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Using Aorta-Lesion-Attenuation

Difference on Preoperative Contrast-
enhanced Computed Tomography Scan
to Differentiate Between Malignant and
Benign Renal Tumors
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Shahab Bozorgmehri, Paul L. Crispen, and Li-Ming Su

OBJECTIVE To evaluate the ability of Aorta-Lesion-Attenuation Difference (ALAD) to differentiate malig-
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nant renal tumors from renal oncocytomas.

METHODS
 A retrospective review of preoperative computed tomography (CT) scans and surgical pathology

was performed on patients undergoing partial nephrectomy for small, solid renal masses. ALAD
was calculated by measuring the difference in Hounsfield units (HU) between the aorta and the
lesion of interest on the same image slice on preoperative CT scan. The discriminative ability of
ALAD to differentiate malignant pathology from oncocytoma was evaluated by sensitivity, speci-
ficity, positive predictive value (PPV), negative predictive value (NPV), and area under curve
(AUC) using receiver operating characteristic analysis.
RESULTS
 A total of 227 preoperative CT scans and corresponding pathology reports were reviewed.
ALAD values were calculated during the excretory and nephrographic phases. Nephrographic
ALAD was able to differentiate malignant pathology from oncocytoma using a HU threshold of
24 with a sensitivity of 84%, specificity of 86%, PPV of 98%, and NPV of 33%. The AUC for
malignant pathology vs oncocytoma was 0.86 (95% confidence intervals 0.77-0.96). Nephro-
graphic ALAD was able to differentiate chromophobe renal cell carcinoma (RCC) from onco-
cytoma using a HU threshold of 24 with a sensitivity of 100%, specificity of 86%, PPV of 75%,
and NPV of 100%. The AUC for chromophobe RCC vs oncocytoma was 0.98 (95% confidence
intervals 0.91-1.00).
CONCLUSION
 ALAD discriminates well between chromophobe RCC and oncocytoma, which may aid in the
management of patients with indeterminate diagnoses of oncocytic neoplasm on diagnostic needle
biopsy. Further validation of ALAD will be necessary prior to routine use in clinical practice.
UROLOGY 125: 123−130, 2019. © 2018 Elsevier Inc.
Renal neoplasms represent a heterogeneous disease
of variable histologic subtypes, grades, genetics,
and biologic potential.1,2 Widespread use of cross-

sectional imaging has led to an increase in the incidental
detection of solid enhancing renal masses.3 It is well estab-
lished that 20%-30% of small renal masses (SRM, <4 cm)
are benign, and less than a quarter of malignant tumors are
thought to harbor aggressive features.4 Of benign lesions
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discovered on surgical pathology, 70% are attributable to
oncocytomas, which are unable to be reliably differentiated
from renal cell carcinoma (RCC) on preoperative imag-
ing.5 Even histopathologic diagnosis of oncocytoma follow-
ing core needle biopsy remains challenging.6 This presents
a clinical conundrum, as surgical overtreatment remains a
significant concern and opportunity exists for exploring
means to better align treatment options with each patient's
unique tumor biology.

