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Abstract
To evaluate the general practice among urologists about the use of various radiological imaging and measurement tools, and 
to compare the different preferences in radiological evaluations between Turkish and European urologists. Our study was 
designed as a survey study. The survey comprised 22 questions which evaluated the epidemiological information, caseload of 
participants, general preferences of participants on CT image slice thickness, basic radiologic workup routines prior to sur-
gery, use of special tools and measurements on CT. Data collection was conducted with both an online poll and printed copies. 
A total of 222 urologists from 23 different countries responded to the survey. The most performed endourologic surgery was 
semi-rigid URS which was performed more than 25 times/year by 90.1% (n = 200) of the participants. Although PCNL was 
performed more commonly by Turkish urologists (39.7%) compared to their European (17.3%) colleagues (p < 0.001), it was 
still the least often performed endourological surgery among all participants (31.5%). The stone size evaluation was the most 
performed measurement performed by the participants. Although the group of surgeons used size measurement tools, there 
were differences between the two groups. Turkish urologists used size measurement before PCNL (85.7%) as opposed to 
European urologists who used it mostly before URS (91.4%). Non-contrast CT images for urolithiasis are mainly evaluated 
by urologists themselves and a considerable number of urologists do not use additional measurement tools in evaluating CT 
images. Although there are similarities in the knowledge of various radiological tools, there are distinct regional differences.
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Introduction

Urolithiasis is one of the most frequently encountered con-
ditions in daily urological practice. Although varying with 
geographical, ethnic, and genetic factors, its prevalence 
ranges between 10 and 37% [1, 2]. It has also been shown 
that both prevalence and incidence of urinary system stone 
disease are globally increasing [3] which makes it even more 
crucial to choose the easiest, fastest, and reliable diagnostic 
modality. Furthermore, it has been demonstrated that with 
increasing incidence, the financial burden of the diagnosis of 
urolithiasis can result in a 50% increment in overall expendi-
ture in diagnostic procedures [4].

Although most of the urinary stones can be visualized 
with kidney–ureter–bladder radiography (KUB), the intro-
duction of computerized tomography (CT) has revolution-
ized the diagnosis process of urolithiasis and has become 
the gold standard imaging modality for urolithiasis. Non-
contrast CT has a sensitivity ranging between 96% and 
100% and specificity ranging between 92% and 100% [5] 
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that renders this imaging modality, the preferred diagnostic 
option in both emergency and elective cases [6].

Although non-contrast CT is the gold standard diagnos-
tic tool for kidney stones, it has limitations, especially for 
ureteral stones. It has also been demonstrated that with the 
use of additional measurement tools such as attenuation in 
the form of Hounsfield unit (HU) measurement, the diag-
nostic accuracy can be increased especially in distal ureteral 
stones [7]. A recent study also demonstrated that although 
measurements of attenuation or volume can be insufficient 
alone, deep learning techniques can successfully differenti-
ate stones from extra-urinary calcifications [8].

Basic knowledge about CT or any other imaging modal-
ity evaluations is a vital part of the diagnosis of urolithi-
asis for urologists. In this study, we aimed to evaluate the 
general practice among urologists about the use of various 
radiological tools and to compare the different preferences 
in radiological evaluations between Turkish and European 
urologists.

Materials and methods

Study design

Our study was designed as a survey study. Data collection 
was conducted through 2016 with both an online poll and 
printed copies. Online polls were collected with software 
which was designed by the authors specifically for this study, 
based on PHP programming language and MySQL database 
system. In the case of surveys conducted via printed copies, 
participants were asked to fill the poll and the sheets were 
collected afterward.

Survey design

This study was approved by the local ethical committee 
of Marmara University School of Medicine. The survey 
comprised 21 questions (Supplementary File 1). The first 
five were epidemiological and general questions about age, 
years of experience in the field, and work status. The gen-
eral workload of participants was evaluated by asking if the 
respondents perform more than 25 times/year the follow-
ing stone surgeries; ureterorenoscopy (URS), percutaneous 
nephrolithotomy (PCNL), and flexible URS.

