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Abstract
Introduction and objectives: Renal calculi are a common medical problem with in-
cidence rates calculated to be approximately 6%-9% in men & 3%-4% in women 
worldwide. Incidence appears to be increasing. This study compares emergency 
presentations and unplanned readmissions between extracorporeal shock wave 
lithotripsy (SWL) and pyeloscopic stone treatment in the population of Victoria, 
Australia after 1-year follow-up.
Methods: This is a population study comparing all patients with renal calculi elec-
tively treated with SWL to those initially treated with flexible ureteroscopy (URS) 
in Victoria, Australia. We used data linkage across the state of Victoria to follow pa-
tients treated with either modality in a 12 months period (with no urological surgery 
in the prior 12  months). Each patient's emergency presentations and subsequent 
re-admissions were followed up for 1 year after their index treatment to assess for 
stone complications. We assessed for selection bias between the two patient groups 
by comparing age, gender, insurance status, geographical location, and comorbidity 
scores.
Results: We report stone-related complications for 739 flexible URS and 1317 SWL 
procedures undertaken across public and private hospitals in Victoria over 12 months. 
Unplanned emergency presentations within 60-days of surgery were (22/739) 2.98% 
for flexible URS patients and (83/1317) 6.30% for SWL patients (P  =  .001); how-
ever, at 12  months, this became 16.23% (120/739) for flexible URS patients and 
12.83% (169/1317) for SWL patients (P =  .034). Flexible URS patients were more 
likely than SWL patients to be admitted with 71.76% of flexible URS versus 53.97% 
of SWL patients requiring an admission at any given emergency presentation (P ≤ 
.001) within 12 months. On multivariate analysis, both flexible URS ([OR] 1.67, CI 
1.23-2.26, P = .001) and being a public patient ([OR] 3.06, CI 2.24-4.18, P < .001) sig-
nificantly increased the likelihood that patients required an unplanned re-admission 
within 12 months.
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1  | INTRODUC TION

Renal Calculi are a common clinical presentation globally, with re-
corded prevalence varying between 1% and 20%.1 Australian de-
partment of health data reports that renal calculi contributed to 5% 
of all emergency presentations; furthermore, it has been observed 
that 50% of patients have at least one repeat episode and 10%-20% 
can have three or more repeat episodes.2,3 We sought to explore the 
surgical management of renal calculi, and in particular whether the 
choice of the procedure can affect the burden of this disease on the 
health care system.

Although the occurrence of renal calculi varies by age, race, and 
sex,4 the overall prevalence of renal calculi seems to be increasing,2,4 
where in the last 20 years alone increases more than 37% have been 
observed in some countries.3,5,6 Furthermore, it has been estimated 
that one's lifetime risk of developing a kidney stone is 8%-10%.7 
With the financial burden of kidney calculi estimated to cost $1.8-
2.4 billion annually in the United States,8,9 together with the asso-
ciated morbidity and loss of productivity to the patient,10 it is more 
important than ever clear and effective mechanisms for stone man-
agement are outlined. Interestingly, in Australia, studies have found 
that the rates of surgical intervention for stone treatment doubled 
between 1980 and 1997, despite only a 13% increase in first time 
ED presentations.10 This suggests stone surgery may be increasing 
at a rate greater than that attributable to symptomatic renal colic 
presentations. Additionally, flexible and rigid ureteroscopic (URS) 
lithotripsy is increasing in prevalence accompanied by relative and 
absolute reductions in both shock wave lithotripsy (SWL) and percu-
taneous nephrolithotomy (PCNL).11

