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ABSTRACT: Lung lavage has been shown to be an effective method to remove insoluble
radionuclides deposited and retained in the lung, but the treatment has been limited to the
effective removal of only about 50% of the retained material. Reported here is a change in
lavage technique that slightly increases the effectiveness and the addition of high-frequency
chest wall oscillation. The latter increased the effectiveness of the lavage procedure but also
caused significant physiological complications.

INTRODUCTION: Radioactive particles in relatively insoluble forms inhaled and deposited
in the lung will be retained for long periods of time1. For radionuclides with long physical
half-lives, such as plutonium, this will result in the chronic irradiation of the lung (and lung
associated lymph nodes) and the potential development of health effects. Decorporation of
insoluble particles from the lung is limited at this time to lung lavage2. Lung lavage has
been shown to be effective in removing a variety of radioactive particles, but its efficiency,
even with multiple procedures is approximately 50 %2. Improvements in the lung lavage
procedure are needed to increase its efficacy. This study evaluated two changes in the
procedure, the use of z single lumen endotracheal tube3 in place of the double lumen tube
previously reported4, and the use of high-frequency chest wall oscillation (HFCWO). Both
of these techniques improved the efficacy of the lavage treatment, but the use of the HFCWO
induced some serious physiological complications.

METHODS: These studies were conducted in adult male and female beagles. The aerosol
in the first study was 239PuO2 heat-treated at 850° C, obtained as a powder from a
commercial V-blending process. The dogs briefly inhaled the aerosol per nasi. The tissue
content at death and the amount of 239Pu excreted and in the recovered lung lavage fluid was
determined by radiochemical methods5. These values were used to reconstruct the initial
pulmonary burden of 239Pu and the amount of 239Pu removed by lavage. In the second
study, with the HFCWO, the aerosol was 85Sr fused in aluminosilicate particles. The IPB
of 85Sr was determined by whole-body counting. The excreta and recovered lung lavage
fluids were also assayed for 85Sr activity.

In both studies, the lung lavage procedure employed the use of a single-lumen endotracheal
tube as previously described3. Briefly, the dogs were anesthetized with halothane, an
endotracheal tube placed in the trachea, and a T-tube connected to the end of the
endotracheal tube. One end of the T-tube was connected to the anesthetic circuit to maintain
anesthesia and for manual ventilation of the dog. The other end of the T-tube was connected
by latex tubing to the lavage apparatus, which was simply a container of normal saline at
room temperature suspended approximately 60 to 80 cm above the dog. A second T-tube
was used in the lavage tubing to extend a latex tube to the floor to drain the recovered lavage
fluid into a vessel. Clamps on the tubing were used to direct the flow of fluid or to permit
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only the anesthetic/oxygen gas to reach the dog. Once the lavage apparatus was connected,
the dog was manually ventilated for approximately 3 minutes to induce apnea, then placed
on the table with the side to be lavaged in the down position, and a volume of saline equal
to 40% of the estimated residual functional capacity was instilled in the lung. This fluid was
then drained out of the lung into the vessel on the floor. Apnea, induced by several minutes
of manual ventilation was repeated and then another wash was done. This procedure was
repeated until 4 to 5 L of saline was used.

In the first experiment with 239PuO2, the dogs were lavaged, alternating the right and left
lung in each procedure on days 2 (both lungs were done), 7, 10, 14, 21, 28,35, 42, and 49
after inhalation exposure. There were two groups of dogs, a control group (2 dogs) and a
lung lavage treated group (3 dogs). The dogs were euthanized 64 days after exposure by the
intravenous injection of sodium pentobarbital to deep surgical anesthesia followed by
exsanguination.

In the second experiment, a single lavage procedure was done on day 7 in which both lungs
were lavaged. There were 4 groups of 2 dogs each in this study; 1) controls, 2) lung lavage
only, 3) HFCWO simultaneous with lavage, and 4) HFCWO before lavage. The device used
to perform HFCWO has been described6. It was operated at 13 Hz with a symmetric
sine-wave input. The transducer was coupled to the dependant chest wall such that the
middle of the device was at the midpoint of the rib cage. Two regimens of HFCWO therapy
were followed. For group 3, HFCWO was administered during the time the lavage fluid was
present in the lung but not during drainage or instillation of the fluid. Treatment time was
approximately 30 minutes. Group 4 was treated for a 30 minute period just before the lung
lavage was done. The dogs were euthanized 10 days after inhalation exposure.