Four specific questions addressed the general preferences 
of participants on CT evaluation such as desired slice thick-
ness. Two questions were related to the basic radiologic 
workup which the participants must have prior to surgery 
for both renal and ureteral stones. General practice of the 
participants on the use of special tools and measurements on 
CT was evaluated with six questions. Two questions about 
the challenging situations on non-contrast CT evaluation 

such as stone vs. non-urinary opacity discrimination were 
asked. The viewing by the tele-medicine tools such as instant 
messaging applications and radiological software was also 
asked in two questions.

Furthermore, in addition to originally being prepared in 
Turkish, the survey was translated into English and French, 
and participants were asked to fill the survey in the language 
which they feel themselves most comfortable with. After the 
creation of the initial questionnaire, survey was conducted 
on a small group of ten urologists to avoid misunderstand-
ings and unclear questions. After the feedback from the pilot 
survey, final version of the questionnaire was prepared and 
reapplied to the pilot study group also. The translation was 
done by authors and double-checked by a native speaker of 
each language.

Statistical analysis

Statistical analysis was performed using SPSS software ver-
sion 22 (IBM Corp, NY, USA). For comparison of nominal 
variables, the Chi-square test was used for the cases where 
the values observed in the cells meet the assumptions of the 
Chi-square test whereas the Fisher test was used for the other 
cases. For numerical variables, median and standard devia-
tion were given if the variable was normally distributed. For 
the variables that are not normally distributed, median and 
interquartile ranges were given. Confidence intervals were 
set at 95% for all statistical analyses and it was considered 
significant that p was 0.05 or less.

Results

We have been able to reach 222 urologists worldwide both 
with online polls and printed copies of surveys. Urologists 
from Turkey constituted 63.5% (n = 141) of the participants. 
Other than Turkey, there were urologists working in 23 dif-
ferent countries all around the world. There were six urolo-
gists outside Europe. (Supplementary Table 1) The median 
participant age was 36 (31–47.5) years. The mean experi-
ence of the participants in the field was 12.5 ± 9.5 years. 
Urology residents were 25.2% (n = 56) of the total partici-
pants (Table 1). Most of the residents in the study were sen-
ior residents with at least 3 years of experience in urology 
(82.1%) There was no statistically significant difference in 
the baseline parameters of the study, except that residents 
wanted to see more CUB before kidney stone surgery than 
urologists (Table 2).

The most performed endourologic surgery was semi-
rigid URS which was performed more than 25 times a 
year by 90.1% (n = 200) of the participants. Although 
PCNL was performed more commonly by Turkish urolo-
gists (39.7%) compared to their foreign (17.3%) colleagues 
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(p < 0.001), it was still the least often performed endouro-
logical surgery among all participants (31.5%). More 
than half of the participants in both groups (58.2–53.1, 

respectively) performed flexible URS that was not exceed-
ing 25 times in a year (p = 0.463).

Most participants stated that they would like to see CT 
images on the tri-planar (coronal, sagittal, and axial) axis. 
Our results also showed that compared to foreign urologists, 
Turkish surgeons would like to evaluate CT images them-
selves and they do not feel obligated to have a radiology 
report of the study before surgery (Table 3). The mean value 
of desired slice thickness in a CT evaluation was 2.9 ± 1.5 
and 2.7 ± 1.3 for each group, respectively (p = 0.434).

There were some sharp distinctions between two groups 
of urologists with respect to the desired basic radiological 
evaluation both before kidney and ureteral stone surgery. The 
main difference between groups was on the use of contrast 
enhancement status. For both kidney and ureteral stones, 
foreign urologists preferred contrast-enhanced CT more 
whereas their Turkish colleagues preferred to have non-
contrast CT (Table 4).

