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Abstract

Objective—To examine the effectiveness of the three primary treatments for ureteropelvic
junction obstruction (i.e., open pyeloplasty, minimally invasive pyeloplasty, and endopyelotomy)
as assessed by failure rates.

Materials and Methods—Using MarketScan® data, we identified adults (ages 18-64) who
underwent treatment for ureteropelvic junction obstruction between 2002 and 2010. Our primary
outcome was failure (i.e., need for a secondary procedure). We fit a Cox proportional hazards
model to examine the effects of different patient, regional, and provider characteristics on
treatment failure. We then implemented a survival analysis framework to examine the failure-free
probability for each treatment.

Results—We identified 1125 minimally invasive pyeloplasties, 775 open pyeloplasties, and 1315
endopyelotomies with failure rates of 7%, 9%, and 15%, respectively. Compared with
endopyelotomy, minimally invasive pyeloplasty was associated with a lower risk of treatment
failure (adjusted hazards ratio [aHR] 0.52; 95% confidence interval [Cl], 0.39-0.69). Minimally
invasive and open pyeloplasties had similar failure rates. Compared with open pyeloplasty,
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endopyelotomy was associated with a higher risk of treatment failure (aHR 1.78; 95% Cl, 1.33-
2.37). The average length of stay was 2.7 days for minimally invasive pyeloplasty and 4.2 days for
open pyeloplasty (p<0.001).

Conclusions—Endopyelotomy has the highest failure rates, yet remains a common treatment for
ureteropelvic junction obstruction. Future research should examine to what extent patients and
physicians are driving the use of endopyelotomy.

Keywords

comparative effectiveness; ureteropelvic junction obstruction; minimally invasive pyeloplasty;
open pyeloplasty; endopyelotomy

INTRODUCTION

Ureteropelvic junction obstruction is a common urologic condition with three primary
treatments: open pyeloplasty, minimally invasive pyeloplasty, and endopyelotomy. While
open pyleoplasty is the traditional approach, minimally invasive pyeloplasty (which includes
both robotic-assisted and laparoscopic pyeloplasty) and endopyelotomy represent less-
invasive options. All three treatments provide relatively high success rates and low
morbidity.1-3

However, the evidence regarding the comparative effectiveness of these three treatments is
limited. Although meta-analyses? and large, multi-institutional studies® have demonstrated
similar efficacy between robotic-assisted and laparoscopic pyeloplasty, comparisons
between these minimally invasive approaches and open pyeloplasty for adults are primarily
limited to single-institution reviews with small numbers of patients.36-10 Moreover,
outcomes used to measure success are often subjective (e.g., based on symptoms obtained
from medical records).> Regarding endopyelotomy, evidence supporting its use as a primary
treatment is mixed. Some reports advocate endopyelotomy as a first-line treatment for adults
with ureteropelvic junction obstruction due to success rates that approach that of open
pyeloplasty,11:12 while others insist that it is an inferior treatment.13-16 Few studies have
examined all three treatments on a population level.

For these reasons, we sought to examine the effectiveness of open pyeloplasty, minimally
invasive pyeloplasty, and endopyelotomy for ureteropelvic junction obstruction.
Understanding the relative effectiveness of these treatments is imperative for providing the
best care for patients. Further, examining the comparative effectiveness of robotic and
traditional approaches is a top priority by the Institute of Medicine.1”

MATERIALS AND METHODS

Data Source and Study Population

Using the Truven Health Analytics MarketScan® Commercial Claims and Encounters
Database, we identified adults 18 to 64 years old who underwent treatment for ureteropelvic
junction obstruction between 2002 and 2010. The MarketScan® database includes data for
approximately 40 million employees and their dependents.18 We assigned patients to one of
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three treatments: minimally invasive pyeloplasty (Healthcare Common Procedure Coding
System [HCPCS] code 50544), open pyeloplasty (HCPCS codes 50400, 50405), and
endopyelotomy (HCPCS codes 50575, 52342, 52345, 52346). We only included patients
who were continuously enrolled in a benefits plan for a minimum of 6 months prior to the
treatment date. In addition, patients had to be continuously enrolled for at least 6 months
after treatment. We excluded patients without documented follow-up imaging and excluded
secondary procedures for ureteropelvic junction obstruction from our analyses. Using these
criteria, our study population consisted of 1125 minimally invasive pyeloplasties, 775 open
pyeloplasties, and 1315 endopyelotomies.

