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ABSTRACT

INTRODUCTION: New bladder outlet procedures have
been introduced in the last decade, but there has been lim-
ited research into procedural uptake and diversification
at provider and regional levels. In this study, we inves-
tigated trends in these procedures within Medicare over
a six-year period. We hypothesized that provider age and
rurality would be associated with procedural diversity.

METHODS: We conducted a retrospective analysis of
bladder outlet procedures in Medicare data from 2014
to 2019, including transurethral resection of prostate
(TURP), Greenlight laser vaporization (GL), UroLift (UL),
Rezum (RZ), and laser enucleation (LEP). Data were ana-
lyzed by provider and U.S. census region. Vector autore-
gressive modeling was used to test the hypothesis that
greater procedural diversity would be found in more urban
regions with younger providers.

RESULTS: In 2019, a sample of 2747 Medicare provid-
ers performed bladder outlet surgery nationwide. 81%
performed one type of procedure, whereas only one per-
formed more than three types. TURP was favored across
all regions. TURP and GL volume decreased while UL
increased over the study period; RZ and LEP were less
common. Two regions, the Northeast and West, demon-
strated significantly greater procedural diversity, but dif-
ferences could not be attributed to provider age or rurali-
ty at the national level. In the regional analysis, however,
rural areas with less variation in provider age had slower
uptake of newer procedures (p = 0.022), and urban areas
with more variation in provider age demonstrated more
rapid uptake (p = 0.008).

concLUsIONs: While TURP continues to be the most
common bladder outlet procedure, there is steady adop-
tion of new technologies with complex patterns of up-
take based on provider age and rurality. Understanding
the dissemination of new procedures and the appropriate
role of procedural diversification may help to improve
both access to and quality of care.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is a common condition
characterized by the proliferation of normal prostate tissue
which affects nearly all men beyond the age of 80 years.!
This often leads to the clinical presentation of benign pros-
tatic enlargement (BPE), which, if refractory to behavioral
and medical therapies, can require surgery. The historical
gold standard procedure for BPE-related symptoms is trans-
urethral resection of the prostate (TURP), removing prostatic
tissue using monopolar or bipolar electrocautery.? Alterna-
tive transurethral approaches involve Greenlight vaporiza-
tion (GL) and Holmium or Thulium laser enucleation (LEP).?
Newer minimally invasive technologies, including Rezum
water vapor therapy (RZ) and prostatic urethral lift, or Uro-
lift (UL), have also been introduced in the last decade.* These
procedures have been shown to be safe and efficacious, but
there is sparse comparative evidence between therapies.?
Certain technologies appear to have better efficacy for
larger glands or lower risk of retrograde ejaculation, which
can be advantageous for certain patients.>¢ Side effect pro-
file can be the dominant consideration for patients when
considering options.”$

Despite the significant array of bladder outlet procedures,
there has been little research into procedural uptake and
diversification. Early studies focused on trends of TURP vol-
ume with the advent of laser enucleation, showing that while
TURP remained the most common, its rate of use declined
with increased enucleation.®!® Other analyses have assessed
a wider variety of surgeries but relied on self-reported data,
such as case logs and surveys.!''2 The effect of practice char-
acteristics like provider age and rural versus urban setting
on the types of available procedures also remains unclear.
This may be important because prior research has shown
that rural communities have limited access to specialty
urologic care.”* One study found that only 2.4% of U.S.
urologists practiced in a rural setting, and 48% of them
were older than 65 years of age. In this study, we sought to
investigate the national and regional diversification of pro-
cedures for BPE-related LUTS over a recent six-year period.
We hypothesized that younger providers practicing in urban
areas would have greater procedural diversity, based on more
recent training and potentially greater demand for different
procedures in their practice environments. Evaluating this
hypothesis might provide useful information on barriers to
access to diverse procedures, and potentially how to antici-
pate trends with the advent of newer technologies.
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MATERIAL & METHODS

We conducted a retrospective analysis of bladder outlet pro-
cedures in publicly available Medicare data from 2014 to
2019. Procedures were identified by CPT code and included
TURP (52601), GL (52648), UL (52441), RZ (53854], and LEP
(52649). Rural composition, obtained from the U.S. census,
and provider age were compared to uptake of newer proce-
dures over time, defined as increasing rates of UL RZ, and
LEP compared to the older TURP and GL. We performed
a two-step analysis, first examining national trends, then
focusing on our practice region, New England.