The stone size evaluation was the most performed meas-
urement performed by the participants. Although the group 
of surgeons used size measurement tools, there were differ-
ences between the two groups. Turkish urologists used size 
measurement before PCNL (85.7%) as supposed to foreign 
urologists who used it mostly before URS (91.4%). foreign 
surgeons also seem to use diameter measurement more often 
at a statistically significant level before PCNL and URS 
compared to Turkish urologists (p = 0.005 and p < 0.001, 
respectively). Axial and coronal sections were the two pri-
marily used sections for the measurement of stone size in 
both groups.

Measurement of Hounsfield units of the stone was com-
mon to both groups for ESWL, PCNL, or URS procedures. 
Although Turkish urologists seem to use HU measurement 
more often, this difference was not at a statically signifi-
cant level (p = 0.073). Interestingly even though overall HU 

Table 1   General characteristics of participants with respect to coun-
try

*x2 test

Turkish partici-
pant (n = 141)

European par-
ticipant (n = 81)

p value*

N  (%) N  (%)

Resident
 No 119 (84.4) 47 (58.0)  < 0.001
 Yes 22 (15.6) 34 (42.0)

Hospital type
 Training hospital 32 (27.7) 14 (17.3)  < 0.001
 University hospital 42 (29.8) 53 (65.4)
 State hospital 38 (27.0) 10 (12.3)
 Private practice 29 (20.6) 4 (4.9)

Urology education hospital type
 Training hospital 45 (37.8) 33 (50) 0.073
 University hospital 74 (62.2) 33 (50)

Table 2   Comparison of preferred basic study parameters between 
resident and urologist groups

*x2 Test. USG ultrasound, CT computerized tomography, IVP intrave-
nous pyelography, KUB kidney–ureter–bladder radiography

Residents Urologists p value*

Would you like to evaluate CT images yourself?
 No 0 (0) 9 (5.5) 0.068
 Yes 56 (100) 156 (94.5)

Desired planes on a CT study
 Monoplanar 8 (14.3) 15 (9.4) 0.305
 Tri-planar 48 (85.7) 145 (90.6)

Prefer to have radiology report before surgery
 No 20 (36.4) 77 (47.5) 0.150
 Yes 35 (63.6) 85 (52.5)

Basic radiological work-up before ureteral stone surgery
 USG 21 (37.5) 46 (27.9) 0.176
 Non-Contrast CT 40 (71.4) 130 (78.8) 0.256
 KUB 19 (33.9) 44 (26.7) 0.298
 IVP 8 (14.3) 22 (13.3) 0.857
 Contrast-enhanced CT 11 (19.6) 22 (13.3) 0.252

Basic radiological workup before kidney stone surgery
 USG 14 (25.0) 37 (22.4) 0.693
 Non-contrast CT 44 (78.4) 123 (77.0) 0.804
 KUB 16 (28.6) 25 (15.2) 0.026
 IVP 7 (12.5) 29 (17.6) 0.374
 Contrast-enhanced CT 14 (25.0) 39 (23.6) 0.836

Table 3   Comparison of preferences of CT study between Turkish and 
European urologists

*x2 test, CT computerized tomography

Turkish partici-
pant (n = 141)

European partici-
pant (n = 81)

p value*

N (%) N (%)

Would you like to evaluate CT images yourself?
 No 2 (1.4) 7 (8.6) 0.009
 Yes 139 (98.6) 74 (91.4)

Desired planes on a CT study
 Monoplanar 14 (10.3) 9 (11.1) 0.850
 Tri-planar 122 (89.7) 72 (89.9)

Prefer to have radiology report before surgery
 No 79 (57.2) 18 (22.5)  < 0.001
 Yes 59 (42.8) 62 (77.5)
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measurement is more frequently used by Turkish surgeons, for-
eign urologists seem to use HU more frequently before PCNL 
and URS procedures (p < 0.001 and p = 0.013, respectively). 
The most frequently used plane for HU measurement was the 
axial plane for both groups. General practice on HU measure-
ment was similar between the two groups. Although coronal 
and sagittal planes on a CT is computer generated, nearly 50% 
of surgeons in both groups stated that they use these planes 
also for HU measurement (Table 5).