Current treatment options for clinical T1 renal masses
include radical nephrectomy, nephron-sparing partial
nephrectomy, or thermal ablation. Having a comprehen-
sive understanding of each tumor's biology in the pretreat-
ment setting is especially pertinent to elderly patients with
competing morbidities and limited life expectancy who
may be optimally managed with active surveillance or
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expectant management.7,8 Given the indolent nature of a
majority of SRMs, active surveillance may now be offered
to all patients as initial management for tumors 2 cm
or less.9 For these reasons, there is need to reliably differ-
entiate oncocytomas from malignant renal tumors. One
such method is the Aorta-Lesion-Attenuation Difference
(ALAD) determined on computed tomography (CT)
imaging. ALAD was first described by Dhyani et al who
demonstrated the potential to differentiate oncocytomas
from chromophobe RCCs (chRCC) by comparing the rel-
ative enhancement of the index renal lesion to that of the
aorta on CT scan imaging.10 The concept of ALAD is
based on attempts to noninvasively discriminate renal
tumors by differences in dynamic enhancement
patterns, which has been investigated by many groups in
several fashions. The literature has established that onco-
cytoma and clear cell RCC (ccRCC) are hypervascular in
the arterial phase while chRCC and papillary RCC are
hypovascular.11 Furthermore, oncocytomas typically dem-
onstrate peak enhancement in the nephrographic phase
whereas ccRCCs peak in the arterial phase.12,13 Because
oncocytomas peak in the nephrographic phase, their
enhancement at this time more closely mirrors attenua-
tion of the blood pool in the aorta compared to malignant
oncocytic and ccRCCs, which demonstrate lower attenu-
ation values relative to the aorta. The relative similarity
in enhancement patterns of oncocytomas and ccRCCs
(as opposed to chRCC and papillary RCCs) may be
highlighted by lesser diagnostic performance of ALAD in
differentiating these entities. In the current report, we
evaluate the ability of ALAD to differentiate between
oncocytomas and chRCC, papillary, and ccRCC in a
series of patients undergoing partial nephrectomy.
METHODS
This retrospective study was approved by our Institutional Review
Board and compliant with the Health Insurance Portability and
Accountability Act. Requirement for informed consent was
waived. The records of patients undergoing robotic assisted partial
nephrectomy between May 2008 and September 2014 by a single
surgeon at a single academic tertiary care center were reviewed.
Preoperative CT scans performed closest to the date of surgery
either at our institution or from outside institutions and surgical
pathology reports from this cohort were independently reviewed.

Image Analysis
Preoperative CT scans were reviewed by a fellowship trained
abdominal radiologist (JRG) who was blinded to the pathology
results. Only contrast-enhanced CTs with imaging of the kid-
neys in the nephrographic and/or excretory phase were included
for image analysis based on results from Dhyani et al demonstrat-
ing highest diagnostic performance of ALAD on these phases of
contrast.10 The nephrographic phase was defined as homoge-
neous enhancement of the renal cortex and medulla without
excretion into the collecting system. The excretory phase was
defined as excretion into the collecting system with differential
enhancement of the renal cortex and medulla. CT scans of the
kidneys with only the corticomedullary phase were excluded.
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Region of Interest Placement
A region of interest was placed for each CT scan meeting inclu-
sion criteria in the abdominal aorta and the renal lesion on the
same axial image slice to calculate an ALAD as defined in previ-
ous work by Dhyani et al.10 To optimizing reproducibility,
the largest possible region of interest was drawn within both the
aorta and the lesion of interest within the same image slice while
avoiding measurement of calcifications in an atherosclerotic
aorta and necrosis, scars, hemorrhage, and calcification within a
heterogeneous renal mass (Fig. 1, Panels A and B).
Inter-rater Reliability
To evaluate the reproducibility of ALAD values generated by
our fellowship trained abdominal radiologist, we had a radiology
resident generate ALAD values on 10 selected cases in the neph-
rographic phase.
Statistical Analysis
Demographics and clinical characteristics were examined using
one-way analysis of variance and Kruskal-Wallis tests for nor-
mally and non-normally distributed continuous variables, respec-
tively, and chi-square or Fisher's exact tests for categorical
variables. Inter-rater reliability was determined with the Ken-
dall's coefficient of concordance and the intraclass correlation
coefficient. We assessed the discriminative ability of ALAD in
the nephrographic and excretory phases to differentiate various
subtypes of RCC from oncocytoma and angiomyolipoma using
receiver operating characteristic (ROC) curves. We reported
area under curve (AUC) along with their 95% confidence inter-
vals (CI). The optimal cut-off values were determined using
Youden's J statistic.14 We additionally calculated sensitivity,
specificity, positive predictive value (PPV), and negative predic-
tive value (NPV) for each cut-off value. All significant tests
were two-sided, with a P value <.05 considered statistically sig-
nificant. Statistical analyses were performed using Statistical
Analysis Software version 9.4 (SAS Institute Inc., Cary, NC).
RESULTS
A total of 227 preoperative CT scans and corresponding pathol-
ogy reports were reviewed. Patient demographics and tumor
characteristics are presented in Table 1. Pathology review
revealed 22 oncocytomas (10%), 9 angiomyolipomas (AML)
(4%), 11 chRCC (5%), 37 papillary RCC (16%), and 148
ccRCC (65%). The majority of the tumors were stage T1a, 80%.