At the national level, we sought to understand how differ-
ences in provider characteristics influence procedural diver-
sity. Data were analyzed by four U.S. census regions, South,
Midwest, West, and Northeast. We directly incorporated pro-
vider age and rural composition into the New England anal-
ysis. Provider age was characterized by mean and kurtosis,
the first and fourth centralized moment of the distribution.
Kurtosis represents the heaviness of tails of a distribution
and, in this context, helps to differentiate workforce profiles.
Positive kurtosis was expected for either a very low or very
high mean provider age. For a mean provider age that was
not particularly high or low, positive kurtosis suggested that
most providers were mid-career, whereas negative kurtosis
indicated that the provider population was actively turning
over, with older providers retiring and younger providers
entering practice.

We hypothesized that more rural regions have older pro-
viders and a lower rate of newer procedures. To test this,
we used vector autoregressive modeling. A quadratic func-
tion representing the average change over time for proce-
dure nested within each state was utilized. For example,
there was a quadratic function estimated for the change in
TURP over time in Rhode Island, a quadratic function for
REZUM over time in Rhode Island, a quadratic function for
UROLIFT over time in Rhode Island, etc. Then there was
a quadratic function for TURP over time in Connecticut,
and a quadratic function for REZUM over time in Connecti-
cut, and so on again. This method covered each procedure
in each state within the region. This methodology jointly
modeled average level and increase or decrease over time, as
well as common associations at specific time points across
the dataset. Estimation was accomplished using the SAS
procedure PROC GLIMMIX. Random effects were included
to account for unique changes in procedure and state. Addi-
tionally, an autoregressive component was estimated for
each procedure to avoid violating the assumption of inde-
pendence. Reported results were based on the data-centered
and standardized Z scores by year and state. This permit-
ted direct comparison of the estimates as relatively high
or low, accounting for the overall average level and scaled
to variation in procedure usage. Additionally, this allowed
for differences between averages to be represented as the
standardized effect size Cohen’s d.
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RESULTS

National

In 2019, a total of 2747 Medicare providers performed blad-
der outlet surgeries. The mean age of providers was signifi-
cantly lower in the Midwest (Z = 2.20, p = 0.033, see Figure
1). No meaningful differences in rural populations were
identified by region (p > 0.05).

81% of providers performed one type of procedure, 18%
performed two procedures, and 1% performed three proce-
dures. One provider performed four procedures, and none
performed all five procedures. In every U.S. region, most
providers favored TURP [Table 1]. The two least popular
procedures were consistently LEP and RZ.

Temporal trends in the average number of procedures per
state between 2014 and 2019 are shown in Figure 1. TURP
accounted for the most procedures every year, but its prev-
alence and that of GL decreased over the six-year study
period. There was a consistent increase in UL cases. LEP and
RZ were steadily less common.

Figure 2 summarizes the uptake of newer procedures,
defined as increasing rates of UL, RZ, and LEP compared to

Figure 1. Mean and skew of provider age densities by U.S. census region.
Kurtosis is inferred from the visual representation of the distribution.
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Table 1. Types of procedures favored by urologists by region in 2019.
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Region TURP | Greenlight | UroLift | Rezum | HoLEP
Pacific 145 40 77 26 14
East South Central 86 13 46 3 8
West South Central | 159 61 46 16 14
Mountain 97 40 66 25 6
New England 45 28 12 0 8
South Atlantic 278 99 167 20 17
West North Central 81 27 58 9 7
East North Central 128 96 75 21 21
Mid-Atlantic 94 48 92 22 13
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Figure 2. Change in average number of procedures per state between
2014 and 2019.
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Table 3. Combined effects model of provider age and rural composition
on procedural diversity in New England.
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Comparison | Cohen's d | z | p
Procedures (Less Common—More Common)

