Endourology and Stones

Accuracy of Ex Vivo Semiautomatic &
Segmentation of Urinary Stone Size in
Computed Tomography Compared

With Manual Size Estimation in

Radiographic Correlation

Tilo Niemann, |. Jerjen, L. Hefermehl, Z. Wang, M. Stampanoni, K. Lehmann, and
R.A. Kubik-Huch

OBJECTIVE To evaluate the accuracy of semiautomated segmentation of urinary stone size in computed
tomography (CT) compared with manual measurement.

MATERIALS AND A total of 103 patients (32f, 71m ; mean age 52 years+18 that were diagnosed with urolithiasis

METHODS and collected stones received standardized ex vivo CT-scans and radiography of the stones. Stone
size was segmented semiautomatically using commercial software (syngo.via, Siemens, Germany)
and compared with manual caliper measurement on digital radiography.

RESULTS Mean size was 4.4 mm in CT and 4.6 mm in radiography. Depending on number of stones ana-
lyzed per patient, estimation of stone size showed moderate to excellent correlation for both meth-
ods. There was no significant difference in overall size measurement.

CONCLUSION Semiautomatic segmentation of urinary stone size in CT is possible and reduces measurement errors,

allowing more precise estimation especially for smaller concrements. Neighboring stones may ham-

per segmentation of stone size. UROLOGY 123: 70—75, 2019. © 2018 Elsevier Inc.

rinary stone formation is a widespread disease

with an increasing incidence and prevalence

worldwide that appears even more pronounced in
industrialized countries.

If conservative and/or expectative management (observa-
tion) is not an option, there is a variety of modern treatment
modalities, such as shock wave lithotripsy, percutaneous neph-
rolithotomy, and ureterorenoscopy with laser-lithotripsy.”

Commonly, stones are stratified into 4 size groups, those
measuring up to 5 mm, 5-10 mm, 10-20 mm, and those
measuring over 20 mm in the largest diameter.” Further-
more, evaluation of procedure selection depends on local-
ization of calculi and is generally described using 4
different levels of stone localization such as kidney, lower
pole, proximal, and distal ureter.'”

The diagnostic and therapeutic pathway for treatment
of urinary calculi is mainly based on the size of the stone.
Therefore, accurate estimation of stone size in computed
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tomography (CT) for suspected urolithiasis is crucial for
adequate treatment decision and patient triage.'”

Stone size is the most important parameter to estimate
the likelihood of spontaneous stone passage and the deci-
sion of the type of intervention."” It has been reported that
ureteral stones up to 4 mm pass in 95% within 40 days.’

Noncontrast CT is the gold-standard for diagnosing
and measuring urinary stones.”

With regard to stone size, most studies consider only
the maximum transverse diameter as measured on non-
contrast CT imaging. Several studies have shown that
measuring stone size on transverse CT images alone often
underestimates the burden of stone disease.”” When
examining small asymptomatic stones or large symptom-
atic stones, accuracy and reproducibility are important
during the imaging process. Although CT is the most
accurate imaging modality to linearly measure stone size,
interobserver variability can occur based on how a radiol-
ogist manually measures stone size.'” Automated CT
measurements could dramatically reduce interobserver
variability, and it would help standardize stone measure-
ment variability among radiologists and institutions.'”

Especially in smaller stones that are mostly found in ure-
terolithiasis, the inter-reader variability is known to be very
high for manual caliper measurements and measurement
errors must to be taken into account.'’ Lidén et al have
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shown that segmentation algorithm-based CT methods can
significantly improve the inter-reader agreement for stone
sizing."” Furthermore, they have shown that 3-dimensional
(3D) reconstruction CT stone sizing improves the accuracy
of sizing maximal stone diameter compared with 2D CT
imaging only."” Recently, it was demonstrated that auto-
mated renal stone volume measurement by CT is more
reproducible than linear measurement.'”

Hence, inaccurate stone sizing can lead to incorrect
treatment decisions. This can lead to deferred treatment
or even over-treatment. Furthermore, the success (eg,
stone-free rate; re-intervention rate) of the selected proce-
dure depends predominantly on stone size. !

