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Introduction: Computed tomography (CT) has established itself as a quantitative measure of emphysema in humans [1], but the 
presence of ionizing radiation limits its utility. Measurement of Apparent Diffusion Coefficient (ADC) of hyperpolarized 3He gas in lung 
shows great promise for quantifying emphysema [2-6]. It is non-invasive, free of ionizing radiation and may be a preferable tool for 
diagnosis and follow-up of this disease. One means of validating ADC is to compare it with an established method i.e. CT. Such 
attempts have been made previously for standard, Stejskal-Tanner-type ADC measurements [3, 5]. This presentation is devoted to a 
detailed analysis of the relationship between 3He gas diffusivity in acinar airways [4] and CT measurements in healthy dogs and dogs 
with induced emphysema. 
 

Method: Six mongrel dogs were studied after approval by the local animal study committee. Emphysema was induced in the right lung 
of 5 dogs by lavage with porcine pancreatic elastase [7]. Contiguous 3-mm CT sections were obtained from apex to base on a spiral 
scanner (Siemens Medical Systems, Iselin, NJ). The mean CT linear attenuation coefficient was evaluated in each lung, using a 
threshold of –500 Hounsfield units (HU). Hyperpolarized 3He diffusion MRI with 9 b-values (∆b=0.95 sec/cm2) was performed according 
to the method proposed in [4], (5 slices, 20 mm thick, TE=7.2 ms, FoV= 160×320, Matrix= 32×64, flip angle= 3.5º) using a 1.5 T MR 
scanner Vision (Siemens, Erlanger, Germany). MR data analysis was based on a model of gas diffusion [4] where lung geometry at the 
acinar level was described in terms of cylindrical airways covered by alveolar sleeves [8]. Diffusion in each airway was considered 
anisotropic and characterized by a longitudinal diffusion coefficient along the airway axis DL, and diffusion coefficient DT transverse to 
the airway axis. Since many acinar airways with different directions reside in the imaging voxel, a total MR signal was presented as a 
sum of signals from isotropically distributed airways [4]. Anisotropic gas diffusion coefficients were extracted in lung acinar airways 
despite airways being too small to be resolved by direct imaging. Also, the method allows evaluation of acinar airway radii, R, and mean 
ADC, DM.  
 

Results: Images on the right represent example of CT image and 
corresponding diffusion maps from healthy (left) and emphysematous 
(right) lung.  Dependences of DT, DL, DM, and R on HU in 
corresponding CT images are shown as scatter plots. All diffusion 
coefficients are measured in cm2/sec and airway radii in mm. Each 
point represents mean value for one lung. Data were fit to exponential 
curves and the following equations were obtained:   
 

0.017 0.34*exp( 0.018( 1000))TD HU= + − + ; 0.14 0.76*exp( 0.015( 1000))MD HU= + − +  

0.38 1.62* exp( 0.015( 1000))LD HU= + − + ; 0.21 0.43*exp( 0.011( 1000))R HU= + − +  

Scatter plots demonstrate good correlation with proposed equations  
(r2 = 0.82, 0.84, 0.85 & 0.78 for DT, DL, DM & R respectively). 
 

Discussion: DT in healthy dog lungs is 3-4 times smaller than in healthy human lungs, 
while the more traditionally measured DM is only slightly reduced. This indicates a 
greater sensitivity of DT to lung microstructure evaluation than conventional DM. For 
healthy dogs our analysis yields mean acinar airway radius of about 0.25 mm as 
compared to 0.36 mm in healthy human lung. We note that the theoretical model [4] 
that we have used for data analysis is only valid for healthy lungs and lungs with mild 
emphysema. With the progression of emphysema, acinar airways become enlarged 
and alveolar walls undergo destruction, hence description of acinar airways in terms of 
cylinders becomes less relevant. The parameters DT, DL, & R in severe emphysema 
can be considered only as apparent. At the same time, mean diffusivity DM preserves its meaning as it turns out to be model 
independent. In particular, for tissue free space (-1000 H.U), the equation for DM gives 0.9 cm2/sec in good agreement with the 
unrestricted diffusion of 3He in the trachea. All graphs and equations show dramatic increases in parameter values with emphysema 
progression, demonstrating the sensitivity of the proposed approach to evaluation of emphysema level. As shown previously [3] in 
patients with severe emphysema, there is a strong correlation between diffusivity measures and HU.  Our data on dogs further confirm 
this conclusion.  
 

Conclusion:   A strong correlation between CT values and acinar anisotropic ADC measurements ranging from healthy dogs to dogs 
with severe emphysema found in this work suggests that a classification of emphysema based on 3He gas diffusivity measurements in 
acinar airways can be created, employing the existing CT classification. 
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