Of patients with an available preoperative CT scan, ALAD
could be determined in the excretory phase in 69% (157/227) of
patients and in 37% (85/227) of patients in the nephrographic
phase. The optimal threshold for ALAD values to differentiate
tumor histology varied between phase of CT scan (excretory and
nephrographic) and tumor histology, Table 2. Inter-rater reli-
ability on assigning ALAD values was noted to be robust
between our radiology attending and resident, data presented in
Supplemental Table 1.

Mean ALAD values in the excretory phase were 37 § 31
for AML, 27 § 14 for chRCC, 23 § 19 for ccRCC, 13 § 9
for oncocytoma, and 32 § 11 for papillary RCC (P = .002,
Fig. 2, panel A). The sensitivity, specificity, PPV, and NPV
of ALAD in the excretory phase to differentiate tumor his-
tology is demonstrated in Table 2. The ability of ALAD in
the excretory phase to discriminate between renal tumor
UROLOGY 125, 2019



Figure 1. Panel A: Contrast-enhanced CT scan of a 39-year-old female with a right renal mass in the nephrographic phase
(note: homogeneous enhancement of the renal cortex and medulla). The largest possible region of interest was placed in
the abdominal aorta and renal lesion on the same axial slice. The low-attenuation scar in the renal mass was avoided in the
region of interest placement. These measurements yielded an Aorta-Lesion-Attenuation Difference of 4 (134-130 HU).
Pathology from robotic-assisted partial nephrectomy revealed a diagnosis of renal oncocytoma. Panel B: Contrast-enhanced
CT scan of a 64-year-old male with a right renal mass in the nephrographic phase. An Aorta-Lesion-Attenuation Difference of
44 (144-100 HU) was calculated by placing the largest possible region of interest in the abdominal aorta and renal lesion on
the same image slice. Pathology after surgical excision demonstrated a clear cell renal cell carcinoma.
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Table 1. Patient demographics and tumor characteristics

Tumor Histology

All Angiomyolipoma Oncocytoma
Chromophobe
RCC

Papillary
RCC

Clear Cell
RCC P Value*

N = 227
N = 9
(4%)

N = 22
(10%)

N = 11
(5%)

N = 37
(16%)

N = 148
(65%)

Age, mean (SD) y 59 (12) 53 (10) 67 (11) 63 (15) 59 (11) 58 (11) .008
Male, n (%) 149 (66) 1 (11) 15 (68) 8 (73) 27 (73) 98 (66) .011
BMI, mean (SD) 31 (6) 28 (5) 28 (6) 29 (6) 30 (6) 28 (6) .106
Nephrometry score,
n (%)
4 17 (8) 3 (33) 0 (0) 0 (0) 6 (18) 8 (7) .153
5 41 (19) 2 (22) 4 (19) 3 (27) 6 (18) 26 (18)
6 34 (16) 4 (45) 1 (5) 3 (27) 8 (23) 18 (13)
7 40 (18) 0 (0) 7 (33) 2 (18) 3 (9) 28 (20)
8 28 (13) 0 (0) 3 (14) 0 (0) 4 (12) 21 (15)
9 46 (21) 0 (0) 4 (19) 3 (27) 6 (18) 33 (23)
10 9 (4) 0 (0) 2 (10) 0 (0) 1 (3) 6 (4)
11 1 (0.5) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1)

Nephrometry score,
median (IQR)

7 (5-9) 5 (4-6) 7 (7-9) 6 (5-9) 6 (5-8) 7 (6-9) .005

Tumor size,
median (IQR)

2.7
(2.0-3.6)

1.4
(0.9-1.8)

3.2
(2.3-3.8)

2.0
(1.5-3.5)

2.8
(2.0-4.0)

2.8
(2.0-3.7)

<.001

Pathologic stage, n (%)
T1a 152 (79) 8 (73) 28 (76) 116 (80) .017
T1b 30 (16) 0 (0) 5 (14) 25 (17)
T2a 3 (2) 1 (9) 1 (2) 1 (1)
T3a 8 (4) 2 (18) 3 (8) 3 (2)

Abbreviations: IQR = interquartile range
*Demographics and clinical characteristics were examined using one-way analysis of variance and Kruskal-Wallis tests for normally and
non-normally distributed continuous variables, respectively, and chi-square or Fisher’s exact tests for categorical variables.

