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Abstract

Introduction: Recent studies have shown that software-generated
3D stone volume calculations are better predictors of stone burden
than measured maximal axial stone diameter. However, no studies
have assessed the role of formula estimated stone volume, a more
practical and less expensive alternative to software calculations,
to predict spontaneous stone passage (SSP).

Methods: We retrospectively included patients discharged from
our emergency department on conservative treatment for ureteral
stone (=10 mm). We collected patient demographics, comorbidi-
ties, and laboratory tests. Using non-contrast computed tomography
(CT) reports, stone width, length, and depth (w, I, d, respectively)
were used to estimate stone volumes using the ellipsoid formula:
V=w*[*w*d*0.167. Using a backward conditional regression, two
models were developed incorporating either estimated stone volu-
me or maximal axial stone diameter. A receiver operator charac-
teristic (ROC) curve was constructed and the area under the curve
(AUC) was computed and compared to the other model.

Results: We included 450 patients; 243 patients (54%) had SSP and
207 patients (46%) failed SSP. The median calculated stone volume
was significantly smaller among patients with SSP: 25 (14-60) mm?
vs. 113 (66-180) mm? (p<0.001). After adjusting for covariates,
predictors of retained stone included: neutrophil to lymphocyte
ratio (NLR) =3.14 (odds ratio [OR] 6, 95 % confidence interval
[Cl] 3.49-10.33), leukocyte esterase (LE) >75 (OR 4.83, 95% ClI
2.12-11.00), and proximal stone (OR 2.11, 95% CI 1.16-3.83).
For every 1 mm? increase in stone volume, the risk of SSP failure
increased by 2.5%. The model explained 89.4% (0.864-0.923) of
the variability in the outcome. This model was superior to the model
including maximal axial diameter (0.881, 0.847-0.909, p=0.04).
Conclusions: We present a nomogram incorporating stone volume
to better predict SSP. Stone volume estimated using an ellipsoid
formula can predict SSP better than maximal axial diameter.

Introduction

Kidney stones are a common disease affecting 8.8% of the
U.S. population; thereby, it is associated with consider-
able direct and indirect costs."” The American Urological
Association recommends conservative treatment using
medical expulsive therapy (MET) (e.g., alpha-blockers) for
uncomplicated distal ureteral stones <10 mm." However,
spontaneous stone passage (SSP) is dependent on the stone’s
size and ureteral position.? Stone size is routinely measured
using the maximum axial diameter on abdominal X-ray or
computed tomography (CT) scan.* Coll et al showed that the
SSP rate for stones 2—4 mm is 76%; 60% for stones 5—7 mm;
48% for stones 7-9 mm; and only 25% for stones >9 mm.?
Accordingly, the maximal axial diameter captured on axial
CT scan is classically used to estimate the stone burden and
guide management.'”

While some studies argue that SSP is dependent on the
stone’s maximal axial diameter,®” recent studies have sug-
gested that an estimation of the stone volume is a more
accurate predictor.® Effectively, using 3D reconstruction
software, stone volume could be estimated from CT scans.’
Nevertheless, these software are not readily available in all
medical centers.’®'" Alternatively, the European Association
of Urology suggests that a stone’s length, width (axial diam-
eter), and depth could be plugged into an ellipsoid formu-
la to estimate the stone’s volume.’> Moreover, Finch et al
demonstrated correlations between the gold standard 3D
reconstructed volumes and volumes estimated using spher-
oid formulas.’

Most importantly, to minimize procedural morbidity, it is
imperative to accurately identify which patients are in need
of surgical intervention." Considering that no previously
published nomogram included stone volume as a predic-
tor of SSP,'*'> we herein calculated the ellipsoid volume of
stones to assess whether it predicts SSP. We also compared
the nomogram’s performance to a nomogram incorporating
the stone’s maximal axial diameter instead of the volume.
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Study population

