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Abstract
Background  Some studies have suggested disparities in access to robotic colorectal surgery, however, it is unclear which 
factors are most meaningful in the determination of approach relative to laparoscopic or open surgery. This study aimed to 
identify the most influential factors contributing to robotic colorectal surgery utilization.
Methods  We conducted a systematic review and random-effects meta-analysis of published studies that compared the uti-
lization of robotic colorectal surgery versus laparoscopic or open surgery. Eligible studies were identified through PubMed, 
EMBASE, CINAHL, Cochrane CENTRAL, PsycINFO, and ProQuest Dissertations in September 2021.
Results  Twenty-nine studies were included in the analysis. Patients were less likely to undergo robotic versus laparoscopic 
surgery if they were female (OR = 0.91, 0.84–0.98), older (OR = 1.61, 1.38–1.88), had Medicare (OR = 0.84, 0.71–0.99), or 
had comorbidities (OR = 0.83, 0.77–0.91). Non-academic hospitals had lower odds of conducting robotic versus laparoscopic 
surgery (OR = 0.73, 0.62–0.86). Additional disparities were observed when comparing robotic with open surgery for patients 
who were Black (OR = 0.78, 0.71–0.86), had lower income (OR = 0.67, 0.62–0.74), had Medicaid (OR = 0.58, 0.43–0.80), 
or were uninsured (OR = 0.29, 0.21–0.39).
Conclusion  When determining who undergoes robotic surgery, consideration of factors such as age and comorbid conditions 
may be clinically justified, while other factors seem less justifiable. Black patients and the underinsured were less likely to 
undergo robotic surgery. This study identifies nonclinical disparities in access to robotics that should be addressed to provide 
more equitable access to innovations in colorectal surgery.
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Since its inception 3 decades ago, minimally invasive sur-
gery has become the gold standard for abdominopelvic sur-
gery, including colorectal cancer (CRC) surgery [1–3]. The 
use of robotics in colorectal surgery offers numerous benefits 
to both patients and providers [4, 5].

For patients, robotics use—when compared primarily 
with open surgery—is associated with decreased postoper-
ative pain, early return of bowel function, decreased blood 
loss, shorter hospital stays, decreased risk of infection, 
and reduced postoperative mortality [4–6]. Meta-analyses 
of randomized controlled trials (RCTs) of robotic com-
pared with laparoscopic colorectal surgery suggest that 
clinical outcomes for the two approaches are similar [6, 7]. 
Shorter hospital stays and decreased 30 day readmission 
rates associated with robotic surgery indicate an acceler-
ated recovery time compared with laparoscopic or open 
surgery [4, 6, 8–10], suggesting that robotic surgery may 
allow for a faster return to the workforce, thus offering 
economic benefits for both the individual and society 
[11–13]. For providers, robotic colorectal surgery offers 
advantages such as improved visualization, greater stabil-
ity because of the surgeon’s control of the camera, and 
wristed movements that allow for more meticulous opera-
tions and improved ergonomics [5, 14]. Overall, robotics 
in colorectal surgery has numerous advantages over open 
surgery and for some patients may offer additional ben-
efits when compared with laparoscopic surgery. Thus, all 
patients should have equitable access to this innovative 
surgical technique.

Several studies have outlined the influential role of socio-
economic status—one of the strongest predictors of both 
health and educational outcomes [15, 16]—on the utilization 
of all forms of minimally invasive colorectal surgery [2, 17, 
18]. For example, patients in the highest income quartile 
are more likely than those in the lowest income groups to 
undergo minimally invasive procedures such as laparoscopic 
surgery [17, 18]. Members of socioeconomically disadvan-
taged groups are also more susceptible to being denied 
minimally invasive surgery (MIS) due to higher hospital 
charges for these procedures, particularly for robotic surgery 
[2]. Additionally, patients with Medicaid or without health 
insurance are significantly less likely than those with private 
insurance to undergo MIS [2, 17, 18]. Geographic location 
has also been associated with surgical approach [2]; Akiny-
emiju and colleagues [17] found that individuals residing 
outside larger metropolitan areas were less likely to undergo 
laparoscopic surgery.

Despite the increasing use of robotics in colorectal sur-
gery over the past decade [19, 20] and evidence suggesting 
disparities in access to this innovation, very few studies to 
date have sought to elucidate the factors contributing to these 
disparities. To address this knowledge gap, we conducted a 
systematic review of the literature and a quantitative meta-
analysis with two aims: (1) synthesize the evidence from 
published studies for all factors that contribute to provider 
recommendation and utilization of the robotic approach in 
colorectal surgery; and (2) quantitatively assess the evi-
dence from these published studies through meta-analysis 
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to determine the most influential factors contributing to pro-
vider recommendation of robotic colorectal surgery.

Methods

This systematic review and meta-analysis followed the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [21] (see Supplementary 
Material) and was registered on PROSPERO along with the 
study protocol (CRD42021286022). Further details about 
the methods can be found in the protocol.