Angles for planning intervention were used by Turkish 
urologists more often (p = 0.002) and it was also used more 
frequently before ESWL (extracorporeal shock wave litho-
tripsy) by Turkish surgeons (p < 0001). While all surgeons 
measure and rely on stone-skin distance measurement, Turk-
ish surgeons preferred it more before PCNL more frequently 
compared to their foreign colleagues (p = 0.004). (Table 5).

In challenging CT dilemmas on initial imaging scans, there 
was a difference between groups regarding their practice and 
preference for subsequent imaging with Turkish urologists 
generally asking an IVP (64.5%) whereas foreign urologists 
mainly relied on the radiology report to distinguish a ureteric 
stone from other confounding opacities (41.3%). Contrast-
enhanced CT was the imaging modality of choice in both 
groups in case of having a diagnosed simple kidney cyst for 
further evaluation, although foreign surgeons seem to perform 
it more frequently (p < 0.001) (Table 5).

Table 4   Comparison of preferred basic radiological workup before 
the surgery between groups

*x2 Test. USG ultrasound, CT computerized tomography, IVP Intra-
venous pyelography, KUB kidney–ureter–bladder radiography

Turkish 
participant 
(n = 141)

European 
participant 
(n = 81)

p value*

N (%) N (%)

Basic radiological workup before ureteral stone surgery
 USG 36 (25.5) 31 (38.3) 0.047
 Non-contrast CT 114 (80.9) 57 (70.4) 0.074
 KUB 46 (32.6) 17 (21.0) 0.064
 IVP 22 (15.6) 8 (9.9) 0.230
 Contrast-enhanced CT 10 (7.1) 23 (28.4)  < 0.001

Basic radiological workup before kidney stone surgery
 USG 28 (19.9) 23 (28.4) 0.145
 Non-contrast CT 121 (85.8) 51 (63.0)  < 0.001
 KUB 28 (19.9) 13 (16.0) 0.481
 IVP 32 (22.7) 4 (4.9) 0.001
 Contrast-enhanced CT 19 (13.5) 34 (42.0)  < 0.001

Table 5   Comparison of the answers of Turkish and European urolo-
gist

Turkish 
participant 
(n = 141)

European 
participant 
(n = 81)

p value

N (%) N (%)

Before planning which of the following procedures, do you use 
Hounsfield unit calculation of a urinary tract stone

 SWL 104 (73.8%) 58 (71.6%) 0.728
 PCNL 20 (14.2%) 28 (34.6%)  < 0.001
 URS 22 (15.6%) 24 (29.6%) 0.013
 None 24 (17.0%) 22 (27.2%) 0.073

Before planning which of the following procedures, do you measure 
the diameter(s) of a urinary tract stone?

 SWL 120 (85.1%) 72 (88.9%) 0.427
 PCNL 99 (70.2%) 74 (91.4%) 0.004
 URS 99 (70.2%) 74 (91.4%)  < 0.001
 None 2 (1.4%) 4 (4.9%) 0.120

Before planning which of the following procedures, do you use 
angle measurements?

 SWL 77 (54.6%) 23 (28.4%)  < 0.001
 PCNL 71 (50.4%) 40 (49.4%) 0.889
 URS 29 (20.6%) 19 (23.5%) 0.615
 None 22 (15.6%) 27 (33.3%) 0.002

Before planning which of the following procedures, do you measure 
skin-to-stone distance?

 SWL 77 (54.6%) 46 (56.8%) 0.753
 PCNL 105 (74.5%) 45 (55.6%) 0.004
 URS 1 (0.7%) 1 (1.2%) 0.690
 None 17 (12.1%) 12 (14.8%) 0.557

Which of the following cross-section(s) do you prefer for calculat-
ing Hounsfield unit(s) of a urinary tract stone?

 Transverse sections 111 (78.7%) 67 (82.7%) 0.473
 Coronal sections 72 (51.1%) 39 (48.1%) 0.676
 Sagittal sections 57 (40.4%) 35 (43.2%) 0.695
 All 51 (36.2%) 30 (37.0%) 0.897

Which of the following cross-section(s) do you prefer for measuring 
the diameter(s) of a urinary tract stone?

