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The Impact of Stone Multiplicity on Surgical Decisions
for Patients with Large Stone Burden:

Results from ReSKU

Samuel Zetumer, BA,1 Scott Wiener, MD,2 David B. Bayne, MD,2 Manuel Armas-Phan, BS,1

Samuel L. Washington III, MD,2 David T. Tzou, MD,3 Marshall Stoller, MD,2 and Thomas Chi, MD2

Abstract

Introduction: American Urological Association (AUA) guidelines recommend percutaneous nephrolithotomy
(PCNL) for total stone burden greater than 20 mm, yet it is unclear if the number of stones affects adherence to
this guideline. We aim to assess the impact of stone multiplicity on the choice of ureteroscopy (URS) vs PCNL
as a first-line therapy for patients with high burden (>20 mm), and examine whether the AUA guideline-
discordant care impacts patient outcomes.
Materials and Methods: Data were collected from the Registry for Stones of the Kidney and Ureter (ReSKU)
database, a prospectively collected registry of patients with stone disease. Multivariate logistic regression
(MLR) was used to estimate the association between stone multiplicity and the decision to perform URS for
high stone burden (>20 mm) patients. MLR was further used to estimate the association between performing
URS and the following outcomes: stone-free rate, need for a second operation, and complications. Postoperative
hospital stay was compared between patients receiving URS vs PCNL using Student’s t-test.
Results: One hundred twenty-five patients were included in this analysis. For patients with total stone burden
exceeding 20 mm, those with more than three stones had roughly nine times the likelihood of undergoing URS
over PCNL compared with patients with a single stone (adjusted odds ratio 9.21, confidence interval [95% CI]
2.55–40.58, p = 0.001). Stone-free rates, Clavien–Dindo scores, and frequency of second-look operations did
not differ significantly between URS and PCNL patients. URS patients were discharged an average of 1.26 days
earlier than patients who received PCNL (95% CI 0.72–1.81, p < 0.001).
Discussion: Stone multiplicity strongly predicts which patients with stone burden >20 mm will undergo URS
and who will undergo PCNL. These deviations from AUA guidelines do not appear to worsen patient outcomes.
These results suggest that careful consideration of each patient may warrant deviation from guidelines.

Keywords: kidney stone, kidney calculi, renal stone, cumulative stone diameter, stone multiplicity, uretero-
scopy, percutaneous nephrolithotomy

Introduction

One in 11 Americans will be diagnosed with ne-
phrolithiasis, and an estimated 25% of patients diag-

nosed with nephrolithiasis will receive surgical management
at least once during their lifetime.1 For large stone burdens
greater than 20 mm, the American Urological Association
(AUA) guidelines recommend percutaneous nephrolithotomy
(PCNL) as first-line therapy.2 However, many tertiary stone
centers report safe outcomes treating some patients who have
large stone burdens with ureteroscopy (URS) instead.3–5 It’s

unclear how stone multiplicity, that is, the number of stones
in the affected renal unit, influences deviations from AUA-
concordant care.

While the factors that push urologists toward one operation
or another are not well characterized, stone multiplicity arises
as an important factor in other contexts. For example, stone
multiplicity has previously been shown to independently
predict lower postoperative stone-free rate after both URS
and PCNL.6,7 Stone multiplicity has also been effectively
incorporated into scoring systems to predict case complex-
ity, postoperative complications, and the need for second
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operations.8,9 However, no study to date has examined how
stone multiplicity is association with surgical approach, URS
vs PCNL, when treating patients with high stone burden.

We hypothesize that among patients with stone burden of
>20 mm, the presence of multiple stones on preoperative
imaging predicts the provider choosing URS rather than
PCNL. Furthermore, we hypothesize that postoperative out-
comes do not differ significantly between those treated with
URS and PCNL. We aim to assess the impact of stone mul-
tiplicity on the choice of URS vs PCNL as first-line therapy
for patients with stone burden >20 mm, and examine whether
AUA guideline-discordant care impacts patient outcomes.

