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Summary

Background Despite the high utilisation of ureterorenoscopy (URS) in interventional stone treatment, there is little evidence
of any link between annual hospital volume and outcome.

Methods From January to April 2015, data from 307 URS patients were prospectively recorded in the multicentre obser-
vational BUSTER-Trial (Benchmarks of ureterorenoscopic stone treatment-results in terms of complications, quality of
life, and stone-free rates). The best threshold value for annual hospital volume with an independent effect on the outcome
(measured on stone-free and complication rates) of our study group was established with logistic regression.

Results In 38.4% of cases of renal and 61.6% of ureteral stones, median stone size was 6 mm with an interquartile range
(IQR) of 4-8 mm. The annual URS rate in the 14 participating hospitals ranged from 77 to 333 (median 144; IQR 109-208).
The binary endpoint as a combination of completely stone-free or residual fragments small enough to pass spontaneously
and a maximum complication severity of Clavien-Dindo grade 1 was attained in 234/252 (92.9%) cases with a hospital
volume of >99 URS compared with 43/55 (78.2%) in <99 URS (p=0.002). Adjusted for patient-, stone- and physician-
related factors, an annual hospital URS volume of >99 increases the chance of an optimum outcome (OR =3.92; 95% CI
1.46-10.51; p=0.007).

Conclusions An independent effect of URS hospital volume on outcome quality in the 14 participating hospitals was
demonstrated. Threshold values for annual case numbers should be scientifically established irrespective of the considered
procedure.

Keywords Urolithiasis - Ureterorenoscopy - Hospital volume - Annual caseload - Cut-off - Threshold

Introduction

Depending on geographical region, age and sex, recent dec-
ades have seen a rise in the prevalence of urolithiasis from
4.0 to 10.1% in the European population [1-3].
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Significant improvements in endoscopic instruments
and laser technology have made significant changes to
stone treatment: the increasing use of URS and steady rate
of percutaneous stone removal (PCNL) have seen a con-
tinuous decline of extracorporeal shock wave lithotripsy
(ESWL) and open stone surgery [4]. Depending on the
surgeon’s preference and health insurance reimbursement,
URS currently accounts for up to 70% of interventional
stone treatments [2].

The link between hospital volume and outcome qual-
ity is considered well established for various urological
procedures [5-7].

Despite the high utilisation, there is only little informa-
tion available on this link for URS. A PubMed search on
this link yielded 23 hits, of which three publications had
three different categorisations for hospital volume with
reference to outcome quality [8, 9].

Kandasami et al. selected the median of annual case
numbers of all 114 hospitals observed, specifically a case
number of n =67, to differentiate between low- and high-
volume centres. In this prospective, multicentre study of
consecutively recorded URS, high-volume centres had a
significantly higher stone-free rate and significantly lower
complication rate [10].

Rob et al. arbitrarily defined <25, 25-49 or > 50 pro-
cedures per hospital per year as the threshold for low-,
medium- and high-volume centres for URS in adolescents
(age < 18 years) [11]. With low-volume centres excluded,
this systematic review of stone-free and complication
rates showed no significant differences between medium-
and high-volume centres.

In a retrospective review of insurance data from 93,523
interventional stone treatments (URS, ESWL, PCNL),
Scales et al. defined the 90th percentile of all annual case
numbers as threshold for a high-volume centre based on
all interventional stone treatments, so that is not refer-
ring specifically to URS, and the threshold value was
not specified as such [12]. In a high-volume centre there
was a 20% lower risk of treatment-related complications
requiring emergency medical services or readmission to
hospital within 30 days of stone treatment (OR 0.8; 95%
CI 0.74-0.87; p<0.001). The stone-free rate was not
explored in this study.

In summary, despite the high utilisation of URS, there
is little evidence of any link between hospital volume and
outcome quality.

This study explores, based on multicentre prospec-
tively collected data, whether the stone-free and compli-
cation rates depend on annual URS hospital volume and
if so, whether a justified threshold value can be defined
to differentiate between low- and high-volume centres.