 Transverse sections 126 (89.4%) 76 (93.8%) 0.263
 Coronal sections 114 (80.9%) 62 (76.5%) 0.446
 Sagittal sections 84 (59.6%) 49 (60.5%) 0.893
 All 80 (56.7%) 42 (51.9%) 0.481

Which of the following actions do you prefer when you cannot 
decide if an opacity is a ureteral stone or a phlebolith?

 Order IVP 91 (64.5%) 25 (31.3%)  < 0.001
 Perform URS 2 (1.4%) 4 (5.0%)
 Radiology consultation / CT 

report
37 (26.2%) 33 (41.3%)

 Consult another urologist 1 (0.7%) 4 (5.0%)
 Use special measurement 

tools of the digital imaging 
modalities

1 (0.7%) 7 (8.8%)

 Use special measurement 
tools of the digital imaging 
modalities

9 (6.4%) 7 (8.8%)
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Discussion

Urolithiasis is a common diagnosis in the emergency depart-
ment and non-contrast CT is the first imaging modality of 
choice in case of a suspected urinary stone for flank pain in 
the emergency setting [9]. A recent study has shown that 
among specialties that order abdominal imaging, urology 
ranks second and the specialty that orders abdominopelvic 
CT, it comes third [10]. As urologists rely more on CT, basic 
knowledge of CT evaluation becomes more crucial for urolo-
gists. Apart from initial diagnosis, CT is also a powerful tool 
for treatment planning, follow-up, characterization of stone 
fragility, and composition [11].

Our results showed that there are significant differences 
between Turkish and European urologists in terms of pre-
operative radiological evaluations. Similar to our results, 
Otite et al. demonstrated that the radiological approach to 
acute flank pain was quite different between urologists from 
the United Kingdom and the rest of Europe [12]. They also 
demonstrated that this difference was mainly the result of 
the clinicians’ familiarity with the radiological technique. 
The familiarity might also be the main reason for the dif-
ference between the Turkish and foreign urologists’ choices 
in our study.

Stone size is one of the key components in the decision-
making process of urolithiasis treatment. Especially for renal 
and proximal ureter stones, treatment of choice is mainly 
determined by stone size [6, 13, 14]. Our results also con-
firmed that nearly all (97.3%) urologists use stone size meas-
urement at some point in their daily practice. Although the 
total size evaluation rate was very high, the stone size assess-
ment ratios before ESWL, PCNL, and URS procedures were 
85.1%, 74.5%, and 69.5%, respectively. The lower ratios for 
individual procedures were mainly because of the lack of 
using stone measurement in Turkish urologists compared 
to foreigns. In a survey study on the stone size measure-
ment in urolithiasis, it has been reported that nearly 50% of 
urologists try to guess stone size instead of measuring the 
actual size in CT images [15]. Contrary to this report, our 

results indicated that regardless of the country, most urolo-
gists measure the size of the stone using the CT evaluation 
tools. Since that report is fairly old, it is clear that with the 
advancements in imaging and viewing technologies, urolo-
gists are now more accustomed to measuring the size of the 
stone.

The relationship between mean stone density and ESWL 
success rate is well defined by many studies [4, 16]. Even 
though this is a well-established knowledge, our study 
showed that nearly 27% of urologists all around the world 
choose to neglect this information. Also, the surgeon’s coun-
try of residence does not seem to have any effect on this 
matter since there were no statistically significant differences 
between Turkish and foreign urologists in our study. Along 
with mean stone density, stone to skin distance is also a well-
known predictor for ESWL success rate [4, 16] and our study 
also demonstrated that nearly half (44.6%) of urologist all 
around the world does not measure this before they decide 
to perform ESWL for their patients. Additionally, although 
being one of the strongest predictors of stone clearance after 
the ESWL in lower pole stones [17], infundibulopelvic angle 
measurement was used by only 54.6% of Turkish urologists 
and even less (28.4%) among European urologists.

