
7. Proposed RDT&E Protocol Reviewed [See Attachment 1 )  

a. 
acceleration stress. 
- Title: Small airway closure due to increased FI02's and 

b. Project/Task/Work Unit: 7930-11-20. 

c. Priciple Investigator/Office Symbol/Telephone Number: Larry 
T. Bush, Ph.D./VNB/3531. 

d. Associate Investigator: F. Wesley Baumgardner/VNT/3814. I+ 

e. Medical Consultant: Robert M. Olson, Col, USAF, MC. 

f. Purpose/Objectives of Study: 

(1) 
result of exposure to increased acceleration stress. 

(2) 
result of exposure to the combined stress of increased FI02's 
and increased acceleration forces. 

(3) 
following exposure to the combined stress of increased FI02's 
and increased acceleration forces. 

To determine the extent of small airway closure as a 

To determine the extent of small airway closure as a 

To determine the time course of small airway closure 

g. Discussion: Or. Larry Bush was present and gave a brief 
overview of his proposed research study. .He comnented that in the late 
1950's. both the British and U.S. Air Forces noticed the presence of a 
respiratory syndrome in fighter pilots after breathing 100% oxygen and 
exposure to high G forces. 

cough and shortness of breath. 
absorptional atelectasis caused by collapse of the alveoli and small 
airways in the lower regions of the lung secondary to tissue absorption 
o f  the pure oxygen filling those spaces. It is also known the +G, 
acceleration forces will cause collapse o f  the small airways and the 
combination of oxygen breathing and G- exposure is a synergestic effect. 
Or. Bush referred to his on-going study to determine the mechanical 
effects of breathing high concentrations of oxygen and accelerative 
forces on the pulmonary system and using this as a measure of atel- 
ectasis. He comnented that his data indicate there are pulmonary mech- 
anical effects resulting from the combined stress and they persist for 
approximately 15 minutes following centrifuge G exposure. Dr. Bush 
stated he is interested in knowing whether airway closure also persists 
during the post G exposure period. The proposed protocol is an attempt 
to measure the persistence of small airway closure. 
concentrations and time of G exposure (5 +G ) as used in the current on- 
going study will be employed in the propose8 study and airway closure 
will be determined each 5 minutes. The results should provide more 
information on the mechanism o f  atelectasis resulting from acceleration 

Until recently, little was done about the 
problem which was manifested by sub-sternal chest pain, non-productive - 

Or. Bush described the problem as 

The same oxygen 

I 



and oxygen breathing and will provide a data base that will be of value 
to others in the Biodynamics Branch who will be studying the effects of 
positive pressure breathing as a preventative measure agginst absorp- 
tional otelectosis. Col Triebwasser sumarized Dr. Bushs comments that 
oxygen and G create pulmonary mechanical changes which persist following 
G exposure and his study of closing volumes will shed some light on what 
is going-on in the small airways of the lung. 
whether the proposed study would follow the completion of the present 
study or be performed concurrently. Dr. Bush replied he will collect 
data concurrently. 
oxygen studies of the on-going experiment will precede the use o f  the 
same high oxygen concentrations in the new study as a matter o f  safety, 
i.e., a stipulation in the approval process for the on-going study was 
that the study would be done on a sequential basis with respect to 
oxygen concentration with a summary of the data from each oxygen con- 
centration presented to the ACHE prior to proceeding to the next higher 
level of oxygen. This course o f  action would allow the ACHE to closely 
monitor the performance of the study for volunteer subject safety. 
CMSgt Lake asked about the statement in the volunteer consent form 
regarding possible cardiac damage resulting from G exposure. 
is a new member of the Comnittee and was not familiar with all of the 
Cormnittee's previous concerns and discussions regarding potential heart 
damage secondary to G exposure. Dr. Bush sumarized the current under- 
standing of this potential hazard and emphasized that risk of heart 
damage is low at G levels below 7.0 +G . Dr. Burton added that each 
subject is thoroughly briefed concernitg the potential risk of heart 
damage and evidence from animal experimentation that shows this is a 
possibility. 
quences but have a very good understanding of the problem. Dr. Burton 
emphasized that very careful diagnostic studies have been made on human 
subjects exposed to G and there has been no evidence of cardiac damage 
uncovered. However, since it has been seen in animals, subjects must be 
warned. 
Comnittee has had concerning the potential hazard of cardiac damage but 
explained the necessity of performing human experimentation in this area 
owing t o  the operational capabilities of new-generation, high performance 
aircraft. The work must be done experimentally to determine man's 
tolerance to G and ways and means for protecting the flyer under G 
exposure. Col Triebwasser said he believes that individuals over 35 
years probably should not fly these new aircraft or, at least, submit to 
extensive cardiac stress testing to rule out underlying cardiac disease. 
Col Triebwasser assurred the Comnittee he has no real concern about the 
5.0 G level planned for this study. He said we have a vast amount bf 
experience with 5.0 G and he knows of no evidence t o  indicate it should 
be detrimental to anyone's health. He does get concerned with G expo- 
sure greater than 7.0, and special precautions are taken in such cases. 
Mr. Bergquist raised a question about the total number of chest x-rays 
that a subject could expect as a result of his participation in this 
study. 
x-rays would be maximum, however, in all probability, the total number 
would only be 1 or 2 since problems are not expected a t  less than 80% 
oxygen breathing. 

