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Abstract
To evaluate the efficacy of a unique imaging software “OptiVision” on the confidence of stone identification using X-ray 
imaging during shockwave lithotripsy. A total of 57 patients with solitary radio-opaque kidney stones sized < 15 mm were 
included and evaluated with appropriate radiological imaging and laboratory studies before undergoing shockwave litho-
tripsy (SWL). The size of the stones was measured on KUB and CT images using maximal stone diameters. All patients 
were evaluated with radiography on the Dornier Delta III immediately before SWL and at the end of the SWL session with 
fluoroscopy, a snapshot image, and the OptiVision modality (applied over the acquired snapshot image without additional 
radiation exposure) for precise identification of the stone. All images obtained with these three different imaging modalities 
(fluoroscopy, snapshot, and OptiVision) were comparatively evaluated for confidence levels in stone identification using a 
five-point Likert scale (1 = poor diagnostic confidence, 5 = excellent diagnostic confidence). These confidence levels were 
also used to differentiate between stones and bony structures using these same imaging modalities. Results were evaluated 
for statistical significance regarding their impact on the precise identification of renal stones. A total of 57 patients with 
solitary stones were evaluated using flouroscopy, snapshot, and OptiVision images before and after SWL to ascertain the 
efficacy of these 3 imaging modalities on the precise identification of the calculi. Stone sizes ranged from 4 to 15 mm, with 
a mean of 8.30 mm in the longest dimension. Evaluation of the findings demonstrated that while the pre- and post-SWL 
confidence of fluoroscopic stone identification was from 29.51 to 31.15%, the values using snapshot ranged from 31.15 to 
39.34%. Pre- and post-SWL confidence of stone identification with OptiVision post-processing imaging was approximately 
89%. In the majority of cases (n = 43), the use of OptiVision image processing enabled urologists to identify the stone with a 
higher level of confidence rating than the use of both fluoroscopy (n = 0) and snapshot (n = 0) image processing tools. While 
a rating level of 4 or higher was given in 89% of images obtained by OptiVision during the pre- and post-SWL phase, this 
value was only 37% (4 or more points) using fluoroscopy and Snapshot image processing techniques. For all the radiography 
image processing tools, the distribution of the Likert score differed significantly among the OptiVision, fluoroscopy, and 
snapshot imaging modalities (p < 0.001). Precise and reliable identification of stone(s) located in the kidney is essential in 
delivering shock waves to the desired focal point and achieving higher stone-free rates. Our findings demonstrated that using 
the specially designed imaging modality OptiVision was significantly helpful in identifying and localizing stones with high-
quality images before SWL for effective stone disintegration during this procedure.
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Background

Shockwave lithotripsy (SWL) is the only non-invasive ther-
apy available for patients with urolithiasis. A well-performed 
SWL procedure can provide stone-free rates similar to avail-
able alternative endourology procedures in indicated cases. 
In addition to its non-invasive nature, as an outpatient pro-
cedure, SWL is associated with minimal side effects [1, 2].
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One of the most important parameters which may affect 
the final outcomes of SWL is the precise imaging of stone(s) 
located in different parts of the renal collecting system. It is 
clear that depending on the visibility of the stone(s) during 
imaging, precise targeting for an efficient high energy shock 
wave application could vary from patient to patient. Regarding 
this issue, by affecting the imaging quality and efficiency some 
certain stone-related factors (size, shape and density) may 
cause difficulty in targeting the calculi in some patients. While 
some stones can be masked by bone structures and bowel gas, 
despite its highly common application, low sensitivity and 
specificity of radiography may also cause failed identification 
of small and less radio-opaque stones [3]. Published data indi-
cate that the sensitivity and specificity of radiographic imag-
ing in detecting the stone(s) could be as low as 57% and 76%, 
respectively [4]. Although fluoroscopy was performed as the 
preferred modality with this aim, due its simple and practical 
nature [5, 6], as a more reliable imaging modality CT scan is 
often recommended to assess the complete stone-free status 
with reported meaningfully higher sensitivity and specificity 
rates of 95% and 98%, respectively [4]. It is clear that such 
a good-quality imaging modality will result in significantly 
higher SFR’s after SWL due to the successful identification 
of the stone(s) [7–10].

