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@ Degassification of water in hydraulic spark gap shock wave generator.

@ Kidney stones are disintegrated by extracor-
poreal apparatus generating shock waves. A reflector
(12) open at one end, has a liquid such as water
therein and a resilient diaphragm (14) across the
open end of the reflector. A spark gap (26) is pro-
vided in the reflector, and a spark across this gap
generates a shock wave and produces gas in the
liquid. A flexible enclosure (38) within the refiector
about the spark gap isolates the spark gap from
most of the liquid in the reflector. Gas formed as an
incident to discharging a spark across the gap is
removed from this enclosure.
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DEGASSIFICATION OF WATER IN HYDRAULIC SPARK GAP SHOCK WAVE GENERATOR

Background of the Invention

Kidney stones, and also naturally-occurring
stones in the bladder and the ureter can be ex-
quisitely painful, and often require surgical relief.
Excision or destruction of stones in the bladder and
sometimes in the ureter can be relatively easily
accomplished, but removal of stones from the kid-
ney is a major procedure.

Removal of stones from the kidney is a very
serious and traumatic surgical procedure. A large
incision is made in the body. The kidney is essen-
tially removed from the body and cut open. The
stone or stones are then removed, whereupon the
kidney is sutured and returned to the body, with
the body then being sutured. Various efforis have
been made to destroy or disintegrate kidney stones
so that they can be excreted with the urine.

Chemotherapy is available as a non-invasive
therapy for uric acid stones. In this therapy, the
urine is alkalyzed, and the stone is dissolved over
a substantial period of time. This requires detection
of the stone before an acute phase is reached.

The next step was the use of ultrasound or an
electrohydraulic shock wave produced by discharg-
ing a capacitor across a spark gap under water or
other suitable liquid. Early efforts required invasion
of the body, either through the urethra or through a
surgical incision.

Subsequently, efforts have been made for the
extracorporeal destruction of kidney stones through
the use of a focused shock wave. In U.S. Patent
3,942,531, for example, a reflector is used which is
a portion of an ellipsoid. The spark gap is located
at the first focus point of the ellipsoid, and the
ellipsoid is positioned relative {o the body so that
the kidney stone or other calculus or concretion is
at the second focus point of the ellipsoid. The
reflector is filled with water. Discharge of a spark
across the gap causes rapid vaporization of a por-
tion of the water, and resuliant generation of a
shock wave which is focused by the reflector on
the kidney stone. The shock wave fravels through
the water in the ellipsoidal reflector, and through
the human tissues to the kidney sione. A repetition
of the spark gap shock wave generation over a
period of perhaps an hour, is necessary to destroy
a kidney stone.

Repeated shock wave generation as just de-
scribed results in an accumulation of gas within the
water in the reflector. It has been found that the
best approach to the human body is to have the
patient lie on his back with the ellipsoidal reflector
below him. This results in collection of gas at the
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interface between the water in the reflector and the
body of the patient. This materially reduces energy
transfer from the shock wave generator to the hu-
man body, and inhibits destruction of a kidney
stone.

Simply replacing the water in the reflector has
little effect in removing the gas, which tends to
remain as an air bubble at the top of the reflector
and beneath the diaphragm. This problem is exac-
erbated by a tendency of the gas to adhere to the
underside of a diaphragm.

Objecis _a_r_x_d_ Summary o_f th_e Invention:

It is an object of the present invention to pre-
clude the introduction of or generation of gas into
the water filling a reflector in which a shock wave is
generated by discharge of a spark across a spark
gap.

More specifically, it is an object of the present
invention to provide for shock wave generation by
discharge of a spark across a spark gap in a
reflector filled with water or the like wherein the
spark gap is isolated from most of the water in the
reflector so that gas generated by spark discharge
is isolated from most of the water in the reflector
and is readily removed.