Our primary outcome was failure after treatment of ureteropelvic junction obstruction.
Failure was defined as the need for a secondary procedure (i.e., endopyelotomy, treatment of
ureteral stricture, nephrectomy, pyeloplasty, ureteroplasty, or kidney transplant). We did not
include reinsertion of a ureteral stent as a failure. We examined failure rates in patients with
a minimum of 6, 12, and 24 months of follow up after treatment. Differences in failure rates
among the three procedures were similar over these intervals, so we ultimately reported
failures in patients with a minimum of 6 months of follow up to increase the precision of our
estimates. We examined several patient (age, gender, comorbidity, benefit plan type,
employment classification, employment status, treatment year), regional (metropolitan
statistical area [MSA], region of residence), and provider (provider MSA) characteristics.
Patient race/ethnicity is not provided in the dataset. We calculated comorbidity using
inpatient and outpatient claims for the 6-month period prior to treatment.19

Statistical Analysis

RESULTS

First, we compared demographics across treatment types using chi-square tests for
categorical variables and ANOVA for continuous variables. Then, we fit a Cox proportional
hazards model to examine the effects of different patient, regional, and provider
characteristics on treatment failure. We then implemented a survival analysis framework to
examine the failure-free probability for each treatment. These models were adjusted for
patient age, gender, comorbidity, benefit plan type, employment classification, employment
status, region of residence, patient MSA, provider MSA, and treatment year. For the patients
receiving an endopyelotomy, we performed a sensitivity analysis in which we excluded
those who had a concomitant stone procedure and found failure rates to be similar. Lastly,
we compared the hospital length of stay between the two inpatient procedures (minimally
invasive and open pyeloplasty) using ANCOVA. All analyses were performed using SAS
v9.3 (Cary, NC). All tests were two-sided, and the probability of a type | error was set at
0.05. The Institutional Review Board of the RAND cooperation determined that the study
design was exempt from review.

The characteristics of patients undergoing minimally invasive pyeloplasty, open pyeloplasty,
and endopyelotomy are demonstrated in Table 1. Overall, patients were young: mean age of
41, 43, and 49 years for minimally invasive pyeloplasty, open pyeloplasty, and
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endopyelotomy, respectively. The three treatments differed by benefit plan type (p=0.03),
employment classification (p<0.001), employment status (p=0.01), MSA status (p<0.001),
region of residence (p<0.001), failure rates (p<0.001), and year of treatment (p<0.001).
Failure rates were 7%, 9%, and 15% for minimally invasive pyeloplasty, open pyeloplasty,
and endopyelotomy, respectively.

The results of the Cox proportional hazards models are shown in Table 2. Compared with
endopyelotomy, minimally invasive pyeloplasty was associated with a lower risk of
treatment failure (adjusted hazards ratio [aHR] 0.52; 95% confidence interval [CI], 0.39-
0.69). In comparing these two treatments, minimally invasive pyeloplasty was also
associated with a higher likelihood of failure if performed in the south (aHR 1.73; 95% ClI,
1.11-2.70) and west (aHR 1.70; 95% CI, 1.02-2.81) as opposed to the northeast. For the
comparison of minimally invasive and open pyeloplasty, failure rates were similar across all
measured covariates except for treatment year: compared with open pyeloplasty, minimally
invasive pyeloplasty was associated with a lower risk of failure with subsequent years (aHR
0.90; 95% ClI, 0.83-0.97). Compared with open pyeloplasty, endopyelotomy was associated
with a higher risk of treatment failure (aHR 1.78; 95% CI, 1.33-2.37) and was associated
with a higher likelihood of failure if performed on patients with 1 or more comorbidities
(aHR 1.37; 95% Cl, 1.01-1.86).

Overall, the adjusted failure-free probabilities were high for all three treatments (Figure 1).
Endopyelotomy had the lowest failure-free rates (logrank p<0.0001). For all three
treatments, the majority of failures occurred within the first two years.

Among the two inpatient procedures (minimally invasive and open pyeloplasty), hospital
length of stay was shorter for minimally invasive pyeloplasty (Figure 2). The average length
of stay was 2.7 days for minimally invasive pyeloplasty and 4.2 days for open pyeloplasty
(p<0.001).

