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Abstract
The use of robotic surgery for colorectal cancer continues to increase. However, not all organizations offer patients the option 
of robotic intervention. This study seeks to understand organizational characteristics associated with the utilization of robotic 
surgery for colorectal cancer. We conducted a retrospective study of hospitals identified in the United States, State of Florida 
Inpatient Discharge Dataset, and linked data for those hospitals with the American Hospital Association Survey, Area Health 
Resource File and the Health Community Health Assessment Resource Tool Set. The study population included all robotic 
surgeries for colorectal cancer patients in 159 hospitals from 2013 to 2015. Logistic regressions identifying organizational, 
community, and combined community and organizational variables were utilized to determine associations. Results indi-
cate that neither hospital competition nor disease burden in the community was associated with increased odds of robotic 
surgery use. However, per capita income (OR 1.07 95% CI 1.02, 1.12), average total margin (OR 1.01, 95% CI 1.001, 1.02) 
and large-sized hospitals compared to small hospitals (OR: 5.26, 95% CI 1.13, 24.44) were associated with increased odds 
of robotic use. This study found that market conditions within the U.S. State of Florida are not primary drivers of hospital 
use of robotic surgery. The ability for the population to pay for such services, and the hospital resources available to absorb 
the expense of purchasing the required equipment, appear to be more influential.
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Introduction

An increasing trend in the use of minimally invasive sur-
gery (MIS) has been observed in the United States since the 
early 1990s [1]. There are two modalities for conducting 

MIS, the first is advanced robotic systems, and the second 
is non-robotic or laparoscopic surgery. Non-robotic MIS has 
been supported through numerous academic studies and is 
a common expectation from patients seeking care [2]. The 
benefits associated with the use of laparoscopic surgical 
procedures have been well established [3–5]. Studies such 
as the Clinical Outcomes of Surgical Therapy study COST 
trial [6]. Colorectal Cancer Laparoscopic or Open Resec-
tion (COLOR) trial [7], COLOR II trial [8], Comparison 
of Open versus laparoscopic surgery for mid or low REctal 
cancer After Neo-adjuvant chemoradiotherapy (COREAN) 
trial [9], and Conventional versus Laparoscopic-Assisted 
Surgery in Colorectal Cancer (CLASICC) trial [10] dem-
onstrated that laparoscopic surgical procedures have resulted 
in improved short-term benefits for colon and rectal cancer 
when compared to open surgical approach. However, there 
is inconclusive evidence-based research in support of the 
use of robotic surgery as superior to other forms of MIS in 
colorectal cancer care [11]. Some studies have shown that 
the use of robotics systems may be advantageous compared 
to laparoscopic approaches in terms of shorter length of stay 
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(LOS) and a lower rate of conversion to open [12–17]. How-
ever, patient demands for robotic surgery [18], as well as 
improvements in organizational response to providing the 
care needed by a community has resulted in increased diffu-
sion of robotic surgery use in colorectal cancer care [19, 20].

Use of robotic surgery

Not all patients have equal access to facilities that offer this 
surgical option [19, 20]. Multiple factors influence the use 
of robotic surgery in clinical settings, which may be patient-, 
provider- or hospital-related. Based on previous studies, 
patient-related characteristics such as metastatic cancer, 
presence of comorbidities, Medicaid insurance, race, and 
rural residence is associated with a decreased utilization of 
robotic surgery for colorectal cancer treatment [19]. There 
are patient-level regional differences such as racial dispari-
ties that have shown to impact the use of robotic surgery for 
colorectal cancer [19].

Hospital‑ and community‑related factors

However, these studies have not accounted for the modulat-
ing effect of factors external to the patient, such as hospital- 
and community-related factors. For example, patients are 
unlikely to have the equal access to robotic technologies as 
the equipment may not be available at treating facilities or 
communities because of the prohibitive cost, and possibly, 
lack of training of the surgeons employed at said facility [21, 
22]. For hospitals, its community includes the populations 
the hospital serves, other organizations, as well as the regu-
latory and political environments. For example, colorectal 
cancer professional societies have promoted greater use of 
minimally invasive surgery (MIS) such as robotic surgery to 
improve the quality of care as well as the speed of recovery 
for colorectal and other forms of cancer patients [23]. Thus, 
hospitals have increased their use of robotic surgeries over 
the past decade [1, 19].

