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Abstract

Background and Purpose: Ureteropelvic junction obstruction is a common condition that can be treated with
open pyeloplasty, minimally invasive pyeloplasty, and endopyelotomy. While all these treatments are effective,
the extent to which they are used is unclear. We sought to examine the dissemination of these treatments.
Patients and Methods: Using the MarketScan� database, we identified adults 18 to 64 years old who underwent
treatment for ureteropelvic junction obstruction between 2002 and 2010. Our primary outcome was ureter-
opelvic junction obstruction treatment (i.e., open pyeloplasty, minimally invasive pyeloplasty, endopyelotomy).
We fit a multilevel multinomial logistic regression model accounting for patients nested within providers to
examine several factors associated with treatment.
Results: Rates of minimally invasive pyeloplasty increased 10-fold, while rates of open pyeloplasty decreased by
over 40%, and rates of endopyelotomy were relatively stable. Factors associated with receiving an open vs a
minimally invasive pyeloplasty were largely similar. Compared with endopyelotomy, patients receiving minimally
invasive pyeloplasty were less likely to be older (odds ratio [OR] 0.96; 95% confidence interval [CI], 0.95, 0.97) and
live in the south (OR 0.52; 95% CI, 0.33, 0.81) and west regions (OR 0.57; 95% CI 0.33, 0.98) compared with the
northeast and were more likely to live in metropolitan statistical areas (OR 1.52; 95% CI 1.08, 2.13).
Conclusions: Over this 9-year period, the landscape of ureteropelvic junction obstruction treatment has
changed dramatically. Further research is needed to understand why geographic factors were associated with
receiving a minimally invasive pyeloplasty or an endopyelotomy.

Keywords: ureteropelvic junction obstruction, minimally invasive pyeloplasty, open pyeloplasty, endopyelotomy,
MarketScan

Introduction

Ureteropelvic junction obstruction is a common
condition that can be managed in several different ways.1

Traditionally, open pyeloplasty was the ‘‘gold standard’’
treatment, but more recently minimally invasive pyeloplasty
has become an attractive alternative.2 Endopyelotomy is a
third option that is less invasive than both the open and min-
imally invasive pyeloplasties.3

While all these treatments are effective,3–6 the extent to
which they are used is unclear. Although recent studies have
shown a rapid increase in the use of minimally invasive
pyeloplasty, many of them only compare inpatient proce-
dures (i.e., open and minimally invasive pyeloplasty) and
exclude outpatient treatments (i.e., endopyelotomy).2,7 Other
studies have shown a high rate of endopyelotomy in certain
parts of the country but are not nationally representative and
thus lack generalizability.8 As such, there remains a need to
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better understand the patterns of dissemination. In other uro-
logic conditions, the diffusion of minimally invasive tech-
niques, such as robotic prostatectomy, is associated with both
clinical (e.g., age, comorbidity) and nonclinical (e.g., insur-
ance status, region of residence) characteristics.9,10 The de-
gree to which these factors are associated with the use of
ureteropelvic junction obstruction treatments is unclear.

For these reasons, we sought to conduct a study that ex-
amines the dissemination of open pyeloplasty, minimally
invasive pyeloplasty, and endopyelotomy for the treatment of
ureteropelvic junction obstruction using a large employer-
based data set. Understanding the trends in adoption and the
clinical and nonclinical factors associated with use will
inform patients, physicians, and policymakers about these
three treatments of ureteropelvic junction obstruction, which
is particularly important as comparative effectiveness re-
search related to the adoption of robotic surgery continues to
be a high priority.11

Patients and Methods

Data source and study population

For this study, we used the Truven Health Analytics
MarketScan� Commercial Claims and Encounters Database,
which contains data for *40 million employees and their de-
pendents.12 Using this data set, we identified adults 18 to
64 years old who underwent treatment for ureteropelvic junc-
tion obstruction between 2002 and 2010. Specific treatments
included open pyeloplasty (Healthcare Common Procedure
Coding System [HCPCS] codes 50400, 50405), minimally in-
vasive pyeloplasty (HCPCS code 50544), and endopyelotomy
(HCPCS codes 50575, 52342, 52345, 52346). We only included
patients with continuous enrollment in a benefits plan for
6 months before the treatment date to calculate patient co-
morbidity. Using these criteria, our study population consisted
of 1127 open pyeloplasties, 1701 minimally invasive pyelo-
plasties, and 2238 endopyelotomies.