Materials and Methods

Study participants and inclusion criteria

From October 2015 through November 2018, all con-
senting patients treated for urinary stone disease at the Uni-
versity of California, San Francisco (UCSF) Urology
Department, were prospectively enrolled into the Registry for
Stones of the Kidney and Ureter (ReSKU), the methodology
of which has been previously described.10

Adult ReSKU patients were included in this study if they
had >20 mm aggregate stone burden visualized on CT and
subsequently underwent either URS or PCNL as a first op-
eration. Patients who underwent PCNL with a concurrent
ipsilateral URS were grouped with patients who received
PCNL alone for the purposes of these analyses.

Exclusion criteria

Patients who were pregnant during a first visit or had a
known bleeding diathesis were excluded, as these are abso-
lute contraindications for PCNL.

Data collected

The following demographic and comorbid characteristics
were collected at the time of the first clinic visit: age, re-
ported gender, ethnicity (Hispanic/non-Hispanic), body
mass index, current medications, and prior surgeries at
outside institutions.

From CT imaging, radiographic data were collected re-
garding the stone’s location, total stone burden, multiplicity,
and the presence of any complex genitourinary anatomy. The
list of genitourinary anatomical anomalies considered
‘‘complex’’ is listed in Supplementary Appendix SA1. Guy’s
stone score, a nomogram for determining PCNL case com-
plexity, was also determined for each renal unit.9 Cumulative
stone diameter (CSD), defined as the sum of the largest di-
ameters of each stone visualized in a single renal unit, was
used as the measure of total stone burden. CSD was measured
by the attending urologist at the time of patient’s first clinical
visit using electronic calipers. High CSDs have consistently
shown to be predictive of lower stone-free rates, increased
need for second operations, and increased likelihood of
complications.3,11 This measure, rather than surface area
or volume, was chosen because it is the most common
measure of stone burden and is the measure used by both
the AUA and the European Association of Urology (EAU)
in their guidelines.12

The following data were collected from each operation:
operating surgeon, operation type (URS or PCNL), and

whether or not visual clearance of stone fragments was
achieved at the conclusion of the operation. From postoper-
ative encounters, data were collected regarding the timing of
hospital discharge, Clavien–Dindo scores for postoperative
complications, and whether residual stones were visualized
on postoperative imaging. Clavien–Dindo scores were mea-
sured on a scale from 1 to 5 as previously described.13

Dates of subsequent surgeries and follow-up appointments
were also collected for each patient. For each patient, right
and left renal units were analyzed separately.

Surgical techniques

Flexible ureteroscopy (LithoVue; Boston Scientific,
Marlborough, MA) was used for a majority of URS cases,
with semirigid URS reserved for mid-distal ureteral stones.
Ureteral access sheaths were used in a majority of cases.
Lithotripsy was accomplished with holmium:YAG laser (200
or 365 micron tip), with laser strength ranging from 20 to 120
W. Fragmentation and basketing were preferred, and per-
formed in approximately three-fourths of cases, with dusting
also occurring in about half of those. Stone-free status was
assessed intraoperatively with ultrasound and URS. Stone-
free status was assessed postoperatively with ultrasound,
kidney, ureter, and bladder radiograph (KUB), and/or
rarely CT, all within the first 3 weeks after the operation.
Approximately 50% of patients received multiple imaging
modalities.

Unless the patient’s anatomy or disease burden necessi-
tated an alternative approach, PCNLs were accomplished
with suction lithotripsy following by flexible nephroscopy,
all through a single tract dilated to 24F. Less than 10% of
patients required multiple tracts. Concurrent URS, either
antegrade or retrograde, was performed when patients had
either high stone burden in the mid-distal ureter in addition to
their renal stone burden, or when nephroscopy alone was
unable to achieve stone-free status. At the conclusion of the
operation, a nephrostomy tube was placed. Nephrostomy
tubes were typically removed on postoperative day (POD) 1.
Stone-free status was assessed intraoperatively and imme-
diately postoperatively with antegrade nephrostogram, KUB,
and/or CT. Approximately two-thirds of patients had stones-
free status assessed with multiple modalities.

Patients who began the operation with PCNL and required
concurrent URS were grouped with patients who received
PCNL alone for this study. However, to ensure that results did
not depend on cases in which both of these modalities were
utilized, all analyses were completed once with these patients
included and once with these patients removed (see the
Sensitivity Analyses section below).

