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ABSTRACT
Objective: To evaluate the success rate of Extracorporeal Shock Wave Lithotripsy (ESWL) therapy and
identify relevant treatment-specific factors affecting stone-free rate (SFR) after ESWL.
Materials and methods: All ESWL treatments in the years 2016–2019, in €Angelholm Hospital, Skåne,
Sweden were analysed retrospectively. Primary outcome was stone-free rate (SFR) at 3months.
Univariate logistic regression was used followed by multivariable regression. Lasso analysis was made
to adjust for treatment-specific factors such as age, stone size, skin-to-stone distance (SSD), stone
attenuation, number of treatments, stone location and presence of a urinary stent.
Results: Factors affecting successful ESWL treatment were lower age (p< 0.001), smaller stone size
and volume (both p¼ 0.001). SSD, stone attenuation, sex, laterality and drainage did not have an
effect on SFR in this study. After the first ESWL treatment session, 46.7% of the patients were
stone-free.
Conclusion: Results indicate that stone size and age are the most predictive factors for ESWL out-
come. Based on this, we present a simple model for prediction of SFR after ESWL, to be used when
counseling patients before ESWL treatment.
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Introduction

Renal colic, caused by urolithiasis, accounts for 1% of emer-
gency department (ED) visits in Europe [1,2]. Surgical treat-
ment of urolithiasis includes ureteroscopy (URS),
extracorporeal shock wave lithotripsy (ESWL) and percutan-
eous nephrolithotomy (PCNL). The European Association of
Urology (EAU) recommends the use of URS and ESWL for
removal of ureteric stones [3]. International guidelines usually
divide stones into three groups, depending on size (<10mm,
10–20mm and >20mm). ESWL is currently an important
part of urolithiasis treatment [4]. ESWL can be recommended
for all stones smaller than 20mm.

ESWL in an outpatient setting is cost-efficient and clinic-
ally more effective compared to URS in treating renal stones
<10mm [3,5]. SFR is measured as the proportion of patients
with residual stone fragments smaller than 4mm after up to
three ESWL treatments for the same stone. Factors previously
shown to improve the SFR are smaller stone size, shorter
skin-to-stone distance (SSD), lower stone attenuation meas-
ured as Hounsfield units (HU) and possibly the absence of a
ureteric stent before ESWL [3,5–8]. Many studies are also
relatively small and the treatment strategy after unsuccessful
ESWL is often unclear.

The aim of this study is to identify easily accessible and
objective factors known before ESWL that influence the SFR
of ESWL treatment.

Materials and methods

This retrospective study included all patients treated with
ESWL in the years 2016–2019, at the Urolithiasis Centre of
€Angelholm hospital in Skåne County, Sweden. The stone
centre serves approximately 450,000 inhabitants in the
north-western part of Skåne. The ESWL machine used was
Stortz lithotripter MODULITHVR SLX-F2, 3rd generation with
electromagnetic shockwave generator, and dual focus option.
Treatment was performed under X-ray monitoring. EAU
Guidelines and contraindications for ESWL treatment were
followed [3,9]. We followed Stortz Medical’s recommenda-
tions regarding the number of shockwaves and energy level.
Power ramping and 1.5 Hz was routinely performed during
the study period. Patients with diabetes, a positive urine cul-
ture or dipstick test, an indwelling stent or a catheter were
given a single dose of antibiotic prophylaxis (Ciprofloxacin
500mg) orally approximately 30min before ESWL [3,9,10].
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Pre-ESWL stenting was not done routinely, but sometimes
used to relieve obstruction or pain, and on rare occasions
due to stone size alone (Figure 1).

All patients were evaluated using non-contrast computer
tomography (NCCT) before and 3–4weeks after ESWL.
Fragmentation was assessed as either (1) complete fragmenta-
tion/successful treatment (stone size < 4mm), (2) partial frag-
mentation (stone size 4–5mm) or (3) incomplete
fragmentation (stone size � 6mm). This study defines SFR
patients with residual stone fragments � 4mm. Complete
fragmentation was not followed up further. Partial fragmenta-
tion was followed up with an annual NCCT. Incomplete frag-
mentation was generally re-treated with ESWL up to three
times in total, whereafter another modality was chosen. The
CT protocol made reconstructions of 3/2mm in three planes
possible, making reconstruction possible with 1mm thickness
and 0.8mm intervals, thus detecting all but very small and
insignificant stones. When measuring Hounsfield density (HU)
with the ‘region of interest’ (ROI) measurement, we included
2/3 of the stone to avoid partial volume effects. Two consul-
tants in urology measured all stones. The measurements were
performed in the same way and inter-operator differences are
presented in a Bland-Altman diagram (Figure 2).

