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Report: 
The experiment was the continuation of the Long Term Project (LTP) for the period February 2006 to 
February 2011. The background of the project are described in detail in an earlier report (experiment series 
number MD238 and MD429). 
 
Background and aim of the study 
Airway narrowing is the hallmark of obstructive lung diseases such as asthma and COPD (Chronic Obstructive 
Pulmonary Disease), leading to regional abnormalities in lung ventilation. Histamine, an inflammatory 
mediator involved in the pathologic mechanism of airway narrowing, and methacholine, a cholinergic agonist 
with similar effects, are routinely administered as an aerosol in patients as a diagnostic test for asthma. 
Traditional measurements of lung function such as spirometry can at best provide overall assessments and do 
not give any insight into the heterogeneity of airway narrowing, nor to the determinants of this heterogeneity. 
 
We recently introduced a novel CT imaging technique that uses synchrotron radiation to quantitatively image 
inhaled stable xenon gas within the airways with a high spatial resolution (1). Using this method, regional lung 
volume (2), ventilation (3), and airway luminal diameters down to 1 mm can be measured. The same method 
can be used to image local blood volumes in the lungs successively using iodine infusion as contrast agent (4). 
The spatial resolution of this technique is the best available for regional ventilation imaging, allowing 
quantitative measurements of regional lung function in small animal models. Imaging results can be compared 
with overall lung function measurements obtained with Forced Oscillation Technique (FOT).  



 

We have found that histamine aerosol bronchial provocation induces patchy abnormalities of regional lung 
ventilation (5), the severity of this phenomenon being itself unequal depending on the anatomic location within 
the lungs, but highly reproducible. The local heterogeneity in lung ventilation and perfusion is of major 
importance in the pathophysiology of asthma since it induces hypoxia through the mismatch of ventilation and 
perfusion, and since it is a significant challenge to get drugs administered as an aerosol to the most constricted 
lung zones. Currently, it is not known how salbutamol, one of the most frequently used medication in asthma 
relaxing directly the airway smooth muscle – differentially acts on the proximal vs. smaller-caliber distal 
airways and particularly in the context of severely heterogeneous lung ventilation. 
 
The goal of the present experiment was to find out how salbutamol can differentially relax the airways and its 
impact on regional lung ventilation in heterogeneously vs. uniformly constricted airways. The results of this 
experiment may help to explain why salbutamol causes a worsening in gas exchange (hypoxaemia) in some 
patients with acute asthma exacerbations (6). 
 
Experiments 
We have used KES imaging technique for imaging regional ventilation (V )  and  blood  volume  (VB) 
successively after Mch aerosol inhalation and after salbutamol aerosol treatment. Experiments were performed 
in anaesthetized and mechanically ventilated healthy New Zealand rabbits (n=5). Regional (V ) and VB were 
imaged before and after Mch aerosol inhalation. Regional heterogeneity was estimated as the coefficient of 
variation (CV) of all parameters. Lung mechanics were studied with FOT measurements. 
 
Results 
Images of V  and VB and their ratio (V /VB) are shown at baseline and after Mch and salbutamol in one rabbit 
(Figure). Changes in measured parameters are shown in the table. Values are means ±SD, (*) shows 
significant change (P<0.05, paired student’s T-test) compared to the baseline, and (#) shows significant 
difference between Mch and salbutamol. 
 

 
 
 
 

 

 
Figure 1. Images of (V ) and VB in 
one representative rabbit. Mch 
increases markedly heterogeneity 
in V and VB. Salbutamol does not 
improve the heterogeneity of V  
but causes an increase in mean VB 
and increases further the 
mismatch between V and VB. 
 

 V  VB CV of V  CV of VB CV of V /VB 
Methacholine * 75.7±24.2% *# 69.4±12.7% * 334.2±185.9%  * 140.4±21.4% *# 180.1±49.9% 
Salbutamol * 65.2±20.2%  # 88.7±20.5% * 407.3±202.8% * 138.9±26.3% *# 227.6±65.8% 



 

Conclusions  
Inhalation of Mch aerosol induced significant heterogeneity of ventilation and blood volume. Salbutamol 
aerosol worsened the heterogeneity of ventilation, but the distribution of pulmonary blood volume became 
more uniform, thus worsening the ventilation/perfusion mismatch. This phenomenon can explain hypoxaemia 
after acute salbutamol inhalation in asthma. This study will be fully analyzed and published later (7). 
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