It is widely known that in 90% of cases, calculi of ≤5 mm are 
likely to pass spontaneously without the need for medical or sur-
gical intervention, with the pass rate reducing to 50% for calculi 
between 5 and 10 mm.2,12 This information has guided the man-
agement for calculi, and according to the American Urological 
Association (AUA) guidelines, uncomplicated ureteral calculi of 
less than or equal to 10 mm should undergo observation, while 
medical management with alpha-blockers can be considered 
for more distal calculi of similar size (Evidence level grade B).13 
Surgical treatment can be considered if a period of observation 

for 4-6  weeks has been unsuccessful (Evidence level grade C).13 
Furthermore, it is widely accepted that larger calculi require more 
invasive procedures, with strong evidence for PCNL in the removal 
of renal calculi >20 mm.1,13

In regards to renal/ureteric calculi in the intermediate size, the 
literature remains ambiguous in regards to the best treatment op-
tion. For these calculi, SWL and URS are two interventions that can 
be used in the definitive management. Historically, proximal ureteric 
calculi have been managed with SWL for calculi <10 mm, while URS 
is more indicated for calculi >10 mm.14 As per the AUA guidelines, 
URS is more effective at stone removal and provides patients with 
a higher stone-free rate following a single procedure (evidence 
level grade B).13 URS is, therefore, recommended as the first-line 
treatment for patients who are not suitable for medical or observa-
tional management, in patients with a mid or a distal ureteral stone 
(Evidence level grade B).13 In those patients where URS is not an 
option, SWL can be offered as the second line. However, SWL has 
lower complication rate and greater safety profile (Evidence level 
grade B).13

2  | METHODS

2.1 | Study design

This is a population study, in Victoria Australia, comparing two 
different treatment groups (SWL and Flexible URS) for the treat-
ment of renal calculi (excluding ureteric calculi). We have obtained 
data from the Center for Victorian Data Linkage corresponding 
to every renal stone procedure undertaken in both private/pub-
lic hospitals across Victoria from 1 January 2013 to 31 December 
2013. Each patient included had an Index Stone Treatment (IST) 
with either SWL or flexible URS in 2013, with patients with renal 
stone treatment in the prior 12 months excluded. Data included 
patients from 145 public and private hospitals. Linked data for 
each study patient were then obtained and analyzed for 1  year 
post their IST to assess for stone complications, this database also 
captured any emergency presentation or hospital re-admission in 
a 5-year follow-up period.

Conclusions: There is work needed to reduce emergency presentations and unplanned 
re-admissions after both SWL and flexible URS. At 12-months follow-up, unplanned 
emergency visits and re-admission rates were significantly more after flexible URS. 
Symptoms at emergency presentation indicate that better education regarding stent 
management is needed, especially in the public health care system.

K E Y W O R D S

intra-renal pressure, pyeloscopy, pyelovenous-backflow, retrograde intra-renal surgery, RIRS, 
sepsis, ureteropyeloscopy
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2.2 | End points

Stone complications were defined as any unplanned stone-related 
presentation to emergency or re-admission with symptoms including 
renal colic, fever, and urinary tract infection.

2.3 | Statistical analysis

Calculations were performed using Stata/MP version 13.0 for Mac 
(StataCorp LP). Variables were checked for skewness and kurtosis to 
determine normality. Clinical and demographic features are presented 
as medians [interquartile range] and means (± standard deviation) 
for non-parametric and parametric data respectively. Differences 
between continuous parametric variables were examined with the 
t test; the Wilcoxon rank-sum test or the Wilcoxon-Mann-Whitney 
test were used for non-normally distributed continuous and ordinal 
variables, while differences between dichotomous variables were 
evaluated with the χ2 test or the Fishers exact test (Tables 1 and 2). 
P-values throughout the results were two-sided. Logistic regression 

was performed on clinically and statistically significant variables as 
part of a multivariate analysis.