Additionally, particularly in the U.S., hospitals are con-
tinuously seeking opportunities to achieve competitive 
advantage or reduce perceived advantages other hospitals 
in the same market hold [24]. As the market becomes more 
saturated with hospitals providing like services, there is an 
increased need to encourage preferred customers to seek 
services at their locations. This encourages behaviors or 
structures to be adopted that are preferential to patients [24]. 
Since surgical encounters are often profitable for hospitals, 
advanced surgical technologies are likely prime targets for 
organizations seeking to achieve competitive advantages 
over other hospitals in the market. More specifically, more 
competitive markets are likely more active in their attempts 
to obtain a competitive advantage by offering services the 
other hospitals are not and/or reduce the perceived com-
petitive advantage other hospitals within the market hold 
through offering similar services [24]. As such, this study 
seeks to define the organizational and community character-
istics that promote hospital usage of robotic surgical options 
for colorectal cancer patients.

Methods

Data source

This study utilized the U.S. State of Florida Inpatient 
Discharge Dataset (FIOD), American Hospital Associa-
tion (AHA), Medicare Hospital Cost Report, Area Health 
Resource File (AHRF), and the Florida Health Community 
Health Assessment Resource Tool Set (CHARTS) data for 
the years 2013–2015, see Table 1. All inpatient hospital dis-
charges throughout the state of Florida are reported in the 
FIOD [25]. The Medicare Hospital Cost Report contains 
information hospitals report to the Center for Medicare and 
Medicaid Services concerning facility utilization, as well 
as financial and cost information [26]. Hospital character-
istics were also collected from the AHA Annual survey, 

Table 1  Data sources

Data source Description

Florida inpatient discharge dataset (FIOD) Contains hospital discharge data for all patients seen within an inpatient facility within the State 
of Florida. It also contains information regarding diagnosis, treatment, patient demographics, as 
well as hospital and physician identifiers

American hospital association (AHA) Contains hospital characteristics data including ownership status, size, and primary services 
provided

Medicare hospital cost report Contains hospital cost and charges by cost center (in total and for Medicare), Medicare settlement 
data, and financial statement data

Area health resource file (AHRF), Contains information regarding the population of the United States including health care profes-
sions, health facility, population characteristics, and hospital utilization at the county level

Florida health community health assess-
ment resource tool set (CHARTS) data

Contains data on community health assessment information including reportable events such as 
deaths from cancer
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which includes data points concerning hospital type, size, 
and services offered [27]. The AHRF includes data concern-
ing healthcare facilities, providers, and population descrip-
tors linked to U.S. county and state locations [28]. Finally, 
the CHARTS data are population health data collected and 
distributed by the Florida Department of Health, Division 
of Public Health Statistics and Performance Management 
which include data concerning hospitalizations, births, 
deaths, reportable disease and behavioral risk factors for 
the State of Florida [29].

Population

This study focused on defining which hospitals in the U.S. 
State of Florida provide robotic surgeries associated with a 
colorectal cancer diagnosis. As such, we utilized the Inter-
national Classification of Diseases, 9th Revision, Clinical 
Modification (ICD-9CM) codes defining diagnosis of colo-
rectal cancer, and surgical interventions associated with 
colorectal cancer to identify (1) the hospitals providing these 
services, and (2) the types of procedures provided (open, 
endoscopic, robotic). Hospitals that did not have patients 
who were diagnosed with colorectal cancer and did not pro-
vide related surgical procedures were excluded from this 
study.

Dependent variable

The dependent variable for this study was the provision 
of robotic surgery at the hospital. If any patient received a 
robotic surgery for the treatment of colorectal cancer during 
the 3 years of the study, the hospital in which they received 
the surgery was identified as offering robotic surgery. If only 
endoscopic or open techniques were used during this time 
period, the hospital was classified as not offering robotic 
surgery.

Independent variables

Hospital variables were merged with the FIOD using the 
Centers for Medicare and Medicaid Services provider iden-
tification codes. In the U.S., hospitals are identified by their 
structural characteristics. Therefore, hospital-level char-
acteristics included in the study were hospital ownership 
designations, hospital size, teaching status, Medicare and 
Medicaid rates Elixhauser comorbidity score, average oper-
ating margin, and average total margin. Hospital ownership, 
size, teaching, and Medicare and Medicaid rate were defined 
through the AHA dataset. Hospital ownership identifies if 
ownership is by the non-federal (state or local) government 
or is operated by a for-profit or not-for-profit group. Hospital 
size is defined by the identified by the number of beds oper-
ated by the facility (small < 99 beds, medium < 300 beds, 