In accordance with the present invention we
provide an upwardly directed, truncated ellipsoidal
reflector having the upper end covered with a flexi-
ble diaphragm of elastomeric or plastic resin ma-
terial. The reflector is filled with water. A spark gap
is provided at the first focus point of the reflector,
and a spark generated across the gap causes
vaporization of water to generate a shock wave. A
small sack, bag or pouch surrounds the spark gap
and supporting structure therefor, and isolates the
water around the spark gap from the bulk of the
water in the reflector. Gas generated by this spark
gap thus accumulates within the bag. Water is
circulated through the bag from the bottom up to a
reduced apex, and out through a tube so that any
gas generated will rise to the apex and be evacu-
ated through the exhaust tube.

The Drawings:

The present invention will best be understood
from the following specification when taken in con-
nection with the accompanying drawing wherein
Fig. 1 is a longitudinal sectional view of the struc-
ture incorporating the present invention. Fig. 1A is
a detail of a modification of a portion thereof. Fig. 2
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is a view similar to Fig. 1 showing a different
embodiment of the invention, and Fig. 3 is a frag-
mentary sectional view similar to a portion of Fig. 1
showing yet another modification.

Detailed Disclosure of the lllustrated Embodiments:

Directing attention first to Fig. 1, there will be
seen a metal base or block 10 having a hollow
interior in the form of an ellipsoidal reflector 12. A
flexible diaphragm 14 is secured across the open
top of the reflector 12 by any suitable means (not
shown).

The diaphragm is waterproof as well as flexi-
ble, and preferably is made of an elastomeric or
plastic resin material. An external water supply pipe
16 is connected to a valve 18 and a bore or
channel 20 in the base to introduce water into the
reflector 12, or to drain it, as the case may be.

An upstanding plug or pedestal 22 is provided
extending upwardly through the bottom of the block
into the reflector and supports electrical conductors
24 leading to a spark gap 26 at the first focus point
of the ellipsoid of which the reflector 12 forms a
portion. The electrical conductors 24 extend ex-
teriorly of the base 10 through the plug 22, and are
connected to suitable spark generating apparatus
28 such as a high voltage supply and a capacitor
to be charged thereby and then discharged across
the spark gap 26.

Vertical water inlet bores 30 extend upwardly
through the plug 22, and are connected to a dis-
tribution pipe 32 which leads to a pump 34 receiv-
ing water from a pipe or the like 36. Water thus is
circulated into the interior of the refiector 12, but in
a restricted location as will be brought out imme-
diately thereinafter.

A very thin, flexible resilient sack, bag, or
pouch 38 is secured to the top of the pedestal or
plug 22. This bag is somewhat in the nature of an
upright balloon, and includes a bulbous ovoid, or
egg-shaped lower portion 40. The lower portion 40
has an open lower end 42 encircling and secured
to the upper end of the plug or pedestal 22 by
suitable means such as a retaining band 44. The
upper end of the bulbous section 40 opens into an
elongated and upwardly directed funnel-like struc-
ture 46 tapering to an apex at 48. A length of
tubing 50 is secured to the apex by suitable means
such as an adhesive and extends down along the
outside of the bag 38 and out through a bore in the
base 10 for evacuation of gas and water.

Water pumped in by the pump 34 through the
pipes or conduits 32 and 30 causes a slightly
increased pressure within the bag 38, whereby to
hold it in the upright, distended position shown. As
a spark repeatedly jumps the spark gap 26 a
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certain amount of gas will be formed, but this will
rise both gravitationally, and with the flow of water
up into the funnel-shaped section 42 of the bag to
the apex, and out through the tube 50. Thus, all
gas generated by the spark is substantially imme-
diately removed, and cannot under any circum-
stances come into contact with the inner or under-
face of the diaphragm 14 to inhibit the transfer of
energy from the spark gap and reflector into a
body positioned against the upper surface of the
diaphragm 14. Tests have revealed that the energy
transferred to the body above the diaphragm 14 is
affected very little or not at all by the provision of
the bag 38. Thus, the provision of the bag performs
a useful feature of eliminating gas that might col-
lect beneath the diaphragm without noticeably re-
ducing the transfer of energy from the spark gap to
the patient. It will be best understood that the
patient or body disposed above the diaphragm 14
has a kidney stone that is located by suitable
aiming means (not shown) so that the kidney stone
lies at the second focus point of the reftector 12.

