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Introduction
Various factors determine the site of inhaled aerosol deposition in the lungs. They

are the size of aerosol, the composition of carrier gas of the aerosol, the airflow
rate, physico-chemical properties of the carrier gas or the aerosol, the shape and
structure of the airways, and the body position during inhalation [1-4].

Aerosol inhalation lung images were obtained in the same subjects using " m Tc-
human serum albumin aerosol generated by 3 different aerosol generators each produc-
ing different-sized aerosol and 2 or 3 days apart from each study. The size of aer-
osol produced by an ultrasonic nebulizer (Mistogen) was 1.93 micron in activity
median aerodynamic diameter (AMAD) with its geometric standard deviation (erg)
of 1.73, that by a jet nebulizer (UltraVent) was 1.04 micron in AMAD with its
ag of 1.71, and that by our BARC nebulizer, a type of a jet nebulizer, was 0.84
micron in AMAD with its ag of 1.73 [5]. In addition Technegas [6] was also ap-
plied to selected patients. The latter produced aerosol of less than 0.2 micron in
size at the largest and the majority, say, 95% or more of the generated aerosol
was less than 0.1 micron in size by electron microscopy.

Each subject inhaled aerosol in resting tidal breathing through a mouth-piece with
a one way double J valve with the nose clipped in the sitting position. After inhal-
ing approximately 2-3 mCi (74 to 111 MBq) in the thorax, four view lung images
were taken; anterior, posterior, and right and left laterals. 300 K counts per view
were collected. They were not only pictured on polaroid films as analogue data
but also recorded and stored in a computer as digital data. In case of Technegas
breathing it for the RV (residual volume) to the TLC (total lung capacity) level
followed by breath-holding for 5 to 10 sec in duration was repeated 2 to 3 times
as a breathing maneuver instead of tidal breathing. Otherwise deposition efficiency
of Technegas is very little because of the small size of the Technegas.

Representative 10 cases including one normal subject are presented briefly in the
following.
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Case Presentation

Normal subject (Fig. 1):
A 52 year old normal subject was studied by four different aerosol generators.

There was practically no difference in the deposition patterns of inhaled aerosol
in the lungs due to the difference in aerosol size. The perfusion images were nearly
identical to respective inhalation lung images.
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Case 1 (Fig. 2):
A 70 year old man, ex-smoker of 1.5 to 2 pack/day from 22 to 60 year old,

was admitted to the hospital for shortness of breath and stridor of 3 years' duration.
He had frequent coughs productive of yellow sputum. He had no temperature ele-
vation. Pulmonary emphysema was the diagnosis.

Inhalation studies using BARC nebulizer showed a preponderant central deposi-
tion pattern [7] with fairly good penetration to the lung periphery. Inhalation studies
with Mistogen which generates the largest aerosol in size showed a typical central
deposition pattern almost diagnostic of pulmonary emphysema [7]. Studies using
Ultra Vent showed deposition patterns in-between.

Pulmonary function tests showed forced vital capacity (FVC) of 2.38 L (80.4%
of the predicted), FEV,.o% of 37.5% (normal>70 % ), MMF of 0.33L/sec
(12.0% of the predicted), V25 of 0.21 L/sec (17.6%), RV/TLC of 62.5% (nor-
mal <30%) DLCO/VA of 1.98 ml/min/mmHg/L (50.8% of the predicted).
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Case 2 (Fig. 3):
A 77 year old man, 75 pack-year smoker was hospitalized for evaluation of an

abnormal density on chest x-rays. His subjective complaint was exertional dyspnea
on climbing stairs. Both sputum cytology and brushing cytology via bronchoscope
revealed squamous cell carcinoma.

Pulmonary function tests indicated forced vital capacity (FVC) of 4.00 L (127
%). FEVi.o% of 47.9 %, MMF of 0.55 L/sec (20.0 %), RV/TLC of 46.2 % and
DLCO/VA of 61.1 %.

Inhalation lung image indicated multiple "hot spots" throughout the lungs by BARC
nebulizer. "Hot spots" were slightly more accentuated by UltraVent than the BARC.
A mixed central and peripheral pattern with more peripheral preponderance rev-
ealed by Mistogen was diagnostic of chronic bronchitis with slightly emphysema-
tous component [7].