Table 2. Diagnostic performance of ALAD in differentiating malignant and benign renal tumors

ALAD
Threshold

Sensitivity
(95% CI) Specificity (95% CI)

Negative Predictive
Value (95% CI)

Positive Predictive
Value (95% CI)

Excretory ALAD
Chromophobe RCC vs
oncocytoma

>23 75% (34.9-96.8) 95% (74.0-99.9) 90% (73.0-96.8) 86% (46.1-97.7)

Papillary RCC vs oncocytoma >23 82% (61.9-93.7) 95% (74.0-99.9) 78% (61.8-88.9) 96% (76.4-99.3)
Clear Cell RCC vs oncocytoma >17 54% (43.7-64.2) 79% (54.4-93.9) 25% (19.5-31.4) 93% (84.5-97.0)
RCC any vs oncocytoma/AML >17 63% (54.4-71.4) 70% (48.9-87.4) 26% (19.8-32.8) 92% (86.4-95.8)
RCC any vs oncocytoma >23 48% (39.1-56.6) 95% (74.0-99.9) 21% (17.5-23.8) 90% (90.4-99.8)
Nephrographic ALAD
Chromophobe RCC vs
oncocytoma

>24 100% (29.2-100) 86% (42.1-99.6) 100% 75% (32.8-94.8)

Papillary RCC vs oncocytoma >35 94% (72.7-99.9) 100% (59.0-100.0) 88% (51.0-97.9) 100%
Clear Cell RCC vs oncocytoma >24 77% (63.8-87.7) 86% (42.1-99.6) 33% (21.8-47.2) 98% (86.9-99.6)
RCC any vs oncocytoma/AML >24 84% (73.4-91.3) 55% (23.4-83.3) 33% (19.1-51.4) 93% (86.6-96.0)
RCC any vs oncocytoma >24 84% (73.7-91.4) 86% (42.1-99.6) 33% (21.5-47.7) 98% (91.1-99.7)

ALAD, Aorta-Lesion-Attenuation Difference; AML, angiomyolipomas; RCC, renal cell carcinoma.
ALAD threshold was determined by Youden’s J statistic and was noted as the best cut-off to differentiate between tumor histology.
histology based on ROC analysis is summarized in Supple-
mental Table 2 and Supplemental Fig. 1.

The AUC for excretory ALAD to differentiate chRCC from
oncocytoma was 0.81 (95% CI: 0.59-1.00). At a threshold value
of 23 Hounsfield units (HU) for the excretory ALAD to differ-
entiate chRCC from oncocytoma, the sensitivity, specificity,
PPV, and NPV were 75%, 95%, 86%, and 90%, respectively.
The AUC for excretory ALAD to differentiate any RCC subtype
from benign pathology (oncocytoma and AML) was 0.67 (95%
CI: 0.55-0.80). At a threshold value of 17 HU for the excretory
ALAD to differentiate any RCC subtype from benign pathology
126
(oncocytoma and AML), the sensitivity, specificity, PPV, and
NPV were 63%, 70%, 92%, and 26%, respectively.

Mean ALAD values in the nephrographic phase were 76 §
16 for AMLs, 63 § 25 for chRCC, 44 § 27 for ccRCC, 18 § 11
for oncocytoma, and 70 § 27 for papillary RCC (P <.0001,
Fig. 2, panel B). The sensitivity, specificity, PPV, and NPV of
ALAD in the nephrographic phase to differentiate tumor histol-
ogy is demonstrated in Table 2. The ability of ALAD in the
nephrographic phase to discriminate between renal tumor histol-
ogy based on ROC analysis is summarized in Supplemental Table
2 and Supplemental Fig. 2.
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Figure 2. Panel A: Distribution of excretory ALAD scores by renal tumor histology. Panel B: Distribution of nephrographic
ALAD scores by renal tumor histology.
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The AUC for nephrographic ALAD to differentiate
chRCC from oncocytoma was 0.98 (95% CI: 0.91-1.00). At
a threshold value of 24 HU for the nephrographic ALAD to
differentiate chRCC from oncocytoma, the sensitivity, speci-
ficity, PPV, and NPV were 100%, 86%, 75%, and 100%,
respectively. The AUC for nephrographic ALAD to differen-
tiate any RCC subtype from benign pathology (oncocytoma
and AML) was 0.63 (95% CI: 0.42-0.84). At a threshold
value of 24 HU for the nephrographic ALAD to differentiate
any RCC subtype from benign pathology (oncocytoma and
AML), the sensitivity, specificity, PPV, and NPV were 84%,
55%, 93%, and 33%, respectively.
DISCUSSION
Pretreatment characterization of SRM remains a clinical
challenge with ongoing concerns of overtreatment as well
as potential mismatch of treatment modalities to individ-
ual patients and their unique renal tumors. Although
numerous treatment modalities exist, both surgical and
ablative, a significant number of SRM remain indolent,
supporting the concept of conservative management with
surveillance imaging. These facts, in concert with the sig-
nificant inroads made in our understanding of unique
tumor genomics and biology of RCC subtypes, raise the
question of how urologists and radiologists can better
characterize SRM (ie, malignant vs benign; high-grade vs
low-grade) in the pretreatment setting.
Renal mass biopsy has not historically seen widespread

