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Supplementary Methods: 

Radiopharmaceutical aerosol Inhalation and Imaging protocol: 

Aqueous solutions of 111Indium (In-DTPA, 55.5 MBq) and 99mTechnetium sulfur colloid (Tc-SC, 296 

MBq) were placed together into a DeVilbiss 646 jet nebulizer. The total volume of radioaerosol 

solution in the nebulizer was 3-4 mL. Following brief training, subjects inhaled the radioaerosol by 

performing specific breathing maneuvers to minimize intersubject variation and target airway aerosol 

deposition (30 breaths per minute with target inhalation flow of 0.5 L/s, nebulization for 0.7s after 

initial 100ml inhalation for each breath).  Peak driving gas flow through the nebulizer during delivery 

was 10 LPM.  Pediatric and adult subjects performed the radioaerosol inhalation for 2 and 4 minutes, 

respectively.  Immediately following aerosol delivery, the patient was positioned supine on the gantry 

of the scanner and a dynamic scan was initiated. Images were acquired as 80 consecutive one 

minute frames.  During the baseline measurement technique, starting at t=10 min, the patient inhaled 

isotonic saline for 10 minutes while remaining supine, followed by 60 additional minutes of quiet 

imaging.  Energy windows of 140 and 247 KeV were used to image 99mTc and 111In, respectively, 

each with a width of 15% centered on the energy peak. A third energy window centered at 210 keV 

was also acquired to enable estimation of 111In counts into the 99mTc energy window during image 

processing. Prior to aerosol delivery, a Co-57 transmission scan was performed by placing a sheet 

source above the subject and imaging for 1 minute.  This transmission image was used to define right 

lung boundaries required for the analysis. 

 

Image Data Analysis: 

Subject images were imported into MATLAB (Mathworks, Natick, MA) and a custom semi-automated 

software program was used to perform the image analysis. The steps of analysis are as follows: first, 

the right lung boundary as viewed posteriorly was manually traced on the transmission scan and 

superimposed on the aerosol images to generate 99mTc-SC and 111In-DTPA whole-lung time-activity 
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curves. Second, the time-activity curves were corrected for physical isotope decay, background, and 

isotope cross-talk contamination.  Cross talk correction utilized the 210 keV images and previously 

described methods.  Third, the corrected 99mTc-SC and 111In-DTPA whole-lung time-activity curves 

were independently fit to three candidate exponential models. This fitting routine was performed for 

each subject and for each study day.  Finally, the best fit models were identified and used to calculate 

the percent clearance of 99mTc and 111In at t=80 min, which will be referred to as mucociliary 

clearance (MCC) and total 111In-DTPA clearance, respectively. Calculating the difference between 

MCC and total 111In DTPA clearance provides our estimate of pulmonary DTPA absorption (ABS).  

 

The aerosol deposition pattern was characterized by calculating initially deposited 99mTc counts in 

whole, central, and peripheral lung zones.   Whole lung zones are defined as regions of interest (ROI) 

shaped to match lung outlines from Co-57 transmission scans.  Central lung zones are defined as 

rectangular ROIs with 50% of the height and width of a rectangle encompassing the right lung 

boundary, positioned along the medial edge of the right lung and centered vertically.  Based on the 3 

dimensional structure of the lung, this zone would include both large airways and parenchyma.  

Central lung % deposition is calculated by dividing central lung zone counts by whole lung counts.  

Peripheral lung deposition is calculated by subtracting central lung counts from total lung counts. This 

peripheral lung zone would include small airways and parenchyma.  The ratio of central to peripheral 

lung counts or c/p ratio is also calculated.  Since neither Xenon ventilation nor quantitative 

transmission scans were available for these studies, no attempt was made to normalize C/P based on 

the lung volume. 

 

ABS and MCC measurements reported here are end point measurements determined using a curve 

fit of data collected over the 80 minute period of the studies.  Area above the curve (AAC) 

measurements were calculated for both MCC and ABS and their correlation to end point measures 
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was assessed. Since both AAC measurements correlated well to end-point measurements (R2=0.92 

and 0.86) only the end point measurements are reported and utilized in the analysis.
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Supplementary Figures: 

 

  

Figure S1:  Bland-Altman plot of repeatability studies of mucociliary 
clearance (MCC).  Unfilled circles are subjects who had a >5% change in 
FEV1%p between testing days.   
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Figure S2:  Bland-Altman plot of repeatability studies of small molecule 
(DTPA) absorption (ABS).  Unfilled circles are subjects who had a >5% 
change in FEV1%p between testing days.   