Rural area, less spread in provider age -0.65 -2.29 | 0.022
Rural area, more spread in provider age 0.77 1.35 | 0.1766
Urban area, less spread in provider age -0.06 |-0.19 | 0.8481
Urban area, more spread in provider age 1.36 2.67 | 0.0076
Providers (Less Common-More Common)

Rural area, less spread in provider age -0.74 | -2.28 | 0.0223
Rural area, more spread in provider age 0.52 0.8 | 0.4243
Urban area, less spread in provider age 0.11 0.3 | 0.7653
Urban area, more spread in provider age 1.38 2.36 | 0.0181

Figure 3. Average difference in established versus newer procedures by
U.S. region.
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Table 2. Multivariate time series analysis of procedure rates (linear change in number of procedures
performed over time) and utilization among providers in New England from 2014 to 2019.

Regional
Of the 93 Medicare providers in New England who performed
bladder outlet surgeries in 2019, 90% performed only one
procedure; 10% of providers performed two different proce-
dures, and none performed more than two procedures.
While procedure and provider counts for TURP and
GL declined over the five years, there were simultaneous
increases in the UL and LEP data [Figure 3]. Longitudinal
analysis of data spanning 2014 to 2019 revealed highly sig-
nificant associations between four procedures [Table 2]. Esti-
mates for TURP, LEP, UL, and RZ were positive, indicating
that their uptake contributed to diversification in areas with
a high case volume. The exception was GL, which showed
no association with other procedures. At the provider level,
there was no relationship between different procedures.
Table 3 represents the comparison of four groups defined
by rural versus urban composition and distribution of pro-
vider age. Rural areas with less vari-
ation in provider age demonstrated
slower uptake of newer procedures

Procedures Providers (Cohen’s d = -0.65, Z = -2.29, P =
Estimate | Error | df t p Estimate | Error | df t P 0.0220), w.he‘reas 1.1rban ar.eas with
more variation 1n prov1der age
TURP 046 | 0.07 | 145 | 658 | <0.0001 | 0.04 |0.08 | 145 |-0.54 | 0.5917 demonstrated more rapid uptake of
Greenlight | 0.00 | 0.11 | 145 | 0.00 | >0.9999 | 0.00 | 0.11 | 145 | 0.00 | >0.9999 newer procedures (Cohen’s d = 1.36,
UroLift 098 |0.11 145|869 |<00001 | 051 |0.06|145| 7.91 | <0.0001 Z=2.67,p=0.008).
Rezum 050 | 0.08 | 145 | 6.63 | <0.0001 | 0.08 | 0.05|145| 1.60 | 0.1115
HoLEP 032 | 0.07 | 145 | 459 | <0.0001 | -0.02 | 0.05 | 145 |-0.29 | 0.7685 DISCUSSION

TURP and GL, in four U.S. regions.

p =0.035).

All regions had a sig-
nificant increase in procedural diversity, but the Northeast
and West demonstrated faster rates of adoption (Z = 2.11,
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A key aim of this study was to deter-
mine whether the introduction of new technologies contrib-
uted to diversity in the surgical management of BPE-related
LUTS. This did not appear to be true, as most urologists
focused on one procedure through 2019. In both national
and regional Medicare data, TURP was the most common
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procedure. This is consistent with data from Canada, in
which TURP represented 91.5% of bladder outlet surgeries.'s

Providers who elected to incorporate new technologies
into their practice seemed to perform fewer well-established
procedures. For example, the absolute frequency of GL cases
decreased over the study period, while UL demonstrated a
significant uptake in both the number of procedures and the
number of providers utilizing the technique, particularly
after 2016. Specifically in the New England data, there was
greater uptake of newer procedures in areas with a higher
procedure total, suggesting that diversification might be
occurring, but this is not definitive.