@ Springer

Materials and methods
Data collection

The multicentre observational BUSTER-Trial (Bench-
marks of ureterorenoscopic stone treatment-results in
terms of complications, quality of life, and stone-free
rates) was conducted from January to April 2015. In this
period, 587 URS treatments were performed in the 14 par-
ticipating German urological clinics. All patients who con-
sented to complete a questionnaire regarding their course
30 days after hospital discharge were enrolled. The study
group totalled 307 patients whose pre-, intra- and postop-
erative data were prospectively recorded based on a stand-
ardised protocol.

As an observational trial, the protocol did not affect treat-
ment decisions made by individual centres or surgeons.

The stone-free rate was determined endoscopically and
by means of retrograde ureteropyelography (rUPG) by the
surgeon at the end of the URS (stone-free, residual frag-
ments small enough to pass spontaneously, re-interven-
tion required, unclear). Postoperative complications were
standardised as defined by Clavien and Dindo [13].

The pseudonymised patient data were sent to the coor-
dinating centre where they were transferred to a database.

As well as operation and course-related patient data,
total annual URS case volume was also recorded for par-
ticipating hospitals.

The ethics committee of the Regional Medical Asso-
ciation Brandenburg gave a positive approval (AS
136(bB)/2014). The study was registered at the German
Clinical Trials Register (DRKS-ID: DRKS00007668) and
the WHO International Clinical Trial Registration Plat-
form (ICTRP) [14, 15].

Statistical analysis

Metric variables were stated as median and interquartile
range (IQR), ordinal and nominal data as whole numbers
and percentages.

Stone-free and complication rates should be considered
as key criteria for assessing the outcome of URS. Thus,
the combination of completely stone-free or residual frag-
ments small enough to pass spontaneously and a maximum
complication severity of Clavien—Dindo grade (CD grade)
1 was defined as binary endpoint of this study.

The direct correlation between annual hospital volume
and endpoint attainment was reviewed using Spearman’s
rank correlation.

Receiver operating characteristic (ROC) analysis was
used to establish the threshold of annual case volume
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using coordinate points of the ROC curve based on the
highest value for the Youden index (sensitivity + specific-
ity — 1) which makes it more likely to attain the specified
endpoint.

The use of this threshold would require no significant dif-
ferences in any of the criteria affecting treatment outcomes
of the participating hospitals. This was tested using one-way
analysis of variance for metric data and chi-squared test for
nominal data.

The case volume was then integrated as continuous and
dichotomised variable into binary logistic regression models
and adjusted for patient-, stone- and physician-related fac-
tors. It was dichotomised for all reported annual case vol-
umes from participating hospitals (n=14). Patient-related
factors were age, sex, body mass index (BMI) and the Amer-
ican Society of Anesthesiologists score (ASA; dichotomised
to ASA 1-2 and 3-4); stone-related factors were stone size,
location (kidney or ureter) and preoperative placement of
an ureteral stent; physician-related factors were years after
board certification and the indication for URS as a first-line
treatment according to the German S2 k-guideline for diag-
nosis, therapy and metaphylaxis of urolithiasis [16].

The model accuracy was specified with Nagelkerke’s R,
the effect size as Cohen’s f (f=R*/1 — R?), whereby f>0.10
equates to a small, f>0.25 to a medium and f>0.40 to a
large effect.

The internal validation of the binary logistic regression
model was performed with bootstrapping based on 1000
resamples.

Given hospital-specific characteristics, such as standard
operating procedures or the instruments used, a hospital-
specific clustering of data affecting the results of the binary
logistic regression could not be ruled out. Therefore, also a
marginal regression model was created with patients mod-
elled as ‘repeated measures’ within the hospitals to balance
the possibly clustered structure of the data.

Data were analysed with SPSS 24.0 (IBM Corp, released
2016, IBM SPSS Statistics for Windows; Armonk, NY,
USA). The defined p values were always two sided and the
significance level was considered statistically significant for
all tests at p <0.05.