This patient underwent right upper lobectomy. His postoperative course was stormy
as anticipated from preoperative pulmonary function tests and radioaerosol inhala-
tion and per fusion lung images. The patient underwent tracheostomy, taking gener-
ously antibiotics, bronchodilators and mucolytic agents. He survived the eventful
postoperative crisis.
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Case 3 (Fig. 4):
A 56 year old man, 36 pack-year smoker was admitted for recurrent infections

of the right upper lobe associated with mild to moderate temperature elevation, produc-
tive coughs and malaise of 3 weeks' duration. Sputum cytology was persistently
negative. Acid fast bacilli were negative on smear and culture. Pulmonary function
tests indicated nearly normal values. Laboratory data was all within normal limits.

Aerosol inhalation lung images indicated a "hot spot" at the right upper lobe
bronchus with all the 3 instruments; BARC, UltraVent and Mistogen. The "hot
spot" was suggestive of bronchial narrowing or a protrusion of a mass in the right
upper lobe bronchus. Bronchoscopy confirmed the bronchial narrowing of the right
upper lobe bronchus. Perfusion decreased in the right apex and inhalation images
also indicated decreased deposition of inhaled aerosol distal to the "hot spot", showing
what we call "matched ventilation-perfusion" relationships. Although neither bac-
teriological nor histologic confirmation was obtained, this patient clinically improved
after treatment with antituberculosis chemotherapy.
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Case 4 (Fig. 5):
An 82 year old man, non-smoker was hospitalized because of a 3 months' histo-

ry of bloody sputum. He had a mass in the right hilar region on chest x-rays. No
evidence of malignant tumor was obtained either by bronchoscopy or sputum cytology.

Both perfusion and aerosol inhalation lung images indicated a localized area in
the right superior basal segment where both perfusion and aerosol deposition were
absent.

Pulmonary function tests indicated normal values. The patient was given an in-
halation therapy of mucolytic agents under the tentative diagnosis of "mucoid im-
paction" and the treatment was effective. The tumor-like density disappeared in
one month and there was no recurrence of hemoptysis.

Case 5 (Fig. 6):
A 61 year old man with known small cell carcinoma in the right upper lobe bron-

chus was studied by aerosol inhalation lung imaging using the three different aer-
osol generators.

In this patient, too, the narrowing of the right upper lobe bronchus was indicated
by UltraVent and Mistogen but not by BARC. The latter, however, showed a bet-
ter penetration of inhaled aerosol in the lung periphery.

Case 6 (Fig. 7):
A 56 year old man, 32 pack-year smoker, was admitted because of shortness

of breath on exertion gradually increasing over the past 5 years. Chest x-rays rev-
ealed huge cysts occupying bilateral upper lung fields. Lung function tests revealed
severe obstructive disturbance; namely, FEVi.0% of 32 %, MMF of 0.27 L/sec,
RV/TLC of 45.8 %, but lung volumes were within normal limits.

Aerosol inhalation lung images using all the 3 aerosol generators revealed little
deposition of radioactivity in the upper lung fields and excessive deposition of aer-
osol proximal to the region where little aerosol deposition was seen because of the
huge bullae. The "hot spot" indicated emphysema-like physiology of the upper lung
regions [7]. The lower lung regions, however, revealed peripheral patchy aerosol
deposition patterns indicating bronchitic changes [7] where therapeutic intervention
with antibiotics, bronchodilators and mucolytic agents was thought to be helpful.
He responded favorably to the therapy and resumed to his occupation as a carpenter.
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Case 7 (Fig. 8):
A 71 year old man, 80 pack-year smoker was referred for evaluation of a round

lesion in the right lung base. This patient had had chronic coughs for the preceding
several years and had been advised to stop smoking in vain. Diagnosis of squa-
mous cell carcinoma was established by sputum cytology and bronchoscopic brushing
cytology of the tumor at the right lateral basal segment bronchus. No metastatic
lesion was found in the other parts of the entire body. Surgery was contemplated.
Pulmonary function tests, however, revealed that FVC was 81.4% of the predicted
FEV,.o, 1.19 L (67.9 %), FEVi.o %, 50%, MMF, 0.34 L/sec (12.8%), V25, 0.15
L/sec (13.3%), RV/TLC, 53.6% and DLco/VA, 45.8% of the predicted.

