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lithotripter: Efficacy, pain and complications

Grazia Bianchi, Diego Marega, Roberto Knez, Stefano Bucci, Carlo Trombetta

Department of Urology, University of Trieste, Cattinara Hospital, Trieste, Italy. 

Introduction. We analyzed efficacy and com-
plications of extracorporeal shock wave

lithotripsy (SWL) and analgesia requirement during the treat-
ment in two groups of patients treated with different
lithotripters.
Materials and methods. The patients treated were 189, 102
between September 2016 and April 2017 with HMT Lithotron®

LITS 172, electrohydraulic, and 87 between May and
September 2017 with Storz Medical Modulith® SLK, electro-
magnetic. The main differences between the lithotripters are:
type of energy source, patient position, frequency and number
of shock waves. All the patients underwent sonography before
and four to eight weeks after the treatment. The targeting was
sonographic for renal stones and X-ray for ureteral stones. 
All the patients received Ketorolac before the treatment with a
supplement of Pethidine if needed. People lost to follow-up and
with incomplete data were excluded. 
Results. We enrolled 173 patients, 94 treated with the electro-
hydraulic lithotripter and 79 with the electromagnetic one. 
43 patients (54%) in the electromagnetic group and 31 (33%) 
in the electrohydraulic group were stone free or presented clini-
cally insignificant residual fragments (CIRFs), defined as
asymptomatic, noninfectious, ≤ 3 mm. The association between
CIRFs and the kind of lithotripter was statistically significant 
(p = 0.004). 
An increased need for analgesia was found in 14.9% of patients
in the electromagnetic group and in 81% of patients in the elec-
trohydraulic group (p < 0.001). The access to emergency room
(intractable pain, kidney failure, fever, Steintrasse) after the
treatment was similar in the two groups (p = 0.37).
Conclusions. The best results in stones fragmentation and less
analgesia requirement were demonstrated in the electromagnet-
ic lithotripter group. No differences were demonstrated consid-
ering the need for emergency room after the treatment.
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tially the same way (2). Many studies compare different
lithotripters or different energy source in order to evalu-
ate efficacy (3, 4). In our institution, we used an electro-
hydraulic lithotripter and when it was no longer avail-
able, we used an electromagnetic one.

MATERIALS AND METHODS
We retrospectively reviewed the data collected and com-
pared the results obtained with the two lithotripters,
using chi-square test, with significance considered at
p < 0.05.
The patients collected were 189. Between September
2016 and April 2017 we treated with HMT Lithotron®

LITS 172, an electrohydraulic lithotripter, 102 patients
and when it was no longer available we use, between
May and September 2017, a Storz Medical Modulith® SLK,
electromagnetic, with 87 patients.  
All the patients underwent sonography before and four
to eight weeks after the treatment, performed by the
same urologists. The targeting during the treatment was
sonographic for renal stones and X-ray for ureteral
stones. All the patients received Ketorolac (30 mg) before
the treatment or Paracetamol (1g) in case of allergy with
a supplement of Pethidine, according to weight, if need-
ed. When we evaluated complications after the treat-
ment, patients who visited the emergency room within
48 hours were included (5). People lost to follow-up and
with incomplete data were excluded. 

RESULTS
We enrolled 173 patients, 129 males and 44 females
with a mean age of 58 ± 12 years. 94 were treated with
the electrohydraulic lithotripter, 23 females and 71
males, and 79 with the electromagnetic one, 21 females
and 58 males. 
In the group treated with the electromagnetic lithotripter
the mean diameter of the stones was 9.59 ± 3.04mm and
16 patients had multiple stones. 73 had stones in the
kidney and 6 in the ureter. 
The mean number of shock waves was 3079 (3043 in the
kidney and 3516 in the ureter) with a 3-4Hz frequency.
In the group treated with the electrohydraulic one, the
mean diameter of the stones was 10.39 ± 3.41 mm and
18 patients had multiple stones. 73 had stones in the
kidney and 21 in the ureter. The mean number of shock
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INTRODUCTION
Shock wave lithotripsy was introduced in the 1980s for
the treatment of urinary stones and became a first line
treatment option (1). Since the introduction of the
Dornier HM3 lithotripter, there have been many changes
to produce machines that were easier and more practical
to use. Three shock wave generating principles have
been used in clinical lithotripters: electrohydraulic, elec-
tromagnetic and piezoelectric, but they work substan-
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waves was 2228 (2139 in the kidney and 2500 in the
ureter) with a 1-2Hz frequency (Table 1).
43 patients (54%) in the electromagnetic group and 31
(33%) in the electrohydraulic group presented clinically
insignificant residual fragments, defined as asympto-
matic, noninfectious, ≤ 3  mm fragments (CIRFs). 
The data were compared using chi-square test, demon-
strating that the association between presence of CIRFs
or stone free status and kind of lithotripter was statisti-
cally significant (p = 0.004). 
An association between the kind of lithotripter and the
need for more analgesia during the treatment was evalu-
ated. 14.9% of people treated with electromagnetic (13
patients) and 81% of people treated with electrohy-
draulic (83 patients) asked for Pethidine. People treated
with electromagnetic lithotripter needed less analgesia
(p < 0.001). 
The causes of access to the emergency room were
intractable pain, kidney failure, fever (> 38°C) and
Steintrasse. 10 patients treated with electromagnetic an 8
treated with electrohydraulic went to emergency room
within 48 hours and the difference was not statistically
significant (p = 0.37) (Table 2).