During the study period, 727 ESWL treatments were per-
formed. Three treatments (0.4%) were excluded from the

study (patient’s death or mandatory follow-up was not per-
formed). We further excluded 17 treatments on stones >

2 cm (following the EAU guidelines), leaving 707 treatments
(patients treated one to three times) for evaluation
(Figure 1).

Patient characteristics are presented in Table 1. The major-
ity (697; 98.6%) received small focus shock waves. The
median machine energy level/power was 6 and used in 548
(77.5%) of the treatments. The median shock wave frequency
was 1.5 Hz, used in 695 (98.3%) of treatments. During the
ESWL, 18% had drainage (13.2% pigtail and 4.8% nephros-
tomy). The mean age in the study population was 61 years
and the mean stone density was 939 HU and 82% had their
stone located in the renal pelvis, leaving only 18% of the
stones located in the ureter. The cohort of this study had a
low percentage of ureteric stones, but we found no signifi-
cant correlation between location and SFR after ESWL treat-
ment (p¼ 0.78).

This study was approved by the local ethics committee at
Lund University (Dnr. 2016/254).

Previous number of ESWL treatments, presence of an
indwelling stent, stone location (kidney, upper ureter, lower
ureter), number of shockwaves, shockwave frequency, energy
level and use of prophylactic antibiotics were prospectively
registered in a medical chart system (Melior, Siemens).

Complementary treatment modalities (URS, PCNL, or per-
cutaneous nephrostomy), stone size (measured in three
dimensions with the longest measurement documented),
stone attenuation in HU and SSD (measured as the length
from stone to skin at the outer border of psoas/paraspinal
muscles or, when in prone position, the shortest measure
from the abdominal side of the skin) were retrospect-
ively collected.

Statistics

Patient and stone specific factors were analysed with both
univariate analyses (Chi-squared or t-test comparing patients
with successful treatment to those with unsuccessful treat-
ment) and multivariate analyses (logistic and lasso regres-
sion) to evaluate if they were significant independent factors.
Subgroup analyses was also made looking at first and second
treatment analysing differences in factors affecting SFR. The
data was randomly split into two datasets of equal size,
which we refer to as ‘training data’ and ‘test data’ for the
analysis to minimise the risk of assumption bias. Lasso ana-
lysis stands for ‘least absolute shrinkage and selection oper-
ator’. It is a regression analysis method that performs both
variable selection and regularization in order to enhance the
prediction accuracy and interpretability of the resulting stat-
istical model. Using the training data, we applied lasso
regression to select the best predictors. The lambda-value for
the lasso regression was chosen using cross-validation. The
results are presented as odds ratios with 95% confidence
intervals and p-values. The selected model was then eval-
uated using the test data and using receiver operating char-
acteristic (ROC) curves to calculate the area under the curve
(AUC). Statistical analysis was performed using computations

Popula�on of northwestern skane 
n≈450 000 inhabitans

ESWL treatments 2016-2019
727 treatments

Lost in followup 3 cases
724 treatments

Exluded (stone >2 cm in 17 treatments)
leaving 707 treatments

Figure 1. STROBE flowchart of the study (STrengthening the Reporting of
OBservational studies in Epidemiology).
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in R: A Language and Environment for Statistical Computing
version 4.0.2.