use because of variable data on accuracy, limited utility,
and the potential for adverse events.15 Modern core
biopsy techniques demonstrate improved diagnostic accu-
racy and are generally well-tolerated. Subset pooled analy-
sis of biopsy referenced against surgical pathology in
contemporary series revealed sensitivity of 96.3%, speci-
ficity of 96.0%, PPV 99.6%, and NPV of 72.7%. Despite
high-diagnostic accuracy, 14.1% of biopsies remained
non-diagnostic, and the majority of these were deter-
mined to be malignant on final surgical pathology.15

Additionally, it is particularly challenging for pathologists
to differentiate oncocytomas from chRCC. Other short-
comings exist regarding biopsy, as not all tumors can be
safely biopsied because of anatomic considerations or
patient considerations.16

There has been recent interest in exploring the use of
various noninvasive imaging modalities to provide other
means of differentiating benign from malignant renal
tumors. The RENAL Nephrometry Score was introduced
to standardize renal mass complexity based on tumor size,
depth, and location. Further evaluation suggested that the
RENAL score might also serve as a predictor of malignant
and high-grade pathology.17 This supported the role of
specific imaging characteristics as predictors of tumor
behavior and histology. With recent advances in prostate
cancer imaging, multiparametric MRI has also been inves-
tigated as an imaging tool in evaluating renal tumors.
Canvasser et al demonstrated the utility of a multipara-
metric MRI-based Clear Cell Likelihood Score (ccLS) for
128
the diagnosis of ccRCC histology for cT1a renal masses.18

Their proposed system demonstrated high specificity and
PPV for ccRCC in ccLS 4-5 lesions and high specificity
and PPV for non-ccRCC in ccLS 1-2 lesions. Despite
good performance in identifying ccRCC, a 10.1% false-
positive rate was noted in high−likelihood-RCC lesions,
most commonly due to oncocytoma on histology.18 Cor-
nelius et al demonstrated promising ability of mpMRI to
differentiate between various subtypes of RCC compared
to standard MRI sequences, but experienced similar
challenges on MRI with 94% specificity, but only 19%
sensitivity to distinguish ccRCC from oncocytomas.19

Rosenkrantz et al found no MRI features to reliably differ-
entiate between oncocytoma and chRCC.20

Additional promise exists in the field of molecular
imaging, which utilizes targeted probes for the detec-
tion and characterization of cellular processes.21,22

Currently utilized in cardiac and parathyroid imaging,
99mTc-sestamibi is a lipophilic cation that accumu-
lates in cells with a high density of mitochondria.16,22

Oncocytomas are known to have densely packed mito-
chondria, which initially prompted Gormley et al to
pursue this imaging modality to diagnose these tumors
over 20 years ago.21,23 Prospective preoperative imag-
ing with 99mTc-sestamibi SPECT/CT performed in 50
patients with solid clinical T1 renal masses prior to
surgical resection correctly identified 5 of 6 (83.3%
oncocytomas) and 2 of 2 (100%) hybrid oncocytic/
chromophobe tumors, resulting in an overall sensitivity
of 87.5% and specificity of 95.2%.21

A subsequent pilot study from Sweden again
reported a high true positive rate. Upon review of his-
topathology, 11 of 12 oncocytomas were visually posi-
tive on sestamibi imaging, as well as 3 of 3 hybrid
oncocytic/chromophobe tumors. Their group again
demonstrated that solid lesions without uptake on
99mTc-sestamibi SPECT/CT are most likely malignant
and should be surgically resected, while lesions positive
on 99mTc-sestamibi are likely benign. Despite these
promising results, they concluded that the low-risk of
false positive results was non-negligible, with the need
to further strengthen 99mTc-sestamibi SPECT/CT
potentially by augmenting with standardized, quantita-
tive scoring prior to application in clinical practice.24

