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ABSTRACT

Purpose: Urinary stone disease is a common medical problem. Extracorporeal shockwave lithotripsy (SWL) has been
applied with high success and low complication rates. Steinstrasse (SS) is a possible complication after SWL. The aim of
the present study was to prospectively evaluate the factors and outcomes associated with SS after SWL.

Materials and Methods: We have prospectively evaluated 265 SWL sessions (2005-2009). Two lithotriptors were
used randomly: Siemens Lithostar and Dornier Compact S. All patients had imaging exams after 30 and 90 days or
according to symptoms.

Results: SS was observed in 14 (5.3%) out of 265 SWL procedures (n = 175 patients, 51.5% women/48.5% men, mean
+ SD age = 46.3 + 15.5 years). SS was more common after SWL for pelviureteral calculi rather than caliceal stones (p =
0.036). There was a trend toward more occurrences of SS after SWL for larger stone area (> 200 mm?, p = 0.072). Pre-
operative ureteral stent didn’t prevent SS. SWL machine, intensity, number of pulses and frequency were not associated
with SS formation. Post-SWL pain, fever and gravel elimination were factors associated with SS (p=0.021; p=0.011; p
=0.078). When SS occurred, treatment modalities included Medical Expulsive Therapy (MET), ureteroscopy and SWL.
Conclusions: Steinstrasse is an uncommon event after SWL and seems to occur more frequently with larger pelviure-
teral stones. Impaction of stones is more frequent in the middle ureter. All patients should be followed after SWL, but SS
should be specially suspected if there is macroscopic gravel elimination, flank pain and/or fever. When SS occurs, treat-
ment should be promptly introduced, including medical expulsive therapy, surgical approach or SWL in selected cases.
Further prospective studies are awaited to evaluated preventive measures for SS occurrence.
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INTRODUCTION

cations can occur in 3-12% of cases, including pain,
steinstrasse, need for auxiliary procedures, hematuria
and hematomas (1,2). Less frequently, fever, hydro-

Urinary stone disease is a common medical
problem in the general population. Extracorporeal
Shock Wave Lithotripsy (SWL) has been introduced
as a revolutionary therapy to break up stones through
shock waves, representing a minimally invasive ther-
apy, with high success and low complication rates.
Third generation SWL machines became more com-
pact; treatments became less painful and SWL ses-
sions became more comfortable. However, compli-

nephrosis and sepsis may occur (3). Steinstrasse (SS)
is a complication defined as the presence of more than
one ureteral stone simultaneously, and occur in 1.1
to 24.2% of patients after SWL (2,4-6). To the best
of our knowledge, factors associated with SS occur-
rence have never been prospectively evaluated. The
aim of the present study was to prospectively evalu-
ate the factors associated with SS after SWL and out-
comes of SS treatment.
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MATERIALS AND METHODS

We have prospectively evaluated 1456
SWL sessions at our institution. Procedures were
performed as outpatient basis between January
2005 and January 2009. A 6-hour fasting and bowel
preparation was recommended, and procedures were
performed with monitored sedation (Midazolan and
Fentanyl). Patients who underwent SWL at our insti-
tution but whose follow-up was done by other physi-
cians were excluded from the present study. Patients
without adequate follow-up (at least two office visits
after SWL session) have also been excluded from
further analysis. After excluding these patients, a to-
tal of 265 SWL sessions were analyzed. Stone com-
position or density on CT scans was not routinely
assessed in the present study, as imaging studies in-
cluded simple flat plate of abdomen (KUB), ultra-
sound or CT scan prior treatment.

Two lithotriptors (Siemens Lithostar or
Dornier Compact S) were used randomly, accord-
ing to date of scheduled procedure in our medical
insitutions. During SWL sessions, stones were lo-
cated either through ultrasound and/or fluoroscopy.
All patients were followed with image exams (KUB,
ultrasound or CT scan) after 30 and 90 days from
treatment sessions, or according to symptoms. Even
though SS can occur earlier and transiently after
SWL, the present protocol was designed to diagnose
clinically significant SS.

Shock waves intensity were progressively
increased, and a maximum of 4,000 and 5,000 pulses
were respectively applied for renal and ureteral cal-
culi (mean £ SD = 4397 + 689 pulses Rate = 116 +
10 pulses/min; intensity = 4.2 = 1.8). Ureteral stents
were placed prior to SWL procedures for larger
stones (> 2.0 cm) or patients with solitary kidneys.