Results

Stone free rate (SFR)

Successful ESWL treatment (residual stone < 4mm in longest
measurement and no re-intervention needed) was achieved
in 47% (n¼ 331) of all treatments. The success rate with

treatment no. 1 was 50.1% (n¼ 253), treatment no. 2 was
38.3% (n¼ 62), and at treatment no. 3 40% (n¼ 16). On the
follow-up NCCT, 143 patients (20.2%) had 4–5mm stones
and 247 (35%) had residual stones � 6mm. Patients with
residual stones � 6mm were either followed by NCCT or
they received an additional treatment with ESWL or other
modality. The ability of the various baseline variables to pre-
dict a successful treatment outcome (stones < 4mm) was
examined using both univariate (Chi-squared or t-test) and
multivariable logistic regression. In the univariate analysis,
age (p< 0.001), maximum size (p< 0.001), volume
(p< 0.001), and SSD (p¼ 0.047) were significantly correlated
to treatment success (Table 2).

The multivariate analysis showed significance on only age
and max size/volume (both p< 0.001, Table 3). The lasso
regression model (Tables 4 and 5) verified that age and the
similar factors maximum stone size and stone volume are
strongly associated to SFR (p< 0.001).

To investigate the interindividual measure difference
between the two consultants, a one sample T-test was per-
formed. Approximately 10% of patients (n¼ 64) were ran-
domly chosen to measure differences in measurement. There
was no significant differences in maximum size (p¼ 0.43,
Pearson’s r¼ 0.97) or SSD (p¼ 0.186, Pearson’s r¼ 0.97)
measurements. There was, however, a significant difference
in HU measurements (p< 0.001, Pearson’s r¼ 0.76). A Bland-
Altman diagram of measuring differences in max size is pre-
sented in Figure 2.

A ROC curve is presented in Figure 3. The full model
including SSD, HU and maximum size had an AUC of 0.72,
while a model that included age and either maximum stone
size or stone volume had an AUC of 0.74. Maximum stone
size and stone volume correlated strongly to each other and
therefore only maximum stone size was included in the
model for further analysis. The reason for this was that

Figure 2. Bland-Altman diagram presented interindividual measuring difference of max size (randomly selected cases, n¼ 64).

Table 1. Descriptive statistics for ESWL treatment.

Variable Number

Outcome¼ Stone free < 4mm (%) 330 (46.7)
Sex¼ Female (%) 364 (51.5)
Side¼ Left (%) 388 (54.9)
Location¼ Kidney (%) 579 (81.9)
Stone location
Calyces (%) 181 (25.6)
Renal pelvis (%) 402 (56.8)
Upper ureter (%) 70 (9.9)
Middle ureter (%) 31 (4.4)
Lower ureter (%) 23 (3.3)
Drainage type (%)
None (%) 580 (82.0)
Pigtail stent (%) 93 (13.2)
Nephrostomy (%) 34 (4.8)

Age mean (SD) 61 (15)
HU mean (SD) 939 (271)
Volume median (IQR) 462 (252–935)
Max size (SD) 10.2 (3.37)
SSD mean (SD) 10.5 (2.5)
Admission after treatment (%) 34 (4.8)
Antibiotic single dose (%) 219 (31)
Number of ESWL
One (%) 505 (71.1)
Two (%) 162 (22.9)
Three (%) 40 (5.7)
Focus small (%) 697 (98.6)
1.5 Hz (%) 695 (98.3)

Stones > 2 cm are excluded (n¼ 707).
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maximum stone size is a simpler and faster measurement
to perform.

Finally, we then used the most predictive factors identi-
fied in the above models to create an equation for calcula-
tion of odds and probability of being stone-free after up to
three ESWL sessions. We suggest the following equation to
calculate odds for success:

84:04 � 0:954Age � 0:851Size

Calculation of probability (P) can be made through:

P ¼ odds= 1þ oddsð Þ
In Figure 4 we present a visual diagram predicting SFR/

treatment success with age and maximum stone size as
objective factors.

Discussion

This study found that younger age and smaller stones were
predictors of success when performing ESWL on stones less
than 20mm. Size, measured as the maximal diameter in milli-
metres, and volume measurements are equally associated
with SFR.

It is well known and accepted that smaller stone size
increases spontaneous stone passage [11,12]. Our data sug-
gests that the largest stone size together with age are the
best and strongest predictors of SFR and thus might be suffi-
cient for prediction of treatment success. The parameters are
easily accessible and can be used when calculating odds or
probability of a successful treatment.