Search strategy

On September 7, 2021, a systematic search was performed 
in PubMed, EMBASE, CINAHL Complete, Cochrane 
CENTRAL, PsycINFO, and ProQuest Dissertations and 
Theses Global. The following search string was adapted to 
each database with reference to the title and abstract: (robot 
OR robotic OR robotics OR telerobotic OR laparoscopic 
OR “minimally invasive”) AND (surgery OR surgical OR 
technique OR approach OR laparoscopy OR colectomy OR 
ileocolectomy OR ileocecectomy OR colonic) AND (colo-
rectal OR colon OR rectal OR sigmoid) AND (cancer OR 
neoplasm OR tumor OR carcinoma OR adenocarcinoma OR 
“malignant neoplasm” OR “Crohn’s disease” OR “ulcerative 
colitis” OR “inflammatory bowel disease”) AND (utiliza-
tion OR “provider recommendation” OR access OR dispar-
ity OR disparities OR delivery OR socioeconomic OR race 
OR racial OR ethnic OR ethnicity). No additional filters 
were applied. A backward and forward search (via Google 
Scholar) was also performed based on the studies that met 
the inclusion criteria.

Selection procedure

Studies identified in the systematic search were uploaded to 
Rayyan, a web-based application for facilitating the screen-
ing of articles for inclusion in systematic reviews [22]. We 
employed a 2-tier screening procedure: First, two reviewers 
(EB, KMK) independently screened titles and abstracts for 
initial inclusion and then met to resolve discrepancies. Sec-
ond, two reviewers (EB, FT) retrieved and independently 
examined the full text of each study that met the initial eli-
gibility criteria to confirm eligibility for inclusion. A third 
reviewer (KMK) resolved discrepancies and made the final 
inclusion decision.

Eligibility criteria

Published studies were eligible for inclusion regardless of 
the timing of their publication, year of data collection, or 

geographic location; however, studies published after Sep-
tember 7, 2021, and in a language other than English were 
excluded. Studies were included regardless of their design; 
however, case studies and systematic reviews or meta-anal-
yses of robotic surgical procedures were excluded. The main 
outcome was utilization of robotic procedures for colorec-
tal surgery. Thus, studies were included if they assessed 
differences in robotic surgery utilization by hospital (e.g., 
volume, type); provider/surgeon (e.g., specialization); or 
patient characteristics (e.g., income, race/ethnicity, health 
insurance). Studies of robotic procedures for other types of 
surgery (e.g., prostate) were excluded, along with studies 
that solely examined disparities in laparoscopic or minimally 
invasive surgeries overall. Patients diagnosed with CRC or 
who were required to undergo colon or rectal surgery were 
eligible for inclusion and were included regardless of age, 
gender/sex, or race/ethnicity.

Data extraction

Three reviewers (EB, FT, KK) independently extracted the 
data. For quality assurance purposes, two reviewers coded 
each study. Each reviewer practiced extracting data on two of 
the included studies and made revisions as necessary; each 
then extracted data from the remaining studies, after which 
they met to resolve discrepancies.

Data items

We assigned each study a unique ID and extracted study 
identification data, including the first author’s name, year 
of publication, and publication status. To identify studies 
from the same parent investigation, we recorded the data-
base used for each study. We coded each study for its design 
(e.g., cohort, cross-sectional); setting (e.g., geographic 
region, single hospital versus multiple hospitals, elective 
versus emergency surgeries); surgical location (e.g., colon 
versus rectum); and comparison performed (e.g., robotic 
surgery versus laparoscopic surgery). We extracted data on 
the characteristics of the study sample, including total sam-
ple size, mean age and range, gender/sex, and racial/ethnic 
composition.

For each study, we extracted the type of factor exam-
ined in association with the utilization of robotic surgery 
and the study’s findings, with a focus on results from mul-
tivariate analyses. In studies that examined multiple fac-
tors, we extracted findings related to each reported factor. 
These factors fell within three broad categories: hospital, 
provider/surgeon, and patient characteristics. Hospital 
factors included the type of hospital (e.g., community or 
academic) and location (e.g., the respective U.S. census 
region). Provider/surgeon factors included specialization 
(e.g., colorectal or general surgeon) and volume (e.g., high 



3309Surgical Endoscopy (2023) 37:3306–3320	

1 3

or low volume of colorectal-related surgical procedures). 
Patient factors included race/ethnicity (e.g., Black or White), 
income (e.g., lower or higher), and insurance status (e.g., 
private or public).

We also extracted unadjusted odds ratios (ORs) that cap-
tured disparities in the utilization of robotic surgery rela-
tive to laparoscopic or open surgery, as well as their cor-
responding 95% confidence intervals (CI). When ORs were 
not reported, we extracted frequencies (number of patients) 
for categorical factors to calculate ORs and their standard 
errors; we also used means and standard deviations to cal-
culate Cohen’s d and transformed to ORs [23].