DISCUSSION
The electrohydraulic lithotripter has a source that gener-
ates a shock wave that is focused by an ellipsoidal reflec-
tor. The pressure pulse originates as a shock wave and
remains a shock wave at all times. During shooting, there
can be significant variation in the amplitude of the shock
wave and there can be some shift in the position of the
focal zone at the target. 

The electrodes wear out and must be replaced because
this can affect their acoustic output. The electromagnetic
lithotripter uses an electrical coil in proximity to a metal
plate as an acoustic source. When the coil is excited by a
short electrical pulse, an acoustic wave is generated.
Focusing is very reproducible and the variation in meas-
ured pressure waves is less than 10%. 
The shock waves generated by electromagnetic
lithotripters are inherently more consistent than in elec-
trohydraulic. An additional advantage is that there are no
electrodes to replace (2). 
As seen above, there are inherent differences between the
two kinds of lithotripter, but each brand has its own fea-
tures (6-8). 
The position of the patient is different. With Lithotron®,
the patient is supine, with his flank lying on the therapy
head and sometimes must be fixed to the bed to avoid
involuntary movements (9). With Modulith®, the patient
is prone and the respiratory movements are smaller.
In both, the therapy head is filled with water, covered by
a thin rubber membrane pressed against the patient and
through which the shock wave passes and gel is used as
coupling agent (10).
The number of the shock waves depends on the stone
fragmentation. The frequency depends on the configura-
tion of the lithotripter. For the Lithotron® the frequencies
available are 1 or 2 shock waves per second. For the
Modulith® the frequency depends on the energy deliv-
ered and with higher energy the frequency is 3 or 4
shock waves per second.
In literature there are many studies that compare different
lithotripters. Some studies evaluate, as we did, the differ-
ences between electrohydraulic and electromagnetic
lithotripters, however, the results are discordant (3, 4). 
In our series electromagnetic lithotripter has better results.
Another important argument about SWL is pain manage-
ment (11). 
Discomfort during shock wave treatment is due primarily
to the sensation of cutaneous pain over the area of shock
wave entry at the surface of the body (2). Analgesics used
include opioids, NSAIDs and local analgesia, however,
there is no consensus on standard analgesia for pain dur-
ing SWL (12). 
In our series, pain is better managed in patients treated
with electromagnetic lithotripter. 
Many complications after ESWL are reported. The most
dangerous are renal hematomas and injuries to adjacent
organs, but the most frequent are flank pain, hematuria,
fever, nausea with vomiting and acute urinary retention
(5). We had no severe complication and in the two
groups, the access to the emergency room was similar.

CONCLUSIONS
All the treatments and the follow up were performed by
the same group of urologists with years of experience. 
In the series we considered, the best results in stones
fragmentation (p = 0.004) and less analgesia requirement
(p < 0.001) were demonstrated in the electromagnetic
lithotripter group. No differences were demonstrated
considering the need for emergency room after the treat-
ment (p = 0.37).

Table 1. 
Characteristics of stones and treatments.

Electromagnetic Electrohydraulic
lithotripter lithotripter

Mean diameter of the stones 9.59 ± 3.04 mm 10.39 ± 3.41 mm 
Patients with multiple stones 16 18 

kidney stones 73 73 
ureteral stones 6 21 

Mean number of shock waves 3079 2228
(3043 kidney (2139 kidney

and 3516 ureter) and 2500 ureter)  
Frequency of shock waves 3-4Hz 1-2Hz 

Table 2. 
Success rate,complications and analgesia requirement.

Electromagnetic Electrohydraulic P
lithotripter lithotripter

CIRFs 43 31 0.004 
Lithiasis > 3 mm 36 63 
Access to emergency room 10 8 0.37 
No complications 69 86 
Analgesia requirement 13 83 0.00001 
Asymptomatic patients 74 19 
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