RESULTS AND DISCUSSION: The distribution of 239PuO2 in the excreta, lavage fluid,
and tissues of the dogs that inhaled plutonium in the first experiment are shown in Table 1.
The untreated controls had 70% of the initial lung burden in the lung at 64 days after
exposure compared to 13% in the treated dogs. In the control dogs, most of the other
plutonium was excreted in the feces with only about 5% being in other tissues. In the treated
dogs, 66% of the IPB was removed in the lavage fluid, and, like the controls, the remainder
was in the feces with about 5% in other tissues.

Table 1
Plutonium Activity in Excreta, Lavage Fluid, and Tissues of Dogs 64 Days

after Inhalation of 239PuO2 with or without Lung Lavage

Percent Initial Pulmonary Burden

Group

Control

Treated

ND=not

No. of
Dogs

2

3

detected

Feces

24

15

Urine

0.1

0.3

Lavage
Fluid

66

Lung

70

13

Liver

0.01

0.04

Skeleton

ND

0.4

In a previous study in dogs (n = 12) that inhaled 239PuO2 in which a double lumen
endotracheal tube method of lavage was used , the amount of plutonium removed by lung



lavage was approximately 44% of the IPB, with about 30% of the IPB remaining in the lung,
22% in the feces, and about 4% in other tissues at 64 days after inhalation of the plutonium
aerosols7. A comparison of these similar studies suggests that the single lumen endotracheal
tube method for lung lavage may be more effective than the double lumen tube method in
removing radioactive particles from the lung. A possible increase in efficacy of nearly 20%
is a significant improvement in the method; however, we must interpret this information
cautiously because of the few numbers of animals involved and because the studies were not
designed for direct comparison.

In the second study in which HFCWO was used, 85% of the IPB was in the lung of the
control dogs at 10 days after inhalation of 85Sr in fused aluminosilicate particles (Table 2).
For the dogs that were treated only by lung lavage, the lung burden was 51 % of the IPB and
44% was removed in the lavage fluid. The amount removed by lavage from these 2 dogs
was higher than would be expected with only a single lavage procedure. Based on the study
cited above, in which dogs inhaled 239PuO2 and were treated with lavage, about 32% of the
IPB would be expected to be removed in the first lavage of both lungs'. The third group,
which also received HFCWO during the lavage procedure, had 34 % of the IPB in the lung
and 61 % of the 85Sr was removed by lavage. The last group, in which HFCWO was given
before the lavage procedure, had 62% of the IPB in the lung and 32% removed in the lavage
fluid. These results suggest that HFCWO during lavage, that is while the fluid is in the
lung, does improve the effectiveness of the procedure. HFCWO performed before fluid was
in the lung did not change the amount of radioactivity removed and appeared to be
ineffective.

Table 2
85Sr Activity in Excreta, Lavage Fluid, and Tissues for Dogs 10 Days after
Inhalation of 85Sr in Fused Aluminosilicate Particles and Treated with Lung

Lavage and High Frequency Chest Wall Oscillation (HFCWO)

Percent Initial Pulmonary Burden

Group

Control

Lavage only
Lavage with HFCWO

HFCWO before lavage

ND=not detected

No. of
Dogs

2

2
2
2

Feces

9.8

2.6
2.4

2.2

Urine

2.2

0.5
0.8

1.2

Lavage
Fluid

•

44

61

32

Lung

84

51
34

62

Liver

ND

ND

ND

ND

Skeleton

1

0.5
0.7

0.5

The results from the lavage with HFCWO would have been very encouraging except for the
accompanying pathophysiological sequelae. One dog from the group treated with lavage and
HFCWO and one dog from the group that was treated with HFCWO before lavage died
within 48 hours of the procedure from acute traumatic pneumonitis and pulmonary edema.
The other 4 dogs from the groups treated with HFCWO and lavage had lung lesions at
sacrifice, 72 hours after treatment, of inflammatory cell infiltrate and thickened alveolar
septae with fibrin strands. Few indications of pulmonary edema remained.



These pathological effects were not expected because previous studies in dogs that employed
either of the techniques did not result in significant damage to the lung. It appears, however,
that the combination of treatments occurring close together in time produces very significant
lung injury and therefore cannot be recommended at this time.

In summary, the lung lavage procedure using a single lumen endotracheal tube appears to
remove radioactive particles from the lung more effectively than does the technique using a
double-lumen tube. The increase in effectiveness may be as much as 50%. The HFC WO
during lavage did improve the removal of radioactive materials from the lung, but serious
lung injury occurred. Lung injury was not expected because previous studies with both of
these techniques separately in dogs did not result in significant lung injury. The results from
the studies with lavage and HFCWO were encouraging, but it is obvious that considerable
work is needed to determine if a useful method can be developed.
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