Statistical and graphical analyses

Summary statistics were used to describe demographic and
clinical characteristics. Mean and standard deviation (SD)
were used to describe continuous variables. Frequencies were
reported for categorical variables.

The primary analysis estimated the degree to which stone
multiplicity predicted surgical approach (URS vs PCNL).
Chi-squared statistics and univariate logistic regressions
were used for categorical and continuous variables, respec-
tively. Next, multivariate logistic regression (MLR) was used
to estimate the degree to which stone multiplicity predicted
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the surgical approach while controlling for the identity of the
operating surgeon, demographic features of the patient, and
other radiologic characteristics of the stones.

After visual examination of the results of the primary
analysis, the three primary authors (S.Z., S.W., and D.B.)
designed three patient profiles to distinguish between patients
who received AUA-concordant care and patients who re-
ceived AUA-discordant care (i.e., PCNL or URS). Each
profile was created to maximize the discrimination between
patients who underwent URS and those who underwent
PCNL, while maintaining simple and understandable defi-
nitions for each profile.

The secondary analysis investigated whether post-
procedural outcomes differed between those who underwent
URS and PCNL. The outcomes of interest included the
presence of residual stones at the conclusion of the operation,
the presence of residual stones on radiographic imaging taken
within 3 weeks after the operation, significant postoperative
complications (defined as Clavien–Dindo score >1), the need
for a second operation within 90 days of the first operation,
and the length of postoperative hospital stay. Chi-squared and
MLR were used to determine the degree to which the surgical
approach, URS or PCNL, predicted the dichotomous out-
comes (presence of residual stones, significant postoperative
complications, and the need for a second operation). Stu-
dent’s t-test was used to measure the difference in the length
of hospital stay between URS and PCNL patients.

Sensitivity analyses

Three sensitivity analyses were conducted for both pri-
mary and secondary analyses. First, all analyses were re-
peated after excluding patients with complex anatomy.
Second, all analyses were repeated after excluding patients
who underwent both PCNL and URS. Third, all analyses
were repeated after excluding all patients with any ureteral
stones. These sensitivity analyses were conducted to increase
the generalizability of any results to patient populations with
varying levels of disease complexity.

Statistical analyses and figures were completed using R
software (version 3.4.0; The R Foundation for Statistical
Computing). Adjusted odds ratios (aOR) were reported for
each MLR. A p-value less than 0.05 was considered statis-
tically significant.

Results

Patient demographics and data quality

One thousand one hundred ninety-four patients were en-
rolled in the ReSKU between October 2015 and November
2018, of which 125 met inclusion criteria, providing 129
renal units for the primary analysis. Patient and renal unit
characteristics are shown in Table 1. Mean CSD was 39.7 mm
(SD 17.1). Seventy-nine renal units (61%) contained more
than 1 stone, 45 renal units (35%) contained more than 3
stones.

Primary analysis: association between stone
multiplicity and choice of URS

Of the 129 renal units available for the primary analysis, 96
(74.4%) underwent PCNL and 33 (25.6%) underwent URS.
Among the 96 PCNL cases, URS was also performed in 24

(18% of all cases). In a univariate analysis, patients with two
or three stones had four times the odds of undergoing URS
(OR 4.00, w2 = 8.21, p = 0.04). Patients with more than three
stones had a similar increase in odds of undergoing URS
(OR 3.67, w2 = 8.21, p = 0.04).

In a multivariate analysis controlling for demographic
features, CSD, and operating urologist, patients with a renal
unit containing more than three stones had over nine times the
odds of undergoing URS when compared with patients with a
renal unit containing a single stone (aOR 9.21, confidence
interval [95% CI] 2.55–40.58, p = 0.002, Table 2). Patients
with two to three stones had approximately two times the
odds of undergoing URS, although this result was not sta-
tistically significant (aOR 1.93, 95% CI 0.55–7.18, p = 0.31).
For every 10 mm increase in CSD, the odds of undergoing
URS decreased by 65% (OR 0.35, 95% CI 0.19–0.58,
p < 0.001). Figure 1 demonstrates the findings of the multi-
variate analysis: the likelihood of choosing URS decreases
for every 10 mm increase in CSD over 20 mm, but the like-
lihood of performing URS increases when more stones are
present. Excluding patients with complex anatomy (9 cases),
patients with any ureteral stones (21 cases), or patients who
received both PCNL and URS (24 cases) did not change the
significance or magnitude of these results (Supplementary
Data: Sensitivity Analysis).