Results

Description of the study group, treatment
and treatment results

80.5% of URS were elective. During surgery 117 stones
(38.4%) were situated in the kidney and 188 (61.6%) in
the ureter. Laser disintegration was required in 136 cases
(44.3%), in 134 cases (43.6%) fragmentation was unneces-
sary, and in 205 cases (66.8%) stones or fragments were

extracted with a basket and in 60 (19.5%) cases with grasp-
ing forceps (Table 1).

The annual URS rate in the 14 participating hospi-
tals ranged from 77 to 333 (median 144; IQR 109-208)
(Table 2). 211patients (68.7%) were completely stone free,
in 69 (22.5%) the surgeon estimated only residual fragments
small enough to pass spontaneously, in 22 (7.2%) re-inter-
vention was probable, and in 5 (1.6%) it was not possible to
reliably assess if the patient was stone free.

During hospitalisation, complications grade 0, 1, 2
and 3 as defined by Clavien and Dindo were observed
in 274 (89.2%), 30 (9.8%), 2 (0.7%) and 1 (0.3%) cases,
respectively.

A total of 277/307 (90.2%) patients attained the relevant
endpoint (Table 2).

Table 3 shows the characteristics of the covariates used.

The questionnaires regarding their course 30 days after
hospital discharge were completed by the patients within
31 days (median; IQR 27.5-35.0) and subsequently sent to
the study centers.

Establishing the threshold of annual case volume
by ROC analysis

The ROC analysis showed a non-random correlation
between annual hospital volume and endpoint attainment
with an AUC of 0.622 (p =0.028). A threshold of < 144 vs.
> 144 URS/year was established using coordinate points of
the ROC curve based on the highest value for the Youden
index (sensitivity + specificity — 1) which makes achieving
the endpoint more likely.

The use of this threshold would require that there are no
significant differences between the criteria affecting treat-
ment outcome in the participating hospitals—this was sta-
tistically tested for all covariates and was not the case (data
not shown).

Establishing the threshold of annual case volume
by binary logistic regression

Although there was a tenuous but significant correlation
between hospital volume and outcome quality (Spearman’s
r=0.13; p=0.027), its continuous inclusion into the logis-
tic regression model had no independent effect on endpoint
attainment (OR =1.00; 95% CI1 0.99-1.01; p=0.259).

After dichotomising the hospital volume at the threshold
value established in the ROC analysis to <144 vs. > 144
URS/year, it had an independent effect on endpoint attain-
ment (OR=2.73; 95% CI 1.09-6.86; p=0.033). Nagel-
kerke’s R? was 0.255, whereby a Cohen’s f of 0.58 yielded
a large effect size.

The greatest model accuracy and effect size, however,
after dichotomisation of all annual case numbers in our
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Table 1 Types of

Kidney Ureter Total®
ureterorenoscopes, methods of -
stone disintegration and stone (n) (%) (n) (%) (n) (%)
removal

Type of ureterorenoscope
Semirigid 36 30.8 161 85.6 197 64.6
Flexible with access sheat 39 33.3 3 1.6 42 13.8
Flexible without access sheat 10 8.6 3 1.6 13 4.2
Combined 32 27.3 21 11.2 53 17.4
Total 117 100 188 100 305 100

Method of stone disintegration
None 42 359 90 479 132 433
Laser 60 51.3 76 40.4 136 44.6
Pneumatic 8 6.8 14 7.4 22 7.2
Mechanic with forceps 0.9 2 1.1 3 1.0
Others 6 5.1 6 32 12 3.9
Total 117 100 188 100 305 100

Method of stone removal
None 11 9.4 20 10.6 31 10.2
Forceps 8 6.8 52 27.7 60 19.7
Basket 95 81.2 110 58.5 205 67.2
Combined (forceps and basket) 2 1.7 2 1.1 4 1.3
Others 1 0.9 4 2.1 5 1.6
Total 117 100 188 100 305 100