3  | RESULTS

A total of 2056 patients underwent either SWL or flexible URS for 
renal stone disease in 2013, and no preceding stone surgery in the 
preceding 12 months. Of these, 739 patients had undergone flex-
ible URS and 1317 patients had undergone SWL at multiple public 
and private sites across Victoria, Australia. Patients were 18 years 
old and over and the median age at IST was similar in both groups 
(P =  .137) (Table 1). Sixty eight percent of patients were male and 
32% female, this was also similar between the two groups (P = .340). 
Seventy three percent of flexible URS patients had a ureteric stent 
inserted at the end of their procedure compared with only 3% of 
SWL patients (P =  .001). Sixty two percent of flexible URS proce-
dures and 56% of SWL procedures were completed in the private 
system (P =  .001). The mean length of stay related to surgery was 
significantly longer for flexible URS, 1.46 ± 2.74 days ± SD versus 
1.06 ± 0.65 days ± SD for SWL, (P < .001). (Table 1) Regardless of 
procedure type, patients treated initially in public were 2.17 times 
more likely to attend ED than those treated in private (P ≤ .001).

Unplanned emergency presentations within 60 days of IST were 
(22/739) 2.98% for flexible URS patients and (83/1317) 6.30% for 
SWL patients (P = .001) (Table 2). Of the flexible URS patients pre-
senting to emergency, 89% had a ureteric stent in situ. At 12 months 
post-IST, emergency presentations were 16.23% (120/739) for 
flexible URS patients and 12.83% (169/1317) for SWL patients 
(P = .034). These 289 emergency re-presentations accounted for 40 
flexible URS patients and 106 SWL patients, meaning SWL patients 
were likely to present 1.59 times/patient to emergency for stone-re-
lated complications, compared to 3.00 times/patient for flexible URS 
(P = .012).

At their first emergency presentation post-IST, 45.61% of SWL 
patients were admitted compared to 66.41% of flexible URS patients 
(P <  .001). The discrepancy between the two cohorts remained at 
subsequent presentations to emergency with 71.76% of flexible URS 

TA B L E  1   Descriptive statistics

Number in cohort

Flexible 
ureteroscopy ESWL

P value739 1317

Median age 55 [47-66] 54 [45-64] .1770

Gender (male) % 68% 69% .3372

Private cases % 62% 56% .0011

Ureteric stent 
inserted %

73% 3% <.001

LOS (days) of 
initial procedure 
(Mean ± SD)

1.46 ± 2.74 1.06 ± 0.65 <.001

ICU admission post 
procedure %

0.54% 0.23% .2591

ASA grade (median 
[IQR])

2 [1-3] 2 [1-3] .8563

Emergency presentations
Flexible ureteroscopy 
N = 739 ESWL N = 1317 P value

Incidence at 60 days % 2.98% 6.30% .0011

Incidence at 12 months % 16.23% 12.83% .0341

Admission at first emergency 
presentation

66.41% 45.61% .0010

Triage category at emergency 
presentation (median, IQR)

3 [2-3] 3 [2-3] .7842

Patient stented at presentation 89% 3% >.001

Length of stay in ED (mins) 210 [142-306] 209 [120-296] .3602

Incidence of UTI/Urosepsis 2.44% 1.97% .2841

Incidence of renal colic 13.80% 10.93% .0562

TA B L E  2   Post-operative unplanned 
emergency presentations
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versus 53.97% of SWL patients requiring an admission at any given 
emergency presentation (P ≤ .001). The emergency triage acuity/
category assigned to each patient was on average statistically sim-
ilar between the two cohorts, 59.54% of flexible URS patients and 
56.07% SWL patients assigned a “Category 3” (P = .780).

There was no significant difference in the median time spent in 
the emergency department for both cohorts, SWL 209 [120-296] 
minutes versus flexible URS 210 [142-306] minutes (P = .360). Renal 
colic was the most common reason for emergency presentation, 
in 85.12% (246/289) of re-presentations, 10.93% (144/1317) SWL 
versus verse 13.80% (102/739) flexible URS (P = .056). UTI was di-
agnosed in 15.22% (44/289) of representations, the incidence for 
SWL was 1.97% (44/1317) versus 2.44% (18/739) for flexible URS 
(P = .284).