However, guidelines panels, such as the high impact
EAU guidelines panel have difficulties of suggesting an
exact stone size threshold for the recommendation of con-
servative treatment and therefore include the word “small”
instead of a maximal diameter length. This is predomi-
nantly because of individual differences in stone shape and
ureter width, but might also be due to interobserver vari-
ability of stone sizing, leading to heterogeneous results.””’

Contrary to percutaneous nephrolithotomy, the success
(eg, regarding stone-free rate, re-treatment rate) of ureter-
orenoscopy is strongly dependent on stone size.”**” This
principle is true for shock wave lithotripsy alike, showing
a high risk of ureteral obstruction with colic and stein-
strasse leading to high rates of retreatment, especially with
stone size over 20 mm.”"

Semiautomatic estimation of stone diameter by com-
puter-assisted segmentation of the stone and derived 3D
calipers can be a powerful tool in reducing measurement
errors.'” Especially the largest diameter is crucial for ureter
passage. Linear measurements in the transversal plane only
in CT may be hampered by multiple sources of errors.””

The purpose of our study, therefore, was to evaluate ex
vivo the accuracy and reproducibility of a commercial
semiautomated segmentation software tool (syngo.via,
Siemens, Germany) for urinary stone size estimation com-
pared with manual measurement of real stone size on digi-
tal radiography.

METHODS

The study was approved by the local ethical review board with
general consent of the patients for scientific use of biological
material.

We retrospectively evaluated a total of 103 patients that were
diagnosed with urolithiasis. All patients were asked to collect
passed stones after diagnosis and all patients retrieved stone sam-
ples.

All stone samples underwent ex vivo digital radiography and
standardized ex vivo CT (Figs. 1-3).

Imaging
Digital radiography of all stone samples was performed using Pol-
ydoros R80/Ysio (Siemens, Erlangen, Germany) with standard-
ized imaging parameters (45 kV, 2.2 mAs).

Ex vivo CT was performed of all stone samples on Siemens
Definition Flash scanner (Siemens, Erlangen, Germany), using a
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FIGURE. 1. Caliper measurement of maximum stone diam-
eter in radiography image.

standardized low dose none contrast dual energy protocol
(Sn140/100 kV, 70/90 ref. qual. mAs).

Direct contact or overlapping position of stones was avoided
during both imaging acquisitions.

Size Measurements

Stone size was segmented semiautomatically using commercial
software (syngo.via, VB20A, Siemens, Germany) and compared
with manual caliper measurement on digital radiography.

FIGURE 2. CT volume rendering reconstruction of seg-
mented urinary stone measuring 7 mm largest diameter?
Size estimation was derived by the software from the larg-
est segmented diameter. (Color version available online.)

71



average diameter (mm)
15 2.5 35 4.5

5.5 6.5 7.5

N
L

differences s,-s, (mm)

FIGURE 3. Bland-Altman plot for variability of stone size between the different approaches sq(radiography) — s5(CT) (upper
dotted line: mean + 1.96 SD, lower dotted line: mean — 1.96 SD, bold line: mean). (Color version available online.)

Noninferiority of the segmentation tool was assessed. Digital
radiography size estimation was assumed as representing nearest
approximation to real stone size.

For manual caliper measurement, digital radiography images
of the stones were analyzed using a certified PACS workstation
(Centricity PACS 4.0, GE Barrington, IL). For exact measure-
ment, zoom factor and windowing was free to be chosen. The
maximum in plane diameter of the largest stone visible was esti-
mated on calibrated images.

Semiautomatic stone size segmentation was performed using
syngo.via software. Maximum diameter of the largest stone visi-
ble was measured using the generic segmentation tool. Soft tissue
image reconstructions (I31f, 1.0 mm slice thickness, I mm incre-

. . .26
ment) were used for semiautomatic analysis.””

Statistics

The sample size was computed using the stone size as the primary
outcome. It was computed on the basis of a noninferiority
hypothesis, estimating that a small difference in measured stone
size would be acceptable. On manual measurements, the mean
stone size was previously estimated as 4 mm (£3 mm).”” We
hypothesized that a measurement error between 5% and 10%
might be acceptable with the automatic segmentation tech-
nique. Consequently, the noninferiority margin was fixed at
7.5% of the mean stone size. An estimated 87 patients were nec-
essary for 80% power with significance at 5%, rounded up to 90
subjects, a total of 103 consecutive patients were evaluated.