Methodological quality assessment

To examine risk of bias, we used eight items from the Obser-
vational Study Quality Evaluation (OSQE), which was 
developed from a combination of items across existing risk-
of-bias measures and reporting guidelines [24]. The OSQE 
includes separate versions for case–control, cohort, and 
cross-sectional study designs. Studies received a score of 1 
when the criteria for each item were satisfied. A total score 
was computed by summing across the 8 items, with higher 
scores indicative of better quality. One reviewer (KMK) 
evaluated methodological quality using the OSQE; a second 
reviewer (EB) rated 25% of the studies as a reliability check.

Qualitative synthesis and meta‑analysis plan

We synthesized the extracted data by examining consisten-
cies and inconsistencies using a narrative approach. Along 
with the studies’ methodological quality, we critically eval-
uated sample or methodological characteristics that con-
tributed to similarities or differences between studies. We 
quantified the extracted data using frequencies and counts. 
The entire research team discussed the extracted data for 
potential patterns of findings across the included studies and 
reached conclusions regarding the factors and demographics 
associated with the utilization of robotic approaches to colo-
rectal surgery, as well as areas where additional evidence 
was needed.

When at least 5 associated ORs could be calculated for 
a particular factor, we also performed a random-effects 
meta-analysis [25]. We used a random-effects model 
because it acknowledges systematic and random error 
between effect sizes. We used robust variance estimation 
to adjust standard errors in cases in which effect sizes 
from the same parent investigation were included [26]. 
We determined the meta-analytic effect size, its 95% CI, 
and related variability (i.e., I2, �2 ). Finally, we used 2 sen-
sitivity tests to examine publication bias for the meta-ana-
lytic estimates: Egger’s regression (with robust variance 

estimation) and the trim-and-fill method [27]. We con-
ducted the meta-analysis using the metafor package [28] 
in R Studio [29].

Results

The systematic search identified 1300 studies and the back-
ward and forward search an additional 75. Of these 1375 
studies, 137 were retrieved for full-text review; reasons for 
exclusion are shown in Fig. 1. Of the 137 full-text articles 
reviewed, 29 met the inclusion criteria for the final sample. 
A list of all the full-text articles reviewed, along with rea-
sons for exclusion, is available in the Supplementary Mate-
rial. Several studies that were excluded during the full-text 
review (41%) investigated differences in surgical approaches 
but focused on comparing either laparoscopic [30] or mini-
mally invasive surgery (including laparoscopic and robotic) 
with open surgery without specifically disaggregating dif-
ferences for robotic surgery [31].

Study characteristics

A summary of characteristics for the 29 studies [2, 32–59] 
appears in the Supplementary Material. No studies were 
RCTs; most (97%) used a retrospective database for their 
analysis, while 1 study administered a survey to colorectal 
surgeons [37]. Common databases used were the National 
Cancer Database (11; 38%), National Inpatient Sample Data-
base (6; 21%), National Quality Improvement Program (3; 
10%), University Health System Consortium (2; 7%), and 
Florida Inpatient Discharge Dataset (2; 7%). Regarding sur-
gical location, 12 studies (41%) examined differences in the 
utilization of robotic procedures for both colon and rectal 
surgeries, whereas 9 (31%) focused specifically on rectal 
surgeries and 8 (28%) specifically on colon surgeries.

The mean or median patient age ranged from 57 to 
73 years. Studies differed in their categorization of patients 
by age. Among studies that reported frequencies, patients 
were deemed “older” if they were aged over 75, over 80, or 
over 85 years and “younger” if they were aged either below 
the “older” cutoff or within a defined range (e.g., 55–64, 
65–74 years). The percentage of female participants ranged 
from 3 to 65%. Seven studies (24%) did not report partici-
pants’ race/ethnicity; of those that did, the categories most 
often used were White (79%), Black/African American 
(75%), other race (72%), and Hispanic/Latinx (72%). Across 
studies, more patients were categorized as White (68–87%) 
followed by Black (5–21%), other race (1–19%), Hispanic/
Latinx (3–15%), Asian/Pacific Islander (1–5%), and Ameri-
can Indian/Native Alaskan (< 1%).
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Qualitative synthesis

A summary of findings from the qualitative synthesis 
appears in the Supplementary Material, including the con-
clusion for each factor examined, the number of studies 
for which the direction of the difference was consistent or 
inconsistent, and studies that reported no evidence of an 
association between the specific factor and the utilization 
of robotic surgery. We prioritized multivariate findings, 
when reported, in informing the qualitative conclusions. 

Fig. 1   Flow diagram of study identification and selection

Patient-level factors were more commonly examined than 
hospital-level factors; none of the included studies exam-
ined factors related to the provider/surgeon.

