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Objective: Literature suggests access to robotic surgery varies by race and payer

status. We seek to investigate whether disparities exist in robot-assisted laparoscopic

surgery among the pediatric urology population at our tertiary academic medical center

and, if so, to find plausible reasons why.

Methods: Retrospective analysis identified patients who underwent open or robot-

assisted laparoscopic surgery by a single surgeon at a tertiary care center between 2008

and 2019. Univariate and multivariate analyses determined the relationship of patient

demographic and socioeconomic factors to procedure approach.

Results: Among 356 patients, race, age, American Society of Anesthesiologists status,

and year of surgery were significant by univariate analysis. Insurance status was not

significant (P = 0.066). Multivariate analysis indicated that age, American Society of

Anesthesiologists status, and year of surgery were statistically significant (P < 0.001,

P = 0.005, P < 0.001). By multivariate logistic regression, Black and Hispanic patient race

were not significant with an odds ratio of 0.60 (0.35–1.02) (P = 0.061). In 60.2% of open

cases, open approach selection was attributable to complex pathology, limitations of

robotic approach, and surgeon’s robot-assisted laparoscopic learning curve.

Conclusions: Optimal procedure approach was determined by case complexity and

surgeon’s robot-assisted laparoscopic learning curve and was independent of patient

race and payer status. This study did not find racial or socioeconomic disparities in

robotic surgery within pediatric urology at our tertiary medical center, inconsistent with

previous literature.

Key words: healthcare disparity, insurance coverage, pediatric urology, robot-assisted

laparoscopy, socioeconomic factors.

Introduction

While utilization of the minimally invasive RAL approach has increased over time, significant
disparities in access persist by patient race, ethnicity, and payer status. While debate continues
regarding the technical and clinical benefits1 of robotic surgery, this manuscript primarily
explores availability of RAL by patient socioeconomic status. RAL candidacy can be deter-
mined by the patient’s current health status, severity of disease process, comorbidities, and past
surgical history. Despite said objective criteria, research findings indicate that a subgroup of his-
torically disadvantaged patients do not have equal access to the RAL approach.2

With respect to urological care, it is well-documented that social and racial factors have
contributed to differences in access to robotic technology among adult urologic patients.3 For
instance, findings indicate that Black, Hispanic, and Medicaid patients are less likely to
undergo the RAL surgery.4 Specifically, Black patients were 22% less likely to undergo
MIRP when compared to non-Hispanic White patients between the years of 2001 and 2005.
Furthermore, Medicaid patients were 46% less likely to undergo MIRP than privately insured
patients.5 However, racial disparities in access to RAL procedures have not been well studied
in more recent years, since the widespread adoption of the technology. Furthermore, the
majority of the literature describes disparities among adult urology patients with a paucity of
literature exploring disparities among pediatric patients, particularly within urology.

The purpose of this study is to determine whether there is an association between the
robotic approach and patient race, ethnicity, and payer status among pediatric urology patients
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who underwent pyeloplasty, ureteral reimplantation, and uri-
nary continence procedures at our tertiary care center. This
study seeks to investigate the nature of treatment received by
patients who are able to present for care and does not aim to
identify or rectify barriers to presenting for treatment. We
hypothesized that there would be fewer Black, Hispanic, and
Medicaid patients treated by robotic approach compared to
non-Hispanic White and privately insured patients based on
previous literature indicating racial and ethnic disparities in
access to robotic procedures over the last two decades.

Methods

A retrospective review was performed to identify pediatric
urology patients of a single surgeon at our tertiary care center
between December 2007 and December 2019. Initially, 2497
patients were identified. Inclusion criteria were limited to
patients who underwent pyeloplasty, ureteral reimplantation,
or urinary continence procedures (appendicovesicostomy,
augmentation cystoplasty, and bladder neck continence proce-
dures). These procedure types were selected as they are rou-
tinely performed by either the robotic or open approach. In
patients who received multiple surgical interventions, only
the primary procedure was considered as subsequent proce-
dures were due to disease pathology or surgical complications
and inclusion of said procedures would inflate the data.
Patients greater than 18 years of age at the time of procedure
were excluded. Patients without self-reported race and ethnic-
ity documented in their medical record were excluded. In
total, 356 cases were included for analysis.