Results were expressed as means and standard deviations (SD)
for continuous variables, and frequencies and percentages for
categorical variables.

The noninferiority hypothesis was assessed using a 2-sided
95% confidence interval for the true difference between the two
paired means of stone size measured for the largest diameter. For
continuous variables, comparisons between groups were per-
formed using a paired Student’s t test. Statistical significance was

defined as P < .05.

RESULTS

Our patient collective consisted of 103 patients (32 female
[31%], 71 male [69%]; mean age 52 =+ 18 years). All patients col-
lected and retrieved stone samples after diagnosis of urolithiasis.

All stone samples underwent ex vivo digital radiography and ex
vivo CT.
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The overall mean stone size measured was 4.6 mm (& 1.46 mm
SD, median 4.4 mm) in the manual caliper size estimations. In
semiautomatic size estimation, we measured a mean maximum
diameter of 4.4 mm (41.45 mm SD, median 4.3 mm). There was
an overall mean difference of —0.18 mm between the two mea-
surement approaches.

In the subgroup analysis of the stones <4.3 mm (n = 52) a mean
size of 3.39 mm (40.58 mm SD, median 3.4 mm) was measured for
manual caliper size estimation. In semiautomatic size estimation, we
measured a mean maximum diameter of 4.2 mm (£1.44 mm SD,
median 3.8 mm) for the same subgroup respectively.

In the subgroup analysis of the stones >4.3 mm (n=51), we
measured a mean size of 5.72 mm (41.08 mm SD, median 5.5 mm)
for manual caliper estimation a diameter of 4.57 mm (+1.44 mm
SD, mean 4.3 mm) for semiautomatic estimation respectively.

The noninferiority hypothesis was verified as the difference in
the overall mean size between the two measurements was
0.18 mm with a confidence interval of 0.08-0.28 mm.

Mean size was 4.4 mm in CT and 4.6 mm in radiography.
Depending on number of stones analyzed per patient, estimation
of stone size showed moderate to excellent correlation for both
methods. There was significant difference in overall size meas-
urements (P < .005).

DISCUSSION

Accurate measurement of structures and objects in radi-
ology remains a technical and methodical challenge.
There are several factors that may influence measure-
ment accuracy on the side of the measurement perform-
ing reader.”” Since reconstructed CT images have both
limited spatial resolution and matrix size the accuracy of
spatial measurements especially of small objects is tech-
nically limited. There is blurring of the margins due to
these limits that may hamper exact definition of the size
limits to measure. The larger the objects the smaller this
influence. Since urinary stones are usually of smaller size,
a substantial measurement error must be expected.
Today there exist a variety of software tools of different
vendors that allow for facilitated standardized size esti-
mations and research has shown the superiority for repro-
ducibility and accuracy compared with manual
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measurements.'© However, there exist various sources for
measurement errors both in automatic segmentation and
in manual caliper measurements.”” These are due to
technical reasons as collimation size, reconstruction
overlap, image matrix, image noise, segmentation errors
but also due to observer-related errors such as choice of
magnification, definition of object margins, choice of
reconstruction kernel for measurement. Even if the semi-
automatic size measurements meet the criteria for nonin-
feriority, the stones analyzed were significantly smaller
than manual caliper measurements due to these techni-
cal limits. This may be more important for smaller con-
crements, since these effects will relatively increase for
smaller sizes.

Since digital radiography images allow for calibrated
measurements of stone size and have the lowest source for
measurement errors compared with CT images we
assumed the radiography size estimation as nearest approx-
imation for true stone size. The remaining known sources
for measurement error were assumed to be negligible in
the clinical context of urolithiasis.

Even if 3D reconstructions for size estimations have
been shown to be superior to considering only the maxi-
mum transverse diameter, measuring in the transverse
plane still remains the standard in most studies.” Deriving
the maximum diameter from segmented stones considers
all dimensions and may prevent underestimation of stone
burden as described when considering transverse dimen-
sions only.”’

To our knowledge, there is no publication that esti-
mates the effects on accuracy of software-based segmenta-
tion tools with regard to the definition of real stone size in
ex vivo scans (Figs. 1-3).