Col Triebwasser asked 

It was made clear however that the 90 and 100% 

CMSgt Lake 

Therefore, subjects are aware of the potential conse- 

Col Triebwasser re-emphasized the extensive discussions the 

Dr. Bush replied that a base-line x-ray and perhaps 3-4 additional 

X-rays will only be taken if symptoms of atelectasis 

.. 



a re  experienced. Dr. Bush said some of the subjects in the proposed 
study may also be par t ic ipants  in the current on-going study as  well 
and, therefore, may already, have a baseline X-ray. L t  Col Windeler 
asked i f  i t  wouldn't be true t h a t  individuals who experience resp i ra tory  
symptoms a t  l o w  concentrations of oxygen would a l so  be expected have 
problems a t  the higher oxygen levels and, thus, be subjected t o  multi- 
ple  X-rays. L t  Col Windeler commented t h a t  theore t ica l ly ,  a subject  
could receive a maximum of 5 chest X-rays from his par t ic ipa t ion  i n  the 
s tudy .  He also asked how much a t e l ec t a s i s  must a person have before i t  
can be detected by X-ray ? Maj Hatsell repl ied,  i f  you can see i t  on X -  
ray, i t  i s  a lso detectable by pulmonary function t e s t s .  
d i f f i c u l t  t o  say what percentage of lung volume a t e l e c t a s i s  is  necessary 
for  i t  t o  show on X-ray analysis. 
v i t a l  capacity must be lost  before tha t  can be~detected.--Dr- Bush---- -*. 