“In two patients, the stone location was not reported in the CRF. Therefore, the table describes only 305 out

of 307 patients

Table2 Annual case volume of URS at the participating hospitals,
proportion of study patients and patients who attained the endpoint

Annual URS hospital Patients in the Endpoint attained

volume in 2015 study

(n) (n) (n) (%)
77 16 12 75.0
87 15 11 73.3
95 24 20 83.3
99 13 11 84.6
109 26 25 96.2
136 16 15 93.8
142 18 14 77.8
144 26 25 96.2
151 9 9 100.0
153 6 6 100.0
185 19 19 100.0
198 20 19 95.0
208 40 39 97.5
333 59 52 88.1
Total 307 277

study, were seen for the model with a threshold value of <99
vs. >99 URS/year (R2 =0.27; Cohen’s f=0.61; OR=3.92;
95% CI 1.46-10.51; p=0.007). The regression model was

@ Springer

internally valid for the dichotomised hospital volume and
all covariates.

At an annual hospital volume of > 99 URS, the endpoint
attainment was significantly more frequent with 234/252
(92.9%) cases compared to 43/55 (78.2%) cases at <99 URS
(»=0.002). In the marginal model balancing the influence
on logistic regression from possibly hospital-related clus-
tered data structure, hospital volume dichotomised to <99
vs. >99 URS/year also had an independent effect on end-
point attainment (OR=3.78; 95% CI 3.06-4.55, p <0.001).

In addition, hospital volume, sex, prestented URS and
stone size were independent factors affecting endpoint
attainment. Women had a 3.9 times higher chance of an opti-
mum outcome compared to men as well as a 3.9 times higher
chance of success in the case of prestented URS, while each
millimetre of stone size reduced the chance of an optimum
outcome by 10.4% (Table 4).

Discussion

Based on prospectively collected data, we found that thresh-
olds could be statistically established for the effect of annual
hospital volume on outcome quality following URS. Com-
parative data were not found in the current literature [8, 9].
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Table 3 Data from the study

. Variable Median (IQR) Proportion [%]
group (n=307) used in the
logist?c regression models as 1 Age® (a) 54.4 (44.4-65.8) _
covariates 2 BMI* (kg/m?) 27.5 (24.3-30.9) -
3 Sex (male/female)® - 65.5/34.5
4 ASA (1-2/3-4)° - 79.9/20.1
5 Stone size* (mm) 6 (4-8) -
6 Stone location (Kidney/Ureter)b - 38.4/61.6
7 Prestented URSP (yes/no) - 70.0/30.0
8 Years after board certification® (a) 6 (1-14) -
9 URS as the first-line treatment® (yes/no)b - 82.3/17.7

1-4: Patient-related variable, 5-7: Stone-related variable, 8—9: Physician-related variable

BMI Body Mass Index, ASA American Society of Anesthesiologists physical status

Metric variable

"Nominal variable

As defined by the German S2 k-guideline on the diagnosis, therapy and metaphylaxis of urolithiasis [16]

logisic regression anmual URS  V2HSbIE OR _os%ct  » P

hospital volume dichotomised Dichotomised annual URS hospital volume (Ref. < 99) 3.92 1.46-10.51 0.007  0.009

to < 99 and 299 Age (continuous, per year) 099  0.96-1.02 0.540  0.586
BMI (continuous, per kg/m?) 0.96 0.90-1.01 0.132 0.174
Sex (Ref. male) 3.96 1.19-13.16 0.025 0.019
ASA dichotomised (Ref. 1-2) 3.93 0.87-17.69 0.075 0.065
Stone size (continuous, per mm) 0.90 0.83-0.96 0.003 0.016
Stone location dichotomised (Ref. ureter) 0.97 0.37-2.55 0.949 0.961
Prestented URS (Ref. no) 3.86 1.55-9.66 0.004 0.007
Years after board certification (continuous, per year) 1.04 0.98-1.10 0.199 0.143
URS as a first-line treatment® (Ref. no) 0.31 0.08-1.29 0.108 0.107

