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Introduction Quantification of absolute myocardial blood volume (ml/100g tissue) has the potential to improve the determination of myocardium perfusion reserve and 
the management of heart transplants where the formation of fibrotic tissue (and global MBV reduction) in the myocardium precedes organ rejection. We have 
developed a method to quantify myocardial blood volume (MBV)(1). It is well known that for an intravascular gadolinium-based T1 shortening contrast agent, the 
parenchymal T1 change reflects tissue blood volume. However, to accurately quantify MBV, we must determine the intra- to extra-vascular water exchange rate, an 
appropriate approximate to the compartmentalization of the contrast agent (2). We propose a method for absolute quantification of myocardial blood volume (MBV) by 
using an intravascular contrast agent. We show, for the first time, that the myocardium exhibits slow intra- to extra-vascular water proton exchange in healthy 
volunteers. 
 
Materials and Methods We applied a previously reported two-compartment model (2, 3) for fractional volume (fv) to a series of normal volunteers in this IRB 
approved study.  Steady-state T1 values in myocardium and blood pool (left ventricle) were measured using a cardiac gated Modified Look Locker Inversion Recovery 
(MOLLI) (4) pulse sequence (slice thickness 8 mm, FOV 300 x 400 mm2, matrix 256x172, effective TI 100 ms). Images were acquired on a 1.5 T Espree scanner 
(Siemens Medical Systems, Erlangen, Germany), during a short breath-hold, 2 minutes after injections of MS-325 (Ablavar, Lantheus Medical Imaging, Billerica, 
MA).Six healthy volunteers (5 males, 1 female, age range 21-48, average age 33) underwent T1 measurement pre and 2 minutes post administration of five injections of 
0.006 mmol/kg (a fifth of a single dose) Ablavar (Figure 1). Injections were administered via power injector as 4-6 ml boli, at rate of 4 ml/sec, followed by 8-10 ml 
saline flush. The contrast agent was diluted by saline to obtain uniform dose/weight and injection volume for all subjects. First pass of contrast agent was imaged at the 
same short axis slice position as the MOLLI for each injection by a saturation recovery TurboFLASH sequence (slice thickness 8 mm, TR 230 ms, TI 130 ms, FOV 
300x 400, matrix 130x192).  
 
Two-Compartment Water Exchange We have estimated the 
T1 changes in the myocardium and left ventricle blood pool by 
fitting the MOLLI signal to the Look-Locker re-growth curve 
(Signal(t)=M0(1-inf(exp(-t/T1*)) in MATLAB R2009a(5). T1 
was also quantified from T1 maps generated by inline post-
processing (Siemens). The vascular fraction of MBV was 
calculated by signal difference maps, according to a slow and a 
fast water exchange model (equation 1). To find the residence 
time τ and the exchange rate 1/τ of water protons in each of the 
intra and extra-vascular compartments, we plotted the (dR1, 
MBVslow exchange) data pairs against simulated curves of vascular 
fraction vs dR1 for different exchange rates. The simulation 
was constructed in MatlabR2009, according to the two 
compartment water exchange model presented by Hazlewood 
and Donahue(2, 3). 
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Results

 

Figure 2 shows water exchange in the myocardium to 
be slow exchange, with an exchange rate 1/τ between  
0.001 μs-1 and 1.0 μs-1. This finding agrees with the work of 

Donahue et al.(2), who showed that in the "no exchange" limit 1/τ 
goes to infinity and protons do not cross the compartment barrier. The 
vascular fraction MBV in the no exchange limit is 30%, a value that 
over-estimates the first-pass MBV value for animal models quoted in 
the literature (8%)(6). 

 
 
Conclusions Our findings that the human myocardium exhibits slow 
proton exchange make quantification of MBV from steady-state T1-
weighted imaging before and after administration of intravascular 
contrast agent possible. The discrepancy of our MBV values with the 
literature is due to correctable factors, such as T2 bias on T1 
measurements and misregistration between pre and post images. 
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Data Acquired Supports the Two-Compartment Model in the Slow Intra- to 
Extravascular Exchange Limit 

Figure 2 

First Observation of Quantitative Myocardial Blood Volume in Human Volunteers 

 

Figure 1. a) T1 maps in healthy volunteer, before and after injections of contrast agent b) 
Steady-state vascular fraction (MBV) maps  
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