Extracted demographic data included patients’ self-reported
race at time of patient chart creation with options including
White/Caucasian, Black/African American, American Indian,
Asian (Asian sub-categories also listed), or Other. For the
purposes this study, Asian, American Indian, and Other race
were combined into an overall “Other” racial category. Addi-
tionally, patients could self-identify ethnicity as Hispanic/
Latino or non-Hispanic/Latino. Patients who identified ethni-
cally as Hispanic and patients who identified as Black were
combined into one group. Payer status (public, private, other)
was retrospectively collected for research purposes. Second-
ary variables included age and BMI. Additionally, to capture
evolving catchment area demographics and serve as a surro-
gate for surgeon’s RAL learning curve, the year of surgery
completion was collected. Year of surgery was broken down
into three categories to equally distribute case load across the
years studied: “early” for surgeries that occurred from 2007
to 2010, “middle” for surgeries that occurred from 2011 to
2014, and “late” for surgeries that occurred from 2015 to
2019. ASA physical status classification was collected as an
objective measure of preoperative health and fitness to deter-
mine operative risk. Lastly, documentation of patient encoun-
ters, in which shared decision-making took place, was
systematically reviewed to collect and categorize reasons for
open approach selection. This study received institutional
review board approval (IRB20-0079).

Univariate analysis identified factors with statistically sig-
nificant association with robotic procedure approach using
logistic regressions and chi-square tests where appropriate.

Variables with P-value less than or equivalent to 0.05 were
included in a multivariable logistic regression model for
robotic approach using a generalized estimating equation.
Variables with P < 0.05 in the multivariate model were con-
sidered significant, and the 95% CIs and P values were
reported. Statistical analysis was performed with Stata/IC
16.1 (College Station, TX, USA).

Results

Between 2007 and 2019, 356 procedures performed by a sin-
gle surgeon at our tertiary care children’s hospital met inclu-
sion criteria and were analyzed. Of the total procedures
studied, 258 were RAL cases and 98 were open cases. Over-
all, there were 165 pyeloplasty (RAL = 126, O = 39), 123
ureteral reimplantation (RAL = 90, O = 33), and 68 urinary
continence (RAL = 42, O = 26) procedures performed
(Table 1). Among 356 cases, 162 (45%) occurred in non-
Hispanic White patients, 152 (43%) in Black and Hispanic,
and 42 (12%) in Other (Table 1).

Univariate analysis determined that mean age, ASA status,
year of surgery, and patient race/ethnicity had statistically sig-
nificant relationships with procedure approach (P < 0.001,
P = 0.013, P < 0.001, P = 0.019, respectively). Insurance
payer status and patient BMI were not statistically significant
with respect to surgical approach (P = 0.066, P = 0.168)
(Table 1). Figure 1 describes the patient cohort by race/eth-
nicity, surgery type, and surgical approach.

By multivariate analysis with age, ASA status, and year of
surgery controlled, no differences were found in the likeli-
hood of Black and Hispanic patients undergoing surgery by
RAL approach compared to their White counterparts with an
OR of 0.60 (95% CI 0.35–1.02, P = 0.061). In contrast, age
(OR 1.18; P < 0.001), year of surgery [(middle: OR 2.98;
P < 0.001), (late: OR 5.70; P < 0.001)], and ASA status ≥3
(OR 0.34; P = 0.005) continued to be significantly associated
with the robotic procedure approach (Table 2).