On the other hand, as a safe and effective alternative, ultra-
sound imaging can be used for stone detection as well as moni-
torization during SWL with higher sensitivity and specificity 
(84% and 53%, respectively) compared to radiologic option 
[4]. In addition to the successful identification of the non-
opaque calculi, use of ultrasound may allow the physician 
to monitor stone fragmentation on a real-time basis during 
SWL procedure. Despite all the above-mentioned advantages 
along with its practical nature, however, ultrasound has not 
been widely used during SWL, due to the easier application 
and relatively much shorter learning period of fluoroscopy in 
the effective identification and targeting of stone(s). Taking 
the difficulty faced in the visualization of the non- or low-
radiopaque stones with fluoroscopy into account, sonographic 
guidance has been mainly preferred in such cases. In the light 
of these facts, combined use of both fluoroscopy ultrasound 
has been designed in the new lithotripter systems in an attempt 
to improve the accuracy of stone targeting during SWL.

This study evaluated the impact of the OptiVision modal-
ity on the localization of kidney and ureteric stone(s) before 
and after an SWL procedure by comparing its efficacy with 
fluoroscopy and snapshot evaluation.

Methods

Prospective data were obtained from patients consecu-
tively treated with SWL for renal and ureteric stones at two 
affiliated university hospitals in Turkey and Japan by two 

urologists using the Dornier Delta III lithotripter. From Sep-
tember 2019 to March 2021, patients, who underwent SWL, 
were evaluated using standard X-ray images, fluoroscopic 
images and, OptiVision, a unique post-processing imaging 
software developed by Dornier MedTech. All procedures 
performed in our current study involving human partici-
pants were in accordance with the ethical standards of the 
institutional and/or national research committee and with 
the 1964 Helsinki Declaration and its later amendments or 
comparable ethical standards. The study was approved by 
the Bioethics Committee of the Medical Faculty of Medi-
pol University, Istanbul/Turkey ((November 06, 2019, No: 
936). All patients were treated with SWL using the Dornier 
Delta III (Wessling, Germany) lithotripter. Patients with 
radio-opaque kidney stones sized < 15 mm were included. 
Exclusion criteria were patients with active urinary infec-
tion, current anticoagulant treatment, urinary obstruction, 
congenital anomalies or urinary diversion, pediatric patients, 
or patients who received SWL as a combination therapy with 
other treatment modalities. Patients with radiolucent stones 
were also excluded as plain X-rays were used as the standard 
follow-up modality. Patients were evaluated with appropri-
ate radiological imaging and laboratory studies before they 
were treated with SWL. Plain abdominal radiography of the 
kidneys, ureter, and bladder (KUB), renal sonography and 
abdominal non-contrast computed tomography (CT) were 
used to diagnose and identify the stones. The size of the 
stones was measured on the KUB and CT images by using 
maximal stone diameter. All patients were evaluated with 
radiography on the Dornier Delta III immediately before 
SWL and at the end of the SWL session with fluoroscopy 
and a snapshot image to identify the stone. OptiVision was 
applied over the acquired snapshot image without additional 
radiation exposure to the patient. The urologist then evalu-
ated all fluoroscopy, snapshot, and OptiVision images for 
confidence level in stone identification using a five-point 
Likert scale (1 = poor diagnostic confidence, 5 = excellent 
diagnostic confidence). The urologist also evaluated the 
level of confidence in differentiating between stone and bony 
structures.

Post‑processing software

We used special OptiVision software created by Dornier 
MedTech GmbH for the post-processing of acquired images. 
With its non-destructive image enhancement, OptiVision 
makes base (acquired image) and Optimized images avail-
able for review. OptiVision acts on the multilayer concept, 
where a filter is applied over each layer independently with-
out disturbing other layers. OptiVision reduces the sudden 
change in image brightness by applying a new mathematical 
algorithm known as fraction multiscale processing. After 
adjusting brightness and contrast in the individual layers, 
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the final post-processed image is rendered and available for 
review. Since this algorithm acts on a section of the base 
image, it achieves a similar outcome via adjusting the win-
dow levels. Using this specifically designed algorithm also 
enhances the contrast of the stone, reducing the brightness 
in the area of the bowel gas.