Of the patient-level factors, gender/sex, race/ethnicity, 
age, comorbidities, and insurance status were the most fre-
quently examined factors. These studies were often consist-
ent in suggesting that women; patients who self-identified 
as Black; patients with comorbidities; and patients with 
Medicare, Medicaid, or no insurance were less likely to 
receive robotic surgery compared with men, patients who 
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self-identified as White, patients without comorbidities, and 
patients with private insurance. In a survey, colorectal sur-
geons reported that body mass index and gender/sex were 
important factors to consider when deciding whether to use 
robotic approaches [37]. Although less examined across 
the included studies, having lower income or living in low-
income areas, living in areas with a greater percentage of 
adults who did not complete high school, and living in rural 
areas were also associated with a lower likelihood of receiv-
ing robotic surgery. Patients who traveled a greater distance 
for surgery were more likely to receive a robotic approach.

With regard to patient-related clinical factors, tumor 
site, tumor grade, clinical/pathological stage, and prior 
treatment were associated with receiving robotic surgery. 
Patients with surgical sites in the rectum, moderately dif-
ferentiated tumors, or earlier disease stages, and those who 
had received radiation or chemotherapy were more likely to 
undergo robotic surgery than those with surgical sites in the 
colon, well-differentiated tumors, or later stages of disease, 
as well as those who had not received prior treatment.

Among hospital-level factors, hospital type was the factor 
most often examined across studies. Findings consistently 
suggested that academic, or teaching, hospitals were more 
likely to use robotic surgery than community or compre-
hensive community hospitals. Larger hospitals (i.e., those 
with more beds), those performing a higher volume of 
colorectal-related surgeries, and those located in metropoli-
tan or urban areas were more likely to use robotic surgery 
than smaller hospitals, those performing a lower volume of 
colorectal-related surgeries, and those in rural areas. Three 
studies reported that hospitals located in the Western region 
of the USA were less likely to use robotic surgery compared 
with those in the Northeast [57, 58] and with all other U.S. 
regions [36].

Meta‑analysis

The meta-analysis found evidence that sex, race/ethnic-
ity, insurance status, comorbidities, treatment, and year of 
diagnosis or surgery were associated with the likelihood 
of receiving robotic versus laparoscopic surgery (Table 1, 
Fig. 2). Patients who had surgery more recently (up to 2017) 
and those who had received radiation or chemotherapy had 
131% and 96% higher odds, respectively, of undergoing 
robotic rather than laparoscopic surgery, compared with 
those who had surgery between 2009 and 2013 and those 
who had not received radiation or chemotherapy, respec-
tively. Similarly, younger patients and those who identified 
as Asian/Pacific Islander were 61% more likely than older 
patients and 51% more likely than White patients, respec-
tively, to undergo robotic than laparoscopic surgery. Patients 
with Medicare and those with 1 or more comorbidities had 

16% and 17% lower odds, respectively, of receiving robotic 
than laparoscopic surgery.

The meta-analysis also revealed that sex, race/ethnicity, 
income, insurance status, and comorbidities were associ-
ated with the odds of receiving robotic versus open surgery 
(Table 2, Fig. 3). First, when we compared private insur-
ance with all other insurance types, patients with nonpri-
vate insurance had 23% lower odds of receiving robotic than 
open surgery. These differences were most pronounced for 
patients with no insurance, Medicare, or Medicaid, who had 
71%, 38%, and 42% lower odds of receiving robotic than 
open surgery, respectively. Similarly, patients with lower 
income or from lower-income areas (33% lower odds) and 
those who identified as Black (22% lower odds) were less 
likely to undergo robotic than open surgery. Patients with 1 
or more comorbidities and women also had 22% and 10% 
lower odds, respectively, of receiving robotic compared with 
open surgery.

Of the hospital-related factors, hospital type was associ-
ated with the use of robotic surgery when compared with 
laparoscopic or open surgery. Compared with academic 
centers, nonacademic hospitals (i.e., community, compre-
hensive, integrated, other) had 17% lower odds of using 
robotic versus laparoscopic surgery and 57% lower odds 
of using robotic versus open surgery. When we compared 
specific types of nonacademic and academic hospitals, only 
comprehensive community hospitals had lower odds (14%) 
of using robotic than laparoscopic surgery, whereas com-
munity hospitals and comprehensive community hospitals 
had 79% and 49% lower odds, respectively, of using robotic 
compared with open surgery.

For some studies, we could extract ORs only for compari-
sons between robotic and nonrobotic surgery (i.e., laparo-
scopic and open surgery combined). Neither of the 2 patient-
related factors examined across studies (i.e., race/ethnicity, 
insurance status) indicated an association with the likelihood 
of undergoing robotic surgery (Table 3).

Publication bias

The Egger’s regression coefficient and associated p-value 
and the bias-adjusted OR based on the trim-and-fill method 
for each comparison are displayed in Tables 1, 2, 3. For the 
utilization comparisons between robotic and laparoscopic 
surgery, neither test suggested that publication or selec-
tion bias substantially affected the meta-analytic estimates. 
For the utilization comparisons between robotic and open 
surgery, the interpretation was similar except for the OR 
between patients with private insurance and those with no 
insurance; for patients without insurance, the odds of receiv-
ing robotic compared with open surgery may be lower than 
our estimate. We found no strong evidence of publication 
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bias for the comparisons between robotic and nonrobotic 
surgery.

