Applications of nuclear scintigraphy to evaluation of pulmonary function
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Introduction

Nuclear imaging techniques have a long history in pulmonary medicine and the clinical and experimental uses of lung scintigraphy have largely expanded these last years.  Currently, the pulmonary applications of nuclear scintigraphy are essentially: (I), the study of regional lung function; (II), the imaging of pulmonary infection and/or inflammation; (III), the determination of inflammatory cells involvement in lung diseases; (IV), the assessment of the integrity of the alveolar-capillary barrier; (V), the imaging of lung cancers and (VI), the study of aerosol deposition within the lung.

   Many schools of veterinary medicine have acquired nuclear imaging facilities.  The primary application of scintigraphy is in the investigation of equine orthopaedic conditions and, with the exception of rodents, only a few publications report the use of lung scintigraphy in any animal species.  Nevertheless, lung scintigraphy using animals could help to better promote understanding of lung physiology in general as well as species-related peculiarities in particular.

   Following a brief introduction to the technique, this paper will review the main applications of pulmonary scintigraphy and will survey some new nuclear imaging techniques that should be available in the near future.

Principle of pulmonary scintigraphy

The basis of pulmonary scintigraphy is detection of gamma rays emitted from the lung after administration of a radioactive tracer to the subject.  The tracer may be a single radioactive element (e.g. radioactive gas) or a radioactive substance attached to a carrier.  The choice of the tracer varies and depends on the pulmonary function to be imaged.

   The radioactive tracer distribution within the body can be displayed on a computer screen via a gamma camera connected on-line that records the radioactive disintegrations emitted by the patient.  The images obtained present chromatic variations proportional to the regional radioactivity.

Applications of pulmonary scintigraphy
I.  Study of the regional lung function

The scintigraphic assessment of pulmonary perfusion for the diagnosis of pulmonary embolism has, for a long time, been one of the most useful clinical applications of lung scintigraphy in human medicine.  In animal models, perfusion studies have largely been performed in an attempt to determine the role of gravity in the distribution of pulmonary perfusion (Parker et al., 1995).

   Pulmonary ventilation studies have proven to be useful to visualise ventilation dysfunction while, pre- and post-treatment images permit the demonstration that a drug (e.g. bronchodilator) improves lung ventilation.

   Finally, images of the relationship between ventilation and perfusion (through the medium of ventilation to perfusion ratio images) enable better understanding of the potential cause of hypoxaemia in lung disease (Votion et al., 1999).

II.  Imaging of pulmonary infection and/or inflammation

The most common scintigraphic methods to detect pulmonary infection and/or inflammation uttilize 67-Gallium (67Ga) citrate and labelled white blood cells (WBC).  Immediately following its injection, 67Ga binds to blood proteins normally transporting iron.  Circulating tracer is subsequently bound to inflamed and infected tissue by iron-binding proteins produced by macrophages and bacteria.  The principle of WBC scanning is that, following their injection, autologous WBC, labelled in vitro, migrate into inflammatory sites.  Chronic and diffuse inflammations are better visualised with 67Ga, whereas labelled WBC, scanning is more sensitive for acute inflammatory lesions (Chianelli et al., 1997).

III.  Inflammatory cell involvement in lung diseases

Neutrophils, eosinophils, mononuclear cells and platelets can be separated by density centrifugation in a gradient of Percoll and subsequently, these blood cells can selectively be labelled in vitro, without being altered, to be re-injected into the donor (Peters, 1994).  Therefore, at the onset of an inflammatory process, the trapping of WBC or platelets in the pulmonary vasculature and their subsequent lung invasion can be monitored and correlated to the appearance and further worsening of pulmonary dysfunction (Ussov et al., 1999).  This kind of study is particularly useful to determine the role of specific inflammatory cells in the pathogenesis of respiratory disorders and for investigating the effect of anti-inflammatory drugs on inflammatory cell recruitment into the lung.  Furthermore, macrophages can be labelled, in vivo, with a radiolabelled glycolipid, called J001X, isolated from the Klebsiella pneumoniae membrane.  Administered as an aerosol, the radioactive J001X binds selectively to macrophages, mainly in their activated state, by a protein receptor mediated process.  Scintigraphy with the J001X enables study of monocyte infiltration in lung diseases.

IV.  Alveolar-capillary barrier integrity

The integrity of the alveolar epithelium and the pulmonary endothelium can be assessed individually by measuring their permeability.  Alveolar epithelium permeability is measured by studying the clearance from the lung of a small hydrophilic-labelled compound administrated to alveoli by nebulisation.  A more rapid clearance from the lung indicates alteration of the alveolar epithelium (Votion et al., 1998).  Change in lung capillary permeability is assessed using a double isotope dilution technique.  In the double isotope method, the lung radioactivity obtained following administration of labelled protein with a molecular weight near the one of albumin is compared to the lung radioactivity recorded following administration of labelled red blood cells which are presumed to stay in the intravascular compartment.  The method enables the calculation of a protein accumulation index for each lung that measures pulmonary oedema (Dauber et al., 1985).

V.  Imaging of lung cancers

Several techniques are available to detect primary lung cancer and its metastases.  Lung metastases secondary to non-pulmonary carcinoma may be visualised with scintigraphy (Chiti et al., 1999). 

VI. Aerosol deposition studies 

Gamma scintigraphy has the unique potential of providing quantitative measurement about both the total and regional deposition of inhaled therapeutic aerosol in the respiratory tract.  The combination of such studies with in vivo performance of the aerosol is particularly useful to improve the therapy by inhalation of aerosolised drug (Wilson, 1998).

New approaches

Pulmonary scintigraphy is currently experiencing major developments in radioactive tracers.  In the field of immunoscintigraphy, radiolabelled monoclonal anti-WBC and antibodies to endothelial adhesion molecules activated at the foci of inflammation appear promising to target inflammatory sites.  Chemotactic peptides, which target inflammation, should also be available in a next future (Kawakami, 1997).
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