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<@ Method of apparatus for adjusting the spark gap of a non-invasive lithotriptor.

w0

F

m@ The proper distance of tips (3, 4) of electrodes
of an aqueous spark gap of a generator of shock

= waves for non-invasive lithotrypsis is determined on

M ihe basis of measured time intervals required from
the moment of starting of charging of the functional
capacitor or from the moment of its partial charging
up to the moment of discharge of the aqueous spark
gap, which time interval has to be for a proper
operation within limits of predetermined tmi, and tmax.

FIG. 2
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METHOD OF ADJUSTING THE POSITION OF TIPS OF A SPARK GAP OF A GENERATOR OF SHOCK
WAVES FOR NON-INVASIVE LITHOTRYPSIS AND ARRANGEMENT FOR THE EXECUTION OF SAID METH-

The present invention relates to a method of
adjusting the position of tips of a spark gap of a
generator of shock waves for non-invasive
lithotrypsis and to arrangements for execution of
said method.

Focussed shock waves are applied utilizing ar-
rangements for generation of shock waves for
medical purposes, particularly for the non-invasive
removal of kidneysiones and bilestones. A repeat-
ed generation of shock waves is thereby accom-
plished by high voltage arc discharges in an aque-
ous spark gap. From this location a spherical shock
wave propagates, which is concentrated into the
focus by reflection from walls of a reflector repre-
sented by a hollow rotational ellipsoid.

Actually known arrangements of this kind as
described for instance in DE-C-2,635.635; DE-C-
3,316.837 and DE-C-3,543.881 do not enable a
compensation of utilized tips of electrodes of the
spark gap, which wear is caused in the course of
passage of impulse currents of high amplitudes
required for generation of shock waves. The life
time of not regulated spark gaps is therefore rela-
tively short. Spark gaps with adjustable tips are as
a rule controlled mechanically, the method of their
adjustment is however an empirical one and de-
pends on the experience of the attendants. The
major part of regulation methods bases therefore
on the picking-up of distances or positions of tips
of the spark gap and is capable to compensate
roughly the reduction of electrodes. The change of
geometry of the surface of electrodes which sub-
stantially influences the distribution of the electric
field in the neighbourhood of tips of the spark gap
and thus also the magnitude of the arc voltage can
however not be taken into account by this method.

It is the object of the present invention to
eliminate to a high degree said drawbacks and to
provide a method and an arrangement which pro-
vide means for maintaining a correct operation of
generators of shock waves for the mentioned pur-
pose.

This object is achieved with a method and an
arrangement respectively, as claimed. Dependent
claims are directed on features of preferred em-
bodiments of the invention.

According to the present invention the time
interval from the start of charging or from a
charged condition of a functional capacitor of the
generator up to the moment of discharge within the
aqueous spark gap is determined and basing on
this obtained time interval, the adjustment of tips of
the spark gap of the generator is accomplished.
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The respective arrangement for execution of
said method comprising two adjustable electrodes
has both tips of electrodes situated within a hous-
ing provided with slots which determine a spatial
angle for propagation of the shock wave, whereby
the upper guiding means of the tip of the electrode
has a conical shape with an apex angle corre-
sponding to the angle of opening of the reflector.
According to an alternative embodiment the ar-
rangement can be provided with a mobile tip of the
shape of a wire, opposite to which the upper guid-
ing means of the tip of the other electrode of the
shape of a cone with an apex angle corresponding
to the angle of opening of the reflector is situated.

The main advantage of the method according
to this invention and of the corresponding arrange-
ment is the prolongation of the life time of the
spark gap to a multiple of the life periods of exist-
ing spark gaps while securing a good capability of
reproduction of individual shocks and thus achiev-
ing improvements of efficiency of healing. The
spark gap with adjustable tips can be provided with
means for picking-up their mutual position, with a
proper regulation unit and with a working unit, for
instance with an electro-mechanical transducer for
adjustment of the position of tips of the spark gap.
In case the indication from the pick-up device,
determining the position of tips of the spark gap is
transmitted fo a display, it is possible to regulate
the position of tips also manually. Against an ar-
rangement described in DE-C- 3,543.881 the spark
gap is designed slidable and against another
known arrangement the spark gap is coaxial.

The method and the arrangement according to
the present invention will be in the following de-
scribed in detail with reference to the drawings,
wherein

Fig. 1 shows a diagram of the voltage course
of a spark gap for shock waves versus the time,

Fig. 2 and 3 indicate diagrammatically eleva-
tions of two embodiments of respective arrange-
ments.