Methodological quality

The overall methodological quality score across the 29 
studies ranged from 2 to 6 (out of 8, the highest possible 
quality score; Fig. 4). Ten studies (34%) received a quality 
score between 5 and 6, ten (34%) received a 4, five (17%) 
received a 3, and four (14%) received a 2. There was low 
risk of bias for the assessment of patient and hospital-level 
factors across all studies and for variability in these factors 
across most studies (79%). All but 1 study did not refer to a 
protocol; thus, it was unclear whether these studies reported 
patient-level or hospital-level factors that were decided prior 

to data analysis. The amount of missing data across factors 
was unclear in 13 studies (45%); only 5 studies (38%) prop-
erly dealt with missing data. Twelve studies (41%) did not 
report surgical codes, which made it difficult to evaluate the 
validity of the surgical procedures. Eighteen studies (62%) 
showed evidence of bias regarding internal validity and rep-
resentativeness, mostly attributed to a lack of transparent 
reporting of their sample-selection process. Additionally, 
only 8 studies (28%) reported using a multivariate model 
when testing differences by patient-level and hospital-level 
factors; the remaining studies did not control for relevant 
confounders. Finally, 7 studies (24%) reported a conflict of 
interest, while 2 studies (7%) did not include a conflicts dis-
closure statement.

Table 1   Meta-analytic results for utilization of robotic vs laparoscopic surgery by patient-level and hospital-level factors

OR odds ratio, CI confidence interval, k number of extracted odds ratios from individual studies
Bolded factors have confidence intervals that do not overlap with 1
a Overall odds ratio from a random-effects meta-analysis
b Confidence interval from robust variance estimation
c Number of parent investigations used in robust variance estimation
d For rows with greater than 2 clusters, the p-value is based on robust variance estimation
e Range of years across individual studies
TF Estimated odds ratio adjusted for funnel plot asymmetry using the Trim and Fill method

Factor (reference group) ORa 95% CIb k Clustersc
�̂
2

I
2 Egger’s � Egger’s p-valued ORTF

Patient-level
 Female (male) 0.91 [0.84, 0.98] 18 5 0.017 93.77 − 0.67 0.502 0.94
 Younger age (older age) 1.61 [1.38, 1.88] 23 3 0.114 98.03 − 3.39 0.453 1.61
 Non-white (white) 1.05 [0.90, 1.23] 48 7 0.335 98.86 − 0.99 0.110 1.29
 Black (white) 0.90 [0.76, 1.08] 18 7 0.047 91.55 − 1.57 0.020 0.93
 Other race (white) 1.23 [0.65, 2.33] 15 5 0.604 99.54 − 1.80 0.140 1.57
 Hispanic/Latinx (white) 0.85 [0.52, 1.40] 7 4 0.536 99.01 0.47 0.227 0.85
 Asian/Pacific islander (white) 1.51 [1.01, 2.26] 6 4 0.130 91.15 − 1.04 0.691 1.51
 Lower income (higher income) 0.98 [0.90, 1.07] 22 3 0.002 55.92 − 1.09 0.409 0.99
 Non-private (private insurance) 0.94 [0.86, 1.04] 50 5 0.108 98.45 0.32 0.727 0.94
 Medicare (private insurance) 0.84 [0.71, 0.99] 14 5 0.042 98.28 4.19 0.085 0.78
 Medicaid (private insurance) 1.05 [0.82, 1.35] 12 5 0.036 90.53 − 1.43 0.290 1.05
 Uninsured (private insurance) 0.86 [0.68, 1.10] 8 3 0.292 97.09 0.32 0.833 0.86
 Higher comorbidity index score (0) 0.83 [0.77, 0.91] 28 6 0.048 94.84 0.71 0.192 0.78
 Diabetes (no) 0.94 [0.66, 1.34] 5 2 0.001 16.71 1.13 0.181 0.93
 Hypertension (no) 0.95 [0.38, 2.37] 5 2 0.011 82.60 0.07 0.948 0.90
 Total operation (partial operation) 1.05 [0.36, 3.02] 5 2 0.220 97.86 − 2.41 0.382 1.05
 More advanced stage (less advanced) 1.17 [0.84, 1.61] 45 6 0.347 98.17 1.37 0.208 1.17
 Treatment (no treatment) 1.96 [1.05, 3.63] 8 2 0.502 99.70 0.87 0.579 1.96
 Recent years 2010–2017 (2009–2013)e 2.31 [1.82, 2.94] 21 3 0.297 98.63 0.17 0.987 1.97

Hospital-level
 Non-academic (academic) 0.73 [0.62, 0.86] 30 3 0.081 98.04 − 1.97 0.368 0.73
 Community (academic) 0.55 [0.17, 1.77] 10 2 0.107 96.90 − 2.63 0.021 0.55
 Comprehensive community (academic) 0.76 [0.62, 0.92] 9 2 0.011 90.81 − 0.22 0.866 0.76
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Discussion

We conducted a systematic review and random-effects meta-
analysis of all published studies comparing robotic colo-
rectal surgery utilization with that of laparoscopic or open 
surgery to identify the most influential factors contributing 
to provider recommendation and use of robotic colorectal 
surgery. Our findings reveal several patient- and institution-
related factors associated with the utilization of robotic 
surgery as well as nonclinical disparities in access to this 
innovative modality.

