..DOPPLER ULTRASOUND FOR DETECTION OF “BENDS’
Robert L. Meckel nburg, M

Since the Doppler ultrasound was first introduced for bubble detection in
cardi ovascul ar work by the Japanese worker, Taratka in 1975, many different
appl i cations have been made of this technique. One of the earliest attenpts at the
use of the Doppler ultrasonic flowneter for the objective detection of circulating
bubbles in the blood stream of larger arteries and veins was done by Spencer and
Canpbel I in 1968. Since that tine refinements in electronics and instrunentation,
coupled with i mproved clinical application have produced a techni que of nonitoring
t he vascul ar systens for the presence of inert gas bubbles that hold nuch prom se
for the study and prevention of dysbarism

Basi cal ly the techni que of Doppl er ultrasonic detectionis appliedtranscutaneously
by means of a piezo-electric crystal of five toten megahertz applied at usually ten
mlliwatts per square centinetre of the body surface. UWilizing a pair of focused
quartz crystals in a contoured probe placed over the pul nonary arteries and veins
just to the left of the sternumat the third to fourth interspace, one can nonitor
the entire return of the vascular system Hence, bubbles arising in any portion of
t he body, and gai ning entrance into the vasculature will be sooner or |ater passed
in front of the view of the doppler transnmitter and result in reflections of the
ul trasound beamat the gas-water interface. Wth the i nprovenent in el ectronics,
t he use of larger crystals with reduced background-to-signal distortion have al |l owed
greater flexibility in placenent of the ultrasound probe over the chest wall. The
radi at ed area enconpassed by the quartz crystals then becones sufficiently |arge,
so that all of the significant blood flowis exam ned uponits returnto the heart.
The presence or absence of venous gas enboli can be determned with a fair degree
of accuracy. The arterial systemis not nonitored, sinceit has been determnined that
only under the nobst unusual circunstances do gas enboli ever appear on the arterial
side of the vascular system To date, a fairly consistent pattern of detection of
venous gas enboli prior tothe onset of any synptons of the bends, has been recogni zed
by nost i nvestigators using the Doppler ultrasound techni que. Since nany venous gas
enboli can be detected by the Doppler ultrasound techni que and no synptonat ol ogy
what soever devel opedinthe subject, it isquiteobviousthat the body has an extrenely
| arge tol erance of gas enboli before it produces any clinical signs or synptons.

The application of the Doppl er ultrasound, of course, would be nostly aptly applied
directly onadiver duringhisdive. Wth surface or self-nonitoring, onecoul ddetect
t he i mredi ate devel opnent of gas enboli in the bl ood vascul ar system and thus be
abletoshortenor termnatethe dive. Unfortunately, present equi pment andtechni que
do not allow nmonitoring of divers during their dive conveniently, except in the
chamber stimulations. Thusintheactual fieldwork, the best that can be acconplished
at this point is surveying the diver after he has conpleted his dive, and returned
to the surface vessel. Even with this nodified technique, it is quite inportant to
be abl e to detect those i ndividual s who do mani fest a significant amount of bubbling
intheir bl oodvascul ar system and who, therefore, shoul d be kept under surveill ance
for the possi bl e onset of bends synptomatol ogy. Al so, those individuals wishingto
performarepeat dive excursi on can be warned away fromt hi s endeavour i f their Doppl er
ul t rasound examni nati on shows a si gni fi cant nunber of bubbles in their bl ood vascul ar
systemfromtheir first exposure

Concomitantly, the ultrasound detector can also be utilized as a nonitoring system

for individuals undergoi ng therapeutic reconpression and staged deconpression for
the treatnent of their bends. The elimnation of the venous gas enboli can be used
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as a predictor of effectiveness of treatnment, and del i neate how rmuch treat nent nust
be admi nistered to the individual to produce therapeutic reconpression. Also, it
has been shown that in many instances of sinple bends, a shortened procedure both
intinme and depth of reconpression can be utilized as effectively as nore prol onged
met hods. Typi cal Doppl er ul trasound equi pnent can be made qui t e conpact and port abl e,
and easily utilized in the field. This nakes the application on shipboard quite
feasible, and Iimts it only by personnel and tine.
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