Outcomes

Our primary outcome was ureteropelvic junction obstruc-
tion treatment (i.e., open pyeloplasty, minimally invasive
pyeloplasty, or endopyelotomy). We examined the associa-
tion of several patient, regional, and provider characteristics
with treatment. Patient characteristics included age, gender,
comorbidity, benefit plan type, employment classification,
and employment status. Patient race/ethnicity is not provided
in the data set. Comorbidity was reported as a Charlson score,
which was calculated using all claims in the 6-month period
before treatment.13 Regional characteristics included metro-
politan statistical area (MSA) and region of residence. Pro-
vider information included the provider MSA. We examined
provider volume but did not include this in our model because
the volume for the top 10% of providers ranged between two
and four cases. This volume is likely inaccurate since it is
only accounting for the volume of patients who have health
plans providing data to MarketScan and, thus, does not reflect
true provider volume.

Statistical analyses

Since MarketScan has HCPCS codes available for inpa-
tient procedures, we performed a sensitivity analysis looking

at the assignment of minimally invasive pyeloplasty using
HCPCS codes vs an algorithm used previously using a com-
bination of International classification of diseases, 9th revision
(ICD-9) codes, and hospital length of stay.14 We calculated a
kappa statistic (a standard way to assess the agreement between
two categorical measurements) to measure the concordance of
these two definitions of minimally invasive pyeloplasty. Our
kappa value of 0.48 indicates that there is good agreement
between these two definitions (0:40 £ k < 0:75).

Next, we examined differences among patients receiving
open pyeloplasty, minimally invasive pyeloplasty, and en-
dopyelotomy using chi-square tests for categorical variables
and analysis of variance for continuous variables. Then, we
examined trends in treatment over the 9-year period using a
chi-square test. Next, we fit a multilevel multinomial logistic
regression model, adjusted for age, gender, comorbidity,
benefit plan type, employment classification, employment
status, region of residence, patient MSA, provider MSA, and
treatment year.15 The model accounted for patients nested
within providers. We performed a sensitivity analysis re-
stricting the time period to 2002–2007 since more provider
information was missing in the latter years (2008–2010). The
estimates were largely the same, so we included the years
2002–2010 in our final model.

All analyses were performed using SAS v9.3 (Cary, NC).
All tests were 2-tailed, and the probability of a type I error
was set at 0.05. The Institutional Review Board of the RAND
cooperation determined that the study design was exempt
from review.

Results

Characteristics of the patients undergoing open pyelo-
plasty, minimally invasive pyeloplasty, and endopyelotomy
are demonstrated in Table 1. Patients treated with en-
dopyelotomy were older (47.8 years old) compared with
minimally invasive pyeloplasty (39.9 years old) and open
pyeloplasty (42.2 years old) ( p < 0.001). Comorbidity was
similar across treatments ( p = 0.15). A slightly higher pro-
portion of patients receiving minimally invasive pyeloplasty
had preferred provider organization (PPO) insurance ( p <
0.001), were salaried ( p < 0.001), worked full-time ( p = 0.01),
and lived in MSAs ( p < 0.001). Patients in north central re-
gions were more likely to receive minimally invasive pyelo-
plasty, whereas those in the south were more likely to receive
endopyelotomy ( p < 0.001).

Trends in the use of these three treatments for ureter-
opelvic junction obstruction are shown in Figure 1. Rates
of treatment increased dramatically for minimally invasive
pyeloplasty with a concomitant decrease in the rates of open
pyeloplasty. Specifically, rates of minimally invasive pyelo-
plasty increased 10-fold, from 1.1 per million MarketScan
beneficiaries in 2002 to 11.3 per million beneficiaries in 2010.
Conversely, open pyeloplasty rates decreased by over 40%,
from 6.8 per million beneficiaries in 2002 to 3.8 per million
beneficiaries in 2010. Rates of endopyelotomy increased from
2002 to 2005 and then tapered off in the latter years.