Women were less likely than men to receive robotic sur-
gery. This held true for the comparisons of robotic surgery 
with both laparoscopic and open surgery. One possible 
explanation for this finding is the perceived greater diffi-
culty of abdominopelvic surgery in men given anatomical 
differences. Studies have shown that the male and female 
pelvis differ significantly in dimension. Men have a shorter, 
narrower pelvic inlet and a deeper pelvis, leading to a more 
technically difficult operation, especially in the case of a 
low rectal tumor. Therefore, while all approaches may be 
available for women, men may be more likely to be offered 
robotic surgery due to the visualization benefits in the more 
difficult male pelvis. Veenhoff and colleagues [60] reviewed 
50 patients who underwent proctectomy for rectal cancer 
and found that even though male anatomy was perceived 
to be more difficult, there were no differences in surgical 

outcomes between men and women [60, 61]. On the other 
hand, in cases of total mesorectal excision for rectal can-
cer in male patients, robotic surgery offers a demonstrated 
benefit of reduced urinary and sexual impairment compared 
with laparoscopic approaches [62, 63]. This finding is likely 
related to improved pelvic autonomic nerve preservation 
secondary to better visualization and dexterity in difficult 
anatomical locations [64]. While there is a demonstrated 
benefit in using robotic surgery for low rectal cancers and 
total mesorectal excision in men, there seems to be no dis-
advantage to the use of robotic surgery in women.

It is noteworthy that Black patients were less likely than 
White patients to receive robotic surgery than open surgery, 
whereas Asian American/Pacific Islanders were more likely 
than White patients to receive robotic than laparoscopic sur-
gery. Results from studies of racial and ethnic disparities 
in MIS have been equivocal [2, 33]. For example, a 2016 
analysis of data from the Nationwide Inpatient Sample found 
that, compared with White patients, Black patients were less 
likely to undergo surgery for CRC and more likely to have 
worse outcomes; however, when surgery was performed, 
no racial disparities associated with surgical approach (i.e., 
robotic, laparoscopic, or open) were seen [17]. A review 
using data from the American College of Surgeons National 
Surgical Quality Improvement Program reported that Black 
patients were less likely than White patients to receive the 
most routinely performed laparoscopic surgeries [65]. Lower 
income level and nonprivate insurance remain risk factors 

Fig. 2   Plot of overall odds ratios for each factor and its association with robotic vs laparoscopic surgery utilization ordered in direction and mag-
nitude
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consistently associated with a lower likelihood of receiving 
MIS [33, 66]. Because some of these studies report that a 
higher proportion of the patients in these groups are Black, 
there may be mediation between these factors that warrants 
further investigation.

In this study, rates of robotic surgery utilization were 
highest for patients with private insurance compared with 
those with Medicare or Medicaid or those who were unin-
sured, a difference that was most noticeable when robotic 
surgery was compared with open surgery. This disparity is 
presumed to be related to the operating-room costs associ-
ated with robotic surgery compared with laparoscopic and 
open colorectal procedures. In our review, 18 studies con-
sidered insurance status as a factor in the decision to per-
form a robotic procedure. As noted in Table 2, 14 of these 
studies were concordant in demonstrating that patients with 
private insurance more often received robotic surgery. Ramji 
et al. [67] compared the operating-room costs of robotic, 
laparoscopic, and open surgery for rectal cancer as well as 
the overall cost of the episode of care. While there were no 
major differences in procedural costs between laparoscopic 

and open procedures, the robotic approach was found to 
add approximately $6000 CAD (Canadian dollars; approxi-
mately $4600 USD) to the cost of each procedure. However, 
no significant additional costs were associated with the over-
all episode of care for patients receiving a robotic procedure. 
By comparison, the overall hospital costs for open, laparo-
scopic, and robotic rectal cancer resections were $12,558.56, 
$11,493.46, and $18,273.35 USD, respectively [67]. It is 
important to note that these figures do not reflect the overall 
economic cost associated with surgical care for rectal cancer, 
which ideally would consider not only hospital costs but 
also loss of productivity for the patient and caregiver. Loss 
of productivity due to surgery-related work absenteeism is 
estimated to be around $14,000 USD, indicating the impor-
tance of promoting operations that decrease recovery time in 
mitigating economic consequences for patients, employers, 
and healthcare systems [68].