We found that younger age was a significant predictor of
successful ESWL, a finding shown previously in other studies
[13–18]. A weakness regarding age in this study is that the
follow-up for measuring SFR does not exceed 3months. It
has been shown that the age effect is reduced if the follow-
up is longer (>24months) [19]. Age being such a strong pre-
dictor of SFR after ESWL treatment could influence clinical
practice. The mean age in our study population was 61 years.
We know from other studies that the peak age for stone dis-
ease in our part of the world is between 40 and 50 years
[20], indicating that in this cohort there was a tendency to
choose ESWL for the more fragile elderly patients, which
could affect our results. Although the underlying mecha-
nisms remain unknown, it is suggested that sclerotic changes
in the renal parenchyma occur with aging, leading to
increased acoustic impedance and poor fragmentation, and
consequently low SFR after ESWL therapy for kidney calculi
[14,15]. Sexual activity varies but is generally reduced with
age, and a previous study shows that sexual activity has a
positive effect on SFR after ESWL [21]. Finally a selection bias
is possible in our cohort, with simple stone cases in younger
patients, and complex cases in older groups preferentially
chosen for ESWL treatment. We unfortunately cannot check
this possibility in this cohort since data on PCNL and URS
during this period is lacking.

Stone size was the other factor strongly associated with
higher SFR after ESWL. Multiple studies have shown that big-
ger stones have a lower SFR, as SFR is defined as fragments
less than 4mm [11,22–24]. Stone size as a predictor of SFR
or successful treatment seems to unite most studies on

Table 2. Univariable analysis of factors that could affect SFR after ESWL.

Variable Odds Ratio 95% CI p-value

Sex Male 1.093 0.719–1.661 0.677
Side Right 1.241 0.815–1.889 0.315
Location Ureter 0.921 0.513–1.652 0.782
Pigtail stent 0.946 0.512–1.748 0.860
Nephrostomy 1.243 0.490–3.150 0.647
Age 0.947 0.932–0.963 <0.001
HU (100) 1.028 0.951–1.111 0.488
Volume (100) 0.940 0.910–0.972 <0.001
SSD 0.917 0.841–0.999 0.047
Max size 0.848 0.791–0.908 <0.001

HU and volume are odds ratios/100 units; CI, confidence interval (n¼ 707).

Table 3. Multivariable analysis of factors that could affect SFR after ESWL,
using volume not max stone size.

Variable Odds Ratio 95% CI p-value

Sex Male 1.253 0.780–2.014 0.352
Right side 1.322 0.815–2.142 0.258
Location Ureter 0.651 0.305–1.391 0.268
Pigtail stent 1.024 0.510–2.059 0.946
Nephrostomy 2.522 0.828–7.684 0.104
Age 0.944 0.928–0.961 <0.001
HU (100) 1.058 0.966–1.159 0.226
Max size 0.848 0.791–0.908 <0.001
Volume (100) 0.940 0.908–0.973 <0.001
SSD 0.974 0.874–1.085 0.634

HU and volume are odds ratios/100 units (n¼ 707).

Table 4. Lasso regression model for the most predictive factors for SFR after
ESWL, using volume as the measurement of stone size.

Variable Odds Ratio 95% CI p-value

Age 0.947 0.932–0.963 <0.001
Volume (100) 0.942 0.911–0.974 <0.001

Volume is odds ratio/100 units (n¼ 707).

Table 5. Lasso regression model for the most predictive factors for SFR after
ESWL, using max size.

Variable Odds Ratio 95% CI p-value

Age 0.954 0.939–0.969 < 0.001
Max size 0.851 0.791–0.916 < 0.001

(n¼ 707).

Figure 3. ROC analysis of the full model (blue) and a model including only age
and maximum size (black) (n¼ 707).
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outcome after ESWL. Other factors such as skin-to-stone dis-
tance (SSD), body-mass index (BMI), Hounsfield units (HU),
and even location varies between studies investigating SFR
after ESWL.

We expected that stone attenuation measured in
Hounsfield Units (HU) could be a factor affecting SFR results.
We did not find any significant association between HU and
SFR. Previous studies have found that a density value below
600�1,000 HU relates positively to SFR [6,25–36]. These stud-
ies vary in their mean HU value, but most had a lower mean
HU value than our cohort. One other study did not find a
correlation between HU and SFR [37]. The mean HU in this
study (957 HU) was also comparable to ours. We found that
HU was difficult to measure in a consistent way. Stone
attenuation was measured by only two doctors, which
should reduce variability in measurements. Even so, the
interindividual difference in HU measurement was significant,
indicating difficulties to standardize these measurements.
Interindividual measures of difference are rarely accounted
for in previous studies. Interindividual variability could be a
major source of error in HU values, limiting its credibility as a
prognostic factor for SFR.

