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Abstract Our aim is to study the prospective trial where
urine cytology was used to detect the acute urothelial
mucosal damage in patients who undergo extracorporeal
shock waves lithotripsy (SWL). The study included 48 con-
secutive patients (28 male, 20 female) with mean age of
49.02 years (range 18–66) who were treated with SWL due
to renal stones (30 patients) or upper ureter stones
(18 patients). The mean calculi diameter was 12.44 mm
(range 5–20). Urinary cytologic examinations were done
for all patients immediately before and after SWL therapy
and 10 days latter. The average numbers of transitional
cells, red blood cells and myocytes were counted under
40 £ magniWcation. In overall patients the average num-
bers of transitional cells at the cytologic examinations done
immediately before and after SWL therapy were 1.6 and
7.53 cell/Weld, respectively (p = 0.001). The increment in
transitional cells at cytologic examination after SWL was
signiWcantly inXuenced only by number of shock waves
applied (p = 0.003). No muscle cell was detected in all
cytologic examinations. The cytologic examinations which
were done after 10 days of SWL therapy showed recovery
from all cytologic abnormalities. The acute increment in
number of transitional cells after the SWL is not clinically

important and it is a temporary change. Urothelial lesion is
limited to mucosal layer and there is no evidence of damage
to basal membrane or deeper muscle layer. SWL safety on
urothelial and muscular layer was demonstrated. However,
evaluation of larger series with use of other lithotripters is
necessary before reaching any deWnitive conclusions.
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Introduction

As noninvasive treatment of modality, extracorporeal shock
waves lithotripsy (SWL), has become the treatment of
choice for most renal and ureter stones. Although this tech-
nology oVers the potential for the noninvasive delivery of
focused energy, several reports have established that some
patients exhibited morphological and functional abnormali-
ties in kidneys and neighboring organs such as lungs, liver,
pancreas and intestine [1–7]. Extracorporeal SWL has
either acute or long-term complications; the severe-acute
complications are rare with perirenal hematomas being the
most common. Also transient increases in intrarenal vascu-
lar resistance, diastolic blood pressure, and markers of
tubular damage were reported after SWL for upper urinary
tract stones [8–10]. Data on the long-term complications of
SWL are rare and controversial. The reported development
of hypertension as a late complication in some studies
[8, 11, 12] could not be conWrmed by others [13, 14].
Recently, the development of diabetes mellitus was pro-
posed to be a late complication due to SWL [15]. In this
prospective study, we used cytologic examination to evalu-
ate the acute urothelial damage, which may be caused by
SWL, in patients who undergo SWL due to renal or upper
ureter stones.
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Materials and methods

This is a prospective trial which included 48 patients (male
28, female 20) with a mean age of 49.02 years (range 18–
66) who was treated with SWL for upper urinary tract cal-
culi between July 2009 and October 2009. Thirty patients
were treated for renal pelvis stones, while 18 patients had
SWL for upper ureter stones. The overall average of stones
diameter was 12.44 mm (range 5–20); the average stones
diameters for patients with renal pelvis stones and upper
ureter stones were 13.13 mm (range 10–20) and 11.3 mm
(range 5–15), respectively. Data on patients are shown in
Table 1. The inclusion criteria were no history of renal or
ureter surgery, no stenting, no patient with sever hydrone-
phrosis and no previous application of SWL. All patients
had successful fragmentation of the stones on real-time
abdominal Xuoroscopy. Extracorporeal SWL was adminis-
tered on standard fashion during clinical routine with all
procedures on electrohaydrulic lithotripter (ELMED,
Turkey). No anesthesia was given, however, Nonsteroidal anti-
inXammatory drugs (NSAIDs) were administered when
necessary. Treatment was started at 13 kV and the energy
was increased step by step to 17 kV. The average number
of shock waves was 2,383 (range 1,400–2,800). All routine
pre-SWL analyses such as blood coagulation tests, urine
culture, renal function tests were within normal limits.
Urinary cytologic examinations were done for all patients
immediately before and after SWL therapy and 10 days
after stone fragmentation. To have suYcient cytologic eval-
uation the volume of urine sample more than 20 cc of all
patients were collected after micturition (Centrifuge
machine: Shandon Cytospin 4, Germany). Transitional
cells were counted in Wve Welds under 40 £ magniWcation;
starting from the highest number of transitional cells-con-
taining-Weld and the average was calculated. Tri-ocular
light microscope was used (Olympus BX51, Japan). Red

blood cells and myocytes were counted similarly. The acute
increments in transitional cells and myocytes numbers at
the immediate post-SWL cytologic examinations were used
as an indicator to measure urothelial mucosal damage
caused by SWL. However, the cytologic examinations done
after 10 days of SWL therapy were used to detect the recov-
ery of these abnormal cytologic Wndings.