Total cases analyzed by year across the study period from
2008 to 2019 demonstrated that for years 2010, 2012, and
2014, White race compromised the largest proportion of all
patient races and ethnicities (Fig. 2). In the years 2008 and
2019, Black and Hispanic patients made up a majority of all
patient races/ethnicities (Fig. 2). Across the duration of the
study period (2008–2019), the proportion of all surgery con-
ducted by RAL approach steadily increased from 47% in
2008, when RAL surgery was first introduced at our institu-
tion, to 91% in 2019 (Fig. 2).

To investigate factors contributing to selection of surgical
approach, documentation of shared decision-making during
patient encounters was evaluated and reasons for open surgi-
cal approach were recorded and categorized yielding three
main categories—anatomical complexity, patient factors (age,
comorbidities), and surgeon’s RAL learning curve (Table 3).
For context, at our medical center, the RAL approach was
first utilized for adult and pediatric bladder augmentation and
urinary continence procedures in 2007 and progressed to
include pediatric pyeloplasty procedures by 2010. By 2011,
RAL approach consistently compromised the majority of con-
ducted surgeries (Fig. 2). Therefore, before 2011, any open
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procedure that did not have explicit documentation of reason
for open approach selection was classified as pertaining to
the surgeon’s RAL learning curve. The primary indications
for open approach included anatomical complexity (58%),
patient factors (5%), and surgeon’s RAL learning curve
(37%) (Table 3).

Discussion

Prompted by literature describing disparities among adult uro-
logic patients based on race and insurance status, this study
investigated the possible existence of socioeconomic dispari-
ties in access to RAL surgery among pediatric urologic
patients at our tertiary care center. By retrospective review
and subsequent univariate analysis, insurance payer status
(public, private, other) was not significantly associated with
surgical approach. Multiple factors may contribute to our
finding that payer status is not significantly associated with
approach type. The first of which is that our institution
resides in a state that expanded Medicaid, public insurance,
in 2014.7 According to the United States Census Bureau, in
2019, 21.9% to 24% of our state’s population was enrolled in
Medicaid, compared to the national rate of 19.8%.7,8 Second,
Medicaid enrollment criteria for children varies from that of
adults and may account for a higher proportion of pediatric
urologic patients insured by Medicaid than adult urologic

patients. Lastly, insurance status was collected retrospectively
for study purposes and not reviewed at the time of surgery
and therefore, it is unlikely that insurance status influenced
approach selection.

Univariate analysis indicated that age (P < 0.001), ASA sta-
tus (P = 0.013), and year of surgery (P < 0.001) should be con-
trolled for in the multivariate analysis to determine the
significance of race and ethnicity in surgical approach. Age and
ASA status are variables that help determine patient physical
compatibility with RAL surgery. Even with technological expe-
rience and training, RAL surgery may not be feasible for very
young patients with smaller intraperitoneal cavities or patients
with ASA values of three or more, which is often associated
with medical comorbidities, complex anatomy, and prior abdom-
inal reconstructive surgeries. Multiple studies, however, indicate
that continuing expansion in RAL surgery is beginning to show
improved outcomes in patients less than 1 year of age.9–11

With age, ASA status, and year of surgery controlled for,
Black and Hispanic patients had no statistically significant
difference in odds of undergoing surgery by RAL approach
compared to their White counterparts with an OR of 0.60
(95% CI 0.35–1.02, P = 0.061). To better understand the
relationship between race/ethnicity and surgical approach, the
time fixed effect allows us to better understand the dynamic
nature of both utilization of the RAL surgical technique and
the institution’s catchment area demographics. At the start of
the study period, around 2008, non-Hispanic White patients
made up a small percentage of procedure and the majority of
procedures occurred by open approach. We propose that our
institution’s catchment demographics evolved either by
increasing radius of catchment area or by the forces of gentri-
fication. For instance, based on United States Census Bureau
data, between 2012 and 2017, the five neighborhoods most
proximal to our hospital collectively lost approximately 5272
Black residents, a trend consistent with the loss of Black resi-
dents across the city since 1980.12,13 Additionally, at our
institution, the RAL technique was first implemented in 2008
but it was not until 2011 that the RAL surgical technique
was consistently utilized in the majority of cases. Beginning
in 2010 through 2018, the proportion of White patients was
the largest and at times, doubled that of Black and Hispanic
patients (Fig. 2). For example, in the year 2012, the propor-
tion of surgeries completed by RAL surgical approach was
73%, the highest it had been since its implementation in
2008, and the racial distribution was 29% Black and Hispanic
and 59% White (Fig. 2). In subsequent years, the proportion
of surgeries conducted by RAL surgical approach continued
to grow while the relative racial distributions remained fairly
static. Furthermore, the relatively early adoption of new
robotic technology in 2008 may have played a role in the
expansion of the institution’s catchment area by appealing to
well-resourced patients desiring the benefits offered by RAL
approach vs open approach. While correlation between imple-
mentation of robotic technology and catchment demographics
would be of interest, it is beyond the scope of this study and
to imply causation would be beyond the scope of these data.

