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Summary. Shock-wave generation and bubble formation 
occurring during endoscopic lithotripsy were studied 
using high-speed photography for various devices: a 
pulsed-dye laser, a Q-switched Nd:YAG laser and an 
electrohydraulic (EHL) apparatus. The three devices 
investigated generated gas bubbles that rapidly expanded 
and decayed. The maximal size of these bubbles was 5-8 
mm for the pulsed-dye laser, 6 mm for the Q-switched 
Nd:YAG laser and up to 14 mm for the EHL device. The 
bubble size appeared to be governed mainly by the energy 
per pulse delivered by the lithotripsy device. The shock- 
wave pattern depended strongly on the type of device 
used; the 25-ns Q-switched Nd: YAG laser pulse generated 
a single pressure step, whereas the 1.5-~ts pulsed-dye laser 
produced a train of shock fronts. 
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In recent years, the treatment of stones in the urinary tract 
has changed from an open surgical procedure into an 
endourological intervention; since 1980, extracorporeal 
shockwave-lithotripsy (ESWL) has been used [1]. For 3 
years, ESWL has also been the preferred treatment 
modality for stones in the ureter. The rates of success for 
this therapy vary between 41% and 97 % [7]. If stones have 
been impacted or have remained in situ for > 8 weeks, the 
success rate drops significantly. In this case, multiple 
ESWL sessions are usually needed or alternative proce- 
dures for stone removal are indicated [4]. 

One alternative modality is ureteroscopy. By this route 
the impacted stone can be disintegrated under direct 
vision using ultrasonic lithotripsy, electrohydraulic litho- 
tripsy (EHL) or laser lithotripsy. Ultrasonic lithotripsy 
has the advantage that all the fragments can be removed 
by suction. For this method, however, large-caliber 
ureteroscopes (11 F) are needed. Pressure is required for 
hard stones, inducing the risk of pushing the stone 

through the ureteral wall [ 10]. Various studies have shown 
that ureteric damage (perforation, stricture formation) 
occurs mainly as a result of the instrumentation used [16]. 
On the basis of this knowledge, disintegration systems 
were studied that enable the application of small-caliber 
and flexible instruments, providing safe and adequate 
disintegration. The two modalities available for this 
purpose are EHL and laser lithotripsy. 

The EHL probe can be placed near the stone through 
thin instruments or flexible ureteroscopes. The device 
generates a shock wave by inducing a short electric 
discharge at the tip of the catheter. The energy released in 
the discharge is relatively high usually amounting to 1-3 J. 
At such high levels of energy, occasional negative side 
effects have been observed: 
1. Rupture of the ureteral wall or penetration of the wall 
of the ureter by fragments; when the stone is impacted in 
the wall, there is a particularly high probability of ureteric 
damage. 
2. The electrical insulation on the tip of the catheter may 
be damaged, directly exposing the ureteral wall to the 
spark. 
3. The production of heat, the avoidance of which 
requires thorough water irrigation [5, 8, 18]. 

Laser lithotripsy can be performed through a flexible 
uterescope. The energy is passed through an optical 
fiber measuring 300-600 gm in diameter. The fiber is 
placed directly on the stone. Light pulses releasing levels 
of energy of between 25 and 100 mJ are applied to the 
stone and generate shock waves that fragment it. At 
pulse-repetition rates of < 10 Hz, no thermal injury to 
the ureter can occur. Teng et al. [12] have reported the 
generation of cavitation bubbles on the surface of a 
kidney stone immediately following the laser pulse. A 
mathematical model was developed by Lo et al. [6] that 
predicts the bubble radius and pressure as functions of 
time. 

The aim of the present investigation was to evaluate 
and compare the shock-wave patterns and bubbles gener- 
ated by different lithotripsy devices in clinical use. 
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Fig. la, b. Shock-wave pressure shape and associated light pattern 
for a single step in pressure and h a pressure peak or double step in 
pressure 
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Fig. 2. The practical outlines of the experimental setup 

Materials and methods 

Photography 

Shock waves travel in water at a velocity at least equalling that of 
sound, i.e. 1,500 m/s. To record such a high-speed phenomenon 
photographically, a sub-micro-second exposure time is necessary. In 
our experiments we used a specially designed flashlamp (Nanolite) at 
a flash duration of 0.02 liS. A standard charge-coupled device (CCD) 
camera was used to record the images. 

Fig. 3a-c. Images taken using the pulsed-dye laser at 28 m J/pulse 
and at intervals of a 5 gs, b 250 gs and e 550 gs 

The photographic technique used to image the shock waves is 
based on variations in the index of refraction. Pressure gradients in a 
shock wave can be quite high. This pressure gradient and the 
associated gradients in the density and, cosequently, in the index of 
refraction of the medium are sufficiently large to deflect a light 
beam. When a parallel and homogeneous light beam passes the 
shock-wave region, the variations in the intensity occurring the 
image plane are proportional to the second time derivative of the 
pressure [17]. Hence, a single step in pressure induces an intense light 
band followed by a dark band (Fig. 1 a), whereas a pressure impulse 
(up and down again) or a double step is expressed as twice the above- 
mentioned pattern (Fig. 1 b). Air bubbles in water act as negative 
lenses; they are recorded by the light deflections at their boundaries. 