Italics represents variable with independent effect on the outcome quality (p <0.05)

phoostrar 1y yalue 1000-fold bootstrap-corrected

4As defined by the German S2 k-guideline on the diagnosis, therapy and metaphylaxis of urolithiasis [16]

Thresholds specified by Rob et al./Kandasami et al. to
differentiate between low- and high-volume centres of 50 or
67 URS/year were arbitrary [10, 11]. The lowest annual URS
hospital volume in our study was n="77. Applying these
thresholds, all the hospitals in our study were high-volume
centres which is intuitively improbable. The cited thresh-
olds, therefore, cannot be practically applied to an existing
study group from 14 German hospitals of different treatment
levels.

The best option to assess stone clearance is non-contrast
computer tomography (nCT). No postoperative nCT was
required in our non-interventional study for radiation-pro-
tection reasons. However, complete stone clearance is often
overestimated based on endoscopic and conventional radio-
logical findings at the end of the URS [17]. It, therefore,
seemed feasible to include residual fragments the surgeon
believes can pass spontaneously. Furthermore, rUPG was
considered acceptable also in other studies and publications

for the assessment of stone-free rates [18]. As CD grade >2
complications only arose in three patients and CD grade
1 complications hardly affected the patients and could be
easily symptomatically treated, complications of maximum
CD grade 1 were also considered acceptable outcomes. The
combination of these aspects seemed important and so com-
plete stone removal or residual fragments small enough to
pass spontaneously and a maximum complication severity
of CD grade 1 were defined as binary endpoint of this study.

The encouragingly low complication density is a limita-
tion to our study because 274/307 (89.2%) patients had no
complications during hospitalisation. In this respect, poorly
balanced groups may have distorted the findings. The study
protocol also allowed an individual procedure in each centre
despite prospective and standardised data collection (e.g.,
instruments, ureteral stenting before and after URS). These
differences may have affected the result, especially in terms
of stone-free and complication rates but would also enable

@ Springer
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our study results to be more readily generalised (real world
data). To counteract distortion of results, the hospital vol-
ume was adjusted by patient-, stone- and physician-related
covariates, and a marginal regression model was created to
balance any hospital-related data clustering.

To what extent the number of years after board certifica-
tion can be used for expertise in URS remains unclear. On
the other hand, the expert status of the physician may have
a relevant effect on treatment outcome. It was not possible
to establish the URS experience of all participating doctors
based on ureterorenoscopies performed to date: based on the
information provided in the CRFs, single surgeons cannot be
identified. Case numbers per year for single surgeons were
not assessed for this study.

Analogous to an early work our group performed, the
use of URS as first-line treatment as defined by the German
S2 k-guideline on the diagnosis, therapy and metaphylaxis
of urolithiasis had no independent effect on treatment qual-
ity [16, 19]. Also, age, BMI, ASA score or stone location
did not affect the outcome. The high stone-free rate and low
complication rate irrespective of many patient-, stone- and
physician-related factors underline the high efficacy and
safety of ureterorenoscopic stone treatment.

Finally, it is important to note that the link between out-
come quality and annual hospital case volume was investi-
gated without specifically considering the experience of the
surgeon. Thus, even a hospital with a low case volume can
achieve excellent treatment outcomes if the procedures are
performed by a highly skilled surgeon.

Conclusions

Based on our data, an annual hospital URS volume of >99
increases the chance of an optimum treatment outcome.
There is, nonetheless, only a tenuous direct correlation
between hospital volume and outcome quality of URS,
and so patients in a hospital with a lower case volume do
not necessarily have to expect a poorer treatment outcome.
Threshold values for annual case volumes should not be
arbitrarily defined irrespective of the procedure under con-
sideration, even given the controversial nature of the discus-
sion on minimum numbers, but should instead be scientifi-
cally established.

We hope that the methods and results of our investigation
will be evaluated in larger study groups.
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