All patients have signed an informed con-
sent and institutional review board has approved the
present study. Statistical analysis was performed
using the Statistical Package for Social Sciences
software (SPSS 13.0 for Mac OS X, SPSS, Inc.,
Chicago, Illinois). Complications were analyzed
with the Pearson chi-square test, and parametric
measures using T test. Statistical significance was
determined at p < 0.05.

RESULTS

Of the 1456 SWL procedures performed
during this period of time, 952 SWL sessions
were performed in patients (65.4%) that followed
up elsewhere and were excluded from further
analysis. According to our exclusion criteria we
identified 239 patients (16.4%), who had incom-
plete follow-up. A total of 265 SWL procedures
applied to 175 patients (51.5% women / 48.5%
men, mean + SD age = 46.3 + 15.5 years, range
13-81 years, see Table-1), were analyzed. SS was
observed in 5.28% (n = 14) of procedures. SS oc-
curred in mid ureter (42.9%, n = 6), lower ureter
(35.7%, n = 5) and upper ureter (21.4%, n = 3).
A statistical comparison was made between these
patients who presented SS and those who did not.
Both groups had similar gender and age (Table-1).

Pelviureteral calculi had significantly
been more associated with SS than caliceal stones.
Placement of a preoperative ureteral stent did not
prevent SS occurrence (Table-1). Additionally,
SWL machine, intensity, number of pulses, fre-
quency, fluoroscopy time, immediate post-SWL
result or haematuria was not associated with SS
formation (Table-2).

Post-SWL pain and fever were factors as-
sociated with the occurrence of SS, as occurrence
of SS was more frequent when gravel elimination
was observed (Table-2). Moreover, SS occurred
often after SWL when large stone burden was
identified by radiographic area, even if patients
had a lower number of stones (Tables 1 and 3).

When SS occurred, treatment modalities
applied included medical expulsive therapy, an-
algesics, anti-inflammatories and alpha-blockers
(40%), ureteroscopy (34.3%) and SWL (25.7%).
Treatment modalities were determined according
to clinical judgment and after discussing options
with the patient. SWL or ureteroscopy were per-
formed for larger stone fragments, calculi deter-
mining moderate/severe hydronephrosis, when
infection was suspected, with severe and untreat-
able pain or for patients who refused to undergo
medical expulsive therapy. All procedures were
performed successfully.
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Table 1 - Patients’ demographics and peri-operative data (n = 265).

SS No-SS total
Characteristic Mean = SD Mean £ SD Mean = SD p
Age (years) 49.1+17.4 46.1£15.5 463 +15.5 0.449
Stone area (mm?) 129.3 +£80.0 95.8+74.9 97.6+75.2 0.246
Number of stones 1.2+0.6 1.5+1.0 1.5+0.9 0.037*
% (n) % (n) % (n)
Gender 0.176
Male 6.2 (8) 93.8 (121) 48.7 (129)
Female 4.4 (6) 95.6 (130) 51.3 (136)
Stone location 0.036*
Caliceal 3.0(5) 97.0 (163) 168 (63.4)
Pelviureteral 8.8(9) 91.2 (88) 97 (38.5)
Side 0.478
Right 4.3 (6) 95.7 (132) 52.1 (138)
Left 6.3 (8) 93.7(119) 47.9 (127)
Prior ureteral stent 28.6 (4) 17.9 (45) 18.5 (49) 0.318

SS = steinstrasse; X = average; SD = standard deviation; p value by T Test and chi-square test

DISCUSSION

Overall incidence of SS after SWL pro-
cedures was of 5.3%, similar to other series (4.0-
8.2%) (6,7). However certain factors that had never
been previously studied could be better evaluated,
and our study has some important findings.

First, we have observed that SS is an un-
common event after SWL, and occurs after 5.3%
of procedures. If we consider the high prevalence
of urinary stone disease and the number of these
patients who undergo SWL, its occurrence be-
comes epidemiologically significant. We have
observed that stones stop more frequently in the
middle ureter.

Second, SS occurred more frequently
when SWL was applied to stones located in the
pelviureteral complex rather than caliceal stones.
It makes sense that when SWL is efficient in pel-
viureteral stones, more fragments can migrate si-
multaneously, when compared to caliceal stones,
and other authors have also demonstrated this fact

(7). SS occurred more frequently when there were
more stones (p =0.037). There was a trend towards
more occurrence of SWL for stones with larger
areas, mainly > 200mm? (p = 0.072, Table-3).
Even in cases with a larger number of stones, this
trend was observed, as previously reported (5,7).
When treating patients with an increased risk of
SS, as those with large pelvic stones, preventive
treatment for SS such as alpha-blockers could be
prescribed (8-10). Further studies should be con-
duced to evaluate its effects.