answered he has measured decreases in pulmonary compliance in the 60-70% 
oxygen breathing group. He added, subjects who breathe 80% oxygen will 
experience a loss  of approximately 15% i n  compliance. Col Triebwasser 
said pulmonary function changes will be seen before there  wi l l  be any 
observable changes seen by X-ray. This point was discussed by the 
Committee and i t  was decided t h a t  subjects should only be X-rayed i f  
respiratory symptoms are  experienced i . e . ,  dry, non-productive cough, 
sub-sternal chest  pain and d i f f i cu l ty  in breathing. Dr. Nunneley 
commented X-rays should be taken for  subjects experiencing these symptoms 
i f  for  nothing more than to  rule  o u t  spontaneous pneumothorax. 
indicated that  those who  have experienced these symptoms were f r e e  of 
them within 24 hours a f t e r  onset. 
pearance of symptoms. 
will  be seen by the medical consultant. Regarding X-ray exposure, Dr. 
Nunneley said there  a re  standard exposure levels for  the quar te r ,  half  
and annual periods and  these could be used as a guideline f o r  this 
study. 
the total  number should be limited. He said there i s  a move on now t o  
not do annual X-rays as par t  o f  the routine physical examinations. 
X-ray per 2 or  3 years i s  being considered. 
was t ha t  t he  need f o r  X-rays would be unlikely w i t h  oxygen breathing 
below 80%, therefore,  a t  most, 3 chest  X-rays could be expected. L t  Col 
S inc la i r  asked Dr. Bush t o  compare the G- exposure leve ls  f o r  his current 
and proposed s tudies .  He replied the current study has a 5-6 run for  
the same time period as  proposed for  the new experiment b u t ,  a l so ,  has a 
45-second 7.0 G exposure which will n o t  be employed i n  the proposed 
study. Dr. Bush added, the data indicate there i s  no s ign i f i can t  
difference between the 5.0 and 7.0 G- levels  with respect t o  the p u l -  
monary changes t h a t  have been observed. 
f o r  measuring pulmonary closing volumes which is the primary purpose fo 
t h i s  study. 
measuring closure of t he  small airways and a lveol i .  
be used as his own control because of the normal, l a rge  v a r i a b i l i t y  
between individuals. Col Triebwasser questioned Dr. Bush regarding h i s  
course of action should 4 of 6 subjects i n  the present study develop 
symptoms during the 100% oxygen runs, would he pursue the 100% oxygen 
t e s t s  in the  present study. He added t h a t  an 

He said i t  i s  

L t  Col Windeler a l so  asked how much 

Dr. Bush  

Deep breathing hastens the d i sap -  
Dr. Bush said a subject who experiences symptoms 

However, L t  Col Windeler said X-ray exposure i s  accumulative and 

One 
The concensus of opinion 

Dr. Bush reviewed the  procedure 

I t  i s  a very sensi t ive,  b u t  complicated technique f o r  
Each subjec t  will 

He replied negatively. 



update report . 
before doing the 100% oxygen runs as part of the on-going study. Dr. 
Bush was excused at this point in the discussion since there were no 
further questions. The Committee continued the discussion on total 
X-ray exposure to be incurred by the volunteer subjects. 
suggested if a subject4 appears t o  be especially susceptible to the 
combined stress of oxygen and G- exposure and develops symptoms at 
several of the lower levels and requiring X-ray, he should be eliminated 
from further participation. 
that the chest X-ray taken as part of the annual physical examination be 
used as the experimental baseline X-ray for all subjects. Col Triebwasser 
also suggested that the investigator place special emphasis on documenting 
the correlation between the appearance of symptoms and positive X-ray 
definition of lung involvement. Failure to show a good correlation 
could be taken as reason not to perform X-ray examination in future 
studies. The Committee discussed the general indiscriminate use of 
X-rays in the medical community and emphasized that special care be 
extended to limit X-ray exposure of volunteer test subjects to a minimum. 
There were no serious objections t o  the performance of this study with 
respect t o  potential hazards. The Committee did make the following 
recommendations: 1) before doing the 100% oxygen runs in this study, Col 
Triebwasser must be briefed regarding the results of the 20% and 80% 
oxygen runs. Any indications o f  problems at the lower levels will bring 
the protocol back for further Committee review and action; 2)  the title 
of the study and the consent form use the respiratory symbol FI without 

showing respiratory symptoms should be seen by the Medical Consultant 
who will determine whether X-rays are required; 4 )  in the consent form 
page 2, last word in the first paragraph should be changed to read 
"acceleration". 

for the use of human volunteer test subjects for the proposed study. 

the 90% oxygen runs will be SL .litted to Col Triebwasser 

Lt Col Windeler 

Col Triebwasser agreed and further suggested 

first defining (Fraction of oxygen in the inspired air); 3)  su 1 2  jects 

h. Committee Action: The Committee unanimously recomends approval 

Colonel, USAF, MC 

ROB~RT G. MCIVER 3 Brigadier Gereral, USAF, MC ' Coiander 


