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DISCUSSION

DR. LEWIS FLINT, JR. (Buffalo, New York): I enjoyed listening to the
data, and, because I have been frustrated on several occasions by this
problem, I find that I have several questions to ask Dr. Siegel that do
not necessarily relate to the feasibility or the technology of his system
but to what we might learn about the pathophysiology of the condition
from such a system.

First of all, it has seemed to me that clinically identifiable barotrauma
to the lung in a patient receiving high levels ofPEEP and adjuvant ven-
tilator therapy has been more or less randomly distributed in patients
who have identifiable unilateral worse ARDS versus bilateral severe
ARDS, and I would ask Dr. Siegel if this system, when applied to patients
with bilateral disease, does, in fact, lower the frequency ofclinically iden-
tifiable barotrauma by the ability to identify the worse lung.
The second question I have has to do with the differences between

ARDS hypoxemia produced as a result ofpulmonary contusion, which
I think is the clinical example he showed us, versus ARDS produced by
systemic sepsis, and whether the measurements of lung mechanics can
help us to differentiate any differences in pathophysiology between these
two processes.
And the third question has to do with the explanation for the reduced

shunt. In the two examples that were presented in the abstract, there
was one marked reduction in intrapulmonary shunting and one relatively

modest reduction in intrapulmonary shunting. I would ask whether Dr.
Siegel has made some measurements with regard to separating pulmonary
blood flow and pulmonary vascular resistance to identify the mechanism
that might result in reduced shunt.

DR. RICHARD M. PETERS (San Diego, California): I want to congrat-
ulate Dr. Siegel for showing us again what we have come to expect from
him-the use of nicely designed, complex methods of analysis-in this
presentation of sophisticated pulmonary physiology. I guess that the
computer processing involves long and complex programs. Certainly the
front end instrumentation is both expensive and intricate.
My first question is, how much is your analysis and decision making

dependent on the mechanical measurements and how much requires a
gas analysis system? The mechanical sensors are cheaper and more gen-
erally available.
My second question is about therapy. You use two ventilators for the

patients with one stiffand one compliant lung. These must be coordinated
and more than double the cost ofand skill required to manage the ven-
tilators. How well would you expect the poor man's ventilators to work?
Namely, to position the patient with the good lung down to (1) increase
its perfusion, and (2) compress it with the weight of the mediastinum
and abdomen so that it is protected from hyperexpansion.

This is a very nice study and demonstrates a combination of mea-
surement of coordination of ventilation and perfusion and analysis of
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mechanical properties of the lungs of patients with ARDS that has not
been done. Such studies are difficult on patients that can cooperate. To
carry them out on sick ICU patients is an impressive feat.

DR. Louis DEL GUERCIO (Valhalla, New York): I would like to ask
Dr. Siegel a question. I have always believed that the best PEEP is that
level of PEEP that provides the best level of oxygen transport to the
body cell mass. In other words, oxygen transport is the product of the
cardiac output and the arterial blood oxygen content, and the best PEEP
reflects a favorable balance of the two variables.

Dr. Siegel has shown very nicely how well he has improved the oxygen
content and reduced shunt but did not indicate what happened to oxygen
transport. It is obvious that he has the data within his computer system
to calculate that, and I would like to ask him how closely his improve-
ments correlated with improved oxygen transport and utilization.

DR. JOSEPH M. CIVETTA (Miami, Florida): We were interested in the
same problem in the late 1970s, and although we did not have access to
the sophisticated ventilators or computerized calculations, we were able
to combine a Bird Mark III time cycling device with inspiratory and
expiratory flow cartridges and produce a ventilator that could achieve
independent lung ventilation.
We, too, were also intrigued with the efficacy in a few clinical cases

and then designed a prospective randomized study. Over the last 4 years
we have not found a patient to enter. There have been three reasons that
I can identify, and I wonder what the future role will be for this technique.
The first reason was that we have not been able to identify patients

in whom there is such significant unilateral lung disease to justify the
complicated technique.
The second is, I think, the real crux of the matter. We have finished

a prospective study comparing end points of oxygenation and found no

difference if inspired oxygen remains at nontoxic levels (less than 50%)
while arterial oxygenation is maintained over 65 mmHg). The patients
in this study started at values of arterial oxygenation that were in this
range while breathing 40 to 50% oxygen. We failed to show a real im-
provement in outcome based on titration of PEEP so that we no longer
consider these patients for this form of treatment.
The third is the advent of high frequency jet ventilation, which is quite

satisfactory and avoids the long-term problems of trying to maintain the
bronchocath in correct position. I would like to ask Dr. Siegel, although
this technique is definitely useful and possible and the information is
very interesting, what do you consider to be the future role of this tech-
nique?