Our results showed good correlation between manual
stone size definition and semiautomated segmentation of
urinary stones. There was 1 outlier that was estimated
with 6.3 mm maximum diameter on radiography, but the
segmentation yielded a diameter of 4.2 mm (Fig. 4). Labo-
ratory analysis revealed a mixed stone of calcium dihy-
drate and calcium phosphate. That stone had a very
blurry, cloudy surface morphology. The segmentation soft-
ware was not able to define the margins correctly.

There are limitations in our study. First, as we aimed at
comparing size estimation by semiautomated segmenta-
tion with the real stone size measured in digital radiogra-
phy, we hypothesized that the stone visualized on the
projected radiography image was lying along its longest
border. Oblique orientation of the stone during radiogra-
phy might have underestimated stone size. Uncertainties
with regard to real stone size have been described before.™
In contrast to Kishore et al, we performed ex vivo scans to
prevent stone fragmentation during passage’~ and there-
fore measurement bias. Second, CT images used for size
estimation can be modified by the reconstruction parame-
ters. We used our standard scan protocol with 0.6 mm col-
limation for image acquisition and 1 mm/l mm slice
thickness/increment for image reconstruction. This may
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FIGURE 4. Radiography of outlier stone demonstrating
blurry cloudy surface morphology.

yield in less noise for the prize of blurry edges. Acquisition
parameters as described by other authors do not reflect
recent technical standards.””’" This balance between
image noise and image sharpness is part of daily radiology
routine, we consider this effect as not significant. Third,
our study was not designed to support former results that
showed the superiority of software-based automated seg-
mentation tools for reproducibility and reduction of mea-
1919 But our impression strongly supports
these results. In daily radiology routine, our residents have
a strong tendency to inaccurately measure urinary stones.
Use of insufficient magnification and frantically size esti-
mation in high-speed scheduled CT tend to overestimate
stone size in our impression.

However, to our knowledge, there are no studies that
evaluate not only reproducibility of measurements but
also the accuracy related to the real stone size to be esti-
mated in CT imaging. In this manuscript, we accurately
compare size estimation of a software-based algorithm for
stone size assessment in our standardized low-dose CT pro-
tocol with ex vivo digital radiography size measurement.
In our results, the noninferiority hypothesis was verified,
proofing the applicability of the semiautomated segmenta-
tion approach. But due to technical limits as discussed,
CT measurements especially of smaller stones may always
be hampered by measurement errors.

surement errors.
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CONCLUSION

Semiautomatic segmentation of urinary stone size in CT is
possible and may allow for reduction of manual measure-
ment errors, allowing more precise estimation especially
for smaller concrements.

Even semiautomated segmentation of stone size not
always results in estimation of real stone size. Measure-
ment errors always have to be taken into account in the
image interpretation when using computer-assisted sup-
port in routine radiology.

SUPPLEMENTARY DATA

Supplementary Data associated with this article can be
found, in the online version, at doi:10.1016f;.
urology.2018.06.044.

References

1. Pearle MS, Goldfarb DS. Assimos DG et al. Medical management of
kidney stones: AUA guideline.. ] Urol. 2014;192:316-324.

2. Tirk C, Petiik A, Sarica K, et al. EAU guidelines on diagnosis
and conservative management of urolithiasis. Eur Urol.
2016;69:468-474.

3. Turk C, Petitk A, Sarica K, et al. EAU guidelines on interventional
treatment for urolithiasis. Eur Urol. 2016;69:475-482.

4. Hollingsworth JM, Canales BK, Rogers MA, et al. Alpha blockers
for treatment of ureteric stones: systematic review and meta-analysis.
BMJ. 2016;355:i6112.

5. Skolarikos A, Straub M, Knoll T, et al. Metabolic evaluation and
recurrence prevention for urinary stone patients: EAU guidelines.
Eur Urol. 2015;67:750-763.

6. Tepeler A, Akman T, Silay MS, et al. Comparison of intrarenal pelvic
pressure during micro-percutaneous nephrolithotomy and conven-
tional percutaneous nephrolithotomy. Urolithiasis. 2014;42:275-279.