The practical outlines of the setup are shown in Fig. 2. The shock- 
wave-generating part of the lithotripsy device under investigation is 
placed in water to obtain an acoustic match of the in vivo situation. 
Once the device has been fired, an electronic delay unit is triggered, 
which discharges the Nanolite after a predefined delay time. This 
delay time can be varied in the range of 0.1 gs to 10 ms. The images 
taken by the CCD camera are stored on a standard video cassette 
recorder and, after selection, are printed by a video printer. 

Lithotripsy devices 

The devices investigated included the Wolf Riwolith, EHL system; 
the MBB Litholas, a Q-switched Nd :YAG laser using a 600-gm fiber 
with a sideward-directed metal tip; and the Candela LFDL/3 
equipped pulsed-dye laser with a 600-gin core fiber. The first two 
devices generate shock waves independently of the availability of a 
stone, whereas the pulsed-dye laser does not. Only after the laser 
pulse from this device has hit the surface of a stone is a shock wave 
generated. In the present experiment we used a black-coated sheet of 
aluminum to simulate a stone. 

Results 

Images recorded following appl icat ion of the pulsed-dye 
laser are shown in Fig. 3. The concentr ic  circles in Fig. 3a 
represent  a series of shock waves travell ing through the 
water. Obviously,  shock waves in the "stone" can not  be 
visualized in this way. Figures 3a and  3b illustrate the 
images taken at 100 and  250 ~ts after the laser pulsed, 
respectively, showing a hemispherical  bubble  on the 
surface of the stone. After 550 ps (Fig. 3c), "long" after the 
laser pulse, another  shock wave was formed as a result of 
the implos ion  of the bubble  [13]. 

The growth of the bubble  as a funct ion  of time was 
measured  by taking two series of pictures at various delay 
times. The bubble  diameters were measured and  are 
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Fig. 4. The size of a hemispherical bubble created with the pulsed- 
dye laser on black-painted aluminum as a function of time. The fiber 
diameter was 600 ~tm. The line was drawn according to the model of 
Lo et al. [6]. +, 30 m J; [], 60 mJ 

depicted in Fig. 4. The points closely follow the shape of 
the curve predicted by the mathematical  model developed 
by Lo et al. [6]. 

Images obtained using the MBB Litholas are shown in 
Figs. 5a and 5b (3 and 200 gs, respectively). The shock 
wave generated is visible as a circular segment directed 
slightly upwards. In contrast to Fig. 3a, Fig. 5 demon- 
strates a single pressure step. The irregular disturbances in 
the bot tom half of the image are caused by flushing liquid 
emerging from the tip of the device. These do not 
represent shock waves but are caused by small differences 
in the index of refraction between the flushing liquid and 
the bulk liquid in the cuvette. Figure 5b shows a small 
bubble emerging from the hole in the laser catheter. The 
maximal bubble size (3-4 mm) at 40 m J/pulse is shown in 
Fig. 5 b. 

The images obtained using the Wolf Riwolith E H L  
probe are shown in Fig. 6. In Fig. 6a, a series of shock 
waves are apparent.  Figure 6b shows the maximal bubble 
size attained with this device. The exact delay time is not 
known, as frequent mistriggering of the delay unit oc- 
curred due to the electric disturbances generated by the 
electric discharge in the E H L  probe. The diameter of  the 
bubble shown in Fig. 6b was estimated to be 14 mm. The 

Fig.6a, b. Images taken using the Wolf Riwolith at 1 J/pulse. a 
Shock-wave pattern, b Maximal bubble size 

electric energy of the discharge was estimated to be in the 
range of 1-3 J. 

Discussion 

Shock-wave patterns 

The shock waves generated using the pulsed-dye laser 
(Fig. 3a) and the E H L  device (Fig. 6a) were visualized as a 
large number  of light and dark bands, indicating the 

Fig. 5a, b. Images taken using the MBB 
Litholas at 40 m J/pulse and at delay times 
of a 3 ps and b _+200 gs (maximal size) 
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Table 1. Comparison of the different endoscopic disintegration systems available for ureteral stones 

Pulsed-dye laser MBB Litholas Electrohydraulic Ultrasound 

Diameter 600 gm 1.2 mm 0.9 mm 1.8 mm 
Instrument Flexible Flexible Flexible Rigid 
Vision Endoscope Fluoroscope, endoscope Endoscope Endoscope 
Damage (Perforation) Minimal Bubble Pressure 
Cost Expensive Expensive Inexpensive Inexpensive 
Size of equipment -L-_ 1 m 3 +_ 0.1 m 3 Small Small 
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Fig. 7. The maximal bubble diameter as a function of the energy used 
per pulse. The line was drawn according to the mathematical model 
by Lo et al. [6]. Q, Pulsed-dye laser; • MBB Litholas; A, EHL 

occurrence of  multiple shock fronts. The delay times used 
to obtain two images reveal that shock-wave generation 
continued throughout the driving (laser or electrical) 
pulse (+ 1 gs). In the case of the Q-switched Nd:YAG 
laser, the pulse was much sorter (25 ns), which resulted in a 
single stepwise change in pressure. 