Stone density is not only an important predictor for 
ESWL success but also one of the five components of the 
S.T.O.N.E. Nephrolithometry score can be used as a predic-
tor for PCNL treatment success and perioperative compli-
cation rate [18]. Our study showed that only 21.6% of the 
urologists worldwide use HU measurement before decid-
ing for PCNL. Although foreign surgeons use HU signifi-
cantly more than their Turkish colleagues before PCNL, 
even 65.4% do not use this tool before surgery. The other 
two determinants of the S.T.O.N.E. nephrolithometry score 
which are stone size and tract length also seemed to be 
ignored by some urologists according to our study. Before 
PCNL, nearly one out of five urologists does not measure 
the size of a stone (19.8%) and around one-third of urolo-
gists (34.4%) does not measure stone to skin distance. Since 
these different measurements can guide the urologists to bet-
ter understand the stone burden, success rate, and possible 
postoperative complications, they can be recommended to be 
used in a way to ameliorate the outcomes, but unfortunately, 
many urologists, especially those from Turkey, do not use 
these useful measurement tools very often.

Recently stone density measurement has also been shown 
to be an effective tool to differentiate distally located ure-
teral stones from extra-urinary opacities, although there 
are reports suggesting otherwise [7, 8]. In addition to this, 
for proximal ureteral stones, HU measurement may aid to 
choose between URS and ESWL options in certain cases. 
Despite these potential benefits, only 20.6% of the partici-
pants in our study stated that they find it useful to meas-
ure HU before deciding for URS. However, in the pre-URS 

Table 5   (continued)

Turkish 
participant 
(n = 141)

European 
participant 
(n = 81)

p value

N (%) N (%)

Which of the following modalities would you like to have as an 
additional imaging modality if you encounter a simple renal cyst 
while evaluating the CT scan for urinary tract stones?

 Contrast-enhanced CT 48 (34.0%) 48 (59.3%)  < 0.001
 MRI 16 (11.3%) 13 (16.0%) 0.317
 Urinary US 47 (33.3%) 20 (24.7%) 0.224
 None 0 (0) 0 (0) –



	 Urolithiasis           (2023) 51:97 

1 3

   97   Page 6 of 7

evaluation, it was determined that even the stone size meas-
urement, which was found to be the most used among the 
tools in our study, was used less frequently, especially by 
Turkish surgeons.

Our study has some limitations; although we managed to 
reach a considerable number of participants, foreign urolo-
gists were limited in number compared to Turkish respond-
ents. Also, there were more residents in foreign urologists 
which can be thought to cause some differences between 
groups, but subgroup analysis of our study demonstrated that 
there was no statistically significant difference between urol-
ogy residents and urology specialists on most of the evalu-
ated subjects. So, the effect of having more residents in one 
group was negligible. In addition, as in all survey studies, 
the differences in the way participants perceive the questions 
and the problems that may arise from misunderstanding are 
also valid for our study. To overcome this, we tried to keep 
the questions and options as simple as possible. In addition, 
after the questionnaire was first prepared, it was applied to 
a small group of about ten people, and details that could 
cause misunderstandings in the questions and options were 
corrected.

Conclusion

Urologists managing stones prefer to evaluate the non-
contrast CT images themselves irrespective of radiological 
reporting with similar practice patterns in both Turkey and 
foreign countries. Self-evaluation of the CT images may be 
common in Turkey because there is no requirement to wait 
for a radiological report before moving forward with an elec-
tive care plan. This rule also applies in emergency cases. 
While the use of additional measurement tools while evalu-
ating the CT images may help in both diagnosis and deter-
mination of treatment success rates by providing objective 
data, there is still a considerable number of urologists who 
do not use these tools. There are still many different practice 
patterns in the daily use of these tools. This also could be a 
contributing factor for the different treatment outcomes in 
different areas of practice.

Knowledge about the use of advanced measurement tools 
in non-contrast CT evaluation can help to increase success 
rates and decrease complication rates, therefore should be 
encouraged in daily urological practice.
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