Statistical analysis of the findings

Quantitative variables are expressed as a mean ± SD and 
range, whereas categorical variables are expressed as fre-
quencies and percentages. The ratings of the urologist's level 
of confidence in assessing urolithiasis using different radiog-
raphy image processing tools, i.e. fluoroscopy, snapshot and 
OptiVision, were analyzed for independence using Pearson’s 
chi-squared test. Spearman’s rank correlation coefficient was 
used for the correlation between the patients’ BMI and stone 
size with the level of confidence.  SAS® Version 9.4 or higher 
(SAS Institute Inc., USA) was used for the statistical analy-
sis. A p value < 0.05 was considered statistically significant.

Results

A total of 57 stone samples were evaluated using fluoros-
copy, snapshot, and OptiVision images, pre- and post-SWL. 
The stone size was ranged from a minimum of 4 mm to a 
maximum of 15 mm in the longest dimension, with a mean 
of 8.30 mm and a standard deviation of 3.96 mm (Table 1). 
Patient classification per BMI index is shown in Table 2.

Confidence in the identifying stones using fluoroscopy 
was between 28.07% for pre-SWL and 26.32% for post-
ESWL. Confidence in the identification of stones with snap-
shot was between 36.84 and 28.07% pre- and post-SWL. 
With OptiVision, confidence in the identification of stones 
was found to be approximately 89% for both pre- and post-
SWL (Table 3, Fig. 1).

Evaluation of our data obtained with respect to both vis-
ibility and localization of stones using three different fluoro-
scopic imaging techniques during SWL revealed the follow-
ing findings:

Visualization of size and location of stone

The diagnoses of all 57 patients were evaluated using all 
3 radiography image processing tools, namely fluoroscopy, 
snapshot and OptiVision, as to the visibility and level of con-
fidence in assessing urolithiasis pre-and-post-SWL on a Lik-
ert scale from 1 (strongly disagree) to 5 (strongly agree). In 
the majority of cases (n = 39), the use of OptiVision image 
processing enabled urologists to identify stones with a higher 
level of confidence rating than the use of both fluoroscopy 
(n = 0) and snapshot (n = 0) image processing tools. While a 
rating level of 4 or higher was given in 89.47% of the images 
obtained by OptiVision during the pre- and post-SWL 
phases, this value was in the range of 26.32–36.84% using 
fluoroscopy and Snapshot image processing techniques. For 
all the radiography image processing tools, the distribution 
of the Likert score differed significantly among OptiVision, 
fluoroscopy, and snapshot (p < 0.001). In particular to the 
impact of stone size on the reliability (with a higher level of 
confidence) of these three different imaging techniques for 
stone identification, there was a weak inverse correlation 

Table 1  Stone (location, size) and patient characteristics

Location of 
stone

Number of 
patients (n)

Percentage 
(%)

Stone size (mm)

Calyceal 9 15.79% n 57
Renal pelvis 9 15.79% Mean (SD) 8.3 (2.91)
Upper ureter 25 43.86% Median 7
Middle ureter 2 3.51% Minimum 4
Lower ureter 12 21.05% Maximum 15

Table 2  BMI classification 
values of the treated patients

BMI class n (%)

Normal 23 (40.35%)
Obesity 6 (10.53%)
Overweight 28 (49.12%)

Table 3  Confidence in the identification of stone with three different 
modalities used (fluoroscopy, snapshot and OptiVision)

PRE SWL POST SWL

Frequency Percentage Frequency Percentage

Fluoroscopy confidence in identification of stone
 Strongly disagree 5 8.77 5 8.77
 Disagree 9 15.79 13 22.81
 Neutral 27 47.37 24 42.11
 Agree 16 28.07 15 26.32
 Strongly agree 0 0.00 0 0.00

Snapshot confidence in identification of stone
 Strongly disagree 4 7.02 4 7.02
 Disagree 9 15.79 10 17.54
 Neutral 23 40.35 27 47.37
 Agree 21 36.84 16 28.07
 Strongly agree 0 0.00 0 0.00

OptiVision confidence in identification of stone
 Strongly disagree 0 – 0 –
 Disagree 1 1.75 0 –
 Neutral 5 8.77 6 10.53
 Agree 12 21.05 10 17.54
 Strongly agree 39 68.42 41 71.93
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between the Likert scores for pre- and post-SWL findings 
obtained with fluoroscopy (rs =  − 0.25587 and − 0.22785) 
and with snapshot (rs =  − 0.20077 and − 0.21948). A 
weak correlation was also present for identifying the stone 
before and after SWL (rs = 0.14485 and 0.10578) with the 
OptiVision modality. Lastly, the Likert scoring outcomes 
were found to be weakly correlated to BMI in the images 
obtained before and after SWL for all three different modali-
ties used: fluoroscopy (rs = 0.16535 and 0.25136), snapshot 
(rs = 0.12996 and 0.16843) and OptiVision (rs 0.09322 and 
0.11943), respectively (Fig. 2).