After this analysis, three patient profiles were created to
describe the influence of stone multiplicity on clinical
decision-making (Fig. 2). Eighty-nine percent of the 94 pa-
tients in Profile 3, with either one stone or CSD greater than
35 mm, were managed with PCNL. Eleven out of 12 (92%) of
the patients in Profile 1, with more than three stones and CSD
less than 35 mm were managed with URS. Roughly half of
the 23 patients who were in neither Profile 1 nor Profile 3
were managed with URS (47%) or PCNL (53%; see Profile 2
of Fig. 2).

Secondary analysis: association between operation
type and outcomes

Of the 125 patients available for the primary analysis, 101
(81%) received postoperative imaging within 3 weeks of the
operation, and 96 (76%) had at least 90 days of follow-up data
available to query for second operations. For each outcome,
patients with missing data were excluded from that out-
come’s analysis.

After controlling for patient characteristics and radiologic
features, URS was not significantly associated with residual
stone burden visualized at the conclusion of surgery (aOR
1.24 95% CI 0.29–4.77, p = 0.76) or on postoperative imaging
(aOR 0.70 95% CI 0.034–5.11, p = 0.76). URS patients did
not have higher rates of complication (aOR of Clavien–Dindo
>1: 0.78, 95% CI 0.08–8.25, p = 0.83) when compared with
PCNL. Out of all patients in this study, only two PCNL pa-
tients experienced a postoperative complication requiring
surgical intervention (Clavien–Dindo ‡3). URS patients did
not have an increased likelihood of a second operation within
90 days of the first (aOR 0.71, 95% CI 0.49–8.43, p = 0.32)
compared with PCNL patients. The median date of discharge
was POD 2 and POD 0 for PCNL and URS patients, respec-
tively. URS patients were discharged an average of 1.26 days
earlier than PCNL patients (95% CI: 0.72–1.81 days, p < 0.001).
CSD was significantly associated with the likelihood of residual
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stones (aOR 1.64, 95% CI 1.12–2.27, p = 0.013) and need for a
second operation (aOR 1.45, 95% CI 1.04–2.077, p = 0.03,
Table 3).

Repeating all secondary analyses after excluding patients
with complex anatomy (9 cases), patients with any ureteral
stones (21 cases), or patients who underwent URS during
their PCNL (24 cases) did not change the significance of
these results (Supplementary Data: Sensitivity Analysis).

Discussion

Our study demonstrates that for stone burden >20 mm,
stone multiplicity was significantly associated with under-
going URS rather than the intervention recommended by the
AUA guidelines, PCNL. In the primary analysis, patients
with more than three stones demonstrated a ninefold increase
in the odds of undergoing URS when compared with those

with a single stone. We then found that undergoing URS was
not associated with significant differences in postoperative
complications, rates of residual stone burden, or the need for
a second operation. Undergoing URS was associated with
significantly shorter hospital stays, as prior research has
consistently demonstrated.14–16 Notably, the significance of
findings from both analyses did not change after controlling
for demographic features, radiologic characteristics, or the
operating urologist, nor did these results change after ex-
cluding patients with complex anatomy, ureteral stones, or
patients who required both PCNL and URS.