Results from our multilevel multinomial logistic regres-
sion model are shown in Table 2. Compared with open
pyeloplasty, patients receiving minimally invasive pyelo-
plasty were less likely to be male (odds ratio [OR] 0.75; 95%
confidence interval [CI], 0.56, 0.99) and more likely to be
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Table 1. Patient Demographics According to Treatment

Characteristics
Open pyeloplasty

(n = 1127)
Minimally invasive

pyeloplasty (n = 1701)
Endopyelotomy

(n = 2238) pa

Age, mean (SD) 42.2 (14.9) 39.9 (14.7) 47.8 (12.8) <0.001

Gender, n (%)
Female 640 (57) 973 (57) 1285 (57)

0.94
Male 487 (43) 728 (43) 953 (43)

Comorbidity, n (%)
0 955 (85) 1478 (87) 1901 (85)

0.15
1 or more 172 (15) 223 (13) 337 (15)

Benefit plan type, n (%)
HMO 155 (14) 201 (12) 286 (13)

<0.001PPO 698 (62) 1163 (68) 1438 (64)
Otherb 274 (24) 337 (20) 514 (23)

Employment classification, n (%)
Nonsalaried 300 (27) 364 (21) 602 (27)

<0.001Salaried 172 (15) 331 (20) 280 (13)
Unknown 655 (58) 1006 (59) 1356 (61)

Employment status, n (%)
Nonfull-time 708 (63) 1032 (61) 1461 (65)

0.01
Full-time 419 (37) 669 (39) 777 (35)

MSA status, n (%)
Non-MSA 210 (19) 239 (14) 444 (20) <0.001
MSA 917 (81) 1462 (86) 1794 (80)

Region of residence, n (%)
Northeast 142 (13) 219 (13) 261 (12)

<0.001
North Central 282 (25) 527 (31) 450 (20)
South 497 (44) 689 (41) 1158 (52)
West 187 (17) 241 (14) 342 (15)
Unknown 19 (2) 25 (1) 27 (1)

aChi-square for categorical variables and ANOVA for continuous variables.
bOther includes comprehensive, exclusive provider organization, point of service, point of service with capitation, consumer directed

health plan, and missing.
ANOVA = analysis of variance; HMO = health maintenance organization; MSA = metropolitan statistical area; PPO = preferred provider

organization; SD = standard deviation.

FIG. 1. Trends in use of treat-
ments for ureteropelvic junction
obstruction. Rates of treatment
increased dramatically for mini-
mally invasive pyeloplasty with
a concomitant decrease in the
rates of open pyeloplasty. Rates
of endopyelotomy increased from
2002 to 2005 and then tapered off
in the latter years.
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salaried as opposed to nonsalaried (OR 1.81; 95% CI, 1.08,
3.04). The likelihood of receiving a minimally invasive vs an
open pyeloplasty was similar among the different geographic
regions. The likelihood of receiving a minimally invasive
pyeloplasty increased with treatment year (OR 1.38; 95% CI,
1.29, 1.49).

Compared with endopyelotomy, patients receiving mini-
mally invasive pyeloplasty were less likely to be older (OR
0.96; 95% CI, 0.95, 0.97) and less likely to live in the south
(OR 0.52; 95% CI, 0.33, 0.81) and west regions (OR 0.57;
95% CI 0.33, 0.98) compared with the northeast. In addition,
patients living in MSAs (as opposed to non-MSA) (OR 1.52;
95% CI 1.08, 2.13) and providers living in MSAs (OR 2.06;
95% CI 1.29, 3.30) were associated with a greater likelihood
of receiving a minimally invasive pyeloplasty. The likelihood
of receiving a minimally invasive pyeloplasty compared with
endopyelotomy increased with treatment year (OR 1.21; 95%
CI 1.13, 1.29).