Observed trends in procedure utilization are expected and
mirror recent studies.”> Procedures with a lower side effect
profile and similar short-term outcomes have had increased
popularity.’¢8 AUA guidelines suggest assessment of pros-
tate size and anatomy, as well as clinical factors and patient
preferences, in discussions of bladder outlet procedures.”
The diversity of procedures that are available and limited
comparative evidence, however, present an opportunity to
study how new technologies disseminate and how providers
adopt new techniques, as non-medical factors may influence
these trends.

We show that, in general, there is a lack of diversifica-
tion in bladder outlet procedures at the provider level. This
may reflect comfort among providers with procedures with
which they have the most experience and that have the
most robust long-term evidence. Notably, except for laser
enucleation, these techniques can be completed quickly
in an ambulatory setting and are easy to learn.?® It may be
that the use of fewer techniques reflects a skepticism of lon-
ger-term efficacy of newer procedures, though there may be
specific potential benefits, e.g., avoiding ejaculatory distur-
bances. It may also be that consumer demand for novel ther-
apies is limited in certain communities. Further research is
needed to determine the extent to which uptake of new pro-
cedures is driven by patients, providers, industry, or some
combination.

There are several other potential reasons for a lack of
procedural diversification. With larger practices, providers
may focus on a particular procedure to develop and main-
tain expertise, with their colleagues performing alternative
procedures when needed or requested. Rural providers tend
to be in smaller practices and are older, which may affect
interest in learning and performing newer procedures.’s*!
Finally, access to newer technologies may differ between
rural and urban settings. Smaller community hospitals may
not be able to financially support the resources required to
offer new procedures, which require a capital investment.?

We investigated how workforce characteristics, specifi-
cally provider age and population density, related to changes
in surgical practice patterns. At the national level, although
the Northeast and West had significantly greater procedural
diversity than the Midwest and South, this did not appear to
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be related to provider age or rurality, contrary to our expecta-
tions. However, focusing on data from New England, where
the authors practice, we found a regionally specific dynamic.
Patients needing bladder outlet surgery who lived in rural
areas of New England with less variation in provider age
had fewer surgical treatment options. Thus, such patients
may face a travel burden to access newer or preferred proce-
dures. These findings support the hypothesis that, at least
in certain regions, there are multifactorial risk factors for
less procedural diversity that may be accounted for as new
techniques become available.

While our results provide important information about
temporal and regional trends in the use of procedures for
BPH, there are limitations to this research. First, our data-
base only included Medicare providers. Patients with private
insurance may have different options available to them, and
even Medicare coverage is variable based on location.® Sec-
ond, the procedure code for RZ was not introduced until
2018. Thus, our data demonstrated artificially low utiliza-
tion of RZ until the last year, and we cannot make claims
about the uptake of this newer procedure over time. Finally,
we studied only five procedures, but there are others, such as
Aquablation, that deserve consideration. Similarly, we did
not evaluate utilization of simple prostatectomy, the tradi-
tional definitive treatment for prostates larger than 100 mL.
Additional research might consider the influence of specific
anatomic characteristics, including size, on the uptake of
newer procedures for BPH.

Finally, it is an open question whether procedural diver-
sity by a provider versus specialization is uniformly “best”.
It may be that some providers focusing on BPH care will and
should have more quality options to offer patients, while
others may focus on a single treatment modality with which
they are most comfortable. Thus, analysis at the provider
and regional level is important when trying to understand
access and equity in this area. Further work to understand
procedural uptake and diversification will be important, par-
ticularly for conditions where there are multiple viable treat-
ment options, and a heterogeneous disease like BPE/LUTS,
to ensure patients can consider the panoply of options that
are available to them.

CONCLUSIONS

While TURP continues to be the most common bladder
outlet procedure, there is steady adoption of new technolo-
gies with complex patterns of uptake based on regional fac-
tors. Further work in this area is needed to ensure fair access
to diverse bladder outlet surgeries with different advantages
and disadvantages. Also, further discussion at the urological
societal level will be helpful to explore whether individual
urologists should focus on or expand their surgical approach
to the management of BPE-related LUTS and how this might
affect clinical outcomes.
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