In this cohort, we demonstrate that URS remains a viable
surgical option for patients with a CSD greater than 20 mm
while not exposing patients to an increased risk of a second
operation or lower stone-free rates compared with PCNL.
Prior research has shown that this is typically not the case:

Table 1. Patient Demographics, Radiologic Features, and Intraoperative Characteristics

Patient demographics ReSKU cohort (n = 125) URS cohort (n = 30) PCNL cohort (n = 95)

Age (mean – SD) 57.5 – 16.0 61.5 – 15.5 56.1 – 15.9
Gender, n (% total)

Female 42 (34) 12 (40) 30 (32)
Male 83 (66) 18 (60) 65 (68)

Ethnicity, n (% total)
Non-Hispanic 104 (83) 28 (93) 76 (80)
Hispanic 19 (15) 2 (7) 17 (20)

BMI (kg/m2, mean – SD) 31.1 – 8.5 30.9 – 9.3 31.3 – 8.5

Radiologic features Renal units (n = 129) Renal units (n = 33) Renal units (n = 96)

CSD, mm (mean – SD) 39.7 – 17.1 43.2 – 17.6 29.7 – 10.4
Stone number, n (% total)

1 50 (39) 6 (18) 44 (46)
2–3 34 (26) 12 (36) 22 (23)
>3 45 (35) 15 (45) 30 (31)

Guy’s stone score, n (%)
Grade I 15 (12) 2 (6) 13 (14)
Grade II 49 (38) 20 (61) 29 (30)
Grade III 47 (37) 11 (33) 36 (38)
Grade IV 16 (13) 0 (0) 16 (17)

Location (n)a

Upper pole 51 13 38
Interpolar 62 19 43
Lower pole 97 27 71
Caliceal diverticulum 0 0 0
Renal pelvis 72 8 65
Ureteropelvic junction 13 2 11
Proximal ureterb 13 5 8
Other uretersb 9 4 5

Complex anatomyb, n (% total) 9 (7) 1 (3) 8 (8)

Operative characteristics Renal units (n = 129) Renal units (n = 33) Renal units (n = 96)

Preoperative stent, n (%) 23 (18) 6 (18) 17 (18)
Operative time, minutes (mean – SD) 119 – 52 95 – 48 126 – 50
Operating urologist ID, n (% total)

1 52 (40) 12 (36) 40 (42)
2 77 (60) 21 (64) 56 (58)

aRenal units with stones in more than one location were counted once for each occupied location.
bThese patients were excluded in subsequent sensitivity analyses.
BMI = body mass index; CSD = cumulative stone diameter; PCNL = percutaneous nephrolithotomy; SD, standard deviation; URS =

ureteroscopy.
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URS operations, on average, achieved stone-free status at
lower rates than PCNL.17,18 This seems particularly true for
patients with large burden.5

We believe that the nature of stone multiplicity contributed
to our increased stone-free rate for URS compared with the
published literature. During URS, a given volume of smaller
stones offers fewer large flat surfaces for dusting when
compared with a single large stone, which may encourage a
fragmentation and basketing technique over dusting.19,20

This technique is associated with improved stone-free rates
when compared with dusting.21 Furthermore, because stone
volume is proportional to the cube of the diameter of the
stone, multiple stones of a given CSD have less volume when
compared with a single stone of the same CSD. For any given

CSD, therefore, operations on multiple stones create less
debris than operations on single stones. Since lower levels of
debris are also associated with higher stone-free rates,20 it is
reasonable that URS on multiple smaller stones may have
higher stone-free rates than URS on single large stones.
These two factors may contribute to a higher stone-free rate
for URS for select patients, comparable with the stone-free
rate of PCNL in certain circumstances.

Our findings suggest that focusing only on CSD, as per
AUA guidelines, may provide an incomplete assessment of
the true stone burden present in any renal unit. While CSD is
strongly associated with surgical outcomes and is the most
common measure of aggregate burden,3,11 there are major
drawbacks to using this metric in isolation for surgical decision-

Table 2. Features Associated with Choosing Ureteroscopy as First-Line Therapy for Patients with Over

20 mm of Stone Burden

Patient demographics Odds ratio Adjusted odds ratio 95% confidence interval

Age (per decade) 1.25 NS 1.20 0.87–1.71 NS
Gender (male) 0.79 NS 0.78 0.27–2.28 NS
Ethnicity (Hispanic) 0.29 NS 0.60 0.08–3.07 NS
BMI (per 10 kg/m2) 0.99 NS 1.11 0.62–1.98 NS
Radiologic features
CSD (per 10 mm) 0.46*** 0.35*** 0.19–0.58***
Stone number

1 1 1 (Reference)
2–3 4.00* 1.93 0.55–7.18 NS
>3 3.67* 9.21** 2.55–40.58**

Complex anatomy 0.34 NS 0.31 0.01–3.89 NS
Operating urologist (2 vs 1) 1.25 NS 2.50 0.62–4.69 NS

*p < 0.05; **p < 0.01; ***p < 0.001.
NS, nonsignificant.