DISCUSSION

Overall, the failure rates for minimally invasive pyeloplasty, open pyeloplasty, and
endopyelotomy were 7%, 9%, and 15%, respectively. Most failures occurred within the first
two years of follow up. Endopyelotomy had the highest failure rates; no differences in
failure rates were observed between minimally invasive and open pyeloplasty. Among the
two inpatient procedures, minimally invasive pyeloplasty had a shorter hospital length of
stay.

Of the three treatments, endopyelotomy had the highest failure rates and remained a
commonly performed procedure. Conceptually, the higher failure rate makes sense since
pyeloplasties involve dismembering the abnormal ureteral tissue and creating a more patent
connection whereas endopyelotomies involve an incomplete incision without any
dismembering. What is concerning is that despite a failure rate that is 1.5 to 2-fold higher
than for pyeloplasty, endopyelotomy remains a common treatment for ureteropelvic junction
obstruction. Although endopyelotomy is a good treatment for pyeloplasty failures,0 this
does not explain the high number of endopyelotomies in this study since we excluded

Urology. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jacobs et al.

Page 5

secondary procedures from our cohort: the 1315 endopyelotomies all represent primary
treatments.

There are a few possible explanations for the high rate of endopyelotomies. First, some of
these procedures included concomitant stone surgery, which may make an endopyelotomy
the preferred approach in many of these instances. Second, it is a less invasive procedure that
involves less post-operative pain, requires less operating time, and is routinely done as an
outpatient.3 As such, despite its higher failure rate, it is an attractive treatment for patients
who are older and sicker. However, our findings do not support this explanation. Although
endopyelotomy patients are significantly older, they are only 49 years old, on average.
Further, there are no differences among the three treatments in terms of the number of
patient comorbidities. A more likely explanation is that many providers prefer to perform an
endopyelotomy as a primary treatment because it is technically easier. Pyeloplasties involve
skin incisions, dismembering the ureter, and suturing whereas endopyelotomies essentially
avoid these issues. When laparoscopic pyeloplasties emerged, providers were enthusiastic
about improved cosmesis,? quicker convalescence,?! and decreased post-operative pain,21:22
but suturing was technically difficult.1® More recently, robotic-assisted pyeloplasties have
made suturing easier.1 Experience with robotic surgery is now commonplace in residency
training,2324 and indeed, the number of minimally invasive pyeloplasties increased over the
study period, surpassing endopyelotomy as the most common treatment in the last three
years of the study.

Minimally invasive pyeloplasties had similar failure rates as open pyeloplasties, yet were
associated with shorter hospital length of stays. From a technical standpoint, the similar
failure rates are not surprising since the principles of the operation are the same. Likewise,
the shorter hospital length of stay associated with the minimally invasive pyeloplasty makes
sense given that this less-invasive approach typically involves smaller incisions® and less
pain.21:22 On average, patients who received a minimally invasive pyeloplasty were
discharged 1.5 days earlier, which represented a 36% reduction in the duration of their
admission.

As our health care system strives to provide the highest value care, these findings have
several implications. First, endopyelotomy remained a common treatment for ueteropelvic
junction obstruction despite fairly similar patient characteristics and higher failure rates.
Especially with the increasing use of minimally invasive pyeloplasty and its associated
decreased hospital length of stay compared with open pyeloplasty, the argument that
endopyelotomy is less invasive is less intriguing. Insofar as physicians offer endopyelotomy
as the primary treatment because they are uncomfortable performing pyeloplasties, there
should be a greater emphasis on referring these patients to specialists. Second, compared
with endopyelotomy, there is a higher likelihood of failure with minimally invasive
pyeloplasty in the south and west regions compared with the northeast. The association of
better outcomes with higher volume is well described in the surgical literature2>26 and,
although the absolute numbers of both minimally invasive pyeloplasties and
endopyelotomies are high in these regions, provider volume should be examined to see if
this helps explain the higher failure rates in these regions. If patients do better when their
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pyeloplasties are performed by high-volume providers, then this again raises the question as
to whether these patients should be referred to providers who specialize in this procedure.