In conjunction with investigating disparities in access to
RAL procedures, we also aimed to better understand factors
influencing selection of surgical approach due to the lack of a

Table 1 Patient characteristics of open and RAL surgery

Category

Open RAL P-

value*n (%) n (%)

Total patients 98 (27.5) 258 (72.5)

Patient demographics

Mean age at surgery, years

(SD)

3.46 + 4.55 6.36 + 5.01 <0.001*

Year of surgery <0.001*

Early (2007–2010) 55 (42) 75 (58)

Middle (2011–2014) 37 (21) 143 (79)

Late (2015–2019) 6 (13) 40 (87)

Race/ethnicity 0.019*

Non-Hispanic White 34 (21.0) 128 (79.0)

Black and Hispanic 55 (36.2) 97 (63.8)

Other 9 (21.4) 33 (78.6)

Sex 0.189

Male 60 (30.0) 138 (70.0)

Female 38 (24.0) 120 (76.0)

Insurance status 0.066

Private 43 (22.8) 146 (77.2)

Public 54 (33.5) 107 (66.5)

Other 1 (16.7) 5 (83.3)

Mean BMI (SD) 17.77 + 3.82 18.48 + 4.52 0.168

Clinical presentation

Disease severity (ASA status) 0.013*

Mild/Moderate (ASA 1–2) 77 (25.2) 229 (74.8)

Severe (ASA >3) 21 (42.0) 29 (58.0)

Procedure 0.074

Pyeloplasty 39 (23.6) 126 (76.4)

Ureteral reimplantation 33 (26.8) 90 (73.1)

Urinary continence

procedure

26 (38.2) 42 (61.8)

*Statistical significance at P < 0.05.
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standardized clinical tool used in this decision-making.
Among all open cases, 58% cited anatomical complexity as
the primary reason for determination of open approach. Age
and ASA status are objective variables used to describe the
complexity of the intraperitoneal space and were statistically

significant with respect to surgical approach, as previously
discussed. The second most common primary reason for
selection of open approach was “RAL learning curve,” which
was cited in 37% of all open cases. Further investigation
revealed that 56% of all open surgeries occurred during the
first 4 years of the 12-year study period, consistent with initi-
ation of RAL learning curve. Prior research has evidenced
that differences in outcomes of RAL procedures by new and
experienced surgeons were primarily attributable to the con-
text in which care was delivered and complexity of the
patient and not attributable to surgeon learning curve.14

However, these data were not available during the years
immediately following RAL implementation in 2008 and
therefore, management by open approach remained the pre-
dominant approach until the RAL learning curve was suffi-
ciently surmounted around 2011 at our institution.
Determination of RAL proficiency is currently a topic of
interest but such exploration is beyond the scope of this study
and is investigated in a separate manuscript.

While our study demonstrates that there are no racial dis-
parities in access to RAL surgery at our tertiary care center,
it is vital that this study is interpreted for what it is—one
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Fig. 1 Patient race and ethnicity by procedure type and approach.