After institutional review board approval, electronic charts
were queried for patients presenting for renal colic to our facil-
ity’s emergency department (ED) between January 2010 and
October 2018. We included only non-febrile patients with a
single ureteral stone <10 mm in length, width, and depth diag-
nosed on non-contrast computed tomography (NCCT). Since
SSP significantly decreases for larger stones, a 10 mm cutoff
was chosen in concordance with contemporary series.'®'” We
excluded patients with concurrent kidney or ureteral stones,
patients with a solitary kidney, as well as patients with malig-
nancies, evidence of infection, or chronic intake of steroids. In
order to capture SSP, patients without a followup NCCT at four
weeks of presentation were also excluded. Ureteral SSP was
defined as absence of stone on followup NCCT scan. Based
on regular practice in our ED, most patients were given MET
using tamsulosin and analgesics.

Data collection

Information on patient demographics, basic metabolic pro-
file, complete blood count with differential, urine analysis
and culture, stone location, and stone length, width, and
depth were collected. The NCCT scan results, reported by a
board-certified radiologist, were used to identify stone loca-
tion, size, and presence of hydronephrosis or fat streaking.
Based on the Onen classification, hydronephrosis grades
0 and 1 were categorized as no-to-mild hydronephrosis, a
score of 2 was deemed as moderate hydronephrosis, and a
score of 3 or 4 was considered severe hydronephrosis.

Volume estimation

We gathered the length (I), width (w), and depth (d) of
stones. The optimal method to calculate stone volume is
either through oblate (disk-like) or prolate (rugby) ellipsoid
formulas because scalene ellipsoids (in which the lengths
of all three stone dimensions are unequal) overestimate the
volume of stones <15 mm.'° In fact, while stones <9 mm in
largest diameter trend towards a prolate shape, stones 9-15
mm trend toward an oblate shape.'® Thus, stone volumes
were estimated based on the following ellipsoid formula:
w**w*d*0.167 where |, w, d stand for length, width, and
depth, respectively.>18

Covariates
Data on patient demographics (gender and age), comorbidi-

ties (hypertension and diabetes), blood count (serum neutro-
phil-to-lymphocyte ratio [NLR]), basic metabolic profile (cre-
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atinine), urine analysis (white blood cell count in urine and
leukocyte esterase [LE]), as well as radiological parameters
(hydronephrosis, stone position, and stone size) were col-
lected. We opted to include the NLR, as it was demonstrated
that a higher ratio is associated with retained stones.'>'”

Statistics

We used independent t-test and Chi-squared test for con-
tinuous and categorical variables, respectively. Two models
were constructed: 1) incorporating the calculated ellipsoid
volume; and 2) using the maximal axial diameter for the
same cohort. Backward stepwise logistic regression was used
to identify predictors of SSP, and the models were adjusted
for the aforementioned covariates. Odds ratios (OR) and
corresponding 95% confidence intervals (Cl) were obtained.
Then, receiver operating characteristics (ROC) and associ-
ated areas under the curve (AUC) were calculated for each
model. Then, Delong et al’s (1988) method was used to
compare the areas under two ROC curves (paired design).*
Statistical tests were performed with a two-sided p>0.05 set
for significance. All analyses were performed using SPSS
version 24 (IBM Corp., Armonk, NY, U.S.) and MedCalc
Statistical Software version 20.009 (MedCalc Software Ltd,
Ostend, Belgium; https://www.medcalc.org; 2020).

Results

Univariable predictors

We included 450 patients; 243 patients (54%) had SSP
and 207 patients (46%) had retained stone at followup.
Table 1 describes patient characteristics by stone passage
status. The patients who experienced SSP were younger
(median 41 years vs. 47 years for patients with retained
stones, p<0.001). Failure of stone passage was associated
with proximal stones (40.6% vs. 17.3%), moderate-to-severe
hydronephrosis (51.6% vs. 34.6%), and moderate-to-severe
fat streaking (39.6% vs. 21.0%) (p<0.001 for all variables)
(Table 1). Stone passage was associated with smaller width
(4.2£1.5 mm vs. 6.2+1.6 mm), smaller length (3.9£1.2 mm
vs. 5.9+1.5 mm), and smaller depth (3.8+1.6 vs. 6.2+1.7
mm) (p<0.001 for all variables). Accordingly, the estimated
average stone volume was also significantly smaller among
patients with SSP: 25 (14-60) mm? vs. 113 (66-180) mm?
(p<0.001). Fig. 1 depicts how stone volume was inversely
proportional to SSP irrespective of the stone’s location.