Third, the similar failure rates and shorter hospital length of stay with minimally invasive
pyeloplasty compared with open pyeloplasty suggest that this should be the preferred
pyeloplasty approach assuming that it is not contraindicated (e.g., significant adhesions from
prior surgeries). Since the hospital length of stay was 36% shorter, this could result in
significant cost savings to both patients and our health care system.

In interpreting our findings, it is important to consider several limitations. We are using
administrative claims data to identify treatment failures, which is imperfect. We cannot
account for certain factors that may be associated with failure, such as case complexity, the
presence of crossing vessels, and body habitus. We also cannot measure all aspects of
failure, for example patient symptoms, renal function, or concerns on radiographic imaging.
Lastly, we are indirectly assigning failure based on secondary procedures. However, we have
taken two steps to help strengthen our measurement of failure. First, we only included
procedures that would most clearly represent a failure (e.g., a pyeloplasty after an
endopyelotomy) and did not include procedures less likely to indicate a true failure (e.g.,
reinsertion of a stent). Second, we excluded all patients without follow-up imaging so that
patients lost to follow up were not inadvertently labeled as a success.

Another limitation is the potential lack of generalizability of our findings. The MarketScan®
database collects information on working age adults, their spouses, and dependents. Thus,
our findings may not be generalizable to other individuals, such as those who are uninsured
or the elderly. However, MarketScan® represents a geographically diverse population of
millions of working-age adults and their families, which represents the most likely
population to receive treatment for uteropelvic junction obstruction.2’

In summary, there are two reasons this study merits consideration. First, endopyelotomy has
the highest failure rates, yet remains a common treatment for ureteropelvic junction
obstruction. Future research should examine to what extent patients and physicians are
driving the use of endopyelotomy and should examine how provider volume affects failure
rates for these three treatments. Second, given the similar failure rates and shorter hospital
length of stay associated with minimally invasive pyeloplasty, this approach may supplant
open pyeloplasty as the “gold standard” in the near future.
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Figure 1.
Adjusted” failure-free probability, according to treatment type

* Adjusted for age, gender, comorbidity, benefit plan type, employment classification,
employment status, region of residence, patient MSA, provider MSA, and treatment year.
Overall, the adjusted failure-free probabilities were high for all three treatments.
Endopyelotomy had the lowest failure-free rates (logrank p<0.0001). For all three
treatments, the majority of failures occurred within the first two years.
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Figure 2.
Adjusted”™ hospital length of stay after minimally invasive and open pyeloplasty

*Adjusted for age, gender, comorbidity, benefit plan type, employment classification,
employment status, region of residence, patient MSA, provider MSA, and treatment year.
The hospital length of stay was significantly shorter for minimally invasive pyeloplasty
compared to open pyeloplasty (p<0.001, ANCOVA).

Urology. Author manuscript; available in PMC 2019 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Jacobs et al.

Table 1

Patient demographics according to treatment

Page 11

Characteristics Minimally-invasive pyeloplasty (n=1125) | Open pyeloplasty (n=775) | Endopyelotomy (n=1315) | p.yajue®
Age, mean (SD) 41 (15) 43 (15) 49 (13) <0.001
Gender (%) 0.69
Male 459 (41) 319 (41) 519 (39)

Female 666 (59) 456 (59) 796 (61)

Comorbidity (%) 0.39
0 975 (87) 662 (85) 1114 (85)

1 or more 150 (13) 113 (15) 201 (15)

Benefit plan type (%) 0.03
HMO 130 (12) 101(13) 161 (12)

PPO 769 (68) 480 (62) 843 (64)

Other 226 (20) 194 (25) 311 (24)

Employment classification (%) <0.001
Non-salaried 251 (22) 212 (27) 372 (28)

Salaried 248 (22) 131 (17) 180 (14)

Unknown 626 (56) 432 (56) 763 (58)

Employment status (%) 0.01
Non-full time 664 (59) 466 (60) 850 (65)

Full time 461 (41) 309 (40) 465 (35)

MSA status (%) <0.001
Non-MSA 157 (14) 147 (19) 283 (22)

MSA 968 (86) 628 (81) 1032 (78)

Region of residence (%) <0.001
Northeast 157 (14) 86 (11) 146 (11)

North Central 343 (30) 211 (27) 268 (20)

