Response to “Comment on ‘Ultrasound-induced lung hemorrhage
is not caused by inertial cavitation’”
[J. Acoust. Soc. Am. 110, 1737 (2001)]

Leon A. Frizzell®
Bioacoustics Research Laboratory, Department of Electrical and Computer Engineering,
University of lllinois, 405 North Mathews, Urbana, lllinois 61801

Jeffery M. Kramer
Department of Molecular and Integrative Physiology, University of lllinois, Urbana, lllinois 61801

James F. Zachary
Department of Veterinary Pathobiology, University of lllinois, Urbana, lllinois 61801

William D. O’Brien, Jr.
Department of Electrical and Computer Engineering, University of lllinois, Urbana, lllinois 61801

(Received 21 April 2001; accepted for publication 13 July 2001

We reply to the preceding lett¢R. E. Apfel, J. Acoust. Soc. Anl10, 1737(200D)].
© 2001 Acoustical Society of AmericdDOI: 10.1121/1.1401759

PACS numbers: 43.80.G¥D]

The comments presented in the letter from Robert Apfel blood cells(all of which occurs in less than 1),sthereby
raise an important issue. If there is a difference in the behavseverely affecting respiration.
ior of inertial cavitation nuclei in lung versus other tissues We would expect the gas pressures within the alveolar
such that overpressure does not affect the inertial cavitatioapaces to closely follow the increases in the ambient air pres-
threshold in lung, then there would be an impact on the consure within the pressure chamber. We also agree with Dr.
clusion in our publicatiod.To examine this question, let us Apfel that it is likely that there would be equilibration, in a
first be clear as to what we believe would and would notshort period of time, of gas pressure within the tissues im-
constitute inertial cavitation nuclei. We do not believe thatmediately surrounding the alveoli and “other tissues in prox-
inertial cavitation nuclei are the relatively large gas bodies inimity to the circulation system.t In fact, given that most
the adult mouse’s lung called alveolimean alveolar gas exchange and equilibration processes take place in the
diameter’~® 38—49.um). The alveolar spaces essentially fill capillary bed of the lung and other tissues throughout the
the lung and are separated by thin layers of tissue calledody, we would expect the same equilibration to take place
alveolar septa, like the air pockets in bubble wrap. Each alfairly rapidly within other tissues in the body. That is, equili-
veolus is surrounded by other air-filled alveoli connected tdoration in the lung would raise the partial gas pressures in the
each other by Pores of Kohn, and thus would not exhibit thélood. These partial gas pressures would be relatively unaf-
behavior of a bubble surrounded by liquid. Instead, we befected during transport in the large vessels until reaching the
lieve that any existing inertial cavitation nuclei would be capillary beds of other tissues where equilibration again
much smaller stabilized gas pockdtsith diameters likely takes place raising the partial gas pressure in the surrounding
less than 1um) within the blood in the vascular system or tissues. Thus the state of blood-born nuclei would be similar
possibly in other tissues or liquid layers within the lung.  in all tissues of the body. Also, it should be noted that very

If cavitation nuclei were to be present in and/or aroundlittle oxygen or carbon dioxide is dissolved in plasma which
the lung, and we know of no support for this premise, threds why we have red blood cells for transport of these gases
anatomic locations could be hypothesized, viz., the monoand that nitrogen equilibration takes much longer.
layer of surfactant within alveoli, the capillary beds within The central question is “what is the influence of the
the septa and visceral pleura, and within the tissue layersverpressure on inertial cavitation thresholds in the lung if
forming the visceral pleura. Molecular gases found in thethere has been sufficient time for increases in the partial gas
surfactant, such as oxygen, carbon dioxide, and nitrogen, dpressures in the blood and other tissues of the lung?” Some
not exist as micron size bubbles but as diffuse gas moleculessight can be gained from first consideringiarvitro study
In fact, the blood-gas barrier that exists between the alveolahat showed that overpressure increased the threshold for in-
space and the alveolar capillaries is less thapn thick.  ertial cavitatior® Thesein vitro results also showed that
Physiologically, micron size bubbles in the surfactant andhere was no significant cavitation threshold change under
surrounding tissue would impede the very rapid transport obverpressure regardless of the time period between when the
these gases across the surfactant layer, alveolar wall, and regderpressure was applied and when the ultrasound was ap-
plied (between 5 min and 3)hsuggesting that equilibration
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Clearly overpressure has also had a mitigating effect orthat bubbles are formed within the walls of the septa that
the severity of damage in other body tissiresivo.’° Fur-  have no effect until they expand upon decompression to
ther, theseén vivoresults have been accepted as providing thecause hemorrhage into adjacent alveoli.
levels at which cavitation is involved in the resultant bioef- Finally, even though it does not directly address the is-
fect, hind limb paralysis. If the nuclei in that case are blood-sue raised by Dr. Apfel, we think it is important to point out
born, and we have no proof that is the case, then the arguhat other pieces of evidence continue to develop showing
ment could be made that we would expect the same effect aifhat lung hemorrhage is not caused by inertial cavitatfon.
blood-born and tissue-born nuclei in the lung. Of course, if
the nuclei are not blood-born in one or the other of theselR. E. Apfel, Comment on “Ultrasound-induced lung hemorrhage is not
tissues, then the comparison becomes much more complexaused by inertial cavitation,” J. Acoust. Soc. A0, 1737 (2001).
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