A modification of the invention is shown in Fig.
1A. The reflector is omitted from the drawing in this
case along with the base 10 and the diaphragm.
The fragmentary part of the invention illustrated is
similar to the parts heretofore shown and described
in connection with Fig. 1, and like parts are iden-
fified by similar numerals with the addition of the
suffix a The sack, bag or pouch 38a remains the
same as previously illustrated, except that the apex
48a is sealed rather than opening directly into the

~ exhaust tube. The exhaust tube 50a is contained

entirely within the bag and extends upwardly to a
position adjacent the apex 48a and has a downwar-
dly turned entering or receiving end 52 for evacuat-
ing gas and water.

A further modification of the invention is shown
in Fig. 2, the paris therein being identified by
similar numerals with the addition of the suffix b. In
this instance, water is continuously circulated into
the reflector 12b by means of a pump 18b con-
nected to an inlet pipe 16b. The conduit or pas-
sageway through the base 10b is generally adja-
cent the top of the base and is angled upwardly
and inwardly relative thereto, so that some of the
inlet water exiting therefrom will skim along the
underside of the diaphragm 14b to pick up and
clear away any gas that might inadvertently have
entered the reflector 12b with the water pumped in.
Water is not pumped directly into the sack, bag or
pouch 38b as in Fig. 1. The bag is secured to the
top of the pedestal 22b, as heretofor, and is pro-
vided with peripherally spaced inlet orifices 54
through which water from the reflector passes into
the bag 38b. This water then passes up through
the bag and out through the tube 50b, carrying with
it any gas generated by the spark recurring in the
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spark gap 26b. No pressure is generated within the
bag 38b any greater than the pressure within the
reservoir 12b, and there therefor might be a ten-
dency for the bag to collapse. Accordingly, a frame
or cage 56 conforming to the shape of the bag 38b
is provided within the bag to hold the bag in
extended position as shown. The cage 56 com-
prises crossed supporting members and conve-
niently is made of plastic for ease of fabrication
and for corrosion resistance. However, it could be
made of non-corrosive wire, welded or soldered at
the cross-over points, or made of expanded metal
by techniques well known in the art.

A further embodiment of the invention is frag-
mentarily illustrated in Fig. 3. Like parts in this
instance are identified by similar numerals with the
addition of the suffix c. The distinction in this case
is that a hydrophobic filter 56 is secured at the
apex 48¢ and at the inlet to the tubing 50¢. Accord-
ingly, only a minimum of water need be pumped
into the bag 38c, since only gas and substantially
no water will pass through the hydrophobic filter.

In each embodiment of the invention as now
shown and described, the spark gap is isolated
from most of the water in the ellipsoidal reflector,
and particularly from that water which is in coniact
with the diaphragm at the otherwise open top of the
reflector. Thus, gas that is generated by sparks
jumping the gap cannot collect beneath the dia-
phragm {o inhibit energy transfer. The gas so gen-
erated is circulated out of the system through the
exhaust tubing at the top of the bag on a continu-
ous basis. A test apparatus constructed in accor-
dance with the invention as herein shown and de-
scribed, has proved remarkably effective at degas-
sification of water in the hydraulic spark gap shock
wave generator with substantially no reduction in
energy transferred to the body contacting the dia-
phragm 14, and ultimately the target kidney stone.

The various embodiments of the invention as
herein shown and described are for illustrative pur-
poses only. Various changes in structure will no
doubt occur to those skilled in the art, and will be
understood as forming a part of the present inven-
tion insofar as they fall within the spirit and scope
of the appended claims.

Claims

1. Apparatus for generating shock waves com-
prising a reflector opening at one end, a resilient
diaphragm across the open end of the reflector,
said reflector having a liquid such as water therein,
means providing a spark gap in said reflector, a
spark across said gap generating a shock wave
and producing gas in said liquid, a flexible enclo-
sure within said reflector about said spark gap
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means and isolating said spark gap means from
most of the liquid in said reflector, and means for
removing from said enclosure gas formed as a
incident to discharging a spark across said gap.