Table 2 Multivariable logistic regression analysis of RAL approach

Variable OR 95% CI P-value

Race

Non-Hispanic White Reference

Black & Hispanic 0.60 0.35–1.02 0.061

Other 1.23 0.50–3.03 0.645

Age (continuous) 1.18 1.09–1.29 <0.001*

Year of surgery

Early (2007–2010) Reference

Middle (2011–2014) 2.98 1.71–5.20 <0.001*

Late (2015–2019) 5.70 2.21–14.66 <0.001*

ASA status

1–2 Reference

≥3 0.34 0.16–0.72 0.005*

*Statistical significance at P < 0.05.
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piece of the puzzle. Further investigation of racial distribution
among RAL cases with a multi-institutional scope and across
different healthcare systems is required to better understand
disparities in pediatric urology, an area where sparse literature
exists. However, based on literature describing disparities
among adult urologic patients, we know that disparities in
access to RAL procedures continue to exist and that Black
and Hispanic patients are less likely to benefit from advances
in medical treatment.6 Widespread adoption and training in
RAL techniques can combat inequity in access to the benefits
of RAL surgery, which include but are not limited to
decreased operative time, shorter length of hospital stay, and
lower complication rates.15 Ultimately, to provide equitable
care and combat health disparities, it is critical that literature,
funding, and programming address the effects of systemic
racism in healthcare and improve accessibility to quality care.
This research provides a foundation for further exploration of
this topic both domestically and internationally.

The present study has several limitations, including those
inherent to retrospective review. Limitations may have
resulted from a database derived from a single tertiary medi-
cal center and outcomes based on a single surgeon’s experi-
ence. Specifically, as a tertiary center, we may attract
patient populations that are socioeconomically advantaged.
This may confound observed access to RAL procedures

among our urologic pediatric patients. On the contrary, our
patient sample remains highly diverse racially with nearly
43% of patients identifying as either Black or Hispanic.
Furthermore, because the studied institution is a large, not-
for-profit academic center, any pediatric patient that pre-
sents with a medical need will be treated, regardless of
resources. Bias may have resulted from patient self-reported
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Table 3 Reason for open approach

Reason for open approach % of open patients

Anatomical complexity

Bladder exstrophy 1.1

Complex anatomy 6.1

Deflux failure and redo reimplantation 6.1

Large complicated diverticulum reimplantation 4.1

Ectopic ureteral reimplantation 1.0

Obstructive megaureter solitary kidney 6.1

Previous surgery in abdomen 18.4

Solitary kidney reimplantation 7.1

Ureterostomy takedown and reimplantation 8.2

Patient factor (age, comorbidities, patient preference) 5.1

Surgeon RAL learning curve 36.7

Total 100
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race and ethnicity. Additionally, there may have been an
increased rate of open procedures for complex cases at the
beginning of the RAL learning curve, which could intro-
duce some bias from the surgeon’s perspective. Overall,
however, all decisions were made in the best interest of the
patient and to optimize results. Surgeons with different
training, procedural experience, and patient populations
may experience different outcomes. Control variables were
utilized in analysis to address bias but not all possible con-
founders may be accounted for. This methodology is sup-
ported by the literature.2,16

This study is one of the first to examine socioeconomic dis-
parities in pediatric urology and determined that among pedi-
atric urologic patients at our tertiary care center, there are no
statistically significant differences by insurance status or race/
ethnicity in pediatric patients undergoing RAL surgery vs open
surgery. Each year, the racial distribution of patients who
underwent surgery by RAL approach did not significantly dif-
fer from the racial distribution of patients overall. These find-
ings reinforce that RAL candidacy was determined by case
complexity and the surgeon’s RAL learning curve and was
independent of patient race, ethnicity, and insurance status.
This study ultimately calls for further research of disparities in
pediatric urology by virtue that it contradicts previous literature
and found no racial or socioeconomic disparities in robotic sur-
gery in pediatric urology at our tertiary medical center.
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