large > 299 beds). Teaching status indicates whether or not 
the hospital provides medical education and training. Medi-
care and Medicaid rates define the percentage of discharges 
paid by the Centers for Medicare and Medicaid Services 
and are operationalized by the number of discharges that are 
Medicare and Medicaid, respectively, divided by the total 
number of discharges at the hospital. These variables indi-
cate the payer mix (more governmental pay vs. commercial 
pay) of the hospitals providing colorectal cancer surgery. 
The average comorbidity score for the hospital is derived 
from the FIOD data utilizing the Elixhauser Comorbidity 
index associated with the patients who received colorectal 
cancer surgery during the 3 years of the study. The average 
number of comorbidities associated with colorectal cancer 
patients undergoing surgery at each hospital was calculated 
and utilized to help adjust for disease severity. Next, total 
operating margin, total margin, and teaching status were 
collected from the CMS Cost Report data. These variables 
provide insight into the financial health and mission of the 
organization.

Health Services Areas (HSA) were utilized to define the 
service area of the hospitals in the dataset. Health Service 
Areas (HSAs) are defined as local health markets that consist 
of a single or cluster of contiguous counties where most of 
the residents receive care and hospitalization from the hos-
pitals in that area. There is a total of 3246 HSAs in the U.S. 
and 114 in the State of Florida. Population demographics 
were aggregated to the HSA-level to identify characteris-
tics that may influence a hospital’s choice in using robotic 
equipment for colorectal cancer surgery. The following char-
acteristics were considered: per capita income, number of 
individuals within the area with a 4-year college education, 
percentage of the population white, percent black, percent 
Hispanic, number uninsured, number of colorectal cancer 
deaths (2013–2015), the Herfindal-Hershman Index (HHI) 
of the HSA as well as the population size within the HSA. 
Per capita income, the number with a 4-year college educa-
tion, the percentage of the population that are white, black 
or Hispanic, the number uninsured, and population size were 
collected from the AHRF. The number of colorectal can-
cer deaths within the HSA was obtained from the CHARTS 
data. Finally, the HHI, which is a measure of market concen-
tration, identifies how competitive the HSA is with regard to 
the number of hospitals and their market share in the area. 
This information was obtained using overall inpatient dis-
charges from each of the hospitals within the dataset. This 
information was then used to calculate the market share of 
each hospital (accounting for system hospitals) held within 
the HSA. The average market competition is defined by the 
ratio of hospitals total inpatient days divided by the HSA’s 
total inpatient days. The resulting index is a continuous vari-
able ranging from 0 to 1, whereby 0 is indicative of a com-
petitive market and 1 of a monopolistic market.



564 Journal of Robotic Surgery (2021) 15:561–569

1 3

Statistical analysis

Means and percentages were utilized to describe the study 
population. Kruskal–Wallis and Pearson χ2 were used to 
assess continuous and categorical variables, respectively. 
Univariate logistic regression was used to determine asso-
ciations between the hospital and HSA characteristics and 
the use of robotic surgery. Next, three multivariable logistic 
models were utilized. The first model only contained hos-
pital-level variables, and the second contained only com-
munity variables at the HSA level. In both cases, variables 
that were not identified as statistically significantly associ-
ated with the use of robotic procedures within the univari-
ate model were excluded using the principles outlined by 
Raudenbush and colleagues [30]. For the final combined 
model, only variables that were significantly associated 
with robotic surgery from the hospital or HSA models were 
included. Relevant fit indices were judged by the criteria 
from Boedeker [31]. Indices used were AIC, Schwartz Cri-
terion, and likelihood ratio tests [32, 33]. All tests of sig-
nificance were two-sided, and odds ratios, 95% Confidence 
Intervals, and p values were reported. The level of statistical 
significance was set at p value < 0.05. Analyses were per-
formed using SAS version 9.4 (SAS Institute Inc.).