Maximal bubble size 

The maximal sizes of the bubbles generated by the three 
devices are shown in Fig. 7. The measurements obtained 
closely matched the shape of the curve generated by the 
mathematical model described by Lo et al. [6]. This 
suggests that once the bubble has been produced, its 
behaviour is independent of the mechanism by which it is 
generated. 

Damage to the ureter 

When EHL probes are used in the ureter, occasional 
ureteric rupture may occur. This may be attributable to 
the action of the expanding bubble. Although the spheri- 
cal shape of the bubble may be disturbed in vivo, the 
expansive force exerted on the ureter may well exceed the 
limits for reversible elastic deformation, resulting in 
instantaneous damage to the ureteral wall. Also, less 

destructive bubbles may irritate the ureteral wall and give 
rise to local edema or other delayed reactions. Moreover, 
the rapidly expanding bubble may push stone fragments 
into or through the ureteral wall. When lasers are used at 
levels of energy within the range of 30-60 m J/pulse, such 
acute or delayed reactions are not observed [2]. This 
suggests that the complication rate following endoscopic 
lithotripsy using EHL devices could be lowered by 
decreasing the amount of energy applied per pulse. 
Whether the resultant fragmentation capacity would be 
adequate cannot be determined on the basis of the present 
analysis. 

Stone propulsion 

The large size of the bubbles generated at higher levels of 
pulse energy may have another consequence. The expand- 
ing bubble pushes not only against the ureteral wall but 
also against the stone. This may cause propulsion of the 
stone. Watson [15] has reported stones' being blasted 
from the ureter into the kidney following the application 
of a pulsed-dye laser at levels of energy ranging from 100 
to 140 m J/pulse. In in vitro experiments using various 
types of lasers at 1-8 J/pulse, similar propulsion pheno- 
mena have been observed [14]. 

Clinical consequences 

For the treatment of ureteral calculi, extracorporeal 
shock-wave lithotripsy (ESWL) is the first option. In case 
this fails, ureteroscopic disintegration is an alternative 
approach. However, ureterorenoscopy demands experi- 
ence, and even under the best circumstances, a 4%-10% 
chance of ureteric damage remains when a rigid instru- 
ment is use [3, 11]. Thin, flexible instruments are favoured 
for this technique. Besides the hazards of the instrumenta- 
tional procedure, the disintegration process can also 
damage as a side effect. When the dye laser is used, 
mistargeting of the fiber may cause a small (600 ~tm) 
perforation in the ureteral wall. In clinical practice this 
occurs only rarely and has no important clinical implica- 
tions. However, such damage cannot be inflicted when the 
MBB Litholas is applied because of the metal cap at the 
end of the fiber. The rapidly expanding bubbles investigat- 
ed in the present study may also damage the ureteral wall; 
bubbles larger than the ureteral lumen might push stone 
fragments through the wall or even rupture the ureter 



itself. F r o m  our  s tudy  it is evident  tha t  the 15-mm bubbles  
genera ted  by  the E H L  device m a y  represent  a ser ious 
haza rd  to the ure tera l  wall.  

Conclusions 

The three  endoscop ic  l i tho t r ipsy  devices inves t iga ted  
p r o d u c e  a shock  wave but  also genera te  a r ap id ly  expand-  
ing and  quickly  i m p l o d i n g  gas bubble .  F o r  the pu lsed-dye  
laser,  the g rowth  o f  this bubb le  closely fol lows the 
m a t h e m a t i c a l  mode l  descr ibed  by  Lo et al. [6]. The 
m a x i m a l  bubb le  size m a t c h e d  this mode l  for  all  devices 
s tudied.  The  MBB Li tho las  genera ted  a single, s l ightly 
b a c k w a r d - d i r e c t e d  shock front ,  whereas  bo th  the pulsed-  
dye laser  and  the E H L  device genera ted  mul t ip le  shock  
waves. F o r  bo th  of  the lasers the max ima l  bubb le  size 
ranged  f rom 5 to 7 mm,  whereas  the E H L  device p r o d u c e d  
bubbles  measur ing  up  to 14 m m  in max ima l  size. 

Cons ider ing  these observa t ions ,  the laser  seems to be 
the safest  so lu t ion  when E S W L  failed.  However ,  the 
negat ive  aspects  of  laser  l i tho t r ipsy  include the high cost  
and  the large size of  the equ ipmen t  and  the necessi ty for  
special  safety p rocedures .  Hopefu l ly ,  these s econda ry  
d i sadvan tages  will be e l imina ted  in the near  future.  
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