR vascular permeability values have been reported to tumor in brain and regions with vascular barrier under pathological conditions (5,10,11).  To 
our knowledge, few measurements have reported in calf muscle.  Our results are well within the ranges of reported values in the literature from regions other than calf 
and suggest that dynamic contrast MRI can be used to quantify vessel permeability in the calf.   
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Figure 1  Representative plots of MR 
signals of blood (black) and muscles 
(red) vs time shortly before and 
minutes after contrast injection. 

Figure 2  Change in T1 relaxivity 
(∆R1) of muscle near the peroneal 
vessels shortly before and minutes 
after contrast injection.  

Figure 3  A representative map (a) of perfused regions in the calf cross 
section (b).  The map was generated by summing the area under the tissue 
∆R1 between the time the contrast arrived and the time ∆R1 reached its 
maximum/plateau.   
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