The provider volumes were low in all three cases. Speci-
fically, the mean (standard deviation) volume was 1.5 (1.8)
for endopyelotomy, 1.8 (2.6) for open pyeloplasty, and 2.1
(2.7) for minimally invasive pyeloplasty. This corresponded

to 994 endopyelotomy providers, 971 open pyeloplasty pro-
viders, and 563 minimally invasive pyeloplasty providers.

Discussion

From 2002 to 2010, the rate of minimally invasive pye-
loplasty increased 10-fold, while the rate of open pyeloplasty
decreased by over 40%. The rate of endopyelotomy, the most
common treatment, increased early on in the study period and
then stabilized. Other than gender, employment classifica-
tion, and year of treatment, there were no differences in the
likelihood of receiving a minimally invasive or an open
pyeloplasty. Conversely, the likelihood of receiving a mini-
mally invasive pyeloplasty vs an endopyelotomy was influ-
enced by a patient’s age, where they lived, and where their
provider lived.

Not surprisingly, there was a shift from an open to a
minimally invasive approach for pyeloplasties over this time
period. This coincided with the introduction of the daVinci
robotic platform (Intuitive Surgical, Sunnyvale, CA). The
robotic platform provides advantages of a minimally invasive
approach, such as smaller incisions, less pain, and less blood
loss.16 Although a laparoscopic approach provides these
same benefits,5 it is generally more cumbersome to suture
laparoscopically and it is not ergonomic.17,18 Another reason
for the adoption of the minimally invasive approach likely
pertains to the transfer of skill obtained from using the robotic
platform for other procedures. As an example, during this
study period, the use of robotic prostatectomy rapidly in-
creased; by 2013, 85% of prostatectomies were done robot-
ically.19 At the same time, providers were becoming more
comfortable performing robotic kidney surgery, which uses
similar port placement and requires similar steps to expose
the kidney and ureter.20

The patients who received open and minimally invasive
pyeloplasties had many similarities. They did not differ in
terms of age, number of comorbidities, type of health plan, or
area of residence (in terms of region and urbanicity). This
may reflect the general acceptance of the robotic approach
among patients, providers, and payers, as well as the relative
comfort of providers with this approach, which eliminates the
need to selectively choose healthier patients (e.g., younger
and fewer comorbidities). The minimally invasive approach
was associated with female patients and those who were
salaried, the reason of which is not entirely clear.

In this study, endopyelotomy was performed more com-
monly than either pyeloplasty approach. Endopyelotomy is a
less invasive approach that is performed as an outpatient.
This corresponds with the finding that older patients have a
lower likelihood of receiving a minimally invasive pyeloplasty.
However, failure rates with endopyelotomy are higher.21

Arguably, sicker patients may choose a procedure with a
higher failure rate that was safer, but the endopyelotomy
patients had a similar number of comorbidities compared
with the other two groups. Some of the endopyelotomies may
represent secondary treatments for failed primary pyelo-
plasties, yet with primary pyeloplasty success rates upwards
of 90%, this would represent a small number of patients.21 In
addition, some endopyelotomies may have been performed
primarily for a ureteral stricture more so than for a true
ureteropelvic junction obstruction, which can be challenging
to differentiate in claims data.

Table 2. Predictors
a

of Minimally Invasive

Pyeloplasty Use: Results of a Multilevel,

Multinomial, Logistic Regression Analysis

Characteristics

Minimally
invasive pyeloplasty
vs open pyeloplasty

Minimally
invasive pyeloplasty
vs endopyelotomy

Age 0.99 (0.98–1.01) 0.96 (0.95–0.97)

Gender
Female 1 1
Male 0.75 (0.56–0.99) 0.86 (0.68–1.10)

Comorbidity
0 1 1
1 or more 0.87 (0.59–1.29) 1.22 (0.86–1.72)

Benefit plan typeb

HMO 1 1
PPO 1.24 (0.82–1.88) 1.38 (0.96–1.98)
Other 0.90 (0.55–1.47) 1.02 (0.67–1.55)

Employment classification
Nonsalaried 1 1
Salaried 1.81 (1.08–3.04) 1.56 (0.99–2.44)
Unknown 1.30 (0.85–1.99) 1.08 (0.75–1.57)