SSD is a predictor of SFR in several studies [7,32,37,38],
but not all [25]. The cut-off value for a successful treatment
in these studies ranges from 9–11 cm. We used a more prag-
matic way of measuring the SSD compared to other studies.
SSD was measured from the skin, directed towards the stone
passing on the edge of the psoas/paraspinal muscles. This is
based on the individualized anatomy but it represents an
approximate angle of 22.5�. This correlates to the true SSD
used in the clinical setting. Studies normally use measure-
ments from 0�, 45�, and 90�, calculating a mean of these
three values or the value at 45�, presented as SSD. In the
univariate analysis we found a significant association of SSD
with SFR, however in the more complex multivariate logistic

regression and lasso regression analyses this effect disap-
peared. This indicates that the SSD, using our method of
measurement, is linked to the other strongly significant fac-
tors affecting SFR, namely age and size.

Indwelling stents cause bothersome symptoms for many
patients. The positive effect of reducing stone-related symp-
toms after ESWL are of limited and debated value, both in
terms of complications and SFR. Acute treatment for
‘Steinstrasse’, a complication where multiple fragments are
blocking the ureter after ESWL, is reduced by stenting but
the need for complementary treatments is not reduced
[39,40]. One confounding factor for the effects of stenting is
that patients who receive indwelling stents have larger stones
and/or symptoms from them [39–41]. Hirsch et al. [7] found
that indwelling ureteral stents decrease SFR, contemplating
that stents can absorb shock waves, like Goel et al. [42] sug-
gested previously. In this study we found no correlation
between preoperative stenting and maximum stone size and
showed no effect of ureteral stenting on SFR after ESWL.

There is a lack of consensus on how to define a successful
ESWL treatment. We chose to define it as having residual
stones < 4mm and we used this definition when calculating
SFR. Most studies use a stone size < 4mm, but one could
choose a smaller measurement like < 3mm, as discussed in
some studies [6,25,33,34,42]. Proposals for a new definition
of SFR with a level of SFR described in millimetres up to the
limit of 4mm have been suggested [43]. The SFR in this
study after one ESWL treatment was 46%, corresponding
well to another study where retreatment was needed in up
to 50% of patients [16] in order to reach a typical SFR of
70–80% [3,22]. A number of earlier studies focus on identify-
ing all prognostic factors affecting ESWL results
[6,7,16,44–46]. Hirsch et al. [7] presented a predictive model
that includes variables that many prior studies found to be
significant when predicting treatment success and suggested

Figure 4. A visual diagram predicting SFR graphically, age on y-axis and max stone size on x-axis.
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cut-off values for each (�987 HU, stone size �11mm and
SSD (measured at 45 degrees) � 88mm). The AUC of their
model using these three predictors was 0.74, identical to
AUC using only age and maximum stone size. We have
therefore presented a predictive model that we believe to be
a valuable tool in clinical everyday practice. It is a simple
model using age and stone size to predict SFR after ESWL.
An example calculation is shown in Figure 2.

A possible weakness of this study is the retrospective
design. Additionally, the inclusion criteria in this cohort
allowed us to look at ESWL treatment alone but excluded
comparisons to other stone treatments. SSD was measured
in a clinically relevant way but measurements may not be
comparable to previous studies and HU measured by two
consultants, which showed significant interindividual measur-
ing difference. A strength of the study was the inclusion of a
sufficient sample size for multivariate analysis. Additionally,
all ESWL treatments included in our study were evaluated
with NCCT before and after treatment.

Conclusion

The results of this study indicate that stone size and age are
the most important factors for predicting SFR after ESWL.
Stone attenuation (HU) and skin-to-stone distance (SSD) did
not significantly affect the SFR following ESWL treatment in
this study. With this work we present a simple predictive
model for the calculation of SFR after ESWL that may con-
tribute to the counselling of stone patients in the future.
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