South 466 (41) 345 (45) 669 (51)

West 147 (13) 123 (16) 215 (16)

Unknown 12 (1) 10 (1) 17 (1)

Failure (%) 82 (7) 69 (9) 196 (15) <0.001
Year of treatment (%) <0.001
2002 ™" 5 (<) 36 (5) 37 (3)

2003 27 (2) 85 (11) 81 (6)

2004 54 (5) 86 (11) 128 (10)

2005 90 (8) 92 (12) 134 (10)

2006 115 (10) 89 (11) 162 (12)

2007 157 (14) 97 (13) 199 (15)

2008 240 (21) 116 (15) 222 (17)
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Characteristics Minimally-invasive pyeloplasty (n=1125) | Open pyeloplasty (n=775) | Endopyelotomy (n=1315) | p.yajue®
2009 255 (23) 109 (14) 200 (15)
2010 182 (16) 65 (8) 152 (12)

Abbreviations: HMO, health maintenance organization; MSA, metropolitan statistical area; PPO, preferred provider organization; SD, standard

deviation

*
P-values generated from chi-square tests for categorical variables and ANOVA tests for continuous variables.

*ok

Other includes comprehensive, exclusive provider organization, point of service, point of service with capitation, consumer directed health plan,

and missing

Aok

The number of patients in 2002 is lower across treatment types due to the need to have 6 months of data available prior to the treatment date in
order to calculate patient comorbidity.

Percentages may not add to 100 due to rounding.
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Estimated effect (adjusted hazards ratio “and 95% confidence interval) of each predictor on treatment failure:
Results of Cox proportional hazards models.

Characteristic

Minimally invasive pyeloplasty

Minimally invasive pyeloplasty

Endopyelotomy vs. open

vs. endopyelotomy vs. open pyeloplasty pyeloplasty
Treatment type
Minimally invasive pyeloplasty 0.52 (0.39-0.69) 0.98 (0.68-1.42) -
Open pyeloplasty - 1 1

Endopyelotomy

1

1.78 (1.33-2.37)

Age 1.00 (0.99-1.01) 1.01 (0.99-1.02) 0.99 (0.99-1.01)
Gender

Female 1 1 1

Male 1.13 (0.89-1.44) 1.23 (0.87-1.74) 0.99 (0.78-1.26)
Comorbidity

0 1 1 1

1 or more 1.30 (0.97-1.80) 1.35(0.85-2.15) 1.37 (1.01-1.86)
Benefit plan type

HMO 1 1 1

PPO 1.05 (0.74-1.50) 1.20 (0.69-2.09) 1.17 (0.81-1.70)
Other ** 1.15 (0.76-1.74) 1.13 (0.59-2.16) 1.17 (0.76-1.79)

Employment classification

Non-salaried 1 1 1
Salaried 0.97 (0.67-1.40) 1.21 (0.72-2.05) 0.85 (0.58-1.26)
Unknown 0.92 (0.67-1.27) 1.40 (0.85-2.32) 0.94 (0.68-1.30)

Employment status

Non-full time

1

1

1

Full time

0.81 (0.60-1.09)

1.14 (0.74-1.75)

0.92 (0.68-1.23)

Region of residence

Northeast

1

1

1

North Central

1.26 (0.77-2.06)

1.24 (0.66-2.34)

0.83 (0.52-1.32)

South 1.73 (1.11-2.70) 1.38 (0.75-2.54) 1.15 (0.77-1.71)
West 1.70 (1.02-2.81) 1.58 (0.79-3.15) 1.04 (0.65-1.67)
Unknown 2.07 (0.71-6.04) 0 (0->100) 1.33 (0.46-3.79)
Patient MSA 1.22 (0.87-1.70) 1.25 (0.75-2.09) 1.36 (0.96-1.92)
Provider MSA 0.80 (0.53-1.20) 1.23 (0.59-2.56) 0.92 (0.60-1.40)

Treatment year

0.97 (0.92-1.02)

0.90 (0.83-0.97)

0.97 (0.92-1.03)

Abbreviations: Cl, confidence interval; HMO, health maintenance organization; MSA, metropolitan statistical area; PPO, preferred provider

organization

*
The effect of each predictor was adjusted for all other predictors in the model
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*:

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