2. Apparatus as set forth in claim 1 wherein the
gas removing means comprises means for circulat-
ing water through said enclosure.

3. Apparatus as set forth in claim 1 wherein the
gas removing means comprises means for remov-
ing gas from the upper portion of said enclosure.

4. Apparatus as set forth in claim 3 wherein the
gas removing means comprises means for circulat-
ing water into said enclosure adjacent the bottom
thereof and for circulating water and gas out of said
enclosure adjacent the top thereof.

5. Apparatus as set forth in claim 3 wherein
said enclosure has a smaller transverse dimension
adjacent the top thereof than adjacent said spark
gap means.

8. Apparatus for generating shock waves com-
prising an upwardly opening reflector having its
vertex at the lowest portion and opposite the open
end, a resilient diaphragm across the open end of
the reflector, said reflector having a liquid such as
water therein, means providing a spark gap in said
reflector spaced up from said vertex, a spark
across said gap causing a shock wave and produc-
ing gas in said liquid, and a flexible enclosure
within said reflector upstanding from and adjacent
the vertex thereof and enclosing said spark gap
means and isolating said spark gap means from
most of the liquid in said reflector, and means for
removing from said enclosure gas formed as an
incident to discharging a spark across said gap.

7. Apparatus as set forth in claim 6 wherein the
means for removing gas from said enclosure com-
prises means for circulating liquid through said
enclosure.

8. Apparatus as set forth in claim 6 wherein the
means for removing gas from said enclosure com-
prises means for removing gas from adjacent the
upper portion of said enclosure.

9. Apparatus as set forth in claim 7 wherein the
means for removing gas from the enclosure com-
prises means for removing gas from adjacent the
upper portion of said enclosure.

10. Apparatus as set forth in claim 8 wherein
said enclosure is smaller in cross section adjacent
the upper portion thereof than adjacent the spark
gap means.

11. Apparatus as set forth in claim 6 wherein
the enclosure comprises an inverted bag and is
supported by liquid therein under higher pressure
that the liquid in the balance of the reflector.

12. Apparatus as set forth in claim 6 wherein
said enclosure comprises an inverted bag, and
further including a support for said bag within said
bag.
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13. Apparatus as set forth in claim 11 wherein
said bag tapers upwardly to an apex, and wherein
the means for removing gas from the enclosure
comprises exhaust means communicating with the
interior of said bag adjacent said apex. 5

14, Apparatus as set forth in claim 13 wherein
the gas removing means further comprises means
for flowing liquid into said bag adjacent the bottom
thereof and for flowing gas and liquid out adjacent
said apex. 10

15. Apparatus as set forth in claim 6 wherein
the means for removing gas from the enclosure
includes a hydrophobic filter.

16. Apparatus as set forth in claim 13 wherein
the means for removing gas from said enclosure 15
comprises a hydrophobic filter.

17. Apparatus as set forth in claim 6 wherein
said enclosure has a bottom portion and an upper
portion, and wherein the means for removing gas
from the enclosure comprises means for flowing 20
liquid into said reflector above a lower portion of
said enclosure, said enclosure having openings
thereinto adjacent the lower portion thereof to ad-
mit liquid from said reflector.

18. Apparatus as set forth in claim 17 wherein 25
the means for flowing liquid into the reflector in-
cludes means for directing flow of said liquid
across the underside of said diaphragm.

19. Apparatus as set forth in claim 17 wherein
the enclosure comprises an inverted bag. 30

20. Apparatus as set forth in claim 19 and
further including a support for said bag disposed
inside of said bag.

21. Apparatus for generating shock waves
comprising an upwardly opening reflector opening 35
at the upper end, said reflector having a liquid such
as water therein, means providing a spark gap in
said reflector, a spark across said gap generating a
shock wave and producing gas in said liquid, and a
flexible enclosure upstanding within said reflector 40
about said spark gap means and isolating said
‘spark gap means from most of the liquid in said
reflector, and means for removing from said isola-
tion means gas formed as an incident to discharg-
ing a spark across a spark gap means. : 45
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