Statistical analysis

A Student’s two-tailed paired t test was used to compare
the numbers of transitional cells at pre- and post-immediate
SWL cytologic examinations. Pearson correlation test was
used to determine the factors which inXuence the increment
of transitional cells number after SWL.

Results

There was a statistically signiWcant increment in the aver-
age number of transitional cells after the application of
SWL at the post-immediate SWL cytologic evaluation. The
average numbers of transitional cells immediately before
and after SWL therapy were 1.6 (range 1–4) and 7.53
(range 2–36) cell/Weld, respectively (p = 0.001). Shock
waves number was the only factor which signiWcantly cor-
related with the increment of transitional cells at cytologic
examination after lithotripsy (p = 0.003). The average num-
ber of transitional cells at the post-immediate SWL therapy
in patients with renal stones and upper ureter stones were
8.94 (range 2–36) and 5.2 (range 5–6) cell/Weld, respec-
tively. Comparison between the cytologic Wndings and the
clinical variables of patients with renal stones and ureter
stones is shown in Table 1. No myocytes and no basement
membrane elements detected in any of the cytologic
examinations. The Wndings of the pre-SWL cytologic

Table 1 Demographic characteristics of patients with renal pelvis or ureter stones

n number of cases

Patients with 
renal stone

Patients with 
ureter stone

Total

Patients (n)* 30 18 48

Sex (male/female) 16/14 12/6 28/20

Age average (years, range) 40.85 (18–56) 62.66 (58–66) 49.0 (18–66)

Stone diameter (average, range, mm) 13.13 (10–20) 11.3 (5–15) 12.4 (10–20)

Transitional cell at pre-SWL cytologic 
examination (average, cell/Weld)

1.56 (0–4) 1.56 (0–3) 1.66 (0–4)

Transitional cell at post-immediate 
SWL (average, cell/Weld)

8.94 (2–36) 5.2 (5–6) 7.53(2–36)

Red blood cell before SWL (average, cell/Weld) 4.09 (0–30) 1.6 (0–5) 3.1 (0–30)

Red blood cell after SWL (average, cell/Weld) >100 <50 –

Shockwaves (average, range) 2266 (2000–2500) 2400 (1400–2800) 2383 (1400–2800)
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examinations had shown an average number of 5 red blood
cell/Weld (range 0–30) and the majority of the patients had
no red blood cells. At post-immediate SWL cytology, there
was extensive presence of red blood cells (average more
than 100 cell/Weld), but the degree of hematuria in patients
with ureter stones was signiWcantly less (average less than
50 cells/Weld) (Table 1). The controlled cytologic examina-
tions which were done after 10 days of SWL therapy
revealed recovery of all cytologic Wndings with abnormali-
ties and the Wndings became similar to that of pre-SWL
cytologic examinations.

Discussion

Since its introduction in 1981, SWL has become the
standard treatment option for most upper urinary tract cal-
culi and serve as Wrst-line therapy for most ureter and kid-
ney stones [1, 16, 17]. Although being considered as the
least invasive international treatment option for urinary cal-
culi, SWL can lead to tissue damage of the kidney and adja-
cent organs. To date, it remains controversial whether renal
injury caused by SWL leads to long-term morbidity. The
majority of the studies reported that SWL-induced renal
injury is temporary and leaves no permanent damage to
renal parenchyma [18–20]. However, other studies have
shown hidden damage occurring frequently after SWL
[21, 22]. The damage caused by SWL is claimed to be a
result of membrane permeability changes [23, 24]. Cavita-
tion-related eVects, hydrodynamic jets and free radical
generation are probably responsible for this toxicity [23, 24].

In the present study, we aimed to detect any acute
urothelial mucosal damage caused by SWL. To exclude any
factor which may aggregate or aVect urothelial damage, any
patient with previous surgery, sever hydronephrosis, stent-
ing or urinary tract infection was excluded. Because the
previous surgery may cause some Wbrosis and this alter the
healthy mucosa thus the optimum eVect of shockwaves
may be under evaluated. Severe hydronephrosis may lead
to movement of the small calculi during SWL application,
thus the possibility of aggregating SWL eVect on urothelial
layer may occur. Also stenting may interfere with pathway
of the shockwaves thus changing the harmful eVect on
urothelial layer. Similarly urinary tract infection increases
the fragility of mucosa, it may aggregate the impact of
shockwaves on urothelial mucosa. For each patient, three
cytologic examinations were done; the pre-SWL cytologic
examination was done to have baseline Wndings before the
application of SWL, the post-immediate SWL cytolgic
examination was done to evaluate the acute changes on the
urothelial mucosa, basement membrane and muscular
layer. The last cytologic evaluation was done to detect the
extent of recovery of the abnormal cytologic Wndings