Discussion

With its non-invasive and safe nature, shockwave lithotripsy 
(SWL) is currently the treatment of choice for most stones 
sizing less than 15 mm in both adults and children. SWL 
has dramatically changed management principles where the 
need for open surgery has become highly limited [11]. Accu-
mulated experience so far has demonstrated the safety and 
effectiveness of this modality with only limited minor side 

effects and excellent stone clearance rates based on guide-
lines based selection of patients and various stone-related 
factors [2, 12, 13].

Although the modality is safe and effective, final treat-
ment outcomes in terms of stone-free rates (SFR) are related 
to certain patient factors (body size, anatomical deformity, 
renal abnormalities, etc.) and stone characteristics (size, 
location, number, opacity, hardness) [1, 3].

Even if these aspects are carefully taken into considera-
tion, precise localization and tracking of the stone(s) during 
treatment are also important factors affecting the disintegra-
tion rates of the stones. If the main aim is the fragmentation 
of the stone(s) located in different parts of the renal collect-
ing system, stones need to be well localized and targeted for 
the most effective application of the shock waves produced 
by the lithotripter. This necessitates the use of proven imag-
ing technologies for precise stone localization [14, 15] and 
targeting of shockwave delivery.

Published studies so far have clearly demonstrated that 
the developments in imaging technology resulted in consid-
erably improved success rates of SWL as a result of effec-
tive shock wave delivery. Among the available imaging 

Fig. 1  Comparative graphical 
demonstration of the pre- and 
post-SWL confidence in stone 
identification
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techniques, as a commonly performed modality in radiology 
practice, sonographic evaluation is the safest and practical 
one with some certain advantages. In addition to the suc-
cessful assessment and localization of the semi-non-opaque 
calculi, stone fragmentation could be monitored on a real-
time basis. Despite these important advantages along with its 
practical nature, however, ultrasonography technique has not 
been commonly used during SWL, due to the easier applica-
tion and relatively much shorter learning period of fluoros-
copy in the effective identification and targeting of stone(s). 
As the visualization and targeting of the non- or low-radio-
paque stones seem to be difficult under fluoroscopic imag-
ing, clinicians have mainly preferred sonographic guidance 
particularly in such cases. Based on the above-mentioned 
advantages and disadvantages of both modalities, combined 
use of these two techniques has been proposed, designed 
and integrated in the new lithotripter systems to increase the 
accuracy of stone targeting during SWL [16, 17].

In other words, taking some certain well-known critical 
factors (high body mass index, radio-opacity of the stones, 
stone size, presence of bowel gas) which could limit the 
efficiency of fluoroscopic imaging into account, use of 
advanced imaging technologies became essential and highly 
helpful in the precise localization and targeting of urinary 
stones for an efficient shockwave application. Related with 
this issue, although appropriate use of well-designed X-ray 
imaging systems could accomplish this task well with less 
radiation exposure risk, requirement of additional or mul-
tiple sessions in a certain percentage of the treated cases 
may give rise to the extent of procedural radiation exposure. 
Additionally, not only the treated cases but also the medical 
staff involved in the treatment is also being exposed to ion-
izing radiation, which will increase the risk for them due to 
the during long-lasting and multiple procedures performed 
every day.

One of the most critical factors for a lithotripter is a well-
integrated and effective fluoroscopy system to identify and 

precisely target stones, particularly in difficult situations 
(obese patients, radiolucent stones, small stones, patients 
with bowel gas) but also disintegrates these stones effec-
tively. Such an optimally designed system will provide better 
quality images than radiography and will be comparable to 
CT-based images that demonstrate all the stones’ relevant 
characteristics [8–10]. As the only image post-processing 
software currently tailored for urology, the OptiVision solu-
tion integrated into the Dornier Delta III lithotripter has been 
found to be very effective in enhancing image quality for 
more precise stone visualization capability during SWL. 
One of the most important characteristics of this modality 
is the enhancement of stone viewing during X-ray without 
any risk of increased radiation exposure.