7. Berkovitz N, Simanovsky N, Katz R, et al. Coronal reconstruction of
unenhanced abdominal CT for correct ureteral stone size classifica-
tion. Eur Radiol. 2010;20:1047-1051.

8. Nadler RB, Stern JA, Kimm S, et al. Coronal imaging to assess uri-
nary tract stone size. ] Urol. 2004;172:962-964.

9. Kadihasanoglu M, Marien T, Miller NL. Ureteral stone diameter on
computerized tomography coronal reconstructions is clinically
important and under-reported. Urology. 2017;102:54-60.

10. Patel SR, Stanton P, Zelinski N, et al. Automated renal stone vol-
ume measurement by noncontrast computerized tomography is more
reproducible than manual linear size measurement. J Urol.
2011;186:2275-22179.

11. Drake T, Grivas N, Dabestani S, et al. What are the benefits and
harms of ureteroscopy compared with shock-wave lithotripsy in the
treatment of upper ureteral stones!? A systematic review. Eur Urol.
2017;72:772-186.

12. Lidén M, Andersson T, Geijer H. Making renal stones change size-
impact of CT image post-processing and reader variability. Eur
Radiol. 2011;21:2218-2225.

13. Lidén M, Thunberg P, Broxvall M, et al. Two- and three-dimen-
sional CT measurements of urinary calculi length and width: a com-
parative study. Acta Radiol. 2015, Apr;56:487-492.

14. Danuser H, Miiller R, Descoeudres B, et al. Extracorporeal shock
wave lithotripsy of lower calyx calculi: how much is treatment out-
come influenced by the anatomy of the collecting system? Eur Urol.
2007;52:539-546.

15. Sahinkanat T, Ekerbicer H, Onal B, et al. Evaluation of the effects of
relationships between main spatial lower pole calyceal anatomic fac-
tors on the success of shock-wave lithotripsy in patients with lower
pole kidney stones. Urology. 2008;71:801-805.

74

16. Srisubat A, Potisat S, Lojanapiwat B, et al. Extracorporeal shock
wave lithotripsy (ESWL) versus percutaneous nephrolithotomy
(PCNL) or retrograde intrarenal surgery (RIRS) for kidney stones.
Cochrane Database Syst Rev 2014; CD007044.

17. Argyropoulos AN, Tolley DA. Evaluation of outcome following
lithotripsy. Curr Opin Urol. 2010;20:154-158.

18. Zarse CA, Hameed TA, Jackson ME, et al. CT visible internal stone
structure, but not hounsfield unit value, of calcium oxalate monohy-
drate (COM) calculi predicts lithotripsy fragility in vitro. Urol Res.
2007;35:201-206.

19. Patel T, Kozakowski K, Hruby G, et al. Skin to stone distance is an
independent predictor of stone-free status following shockwave lith-
otripsy. ] Endourol. 2009;23:1383-1385.

20. El-Nahas AR, El-Assmy AM, Mansour O, et al. A prospective multi-
variate analysis of factors predicting stone disintegration by extracor-
poreal shock wave lithotripsy: the value of high-resolution
noncontrast computed tomography. Eur Urol. 2007;51:1688-1693.
discussion 1693-4.

21. Kim SC, Burns EK, Lingeman JE, et al. Cystine calculi: correlation
of CT-visible structure, CT number, and stone morphology with
fragmentation by shock wave lithotripsy. Urol Res. 2007;35:319—
324.

22. Takazawa R, Kitayama S, Tsujii T. Appropriate kidney stone size for
ureteroscopic lithotripsy: when to switch to a percutaneous
approach. World ] Nephrol. 2015 6;4:111-117.

23. Ordon M, Andonian S, Blew B, et al. CUA guideline: management
of ureteral calculi. Can Urol Assoc J. 2015;9:E837-E8351.

24. Pearle MS, Lingeman JE, Leveillee R, et al. Prospective, randomized
trial comparing shock wave lithotripsy and ureteroscopy for lower
pole caliceal calculi 1 cm or less. J Urol. 2005;173:2005-2009.

25. Trout AT, Zhang B, Towbin AJ. Measurement error in CT assess-
ment of appendix diameter. Pediatr Radiol. 2016, Dec;46:1831-1836.