With reference to Fig. 1 which shows the volt-
age course of a spark gap for shock waves with
indicated time intervals utilized for regulation,
whereby U indicates the voltage on the spark gap, t
the time in Ls, we see that after an impuise charg-
ing of the functional capacitor, the voltage is slowly
decreasing due to leakage over the resistance of
the water of the spark gap. So far the time interval
between the start of charging and the discharging
over the aqueous spark gap is smaller than tyin, the
discharge occured prior than the functional capaci-
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tor has been sufficiently charged and the distance
of electrodes has to be increased. If the time
interval between the start of impulse charging and
the discharge is larger than tmax, corresponding to
the variability of the discharge voltage U, or in case
no discharge is experienced, the distance of elec-
trodes has to be reduced.

The regulation thus proceeds as follows. At the
start of charging of the functional capacitor or from
another defined condition of charging the time in-
terval up to the moment of discharge is measured
within the aqueous spark gap, or up fo another
moment connected directly to the discharge of the
aqueous spark gap. This time information is utilized
for an adjustment of the distance of the electrodes.
If a short time interval between start of charging
and discharging, where no full charging of the
functional capacitor took place, the distance of tips
of electrodes has to be increased. In case of a long
time interval between start of charging and dis-
charging of the spark gap where already a partial
discharge of the functional capacitor took place, the
distance of tips has to be reduced.

Example:

During the verification examinations of the ar-
rangement a minimum time interval tq, of 40 us
and a maximum time interval of 300 s has been
determined. For up to 120 expositions of the shock
wave the measured time interval did not depart
beyond the time limit tnin - tmax- The distance of
electrodes has been thereafter reduced by 0,2 mm,
A following regulation has been subsequently ac-
complished only after 30 shocks.

The verification examinations have been per-
formed as described in the Czechoslovacian certif-
icate of authorship NO (application of an
invention No. PV 7916-87) at a capacity of the
discharge capacitor 1 WLF at a voltage 10 kV. At
these conditions 300 shocks have been needed for
crushing a large bilestone.

The arrangement for execution of the method
according to the present invention as shown in Fig.
2 comprises a reflector 1, to which a functional
capacitor 2 is joined. The proper spark gap com-
prising an upper tip 3 and a lower tip 4, enclosed
in a housing 5, which beyond its supporting func-
tion also supplies current to the upper tip 3, is
situated in the focus of the ellipsoid of the reflector
1. The housing 5 is provided with slots 6 which
determine the spatial angle for propagation of
shock waves generated by the discharge in the
spark gap. The upper guiding means 7 of the tip 3
of the electrode has the shape of a cone with an
apex angle corresponding to the angle of opening
of the reflector 1. At least one of electrodes of the
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arrangement is provided with shifting means (not
shown).

Fig. 3 shows an alternative embodiment of the
spark gap. The spark gap is situated in the reflec-
tor 1 and comprises a mobile tip 8 of wire shape
opposite to which an upper guiding means 7 is
situated having a conical shape with an apex angle
corresponding to the opening angle of the reflector
1. The mobile tip 8 is provided with a sifting device
(not shown).

The arrangements shown in Fig. 2 and 3 op-
erate as follows. After the reflector 1 is filled with
water and the patient is brought in contact with its
upper part, the place for healing is properly ad-
justed whereafter between tips 3, 4 a discharge is
generated by means of the functional capacitor 2,
the power therefrom is transmitted by the focussed
shock wave to the place where the healing of the
patient has to be performed. In case of wear of the
spark gap or of tips 3, 4 respectively, their adjust-
ment is accomplished by the shifting device (not
shown).

Claims

1. Method of adjusting the position of tips of a
spark gap of a generator of shock waves for non-
invasive lithotrypsis,
characterized in that
a time interval from the start of charging or from a
charging condition of a functional capacitor is mea-
sured up to the discharge of the aqueous spark
gap, whereafter the adjustment of tips of the spark
gap is accomplished on the basis of the thus
determined time interval.

2. Arrangement for execution of the method
according to claim 1 provided with at least one
adjustable electrode, characterized in that both tips
(3, 4) of electrodes are situated in a housing (5)
provided with slots (8) determining a spatial angle
in which the shock wave is propagated, whereby an
upper guiding means (7) of the tip of the electrode
has a conical shape with an apex angle corre-
sponding to the angle of opening of the reflector (1)
and at least one of both electrodes is provided with
a shifting device.

3. Arrangement as in claim 2 characterized in
that it is provided with a mobile tip (8) of wire
shape, opposite to which the upper guiding means
(7) of the tip of the electrode is provided, having a
conical shape with an apex angle corresponding to
the angle of opening of the reflector (1), whereby
the mobile tip (8) is provided with a shifting device.
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