Third, epidemiological factors as patient
age, gender, kidney side as well as session charac-
teristics (lithotriptor, intensity, frequency, pulses)
are not associated with SS occurrence. It has been
demonstrated that children eliminate easier and
faster stone fragments after SWL (11), leading to
lower SS occurrence rates (12). However, as we
have treated mostly adults this data could not be
confirmed in our study. Previous placement of a
double J stent has not prevented SS occurrence, as
observed by other authors (13). However, ureteral
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Table 2 - Treatment and post-treatment outcomes associated with SS.

No SS SS TOTAL
(n=241) (n=14) (n =265) p
% (n) % (n) % (n)
SWL machine 0.290
Dornier 95.9 (142) 4.1 (6)
Siemens 93.0 (106) 7.0 (8)
Imm.treatment impression 0.414
Unchanged 100.0 (23) 0(0) 8.7 (23)
Mildly Changed 94.7 (177) 5.3 (10) 70.6 (187)
Changed 92.6 (50) 7.4 (4) 20.4 (54)
Macro. Gravel elimination 63.3 (159) 85.7 (12) 64.5(171) 0.078
Haematuria 66.1 (166) 85.7(12) 67.2 (178) 0.129
Pain 54.2 (136) 85.7(12) 55.8 (148) 0.021*
Fever 2.4 (6) 143 (2) 3.0(8) 0.011%
X +£SD X+£SD X+SD p
Intensity 3.7+ 1.75 42+1.8 42+1.8 0.265
No. of pulses 4303.6 +554.2 4404.6 + 697.4 4397.8 + 689.2 0.176
Frequency 116.4+9.3 116.8 +10.2 116.8 £ 10.1 0.883
Fluoroscopy time 27+1.7 23+1.1 2.7+1.6 0.234
Analgesic dose 47+1.38 57+1.5 48+1.8 0.187
Immediate pain 1.7+£1.3 20+14 1.7+1.3 0.215

SS = steinstrasse; X = average; SD = standard deviation, p value by T Test and chi-square test

stents were placed selectively, patients with larger
stones with potential increased risk for complica-
tions. This approach is currently controversial, be-
ing recommended for stones from 1.5-3.5 cm (5),
larger than 2.0cm (13) or only for stones larger than
2.5cm (14) according to different authors. We found
that patients with large stones with pre-placement
of ureteral stents did not prevent SS occurrence af-
ter SWL, but it can minimize SS symptoms.
Fourth, occurrence of symptoms after
SWL was associated with SS. Flank pain and fe-
ver occurrence were associated with a 5.3 and 3.5
fold risk of diagnosing SS after an SWL session

(p=0.021; p=0.011). When macroscopic gravel
elimination was noted there was also a trend to-
ward a higher rate of SS (p = 0.078). These pa-
tients should be carefully investigated and treated
to avoid short and long-term complications.

Fifth, in our experience almost 60% of
patients with SS required a surgical approach
to treat this complication. SWL or ureteroscopy
were performed for larger stone fragments, calcu-
li causing moderate/severe hydronephrosis, when
infection was suspected, with severe and untreat-
able pain or who refused to undergo medical ex-
pulsive therapy (15-17).
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Table 3 - SS occurrence after SWL according to stone area.

SS No-SS total
Stone Area (mm?) % (n) % (n) % (n) p
0-100 3.6 (6) 96.4 (160) 100 (166) 0.072
101 -200 6.2 (5) 93.8(75) 100 (80)
>200 15.8(3) 84.2 (16) 100 (19)

SS occurrence after SWL according to stone area.

Our study has some limitations. First, since
this is an uncommon event, the number of patients
with SS was relatively small, what limits the power
of the study. Also, we have excluded from further
analysis patients who lost to follow-up. We believe
that this could overestimate the occurrence of SS,
since asymptomatic patients would be more prone
to lose follow-up. Another interesting aspect would
be stone composition or density on CT scans, but
these data could not be assessed in the present study.
However, these flaws do not diminish the value of
the present study, they raise questions for further in-
vestigations.

In conclusion, SS is an uncommon event af-
ter SWL and seems to occur more frequently with
larger pelviureteral stones. SS occurs more frequent-
ly at mid ureter. All patients should be followed
after an SWL session, but SS should be especially
suspected if there is the perception of macroscopic
gravel elimination, flank pain and/or fever. When
SS occurs treatment should be promptly introduced,
including medical expulsive therapy, surgical ap-
proach (ureteroscopy or ureteral stent placement) or
SWL session according to clinical judgment. Fur-
ther prospective studies are awaited to evaluated
preventive measures for SS occurrence.
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