FIG. 1. Relationship between CSD, stone multiplicity, and the likelihood of undergoing URS. Predicted probabilities
were determined by a multivariate logistic regression model fit to patient demographics, CSD, stone multiplicity, the
presence of complex anatomy, and operating urologist. As CSD increases, the likelihood of undergoing URS decreases. As
stone number increases, the likelihood of URS increases. CSD = cumulative stone diameter; URS = ureteroscopy.
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making. For example, a stone measuring 10 · 3 · 3 mm would
have the same CSD as a stone measuring 10 · 9 · 9 mm, but a
ninefold difference in volume.22 The CSD-volume discrep-
ancy also exists when multiple stones are present: a similar
ninefold difference exists between the volume of a 30 mm
spherical stone and the volume of three 10 mm spherical
stones. This discrepancy is reduced but not eliminated when
surface area is substituted for CSD: it would take nine of
these small stones to have the same surface area as the large
stone, but the volume of the larger stone would still be three
times the volume of all nine smaller stones. While CSD and
surface area have demonstrated clinical utility, they may not
be sufficient to guide management in the case of irregularly
shaped stones or, as this analysis demonstrates, multiple

stones. Given these challenges, it is possible that guidelines
referencing only CSD do not capture the full complexity of
stone management.

As written, AUA guidelines recommend that patients with
single large stones should be managed similarly to patients
with many medium-sized stones.23 However, the research
used to develop and support this guideline has considerable
variation in its reporting of stone. For example, some studies
exclude patients with multiple stones, while others include all
patients with CSD over 20 mm, even those with many small
stones.14,15,24 This methodologic heterogeneity precludes
the possibility of thoroughly analyzing the impact of stone
multiplicity on surgical decisions and outcomes. Our findings
suggest that a more comprehensive assessment of stone

FIG. 2. Suggested profiles to aid
the surgical management of pa-
tients with CSD >20 mm. A major-
ity of patients in Profile 1, who had
more than three stones and rela-
tively low burden (<35 mm), were
managed with URS. Patients in
Profile 2, who had two to three
stones and low burden, were split
between URS and PCNL. A major-
ity of patients in Profile 3, who had
one stone or relatively high burden
(>35 mm), were managed with
PCNL. PCNL = percutaneous ne-
phrolithotomy.

Table 3. Features Associated with Adverse Postoperative Outcomes for Patients with Over 20 mm

of Stone Burden

Odds of adverse outcome

Residual stones visualized
at conclusion of surgery

Residual stones present
on postoperative imaging

Second operation
required Clavien score >1

Odds
ratio

Adjusted
odds ratio

Odds
ratio

Adjusted
odds ratio

Odds
ratio

Adjusted
odds ratio

Odds
ratio

Adjusted
odds ratio

Patient demographics

Age (per decade) 1.05 NS 0.91 NS 0.96 NS 0.93 NS 0.84 NS 0.78 NS 0.70* 0.62 NS
Gender (male) 0.82 NS 0.91 NS 0.79 NS 0.88 NS 0.68 NS 0.67 NS 9.02* 10.6 NS
Ethnicity (Hispanic) 0.24 NS 0.16 NS 1.45 NS 0.99 NS 1.53 NS 0.91 NS 1.56 NS 0.16 NS
BMI (per 10 kg/m2) 1.02 NS 1.13 NS 1.04 NS 1.48 NS 1.02 NS 1.39 NS 1.10* 4.15**

Radiologic features

CSD (per 10 mm) 1.44** 1.64** 1.46* 1.44* 1.45** 1.45* 0.90 NS 0.79 NS

Stone number
1 (Reference) 1 1 1 1 1 1 1 1
2–3 0.66 NS 0.81 NS 0.98 NS 1.13 NS 0.44 NS 0.51 NS 0.13 NS 0.03 NS
>3 1.02 NS 0.65 NS 1.46 NS 0.99 NS 0.98 NS 0.71 NS 0.26 NS 0.25 NS

