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ABSTRACT

INTRODUCTION: We sought to identify predictors of failed retrograde ureteric stent
(FRS) placement in the setting of obstructing ureteric calculi. In addition to patient- and
stone-specific characteristics, we also considered computed tomography (CT) measures of
ureteric wall thickness (UWT), as it has shown clinical potential in predicting outcomes of
shockwave lithotripsy, ureteroscopy, and spontaneous stone passage.

METHODS: We performed a retrospective, case-control study comparing patients who had
successful retrograde stent (SRS) insertions with those who failed stent placement and ulti-
mately required nephrostomy tube (NT) insertion (2013-2019). Patients were identified using
administrative data from a shared electronic medical record (capturing all urology patients
in our geographic area) and a prospective database capturing all institutional interventional
radiology procedures. Patient demographics, as well as clinical and stone characteristics,
were then collected, and imaging manually reviewed. Statistical analysis was performed using
univariate and multivariate logistic regression analysis in collaboration with a statistician.

RESULTS: A total of 109 patients met inclusion for analysis (34 FRS, 75 SRS). The most com-
mon indication for stent insertion included sepsis (79%). On multivariate analysis, both acute
kidney injury as primary indication for stent insertion (odds ratio [OR] 9.16, 95% confidence
interval [Cl] 1.91-44.00, p=0.006) and UWT (OR 0.34, 95% CI 0.15-0.74, p=0.007) were
found to be significantly associated with FRS placement. A receiver operator characteristic
curve analysis demonstrates an optimal UWT cutoff of 3.2 mm (sensitivity 60.6%, specificity
83.3%).

CONCLUSIONS: Elevated UWT and acute kidney injury as an indication for urgent urinary
decompression in the setting of obstructing ureteric stones are predictive of FRS placement.
These patients may benefit from upfront nephrostomy tube insertion.

INTRODUCTION

Nephrolithiasis is a common urologic
condition in North America, affecting
7—13% of the population, and approx-
imately one-third of patients are likely
to have a repeat symptomatic stone
event in 10 years."? Obstructing ure-
teric calculi in the setting of urosepsis
and acute renal injury often consti-
tutes a medical emergency requiring
urgent decompression with retro-
grade ureteral stent placement or
nephrostomy tube (NT) insertion.
Many centers with urology services
will attempt retrograde stent place-
ment via cystoscopy, under varying
forms of anesthetic (general, seda-
tion, local). If unable to place the
stent, they will then request insertion
by interventional radiology, often
urgently after hours. Failing to place a
stent not only results in wasted oper-
ative resources, but more importantly,
delays definitive urinary tract drainage,
which can result in significant morbid-
ity to the patient.’

Often stone size, location, and ana-
tomic abnormalities are considered
for triaging patients to either stent or
NT placement; however, ureteral wall
thickness (UWT) has recently been
characterized on computed tomog-
raphy (CT) scan to aid in the prog-
nostication of stone passage with and
without intervention.*® Considered
a radiographic surrogate for tissue
edema and ischemic ureteral muco-
sal segments, UWT may also play a
role in unsuccessful passage of a stent
from bladder to kidney.”” Therefore,
the purpose of this study was to iden-
tify patient, stone, and ureteral wall
characteristics that predict failed ret-
rograde stent (FRS) placement.
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KEY MESSAGES

B Ureteral wall thickness is a novel predictor
of stone impaction and successful endourologic
intervention.

B We found that an elevated ureteral wall
thickness, as well as acute kidney injury, is
predictive of failed retrograde stent and may
benefit from upfront nephrostomy tube
insertion.

METHODS

Institutional ethics approval was obtained, and a ret-
rospective chart review carried out. Patients with
obstructing ureteral stones and an urgent indication
for upper urinary tract drainage were identified from a
prospective N'T database and cross-referenced through
our electronic medical record (EMR). Those requiring
NT insertion, after failed stent insertion, were then
compared to 75 consecutive successful retrograde stent
insertions from 2019.

Patients were included in our study if they had an
obstructing ureteric stone, preoperative non-contrast
CT scan, and an urgent indication for upper tract
decompression. Patients were excluded from our study
if they had other etiologies accounting for their hydro-
nephrosis (i.e., extrinsic compression from malignancy,
renal transplant, unidentifiable ureteric orifice).