We also analyzed total re-admissions in the 12 months following 
IST, this rate was (873/739) 1.18 re-admissions per procedure for 
flexible URS patients and (653/1317) 0.50 re-admissions per proce-
dure for SWL patients (P < .001). This rate included routine flexible 
cystoscopy and removal of ureteric stents; the average length of 
duration for a stent inserted was 17.26 days. We also analyzed un-
planned re-admissions within 12 months comprised a small number 
of these total re-admissions, the rate was 11.64% (86/739) for flex-
ible URS patients and 9.03% (119/1317) for SWL patients (P = .036) 
(Table 3). Furthermore, we looked at the length of stay for unplanned 
re-admissions, for flexible URS (72/739) 9.74% of patients required 
an overnight stay compared to (92/1317) 7.00% of SWL patients P 
= .029. The average length of stay for unplanned re-admissions for 
flexible URS patients was 4.41 days, confidence interval [3.24-5.57] 
compared to 2.95 days, confidence interval [2.32-3.58] for SWL pa-
tients P = .010.

We performed a multivariate analysis of the variables that were 
deemed clinically significant as well as those shown to be statisti-
cally significant/trended toward significance in our univariate anal-
ysis, in order to predict emergency presentations and unplanned 
re-admissions. Regression included procedure type, stenting, age, 
insurance status, and length of stay. With respect to emergency 
presentations, only insurance status was a significant independent 

predictor, with public patients more likely to present to emergency 
within 12  months, (odds ratio [OR] 1.40, CI 1.04-1.75,  P  <  .001). 
This finding was durable over 6 years; regardless of the procedure 
type, patients treated initially in public were 2.17 times more likely 
to attend ED than those treated in private over the study period (P ≤ 
.001) (Figure 1). Both flexible URS ([OR] 1.67, CI 1.23-2.26, P = .001) 
and being a public patient ([OR] 3.06, CI 2.24-4.18, P < .001) signifi-
cantly increased the likelihood that patients required an unplanned 
re-admission within 12 months.

4  | DISCUSSION

Our study compared patients with renal calculi treated by SWL and 
URS over a one-year period, and with no urological stone surgery 
in the preceding 12  months. The endoscopic treatment of renal 
calculi has come to the forefront of urology both in Australia and 
globally, this has been due to multiple factors including increased 
training and advancements in scope and disposable technology.11,15 
Guidelines suggest that clinicians may offer SWL or URS as accept-
able treatment options for non-lower pole renal stone burdens less 
than 20 mm in size; where both these techniques have less morbidity 
than PCNL.15

The patients in this study had comparable clinical backgrounds 
and demographics; furthermore, both types of stone surgery were 
undertaken in a similar hospital setting in both public and private 
hospitals across Victoria, Australia. Our findings suggest that stone 
surgery in the public healthcare system confers a 40% increased risk 
of emergency presentation (P < .001) as well as 3.06 times the likeli-
hood of an unplanned re-admission at 12 months. We postulate that 
this finding is likely multi- factorial, with reasons for this including 
quality of patient education, analgesia plan, and easier direct contact 
with patients’ surgeon in the post-operative period.

Our results show that the number of emergency presentations 
at 60 days was significantly higher for patients who had undergone 
SWL. However, at 12 months, flexible URS procedures accounted for 
a greater total proportion of emergency presentations, with these 

Readmissions (N)
Flexible 
Ureteroscopy (739) ESWL (1317)

Unplanned/planned readmissions per 
patient

1.18 0.54 <.001

Incidence of planned % 106.50% 40.55% <.001

Incidence of unplanned % 11.64% 9.03% .0363

Unplanned readmissions 28 days 5.17% 6.22% .7429

Unplanned re-admissions with 
LOS > 1

9.74% 7.00% .0294

Average LOS (days) at unplanned 
readmission (Confidence Interval)