Several studies comparing MIS (robotic or laparoscopic) 
with open surgery have shown decreases in length of stay 
and decreased rates of wound infections and hernias [3–5, 
69]. Of note, when complications are present, open surgery 

Table 2   Meta-analytic results for utilization of robotic vs open surgery by patient-level and hospital-level factors

OR odds ratio, CI confidence interval, k number of extracted odds ratios from individual studies
Bolded factors have confidence intervals that do not overlap with 1
a Overall odds ratio from a random-effects meta-analysis
b Confidence interval from robust variance estimation
c Number of parent investigations used in robust variance estimation
d For rows with greater than 2 clusters, the p-value is based on robust variance estimation
e Range of years across individual studies
TF Estimated odds ratio adjusted for funnel plot asymmetry using the Trim and Fill method

Factor (reference group) ORa 95% CIb k Clustersc
�̂
2

I
2 Egger’s � Egger’s p-valued ORTF

Patient-level
 Female (male) 0.90 0.86, 0.94 11 5 0.010 89.97 − 0.95 0.259 0.94
 Younger age (older age) 1.70 0.85, 3.40 16 2 0.127 98.64 − 5.00 0.000 1.70
 Non-white (white) 1.05 0.81, 1.36 27 6 0.529 99.42 − 0.69 0.119 1.41
 Black (white) 0.78 0.71, 0.86 11 6 0.004 48.77 − 1.41 0.072 0.79
 Other race (white) 1.27 0.70, 2.30 10 4 1.217 99.83 − 1.05 0.079 1.97
 Lower income (higher income) 0.67 0.62, 0.74 15 3 0.021 94.78 − 0.68 0.073 0.67
 Non-private (private insurance) 0.58 0.43, 0.78 35 5 0.136 99.21 0.33 0.747 0.56
 Medicare (private insurance) 0.62 0.46, 0.84 10 5 0.113 99.49 3.45 0.397 0.55
 Medicaid (private insurance) 0.58 0.43, 0.80 8 5 0.106 97.40 − 0.55 0.725 0.60
 Uninsured (private insurance) 0.29 0.21, 0.39 5 3 0.019 73.00 1.62 0.008 0.28
 Higher comorbidity index score (0) 0.78 0.68, 0.89 15 4 0.029 93.98 0.10 0.906 0.78
 More advanced stage (less advanced) 0.91 0.46, 1.80 26 5 0.907 99.17 − 0.13 0.910 0.91
 Recent years 2010–2017 (2009–2013)e 2.60 0.13, 53.28 8 2 0.260 99.02 − 11.98 0.044 2.60

Hospital-level
 Non-academic (academic) 0.43 0.30, 0.60 22 3 0.959 99.84 − 1.80 0.598 0.43
 Community (academic) 0.21 0.07, 0.65 7 2 0.831 99.56 − 0.22 0.944 0.21
 Comprehensive community (academic) 0.51 0.45, 0.58 7 2 0.801 99.86 3.83 0.672 0.42
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Fig. 3   Plot of overall odds ratios for each factor and its association with robotic vs open surgery utilization ordered in direction and magnitude

Table 3   Meta-analytic results 
for utilization of robotic vs 
non-robotic (type unspecified) 
surgery by patient-level factor

OR odds ratio, CI confidence interval, k number of extracted odds ratios from individual studies
a Overall odds ratio from a random-effects meta-analysis
b Confidence interval from robust variance estimation
c Number of parent investigations used in robust variance estimation
d For rows with greater than 2 clusters, the p-value is based on robust variance estimation
TF Estimated odds ratio adjusted for funnel plot asymmetry using the Trim and Fill method

Factor (reference group) ORa 95% CIb k Clustersc
�̂
2

I
2 Egger’s � Egger’s p-valued ORTF

Non-white (white) 0.67 [0.18, 2.59] 5 2 2.348 99.91 − 49.87 0.002 0.67

Non-private (private insurance) 0.47 [0.05, 4.66] 5 2 2.681 99.95 − 11.25 0.658 0.47
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may be more expensive than robotic surgery. Few studies 
show decreased length of stay for robotic versus laparo-
scopic surgery [10, 70]. Even though cost is consistently 
higher for robotic versus laparoscopic surgery, the difference 
in cost may reduce over time as operative duration decreases 
and small differences in length of stay become lower in cer-
tain patients [69]. For some surgeons the learning curve for 
laparoscopy is much steeper than for robotics, making tran-
sition to robotic surgery much more realistic, resulting in 
improved outcomes and lower cost for those patients who 
would have otherwise underwent an open approach.

Difficulty in comparing the costs associated with robotic 
versus laparoscopic surgery is partly attributed to differ-
ences in how procedures are performed (e.g., fully robotic 
or laparoscopic procedures compared with hand-assisted 
procedures, conversion rates), variability of surgical skill, 
level of complexity of the case, as well as short-term ver-
sus long-term costs. Therefore, outcome evaluation should 
extend beyond economics and morbidity/mortality to include 
measurement of oncologic success in terms such as lymph-
node harvest and conversion rate and long-term costs [10].