DR. STANLEY R. FRIESEN (Kansas City, Kansas): Dr. Siegel, I do not
know whether or not you said how long you can leave these tubes in the
bronchi.

DR. JOHN H. SIEGEL (Closing discussion): Thank you very much, Dr.
Friesen and discussants. I would like to try and answer some of the
questions.
The first question I will try to answer is Dr. Friesen's. We have tried

not to leave the tube in the bronchus longer than about 90 hours. We
are not sure whether it can be left longer, but certainly 90 hours seems

to be safe, and, frankly, it appears to us that in most instances the value
of this technique is in the relatively short period.
We have had to discontinue it on one occasion. Because ofthe smaller

lumen, the aspiration of secretions became a problem. This seems to be
one of the limitations of the technique and may limit its use in patients
with tremendous degrees of exudative lung disease.
On the other hand, to go back and answer one question again that

Dr. Flint raised about ARDS trauma versus sepsis, I think that one of
the things that has struck us is the fact that many patients who begin
with ARDS posttraumatic in one lung may become infected, and then
very rapidly the infective process spreads to the other. It is very hard to
determine how much of that is in endobronchial spread and how much
is hemotogenous, but we feel that endobronchial spread may be quite
important. It may well be that the use of this technique earlier in the
course of patients' disease process may enable us to isolate and protect
the better lung. For example, one of the two surviving patients had ag-
gressive necrotizing pneumonitis in the bad lung due to Pseudomonas.
We put the tube in and were able to maintain the patient by selectively
ventilating the two lungs until we could, in fact, do an emergency pneu-
monectomy on that patient; this is one ofthe two patients who survived.

Obviously, a technique of ventilation can do no more than ventilate
the lung, and when you get into late septic processes with destruction of
lung tissue, you reach a point where no ventilatory technique is going
to be successful. That in the end is the limiting factor for all of these
patients. Those who died, with the exception of the two patients whose
major cause of death was related to their underlying head injury, died
because the septic necrosis in the lungs could not be controlled.

With regard to Dr. Peters' questions about mechanical versus gas anal-
ysis, at the present time the mechanical component seems to be the one
that is the best guide if used in conjunction with the blood gases. It is a
very sensitive measure. It tells you whether the patient has an adequate
compliance curve and where on the point of the pressure-volume curve
an increase in volume of ventilation causes the pressure to rise to a point
where barotrauma becomes significant.

In addition, since a large number of patients with posttraumatic injuries
have some degree of pneumothorax, it becomes very important to be
able to adjust the techniques. That is the value of the servoventilator as
opposed to standard controlled ventilation. You can adjust for leak, and
therefore, compensate for the leak by using a combination of pressure
versus volume control. Thus, the level of ventilation may be made optimal
by obtaining higher mean pressure in the worse lung relative to the pres-
sure in the other lung. This is one of the values of the technique.

This is one thing that is similar to high frequency ventilation, but, on
the other hand, we have many patients whom we have not been able to
ventilate with high frequency ventilation alone because it may not exceed
critical opening pressure. To exceed the critical opening pressure requires
the institution of a pressure level in the ventilator, and that is one of the
advantages of being able to use a volume-controlled or pressure-controlled
component rather than high frequency alone.

Finally, to the question of making this available, it is clear that this is
a complicated technique and that one has to simplify it. We are trying
to revise it for a microcomputer system so that all the aspects of using
the pressure flow relationships will be readily available to individuals
without having to go through a complex, large computer system. We
hope that, when this occurs, it will make this general approach to quan-
titative control of ventilation generally applicable to surgeons and in-
tensivists everywhere.
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