Aerosol inhalation lung images with all the 3 different generators confirmed the
presence of moderate to severe obstructive disturbances of mixed emphysematous
and bronchitic patterns with more preponderant bronchitic component [7]. A better
penetration of inhaled aerosol to the lung periphery was visually appreciated on the
inhalation lung images as well as quantitatively by computer calculation.

Case 8 (Fig. 9):
An 80 year old man, heavy smoker of 120 pack-year was referred for evaluation

of the right hilar tumor. The tumor, squamous cell carcinoma was located in the
superior basal segment bronchus of the right lower lobe. Pulmonary function tests
indicated that FVC was 2.38 L (79.8 % of the predicted), FEVi.0%, 57.6%,
RV/TLC of 43.6 % and V25 of 0.31 L/sec.

The patient was studied with aerosol inhalation lung imaging using Mistogen,
BARC and Technegas. The better penetration of inhaled aerosol to the lung periph-
ery was demonstrated as the size of inhaled aerosol became smaller. Peripheral patchy
or spotty deposition patterns indicated mostly bronchitic patterns, while in the right
lung there were emphysematous bullous changes in the apex and mid-lateral lung
[7]. With Technegas, aerosol deposition patterns were practically indistinguishable
from perfusion pattern except that aerosol inhalation images indicated "hot spots"
to a lesser degree. Lung function tests were indicative of moderate to severe ob-
structive disturbance. Surgical intervention was given up and chemotherapy and radi-
ation were applied.
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Case 9 (Fig. 10):
A 29 year old man, 10 pack-year smoker was referred for evaluation of bloody

sputum and dyspnea on exertion. Pulmonary function tests indicated that FVC was
2.54 L (64 % the predicted), FEVi.0%, 52.1%, and RV/TLC was 37.2 %. Be-
cause perfusion imaging revealed nearly absent perfusion in the entire left lung and
in the right upper lobe, massive pulmonary embolism was suspected.

Aerosol inhalation lung imaging was done subsequently and barely revealed the
presence of ventilation in the left lung and in the right upper lobe. The presence
of either severe functional or anatomical bronchial obstruction was strongly sug-
gested. Swyer-James syndrome was also suspected. Massive embolism was not com-
pletely ruled out. Pulmonary angiography was done but there were neither cut-off
sign nor intraluminal filling defects to support the diagnosis of pulmonary embolism.
Bronchoscopy revealed the presence of bronchomalacia which anatomically obstructed
the airway lumina. The nearly absent perfusion in the left lung and in the right
upper lung was due to regional hypoxic vasoconstriction [8].

Conclusion

In conclusion, the size of aerosol definitely determines the site of deposition of
inhaled aerosol in the lungs. The smaller the aerosol size, the better the penetration
of inhaled aerosol in the lung periphery. This fact was demonstrated not only qualita-
tively as in this study but also quantitatively by calculating several parameters like
alveolar deposition ratio [9], Xmax, Xmean, standard deviation, skewness and kur-
tosis of the count profile in the lung slice of the the right mid-lung [10]. Our BARC
nebulizer produced a very good-sized aerosol to be used in the daily practice. Tech-
negas producing far smaller particles in size has characteristics of both aerosol par-
ticle and gas [11]. Aerosol inhalation lung images are indispensable means to studying
functional aspects of the lungs from the airway side and help interpret the perfusion
counterpart of the lungs.

Because smaller particles better penetrate the lung periphery, the aerosol inhala-
tion lung images obtained by inhaling smaller aerosol particles would give a better
idea of actual ventilatory status in the lungs. From the practical point of view aer-
osol of less than 2-3 micron in size would be well applicable to the evaluation of
the ventilatory status in the lungs. Aerosol deposition patterns indicate the regional
airway physiology as well as the ventilatory status of the lungs.
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