Adjusted predictors

After adjusting for covariates, proximal stones had an OR
of 2.11 (95% Cl 1.16-3.83) for retained stones (Table 2).
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Table 1. Comparing the demographics, comorbidities,
laboratory serum markers, and stone volumes among those
who passed and failed to pass the ureteral stone using
Student’s t-test and Chi-squared

Variable Failed SSP SSP (n=243) p
(n=207)
n (%)/median n (%)/
(IQR) median(IQR)
Age 47 (37-57) 41 (32-52) <0.0001
Female 57 (27.5%) 53 (21.8%) 0.159
Hypertension 71 (34.3%) 59 (24.4%) 0.02
Diabetes 33 (15.9%) 25 (10.3%) 0.08
Creatinine 1.1£0.4 1.0+£0.6 0.03
NLR =3.14 141 (68.1%) 73 (30.0%)  <0.0001
Hematuria 0.9
O-rare 21(10.1%) 20 (8.2%)
2-4 RBC/HPF 15 (7.2%) 19 (7.8%)
4-6 RBC/HPF 14 (6.8%) 14 (5.8%)
8-10 RBC/HPF 33 (15.9%) 44 (18.1%)
Numerous RBC 124 (59.9%) 146 (60.1%)
Urine WBC
O-rare 69 (33.3%) 116 (47.7%) <0.0001
2-4 WBC/HPF 61 (29.5%) 77 (31.7%)
4-6 WBC/HPF 38 (18.4%) 16 (6.6%)
8-10 WBC/HPF 14 (6.8%) 12 (4.9%)
Numerous WBC 25 (12.1%) 22 (9.1%)
Leukocyte esterase =75 37 (17.9%) 16 (6.7%) <0.0001
Stone position <0.0001
Proximal 84 (40.6%) 42 (17.3%)
Mid-ureteral 28 (13.5%) 22 (9.1%)
Distal 96 (45.9%) 179 (73.7%)
Fat streaking <0.0001
None 32 (15.5%) 77 (31.7%)
Mild 93 (44.9%) 115 (47.3%)
Moderate 63 (30.4%) 45 (18.5%)
Severe 19 (9.2%) 6 (2.5%)
Hydronephrosis <0.0001
None 2 (1.0%) 21 (8.6%)
Mild 98 (47.3%) 138 (56.8%)
Moderate 92 (44.4%) 78 (32.1%)
Severe 15 (7.2%) 6 (2.5%)
Stone width (mm) 6.2+1.6 4.2+15 <0.0001
Stone length (mm) 5.9+1.5 3.9+1.2 <0.0001
Stone depth (mm) 6.2+1.7 3.8+1.6 <0.0001
Ellipsoid volume (mm?) 113 (66-180) 25 (14-60)  <0.0001

HPF: high-power field; NLR: neutrophil to lymphocyte ratio; RBC: red blood cell count, SSP:
spontaneous stone passage; WBC: white blood cell count.

Moreover, NLR =3.14 and LE >75 had ORs of 6.00 (95% ClI
3.83-11.00) and 4.83 (95% Cl 2.12-11.00)] for SSP failure,
respectively. Furthermore, for every T mm? increase in stone
volume, the risk of SSP failure increased by 2.5% (OR 1.025,
95% Cl1 1.02-1.03).
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Fig. 1. The rate of failure of stone passage by stone volume quartiles factored
by ureteral location. SSP: spontaneous stone passage.

Area under receiver operating characteristic curve

The nomogram including the calculated volume had an AUC
0.894 (0.862-0.921) and the nomogram that incorporates the
maximal axial diameter had an AUC 0.847 (0.847-0.909).
A comparison of two ROC curves using a paired design
revealed that volume was a better predictor of SSP than the
maximal axial diameter (difference between areas=0.0132,
SE 0.000651 z statistic=2.033, p<0.04).