Employment status
Nonfull-time 1 1
Full-time 1.27 (0.88–1.83) 1.01 (0.74–1.38)

Region of residence
Northeast 1 1
North Central 1.08 (0.64–1.84) 0.96 (0.59–1.57)
South 0.91 (0.55–1.48) 0.52 (0.33–0.81)
West 0.84 (0.46–1.54) 0.57 (0.33–0.98)
Unknown 0.62 (0.13–3.01) 0.62 (0.11–3.37)

Patient MSA 1.19 (0.80–1.76) 1.52 (1.08–2.13)
Provider MSA 1.59 (0.93–2.71) 2.06 (1.29–3.30)
Treatment year 1.38 (1.29–1.49) 1.21 (1.13–1.29)

aThe effect of each predictor was adjusted for all other predictors
in the model.

bOther includes comprehensive, exclusive provider organization,
point of service, point of service with capitation, consumer directed
health plan, and missing.

Significant values are denoted in bold.
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Given the low volumes of procedures noted by surgeon, an
alternative explanation is that many providers who perform
endopyelotomies may not perform pyeloplasties. Pyeloplasties
are a more technically challenging procedure that are more
often performed at tertiary referral centers and not in com-
munity practice.17 Specialists tend to migrate to academic
institutions and urban areas, which may explain in part why
minimally invasive pyeloplasties were less likely to be per-
formed in the south and central regions compared with the
northeast and were more likely to be performed if patients and/
or their providers lived in metropolitan areas.22 Toward the
end of the study period (i.e., 2009–2010), the rate of minimally
invasive pyeloplasties was higher than endopyelotomy, which
may reflect a start of a change in this trend.

The changing landscape of the treatment of ureteropelvic
junction obstruction has several implications. More robust
outcomes data are needed to assess the comparative effec-
tiveness of these three treatments. Insofar as the morbidity of
the minimally invasive approach is low and the success rate is
superior to that of endopyelotomy as some prior studies in-
dicate,21,23 more research needs to examine the contexts for
primary treatment with endopyelotomy. Perhaps many of
these procedures are performed in a salvage setting or more
for a ureteral stricture than a true ureteropelvic junction ob-
struction. However, if large numbers of providers are habit-
ually treating patients with a primary endopyelotomy as the
standard of care without considering clinical factors, such as
patient age, comorbidities, or patient goals in a shared
decision-making process, there may be some value in a policy
goal of referral management to increase the number of pye-
loplasties performed as a primary treatment.

In interpreting our findings, it is important to consider
several limitations. First, this is an observational study using
administrative claims data and, thus, is subject to biases re-
lated to unmeasured differences among groups. Certain in-
formation is not available in MarketScan (e.g., race/ethnicity,
income, and body habitus), which may influence our findings.
Nonetheless, we adjusted for several patient, regional, and
provider characteristics to minimize confounding. Second,
our findings may not be generalizable to the uninsured or
older populations. MarketScan contains claims for working
age adults and their dependents. However, this study focuses
on the group of adults that is most likely to receive treatment
for ureteropelvic junction obstruction.2 Third, we were unable
to adjust for primary vs redo pyeloplasties. However, the pri-
mary success rates for both pyeloplasty approaches are high, so
we would expect the proportion of redo pyeloplasties in both
groups to be low. Fourth, the provider plays an important role
in treatment choice, but we were unable to account for specific
provider characteristics, such as fellowship training or years in
practice. Nonetheless, we were able to fit a multilevel model to
account for patients nested within providers, which will indi-
rectly account for some of these factors.

Conclusions

Despite these limitations, this study merits consideration
for two reasons. First, there was a congruent increase in the
use of minimally invasive pyeloplasty, a decrease in the use
of open pyeloplasty, and a relatively stable use of endo-
pyelotomy (the most common treatment of the three) over the
9-year study period. Second, geographic factors (i.e., region

of the country and population of where a patient or provider
lived) were associated with the receipt of a minimally inva-
sive pyeloplasty or an endopyelotomy. Further work is in-
dicated to elucidate whether or not the treatment variation is
warranted.
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