4.41 (3.24-5.57) 2.95 (2.32-3.58) .0102

Proportion of unplanned 
readmissions requiring a procedure

7.55% 4.32% <.001

ICU required during readmission % 0.6% 0% .2599

TA B L E  3   Post-operative re-admissions 
within 12 months
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patients with complications presenting 3.00 times/patient, com-
pared to 1.59 times/patient for SWL (P = .012). The most common 
complication encountered at emergency presentation was “renal 
colic pain.” In our cohort, ureteric stent insertion was significantly 
more prevalent in flexible URS patients (73% vs 3%), and even more 
so in flexible URS patients who presented to emergency post-op-
eratively (89%). However, having a stent did not confer significant 
added risk for emergency presentations or unplanned admission 
on multivariate analysis. In our cohort, stents were often inserted 
post-endoscopic stone treatment; however, according to the AUA 
guidelines, stent insertion can be omitted if patients have all of the 
following: no evidence of ureteral injury or stricture, those with a 
normal contralateral kidney, normal kidney function, and nil further 
planned SWLs (Evidence Level Grade A).15 The high rate of ureteric 
stent insertion in flexible URS patients also accounted for the much 
higher rate of overall re-admissions (including elective admissions 
for stent removal) in these patients, contributing significantly to the 
overall burden on the health care system, compared to SWL.

When we excluded elective re-admissions and analyzed un-
planned re-admissions, flexible URS patients accounted for signifi-
cantly more of these compared to SWL. The incidence of unplanned 
re-admissions was 11.64% for flexible URS versus 9.03% for SWL 
(P = .036), and on multivariate analysis flexible URS conferred a 67% 
increased risk of unplanned re-admission (P = .001). This unplanned 
re-admission rate and higher complication rate associated with flex-
ible URS compared to SWL is comparable to that reported in the 
literature.16 Furthermore, 9.74% of flexible URS patients required an 
overnight stay compared to (7.00% of SWL patients P = .029), which 
is also suggestive of the greater complexity and morbidity associated 
with flexible URS.16

5  | LIMITATIONS

The limitations of our study include its retrospective nature and lack 
of randomization. Hospital diagnostic and billing codes were used to 
generate the data and complications, so while complication events 
could be under-reported; we believe they were reported equally 
in both cohorts, eliminating potential biases of surgeon or patient-
reported outcomes. Furthermore, coding data were crosschecked 
and filtered to exclude any discrepancies and duplicates; however, 
accuracy is dependent on each hospitals’ coding. Due to the nature 
of the database used, stone characteristics such as location and size 
as well as specific operative details such as procedure time were not 
available for analysis. In this study, we focused on short- term com-
plications and did not analyze stone-free rates, we will look at 5 year 
stone outcomes for this cohort in a separate study.

6  | CONCLUSION

In Victoria, patients with a renal calculus undergoing SWL were 
significantly more likely to present to emergency within 60  days; 
however, at 12  months, flexible URS patients surpassed SWL pa-
tients with respect to the number of emergency presentations. 
Furthermore, flexible URS patients were more likely to require an 
admission, both electively as well as unplanned.

Flexible URS was associated with more frequent and more se-
rious complications in this population than SWL; additionally, the 
overall direct burden on the healthcare system in terms of time 
spent in hospital in a 12 months period per procedure was greater. 
This may partly represent more complicated calculi treated with 

F I G U R E  1   Probability of presentation to emergency department by procedure type and insurance status
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flexible URS but should be taken into consideration for renal calculi 
with which both procedures are indicated.

Furthermore, our findings indicate that work is needed to reduce 
emergency presentations related to both SWL and flexible URS, 
symptoms at emergency presentation indicate that better patient 
education regarding stent management may be required, especially 
in the public health care system. In addition, the rate of ureteric stent 
placement is higher than expected based on AUA guidelines; avoid-
ance of ureteric stent insertion when not indicated may reduce un-
planned presentations post-renal calculi procedures.
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