caused by SWL application. We found statistically signiW-
cant increment in the number of transitional cells and red
blood cells at post-immediate cytologic examination. How-
ever, these increments were not clinically important and
reversible, as the cytologic Wndings of the last cytologic
examination revealed the absence of the transient increment
of transitional cells and red blood cells. There was no
evidence for the presence of the basement membrane ele-
ment or muscle cell detected in the post-SWL cytologic
examination, which mean that the harmful eVect of SWL is
limited to the mucosal layers. This is a very important issue
especially in patients with ureter stones because the muscu-
lar layer of the ureter play an important role in peristaltic
movements, so any damage to this layer may result in
impairing of this movement and/or increasing risk of stric-
ture formation. Kirkali et al. [25] investigated the eVect of
SWL on the morphology and contractility of rabbit ureter .
He found that the microscopic and the functional Wndings
clearly demonstrated that electromagnetic shock waves
cause signiWcant cellular and subcellular changes leading to
decreased ureteral contraction. However, these morpholog-
ical and functional changes are reversible but repeated
administration of higher energies may have some clinical
impact on patients undergoing in situ SWL for ureter stones
[25]. Horgan et al. [26] noted increased ureteral peristalsis
after SWL with electromagnetic shock waves in 16 patients
and attributed this observation to increased release of
thromboxane B2 and prostaglandin F1&#x03AC; Whether
SWL increases or decreases the peristaltic movement of
ureter this is an important issue and should be heavily
investigated in human models. The detection of myocytes
in the cytologic examination after SWL, although not
enough to ascertain the damage to muscular layer, can be
an indicator for possible harmful eVect of SWL on muscu-
lar layer, thus alteration in parestaltic movement may be
expected. Similarly, the absence of myocytes at cytologic
examination is not enough to completely rule out any eVect
on muscular layer, but the impairment of peristaltic move-
ment is less likely to occur. Therefore, we believe that to
verify the eVect of SWL on the ureter, further studies are
needed because it is logical that if the SWL have harmful
eVect on the muscular layer, although transient increment
of contractility of the ureter may occur, impairment of peri-
staltic movement is more likely to occur.

In our study, the post-immediate SWL cytologic Wndings
for patients with ureter stones and renal stones showed sig-
niWcant variations in terms of red blood cells and small
diVerence in the numbers of transitional cells. This is an
expected Wnding, because in renal stones bleeding from
renal parenchyma due to shock waves induced eVect is
common. The average number of transitional cells in
patients with ureter calculi was less than in patients with
renal calculi although the mean numbers of shock waves
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were similar. This may be due to the small size of calculi
and the mobility of the target in patients with ureter stones,
thus diYculty of focusing energy occurred. Therefore, less
injury to the ureter urothelial layer may occur.

The number of transitional cells after lithotripsy was
signiWcantly correlated with the number of shock waves
applied. Therefore, we have to be careful in application of
SWL and avoid unnecessary high number of shockwaves.
We believed that further studies are needed to deWne the
harmless range of wave numbers. High number of transi-
tional cells was also observed in conjunction with high
number of inXammatory cells (neutrophils, eosinophils and
macrophages); we found that 8 patients (7 of them with
renal stones) had more than 10 inXammatory cell/Weld at
post-immediate cytologic examination and the average
number of transitional cells in these patients was 11.87 cell/
Weld in comparison to 6.66 cell/Weld average for the
remaining patients. This means that inXammatory process
in the urinary system may have impact on the SWL-
induced urothelial lesion. Therefore, although the presence
of urinary tract infections and administration of antibiotics
are debatable issue in patients who undergo SWL therapy,
we do recommend a negative urine culture and administra-
tion of appropriate medical therapy prior to SWL applica-
tion if the urine culture is positive.

The last cytologic examination revealed recovery of all
abnormalities at the post-immediate cytologic examination,
thus these changes are reversible. As a result SWL leads to
signiWcant transient increments in numbers of some cells
like transitional cells and red blood cells at cytologic exam-
ination, but the increments are clinically unimportant and
reversible. In the light of these Wndings, although SWL
seems to have no crucial damage to urothelial layer, still
further studies in the human models including direct micro-
scopic examination of urolthelial and muscular layers
should be done, thus acute and long-term eVects of SWL
can be evaluated especially in patients with ureter stones.
Furthermore we should not forget that high number of ses-
sions, short interval between sessions, high number of
shock waves with high focusing, high energy, presence of
infection and obstruction may mark urothelial layer damage
and cause more signiWcant deleterious eVect.

Conclusion

The acute increments in the numbers of transitional cells
and red blood cells after SWL therapy are statistically
signiWcant, but it is not clinically important and it is a tem-
porary change. SWL-induced urinary urothelial lesion is
limited to the mucosal layer and there is no evidence of
damage to basal membrane or deeper muscle layer, thus
impairment of peristaltic movement of the ureter is not

expected. However, further studies in human models
including direct microscopic evaluation of urothelial layer,
taking the factors into account which may mark SWL
damage, are required to evaluate the long-term eVects of SWL
on urothelial layer especially in patients with ureter stones.
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