OptiVision has been designed to provide urologists with 
clearer stone visualization during extracorporeal shock wave 
lithotripsy (SWL) treatments. When installed in Dornier 
Delta III, OptiVision enabled to improve the accuracy of 
initial stone targeting by processing and enhancing radiogra-
phy pictures, providing real-time feedback on the progress of 
stone fragmentation, and assisting treatment outcome evalu-
ations with precision.

Urological stones vary in size, shape, and density and can 
be masked by bone structures and bowel gases. Radiology 
is a commonly used imaging technique in the diagnosis of 
kidney stones. However, low sensitivity and specificity can 
lead to small stones being missed and some being poorly 
visible. OptiVision analyzes the image’s noise, brightness, 
and contrast level, improves clarity, and removes unneeded 
distractions, resulting in a clearer output that can be used to 
guide urologists during treatment. Obese individuals, those 
with high intestinal gas, and those with bony structural over-
lays all benefit from the treatment.

The program employs multi-frequency processing to 
improve image quality as compared to conventional uro-
logical photos considerably. Dornier OptiVision will allow 
users to achieve the best possible mix of low radiation 

Fig. 2  a Stone identification 
with snapshot modality. b Stone 
identification with “Fluoroscopy 
“modality. c Stone identification 
with “OptiVision” modality
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doses and excellent image quality, making it a valuable 
tool for managing and potentially reducing patient radia-
tion exposure during imaging procedures.

In summary, by providing the urologist with enhanced 
images, OptiVision allows physician to identify and disin-
tegrate the stones with enhanced confidence during SWL 
without additional radiation risk.

In the present study, we mainly planned to evaluate 
the efficacy of OptiVision alongside the Dornier Delta III 
lithotripter for the identification, localization and disinte-
gration rates of stones located in different parts of the col-
lecting system in patients with varying BMI values. With 
this aim in mind, we evaluated the effectiveness of three 
different radiography image processing tools (i.e., fluoros-
copy, snapshot and OptiVision) on the visibility and level 
of confidence of stone assessment before and after an SWL 
procedure (using a Likert scale from 1 to 5) in a com-
parative manner. Evaluation of our results clearly showed 
that use of the OptiVision image processing tool enabled 
urologists to identify the stone with a higher level of con-
fidence rating in the majority of cases treated(n = 39) when 
compared with the use of both fluoroscopy (n = 0) and that 
of snapshot (n = 0) image processing tools. While a rating 
level of 4 or higher was given in 89.47% of the images 
obtained by OptiVision before and after SW application, 
this value was in the range of 26.32–36.84% (4 or more 
points) in the fluoroscopy and snapshot image processing 
techniques. Regarding the impact of stone size on the reli-
ability (with a higher level of confidence) of these three 
different imaging techniques for identifying the stones, 
there was a weak inverse correlation between the Likert 
scores for pre- and post-SWL findings obtained with fluor-
oscopy and that of a snapshot. Additionally, a weak cor-
relation was also present for to identify the stone before 
and after SWL with the OptiVision modality. Finally, the 
Likert scoring outcomes were found to be weakly corre-
lated to BMI in the images obtained before and after SWL 
for all of the three different modalities used.

Our findings underscore the importance of identification 
and precise localization of stones for an effective shockwave 
application, as reliable assessment and differentiation of the 
stone(s) from the surrounding body structures is critical. 
Adequate fragmentation of stone(s) for a sufficient, sponta-
neous expulsion necessitates effective targeting of the shock-
wave delivery to the stone(s) followed by an excellent tar-
geting. Taking the negative effects of various stone-related 
factors (size, density, localization) and patients’ body char-
acteristics (bowel gas, bony structures) on the identification, 
localization and monitoring of stones into account, the use 
of specially designed image-enhancing modalities (such as 
OptiVision from Dornier MedTech, Germany) increases the 
chance of success to a greater extent. In this way, successful 
focusing of the shockwaves on these well-identified stones 

will produce more effective stone disintegration resulting in 
higher stone-free rates.

Conclusions

Accumulated experience has indicated that precise, reliable 
identification of the stone(s) located in the kidneys is para-
mount importance in delivering shock waves to the desired 
focal point and achieving higher stone-free rates. As a spe-
cially designed imaging modality, “OptiVision” was signifi-
cantly helpful in the precise identification and localization of 
stones by providing high-quality images for effective stone 
disintegration during the SWL procedure. Further studies 
with a more significant number of cases are needed to sup-
port the outcome of this study.
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