Dhyani et al introduced ALAD as a novel method to
address the conundrum of differentiating benign and
malignant oncocytic renal neoplasms found on diagnostic
needle biopsy.10 Their initial evaluation included only
oncocytomas and chRCC. Nephrographic-phase ALAD
calculations were highly accurate in differentiating
chRCC from oncocytoma in the initial (biopsy) dataset
(Area under the receiver operating characteristic curve
(AUROC) 1.00, 95% CI 1.00-1.00) and the validation
(surgical) dataset (AUROC 0.93, 95% CI 0.84-1.00). A
threshold value of 25.5 HU demonstrated 100% sensitiv-
ity in differentiating chRCC from oncocytoma.10

Our current study investigated excretory and nephro-
graphic ALAD performance characteristics in all histologic
UROLOGY 125, 2019



subtypes of benign and malignant renal lesions, expanding
upon the chRCC and oncocytoma cohorts previously
described.10 Based on AUC analysis, nephrographic ALAD
performed better than excretory ALAD in differentiating
renal tumor histology with the exception of RCC of any
subtype vs benign histology. The discriminative ability of
nephrographic ALAD was good or excellent in all compari-
sons except RCC of any subtype vs benign histology. For
example, nephrographic ALAD also provided excellent dis-
crimination in papillary RCC vs oncocytoma (AUC 0.99,
95% CI 0.97-1.00). An ALAD threshold of >35 was 94%
sensitive and 100% specific for papillary RCC vs oncocy-
toma, with 100% PPV. An ALAD threshold of >24 was
100% sensitive and 86% specific for chRCC vs oncocy-
toma, with 100% NPV. This is the focal point of the current
diagnostic conundrum, as no imaging parameter described
to date has reliably discriminated between these clinical
entities. As a clinical application, preoperative CT scan of
an enhancing renal mass with nephrographic ALAD >24 is
93% predictive in discriminating RCC from oncocytoma or
AML (the 2 most common benign renal tumors). Addition-
ally, a nephrographic ALAD threshold of >24 identifies all
chRCC, and <24 was 100% predictive of oncocytoma. This
differentiation has the ability to markedly change treatment
and potentially reduce surgical overtreatment.
Our study has several limitations, including the retro-

spective nature performed at a single tertiary-care institu-
tion. Several patients undergoing surgical treatment were
excluded due to lack of appropriate imaging, as nephro-
graphic ALAD values could only be calculated in 85 of
227 reviewed patients (37%). This observation warrants
further investigation into optimization of preoperative
CT scans to more reliably achieve renal enhancement in
the nephrographic phase. Patients referred for renal mass
evaluation with inability to tolerate an iodinated-contrast
CT due to allergy or renal insufficiency were excluded, as
were patients who underwent MRI-only or contrasted CT
without appropriate nephrographic or excretory phase.
Additionally, this represents a single-surgeon series in
patients suitable for robotic partial nephrectomy, largely
for cT1a renal masses (81%). Patients who opted for
active surveillance or thermal ablation were not included
in this study, as patients were not deemed to be surgical
candidates. To address these limitations, expansion of this
series to include multiple surgeons performing radical
nephrectomy or partial nephrectomy for cT1 renal masses
at our institution is ongoing. Ultimately, prospective mul-
ticenter studies should be performed for further validation
prior to consideration of widespread incorporation into
clinical practice.
CONCLUSION
ALAD measurements based upon preoperative CT scans
provide good discrimination between oncocytomas and
malignant renal tumors, potentially decreasing the need
for diagnostic needle biopsy or treatment in certain
patients. ALAD also discriminates well between chRCC
UROLOGY 125, 2019
and oncocytoma, which may aid in the management of
patients with indeterminate diagnoses of oncocytic neo-
plasm on biopsy. Further validation of ALAD will be nec-
essary prior to routine use in clinical practice.
SUPPLEMENTARY MATERIALS
Supplementary material associated with this article can

be found, in the online version, at https://doi.org/10.1016/
j.urology.2018.11.036.
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