Data was retrospectively collected from patients’
medical records and our provincewide imaging reposi-
tory. This included age and gender, indications for stent-
ing (urosepsis or acute kidney injury [AKI]), time from

Figure 1. Ureteral wall thickness measured on non-contrast computed tomography scan.
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diagnosis to stent insertion, ureteral stone characteris-
tics (craniocaudal length, diameter, location, laterality),
degree of hydronephrosis, ureteric density (HU), UWT
(mm), number of stones (one or greater), and renal
parenchymal atrophy were all documented.

UWT (mm) was defined as the maximal thickness
of the ureteral wall at the maximal stone diameter on
axial CT scan; stone circumference measured in the
axial plane and ureteric density was defined as the
density of the ureter (HU) directly distal to the stone
on axial non-contrast CT (Figure |). These definitions
are in keeping with the methods previous studies have
described and were performed at eight times magni-
fication.*” Four independent evaluators (two urology
residents and two medical students) measured both
UWT and ureteral density directly from the CT axial
images using our imaging software, IMPAX Client 6.7,
and were blinded to the result of a successful or failed
stent placement. The mean of the four measurements
was used for the analysis.

Baseline patient demographics and stone charac-
teristics were compared between the failed and suc-
cessful retrograde stent groups using Chi-squared and
Mann-Whitney U tests. Univariate logistic regression
analysis and multivariate logistic analysis was then per-
formed, including the variables that were determined
to be significant from univariate analysis. Statistical tests
were two sided, with a p-value of less than 0.05 being
significant. Receiver operating characteristic curve analy-
sis (ROC) was performed to determine an appropriate
cutoff point for UWT. Statistical analysis was performed
using STATA 16.

RESULTS
A total of 109 patients were included in our study,
with 34 patients in the FRS group and 75 patients in
the successful retrograde stent (SRS) group. Indications
for urgent stenting included sepsis (79%) and AKI
(21%). There was no significant difference between
the groups in age (p=0.66), sex (p=0.30), laterality
(p=0.71), or ureteric density (p=0.45). Significant dif-
ferences between the two groups included the indi-
cation for stenting (p<0.001), time since diagnosis of
ureteral stone (p<0.001), degree of hydronephrosis
(p=0.02), presence of renal atrophy (p=0.01), stone
craniocaudal distance (p<0.001), stone circumference
(p<0.001), and UWT (p<0.001) (Table I).
Univariate analysis found significant difference
between an AKI indication for stenting (odds ratio
[OR] 6.61, 95% confidence interval [Cl] 2.44—17.94,
p<0.001), time from diagnosis to urinary tract decom-



pression (OR 0.92, 95% CI 0.85—-1.00, p=0.05), degree
of hydronephrosis (OR 0.37, 95% CI 0.16-0.88,
p=0.03), presence of renal atrophy (OR 0.23, 95% Cl
0.07-0.77, p=0.02), craniocaudal distance (OR 0.87,
95% C10.80-0.94, p<0.001), stone circumference (OR
0.97,95% C10.95-0.99, p=0.001), and UWT (OR 0.27,
95% Cl 0.15-0.48, p<0.001) (Table 2). Multivariate
logistic regression identified that an AKI indication for
stenting (OR 9.16, 95% CI 1.91-44.00, p=0.006) and
ureteral wall thickness (OR 0.34, 95% CI 0.15-0.74,
p=0.007) were both significantly associated with a FRS
placement (Table 2).

ROC was performed to evaluate the predictive
value of UWT and the FRS placement (Figure 2). The
area under the curve for UWT was 0.815. The optimal
cutoff for UWT from the ROC was determined to be
323 mm, with a sensitivity of 60.6% and specificity of
83.3% in predicting FRS insertion.

DISCUSSION

From this retrospective review of patients with ureteral
stones undergoing stent insertion for urgent indications,
our analysis suggests that increasing UWT and an AKI
indication for urgent decompression may be useful
predictors to identify patients that are more likely to
fail retrograde ureteric stenting, thereby, potentially
benefiting from upfront NT insertions.

Based on our ROC analysis, we derived a ureteric
wall thickness cutoff of 3.2 mm that can be used to
guide the clinical decision to proceed with retrograde
ureteric stent placement or upfront percutaneous NT
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Figure 2. Receiver operator characteristic (ROC) curve for ureteral wall thickness prediction
of failed retrograde stent insertion.