Across 13 studies, when robotic surgery was compared 
with both laparoscopic and open surgery, a comorbidity 
score greater than 0 on the Elixhauser or Charlson-Deyo 
comorbidity index was consistently associated with a lower 
likelihood of receiving robotic surgery (although results 
were less consistent when specific comorbidities were 
examined). Surgeons may be less likely to pursue robotic 
approaches with more medically complex patients, instead 
relying on more conventional techniques. In a study of 884 
patients who underwent robotic procedures at the University 
of Illinois at Chicago, univariate analysis showed that car-
diovascular and renal disease, hypertension, and cancer were 
associated with higher morbidity and mortality risk [71].

The literature also suggests that operative time is longer 
for robotic surgery relative to other approaches, which may 
increase risk for peri- and postoperative complications [14, 
72]. Surgeons may be more inclined to elect a faster surgi-
cal approach for patients who are already at high risk for 
surgical complications due to comorbidities. Furthermore, 
patients with more medical problems are more likely to have 
an increased post-surgical length of stay for monitoring 
secondary to their comorbid conditions [73], which would 
negate the benefit of a shorter hospital stay (and correspond-
ing decreased costs and increased reported quality of life) 
associated with a robotic approach [4, 6, 8, 9].

In this study, American Society of Anesthesiologists 
Physical Status Classification System class was not asso-
ciated with receiving robotic surgery. However, robotic 
surgery may be beneficial for patients with certain comor-
bidities, such as obesity. A study examining outcomes in 
rectal cancer surgery showed decreased length of stay and 
reduced morbidity in patients with obesity who underwent 

robotic versus laparoscopic surgery [9]. Additional studies 
are warranted to examine how and why specific comorbidi-
ties contribute to a patient’s likelihood of undergoing robotic 
surgery.

Lastly, academic, or teaching, hospitals had the highest 
rates of utilization of robotic surgery compared with com-
munity and comprehensive community hospitals, a differ-
ence that was more noticeable when robotic surgery was 
compared with open surgery. The use of more technically 
advanced procedures tends to start at academic centers and 
then expand to community hospitals over time. The use of 
laparoscopic and robotic approaches still seems to be associ-
ated with higher hospital volume and with urban, teaching 
centers [35]. As these more-innovative approaches, includ-
ing robotics, are more widely employed, it is important to 
ensure that they are offered equitably in the communities 
into which they are expanding.

Limitations

Our study is not without limitations. First, none of the pri-
mary studies included in our systematic review and meta-
analysis were RCTs; the included studies primarily used 
retrospective datasets. Second, our qualitative and meta-
analysis findings were primarily informed by unadjusted 
models because only 28% of the studies included in the 
analysis reported a multivariate examination of differences 
between factors. Our focus on unadjusted ORs in the meta-
analysis increased the comparability of ORs across studies 
and allowed us to estimate ORs, which also increased the 
number of studies in the meta-analysis, as only two of the 
included studies reported effect sizes. Third, we did not 
aim to expound on the moderate to large heterogeneity 
between ORs for each comparison we examined (see I2 
in Tables 1, 2, 3). Nevertheless, the factors we investi-
gated are sample characteristics that are often included in 
tests of moderation in meta-analyses. Therefore, our study 
emphasizes the importance of including these factors to 
account for heterogeneity in meta-analyses comparing 
robotic surgery with other procedures, as well as in pri-
mary studies. Fourth, we analyzed only the peer-reviewed 
literature published before September 7, 2021, excluding 
works such as conference abstracts and works in progress. 
Thus, some relevant studies may have been excluded from 
our review. However, given the frequent use of common 
parent investigations (e.g., National Cancer Database) 
and a paucity of evidence of publication/selection bias, 
we deem that our estimated ORs and CIs, using robust 
meta-analytic methods to handle the clustered structure of 
the data, represent a plausible range of effect sizes. Despite 
these limitations, this study is to our knowledge the first 
to synthesize and quantitatively assess the literature on 
disparities in the utilization of robotic colorectal surgery.
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Conclusion

Our study provides a strong reference point to guide 
future research on disparities in the utilization of robotic 
approaches to colorectal surgery, while emphasizing sev-
eral patient- and institution-related factors. Some factors 
associated with lower utilization of robotic surgery (e.g., 
comorbidities, age) seemed clinically justified, while other 
factors (e.g., nonteaching, nonacademic hospital type) 
were also likely to be associated with lower robotic sur-
gery utilization. These institution-related influences are 
likely to become less important as utilization of robotic 
surgery increases over time and expands beyond academic 
centers. The nonclinical disparities in access to robotic 
surgery that we highlight require intervention to assure 
more equitable access to innovative technology in colo-
rectal surgery, specifically among Black and underinsured 
patients who are less likely to undergo surgery using this 
innovative approach. Ultimately, increasing access to 
robotic surgery may also increase overall access to mini-
mally invasive surgical approaches.
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