Complex anatomy 0.59 NS 0.37 NS 0.97 NS 0.87 NS 0.66 NS 0.46 NS 1.74 NS 1.83 NS

Intraoperative features

Intervention type
PCNL (Reference) 1 1 1 1 1 1 1 1
URS 0.65 NS 1.24 NS 0.33 NS 0.70 NS 0.96 NS 0.71 NS 0.36 NS 0.78 NS

Operating urologist
(2 vs 1)

1.90 NS 1.14 NS 1.31 1.00 NS 1.31 NS 1.15 NS 0.22* 0.77*

*p < 0.05; **p < 0.01.
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burden may augment AUA guideline statements and provide
better guidance for practicing urologists. A re-examination of
the guidelines with a focus on both stone burden and multi-
plicity may be necessary.

This study has some limitations. Patient preference is a
factor in surgical decision-making that was not available for
analysis in this study. It has been reported that *30% of
patients with high burden received URS because of patient
preference.5 However, it is extremely unlikely for patient
preference to confound the results of this analysis because
preferences do not influence stone multiplicity, and so cannot
bias the association between multiplicity and surgical deci-
sions. More likely, the reverse is true: stone multiplicity in-
fluences both the urologist and patient preferences during
shared decision-making, which in turn influences which op-
eration is chosen. Guidelines that reflect this thinking—that
multiple stones should influence surgical decisions in certain
circumstances—may better serve urologist and patient alike.

In addition, all patients in this cohort were treated at a high-
volume tertiary care center by two surgeons with expertise in
URS and PCNL. This presents two challenges to interpreting
these results. First, patient complexity is high in this cohort,
so it is initially unclear the degree to which these results
generalize to other patient populations. However, the sig-
nificance of these results did not change when excluding
patients with complex anatomy, patients with ureteral stones,
or patients whose disease burden necessitated the use of both
PCNL and URS. The results of these sensitivity analyses
demonstrate that our findings generalize to patients with less
complicated disease burden. Second, expertise or surgeon
preference of the two surgeons at this center may contribute
to the success of URS for patients with burden above 20 mm.
This reduces the generalizability of these results to centers
and urologists less familiar with these procedures. As more
institutions adopt the ReSKU, however, it will be possible to
confirm these results prospectively across multiple centers.

As a final limitation, it is possible that another metric, such
as a stone location, Guy’s stone score, or surface area, may
serve as a better measure by which to differentiate between
patients who should receive URS and those who should re-
ceive PCNL. However, both the Guy’s stone score and stone
location are intimately related to stone multiplicity: patients
with multiple stones have higher Guy’s scores, and it is un-
common for many stones to exist in one isolated region of the
kidney.9 Multiplicity is integral to these other descriptors of
disease burden.25 Our results demonstrate that any association
between these metrics and surgical decisions is, at least in part,
due to stone multiplicity.

Surface area has the potential to replace CSD as a better
measure of stone burden, but it is unlikely that surface area alone
can discriminate URS patients from PCNL patients. Point in
case, after review of a small subgroup of patients from this
cohort who received URS, 7 of 10 had more than 400 mm2 of
stones, distributed among many small stones throughout the
renal unit. Although they had ‘‘high burden’’ as measured by
surface area, treating these patients with PCNL would have
likely required multiple tracts or concurrent URS. Furthermore,
our results did not show that CSD was useless. This measure was
significantly associated with surgical choice and some surgical
outcomes (Tables 1 and 2). However, it was not enough—it was
a necessary but not sufficient piece of information, as demon-
strated by the multivariate analysis. To decide an operation on

the basis of burden alone, whether measured with CSD or sur-
face area, is to ignore important features of this disease.

Conclusion

Stone multiplicity drives the decision to use URS for pa-
tients with total burden >20 mm. This choice, which deviates
from AUA guidelines, does not appear to negatively impact
patient care. Future work should continue to explore the
optimal intervention for patients with high burden and mul-
tiple stones.
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