Table 1. Clinical characteristics and demographics of patients

Variable Total (n=109) Successful retrograde | Failed retrograde | p
stent (n=75) stent (n=34)
Age (years) 60 (19-92) 59 (19-89) 61(26-92) 0.66
Sex 0.30
Male 56 (21.4%) 36 (48.0%) 20 (58.8%)
Female 53 (48.6%) 39 (52.0%) 14 (41.2%)
Indication <0.001
AKI 23(21.1%) 8(10.7%) 15 (44.1%)
Sepsis 86 (78.9%) 67 (89.3%) 19 (55.9%)
Time since diagnosis (days) 33 (0-979) 2 (0-40) 102 (0-979) <0.001
Hydronephrosis 0.02
Mild/moderate 77 (70.6%) 58 (77.3%) 19 (55.9%)
Severe 32 (29.4%) 17 (22.7%) 15 (44.1%)
Stone location 0.09
Proximal 61(56.0%) 40 (53.3%) 21 (61.8%)
Middle 18 (16.5%) 10 (13.3%) 8(23.5%)
Distal 30 (27.5%) 25 (33.3%) 5(14.7%)
Renal atrophy 0.01
No 96 (88.1%) 70 (93.3%) 26 (76.5%)
Yes 13(11.9%) 5(6.7%) 8(23.5%)
Stone craniocaudal distance | 11.1(2.1-354) | 9.6 (2.1-23.6) 14.4(2.2-35.4) | <0.001
(mm)
Stone circumference (mm) 48.6 (13.3-130.7) | 43.2 (13.3-130.7) | 60.3 (16.2—103.7) | <0.001
Ureteral wall thickness (mm) | 2.94 (1.10-6.60) | 2.57 (1.10-4.73)  3.76 (1.95-6.60) | <0.001
Ureteric density (HU) 349(7.2-84.2) |34.1(7.2-84.2) | 36.6(9.3-81.8) |0.45
Values shown as median (range) or number (%). AKI: acute kidney injury.
drainage. We found that 75% of successful ureteral
stent placements had a UWT of less than 3.2 mm and
74% of FRS placements had a UWT of greater than
3.2 mm. Our findings suggest that a UWT of greater
than 3.2 mm can be used as an objective measure to
support a patient proceeding with upfront NT insertion.
Our estimated UWT cutoff is similar to independent
studies by Yoshida et al and Mishra et al suggesting
an optimal ureteral wall thickness cutoff of 3.49 mm
and 4.8 mm, respectively, to determine the success of
ureteroscopic lithotripsy outcomes.®’
Currently the radiographic finding of UWT and its
correlation with the endoscopic findings of ureteric
edema, inflammation, and mucosal ischemia have yet
1o be demonstrated within histopathologic studies.* FRS
patients displayed higher proportions of renal atrophy,
severe hydronephrosis, and larger stone sizes, suggest-
ing chronicity and possibly more complete obstruction.
UWT is a practical measure that is easy to use. Prior
to the study, we created a six-minute video based on
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Table 2. Univariate and multivariate analysis of patient and stone

characteristics predicting failed retrograde stent insertions

Variable

Age (years)

Sex (male vs. female)
Indication (non-sepsis vs. sepsis)
Time since diagnosis (days)

Hydronephrosis (mild/mod vs.

severe)

Number of stones (1, more than 1)

Stone location
Proximal
Middle
Distal

Renal atrophy

Stone craniocaudal distance (mm)
Stone circumference (mm)

Ureteral wall thickness (mm)

Ureferic density (HU)

Multivariate

OR (95% C1) p

Univariate

OR (95% C1) p
0.99 (0.97-1.02) |0.63
0.65(0.29-1.47) |0.30
6.61(2.44-17.94) | <0.001
0.92 (0.85-1.00) | 0.05
0.37(0.16-0.88) | 0.03

9.16 (1.91-44.00) | 0.006
0.95(0.87-1.03) 1 0.19
0.30(0.07-1.28) 1 0.10

0.55(0.22-1.41) | 0.21

1.00 (reference) 1.00 (reference)
0.67 (0.23-1.91) 1 0.67
2.63(0.88-7.85) | 0.084

0.23(0.07-0.77) |0.02
0.87 (0.80-0.94) | <0.001
0.97 (0.95-0.99) | 0.001
0.27(0.15-0.48) | <0.001
0.99(0.97-1.02) | 0.51

0.35(0.06-1.94) |0.23
0.93(0.81-1.06) |0.25
1.03(0.99-1.07) | 0.23
0.34(0.15-0.74) | 0.007

Cl: confidence interval; OR: odds ratio.
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the instructions by Yamashita et al demonstrating how
UWT is measured on our imaging software.* After the
initial 20 patients, our evaluators consistently took less
than 90 seconds to measure both UWT and ureteric
density regardless of their training level. The majority
of patients will have a CT scan prior to urologic inter-
vention, and other than the initial learing curve, there
are no barriers to the use of UWT in clinical practice.