Discussion

Although management strategies of ureteral stones range from
conservative treatment to operative intervention, the literature
and international guidelines lack individualized approaches
to predict ureteral stone passage.>*' Previous studies revealed
that stone size, stone position, and elevated inflammatory
markers are predictors of SSP.”'92223 |n this study, we assessed
the role of a calculated ellipsoid volume reported on NCCT
to predict SSP. We found serum NLR, urine LE, stone position,
and stone volume to be predictors of SSP.

It is well-established that stone size is a strong predic-
tor of SSP; however, there is scarce evidence on the role
of stone volume as a predictor of SSP.>19242> We hypoth-
esize that larger stone volumes would hinder stone passage
due to a larger contact surface area between the calculus
and the ureter.?® Moreover, a larger stone volume means a
theoretically heavier mass to be propelled through ureteral
peristalsis. We believe that these factors explain the inversely
proportional relationship between stone volume and SSP. To
put it into perspective, a single millimeter increase in width
from 5x4x3 mm (w x | x d) stone to a 6x4x3 mm yields an
increase in volume from 31.46 mm?® to 37.76 mm® translat-
ing to a 20.0% increase risk of retained stone.

SSP rates differ depending on whether the stone size
is measured cranio-caudally (length) or axially (width).
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Table 2. Multivariable stepwise backward logistic
regression predicting stone passage for the nomogram
incorporating calculated ellipsoid stone volume

SSP failure (n=436)

Variable Odds ratio (95% Cl) p
NLR =3.14 6.00 (3.49-10.33) <0.0001
LE >75 4.83 (2.12-11.00) <0.0001
Proximal stone 2.11 (1.16-3.83) 0.015
Mid-ureteral stone 1.24 (0.54-2.89) 0.614
Average ellipsoid 1.025 (1.02-1.03) <0.0001

95.3% of the patients were included in the multivariate analysis. Variables entered into the
model: gender, creatinine, neutrophil-to-lymphocyte ratio (NLR), leukocyte esterase (LE),
hydronephrosis, stone position, and calculated ellipsoid stone volume. CI: confidence
interval; SSP: spontaneous stone passage.

For instance, Tchey et al reported an SSP rate approaches
89% for stones <5 mm in length; whereas, a meta-analysis
showed that stones <5 mm in width results in 68% SSP.?7:28
This demonstrates that a single size is not a good reflection
of stone volume; thus, capturing the stone volume could
enhance SSP prediction.?

Computer-based algorithms have been devised to esti-
mate ureteral stone burden and further improve the SSP
prediction. Demehri et al used a computer-based algorithm
to demonstrate that the largest diameter estimate improves
the accuracy of predicting SSP.>° A more elaborate algo-
rithm developed by Jendeberg et al uses 3D segmenta-
tion to enhance ureteral stone passage prediction.>' These
sophisticated programs, which rely on 3D reconstruction
or computational algorithms, may be not accessible by the
majority of physicians and radiologists. Therefore, we relied
on Finch et al’s demonstration of a reasonable correlation
between software estimated volumes and formula-based
estimates (r=0.77).'° According to our results, this method
is reliable, less expensive, and a practical tool to be adopted
by institutions.

Our study is not without limitations. First, stone param-
eters were subject to systematic error because stone size
relied on radiologists’ measurement. The authors acknowl-
edge that this might not be a fully accurate representation
of the true volume, as stones could acquire different shapes
dependent on the type of stone.'® Although stone type was
not accounted for, we find that using the ellipsoid formula
based on published evidence proves to be a quick and prac-
tical approach in ambulatory and emergency settings.

Conclusions

counsel and manage patients presenting with ureteral stones.
Herein, we demonstrate that stone volume, which could be
easily estimated using a ellipsoid formula, has a predictive
role in assessing SSP and was found to be superior than rely-
ing on maximal axial diameter alone. This nomogram could
help guide the management of stone patients in the ED.

Estimated stone volume as a predictor of stone passage
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