26. Huang AE, Montoya JC, Shiung M, et al. Consistency of renal stone
volume measurements across CT scanner model and reconstruction
algorithm configurations. AJR Am ] Roentgenol. 2017, Jul;209:116-121.

27. Niemann T, Van Straten M, Resinger C, et al. Detection of urolith-
iasis using low-dose CT—a noise simulation study. Eur J Radiol.
2011, Nov;80:213-218.

28. McNitt-Gray MF, Kim GH, Zhao B, et al. Determining the variabil-
ity of lesion size measurements from CT patient data sets acquired
under "no change" conditions. Transl Oncol. 2015;8:55-64.

29. Nazim SM, Ather MH, Khan N. Measurement of ureteric stone
diameter in different planes on multidetector computed tomogra-
phy—impact on the making.  Urology.
2014;83:288-292.

30. Kishore TA, Pedro RN, Hinck B, et al. Estimation of size of distal
ureteral stones: noncontrast CT scan versus actual size. Urology.
2008, Oct;72:761-764.

31. Olcott EW, Sommer FG, Napel S. Accuracy of detection and mea-
surement of renal calculi: In vitro comparison of three-dimensional
spiral  CT, radiography, Radiology.
1997;204:19-25.

clinical ~ decision

and nephrotomography.

Check for
updates

EDITORIAL COMMENT

Computed tomography (CT) is now considered the gold stan-
dard imaging modality for the diagnosis of renal and ureteral
stones. With this technology, there are additional capabilities,
such as the semiautomatic measurement of a variety of stone
parameters such as size and volume, which cannot similarly be
obtained by traditional plain radiography.

In this study, the authors performed a retrospective trial to
assess if ex vivo semiautomatic size measurement of a stone
on CT was non-inferior to manual size measurement using
calipers on digital plain radiography. The measurement on
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digital radiography was considered the gold standard. All
measurements were reported as the maximal diameter in any
plane. The threshold for non-inferiority was arbitrarily set at
a difference of 7.5%. The mean size difference observed was
0.18 mm between the two techniques, which met the thresh-
old, and thus semiautomatic measurement was non-inferior
to manual measurement.

Although it is important to validate these semiautomatic
measurements obtained via CT against a gold standard bench-
mark, a non-inferiority study comparing two different imaging
modalities with two different measurement methods is likely not
the ideal trial design to answer this question. Despite this signifi-
cant limitation, the authors detected only <1 mm difference in
size between the two imaging modalities, which is clinically
insignificant. This suggests that semiautomatic size measurement
via CT is accurate. More importantly, this study highlights that
CT imaging has value beyond simply stone detection. Leverag-
ing the captured image metadata to semi-automatically calculate
clinically relevant stone parameters, such as size and volume will
allow clinicians and researchers to better understand the natural
history of stone disease and assess the efficacy of available treat-
ment options.
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We thank you for your interesting and helpful remarks.
Computed tomography (CT) is indeed nowadays widely
accepted as gold standard for diagnosis of urinary stones. Beyond
computer assisted software tools for more precise and replicable
size estimation, there has been enormous evolution in scan tech-
nology over the last years resulting in further substantial reduc-
tion in radiation dose.! Additionally new dual energy scan
techniques allow for direct determination of stone composition.”

UROLOGY 123, 2019

New photon counting detector based CT may further increase
radiology performance in the future.’

The idea of our study originated due to the mistrust of urolo-
gists in the semiautomatic size estimations. Therefore we still
consider our methodology of non-inferiority hypothesis as
appropriate.

There will be further evolution of radiology imaging of urinary
stones, especially ongonig research using dark field imaging
seems to be promising for further imaging based stone characteri-
sation.” In contrast to the well-known absorption-based imaging,
dark-field contrast is generated by diffuse angular deflections of
the X-ray wavefront when being scattered at inherent substruc-
tures. Since the dark-field signal has been shown to be highly
dependent, not only on the chemical composition of imaged
samples, but also on the samples morphological structure well
below the resolution limit of commonly used imaging detectors
it may allow for further discrimination of urinary stone subtypes.’
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Z Wang, PhD, M Stampanoni, Prof, K Lehmann,
MD, RA Kubik-Huch, MD Prof, Department of
Radiology, Kantonsspital Baden, Baden, Switzerland;
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