Limitations

There are several limitations with this study that should
be noted. This study was a retrospective design with a
small sample size from a single center. Given the low
rate of failed stent insertion, we required two separate
cohorts of patients (failed and successful stent place-
ment) retrospectively selected by their outcomes.
Although these groups had no differences in their age
or sex, it is possible that there are intrinsic differences
in these groups of patients that could not be accounted
for. Furthermore, surgeon and operative factors are
surely to play a part but are difficult to control for in this
analysis. Finally, the measurements of UWT were the
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mean of four evaluators who completed the measure-
ment manually. To date, there are no studies assessing
the inter-user reliability and reproducibility of this mea-
sure. Using software-based measures or an automated
UWT measurement system would help ensure reli-
ability and reproducibility of the UWT measurements.

One of the strengths of this study includes a blinded,
multiple evaluator measure of both UWT and ureteric
density, therefore likely improving the reliability and
reproducibility of our study. To our knowledge, this
has not been a part of any of the previous studies
examining UWT.

CONCLUSIONS

Our study suggests patients presenting with an AKI
requiring decompression and an elevated UWT (>3.2
mm) may be at higher risk of stent placement failure,
thereby benefitting from upfront NT insertion.

COMPETING INTERESTS: The authors do not report any competing
personal or financial interests related to this work.

This paper has been peer reviewed.

REFERENCES

1. Sorokin |, Mamoulakis C, Miyazawa K, et al. Epidemiology of stone disease across the
world. World J Urol 2017;35:1301-20. https://doi.org/10.1007/500345-017-2008-6

2. Rule AD, Lieske JC, Li X, et al. The ROKS nomogram for predicting a second symptomatic
stone episode. J Am Soc Nephrol 2014;25:2878-86. https://doi. org/10.1681/
ASN.2013091011

3. Hoos (R, Li 6, Hyams ES, et al. Delayed decompression of obstructing stones with urinary
tract infection is associated with increased odds of death. J Urol 2020;204:1256-62.
https:/,/doi.org/10.1097/1U.0000000000001182

4. Yamashita S, Kohjimoto Y, Iguchi T, et al. Ureteral wall volume at ureteral stone site is
a cifical predictor for shock wave lithotripsy outcomes: Comparison with ureteral wall
thickness and area. Urolithiasis 2020;48:361-8. https://doi.org/10.1007/500240-019-
0154-w

5. Yoshida T, Inove T, Taguchi M, et al. Ureteral wall thickness as a significant factor in
predicting spontaneous passage of ureteral stones of <10 mm: A preliminary report.
World J Urol 2019;37:913-9. https://doi.org/10.1007 /s00345-018-2461-x

6. Yoshida T, Inove T, Omura N, et al. Ureteral wall thickness as a preoperative indicator
of impacted stones in patients with ureteral stones undergoing ureteroscopic lithotripsy.
Urology 2017;106:45-9. https://doi.org/10.1016/j.urology.2017.04.047

7. Dean NS, Millan B, Uy M, et al. Ureteral wall thickness is an effective predictor of ureteral
sfone impaction and management outcomes: A systematic review and meta-analysis. J
Urol 2023;210:430-7. https://doi.org/10.1097,/1U.0000000000003561

8. Wang C, JinL, Zhoo X, ef al. Development and validation of a preoperati g
for predicting patients with impacted ureteral stone: A retrospective analysis. BMC Urol
2021;21. https.//doi.org/10.1186/512894-021-00904-6

9. Mishra AK, Kumar S, Dorairajan LN, et al. Study of ureteral and renal morphometry on
the outcome of ureterorenoscopic lithotripsy: The aitical role of maximum ureteral wall
thickness at the sife of ureferal stone impaction. Urol Ann 2020;12:212. htps://doi.
org/10.4103/UA.UA_95_19

CORRESPONDENCE: Dr. Nicholas S. Dean, Division of Urology,
Department of Surgery, University of Alberta, Edmonton, AB, Canada;
ndean@ualberta.ca