Results

In all, there are 159 hospitals included in the analysis; 71 
did not provide robotic surgery, while 88 did (see Table 2). 
Small hospitals and medium hospitals had a lower fre-
quency of offering robotic surgery (20–40%, respectively), 
while larger hospitals had a greater frequency of offering 
robotic surgery (63%). Teaching hospitals (77%), and hos-
pitals with a greater average total margin between 2013 and 
2015 (55%), also had a larger frequency of offering robotic 
surgery. However, hospitals seeing patients with a greater 
median Elixhauser comorbidity score had a lower frequency 
of offering robotic surgery (2.8 vs. 2.5 for non-robotic and 
robotic, respectively). Hospitals located in HSAs with 
greater median per capita income (38.4 vs. 40.7), greater 
4-year education (77,242 vs. 176,251), greater percent 
black (11.3 vs. 17), greater number of uninsured (65,922 vs. 
133,024), larger population size per 100,000 (6.8 vs. 18.7) 
and in areas of greater hospital competition (HHI: 0.7 vs. 
0.3) more frequently offered robotic surgery.

Considering the univariate analysis (Table 3), large com-
pared to small hospitals demonstrated a 6.82 increase in odds 
of offering robotic surgery (95% CI 1.82–25.49); however, 
there was no difference when considering small vs. medium-
sized organizations. Hospitals identified as teaching hospi-
tals had a 4.10 increase in the odds of offering robotic sur-
gery (95% CI 1.94–8.67). Similarly, hospitals with a greater 

3-year average total margin had increased odds of provid-
ing robotic surgery (OR: 1.01, 95% CI 1.002–1.02). How-
ever, hospitals with a greater Medicaid rate (OR: 0.95, 95% 
CI 0.93–0.98) or those which saw patients with a greater 
number of comorbidities (OR: 0.29, 95% CI 0.15–0.58) 
had reduced odds of offering robotic surgery. HSA charac-
teristics associated with increased odds of offering robotic 
surgery include the percent of the population that identified 
as black in the HSA (OR: 1.07, 95% CI 1.02–1.12), 4-year 
education (OR 1.03, 95% CI 1.01–1.05) and per capita 
income (OR 1.08, 95% CI 1.03–1.13). However, there were 
also several HSA characteristics associated with decreased 
odds of offering robotic surgery. These include: a larger per-
cent of the HSA, which identifies as white (OR 0.95, 95% 
CI 0.92–0.99) and HHI, which indicates less competition is 
associated with a reduced odd of offering robotic surgery 
(OR 0.43, 95% CI 0.20–0.93).

The multivariable analysis assessed only the variables 
that were significant from the univariate model (see Table 4). 
In the hospital level analysis, large hospitals compared to 
small hospitals (OR: 6.24, 95% CI 1.40–27.82), and hos-
pitals with a greater 3-year average total margin (OR 1.01, 
95% CI 1.00–1.02) had increased odds of offering robotic 
surgery. However, hospitals with a greater Elixhauser 
comorbidity score had reduced odds of offering robotic sur-
gery (OR 0.31, 95% CI 0.14–0.68). When considering the 
model only reviewing HSA level factors, per capita income 
was positively associated with increased odds of providing 
robotic surgery (OR 1.09, 95% CI 1.04–1.15). Finally, the 
combined Hospital and HSA level model demonstrated that 
when adjusting for the other variables, large hospitals had 
increased odds of 5.26 (95% CI 1.13–24.44) for offering 
robotic surgery compared to small hospitals. In addition, 
both average total margin (OR 1.01, 95% CI 1.001–1.02) and 
per capita income in the HSA (OR 1.07, 95% CI 1.02–1.12) 
were associated with increases in the odds of offering robotic 
surgery holding all else equal. On the other hand, hospitals 
with a greater Medicare discharge rate (OR 0.96, 95% CI 
0.92–0.99) or with a greater comorbidity score as identified 
by the Elixhauser score (OR 0.32, 95% CI 0.14–0.69) were 
associated with a decreased odd of providing robotic surgery 
holding all else equal.

Discussion

Colorectal cancer is one of the leading causes of cancer in 
the United States [34]. Surgery remains the most impor-
tant component in treating colorectal cancer, and MIS is 
considered the gold standard of surgical care in colorectal 
cancer [35]. While initially robotic surgery was used most 
commonly by urologists, the advent of the XI DaVinci 
robot, with multi-quadrant surgery capability, increased its 
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utilization, and now it is commonly used by colorectal sur-
geons trained in its use. As such, robotic surgery is the latest 
advancement within MIS, and has definite advantages when 

used in the correct setting by trained surgeons; however, 
there are definite barriers to its utilization. Here we demon-
strate that those barriers are formed by complex interactions 

Table 2  Descriptive 
characteristics by provision of 
Robotic Surgery

1 Kruskal Wallis
2 Wilcoxon

Non-robotic Robotic Total p value
(N = 71) (N = 88) (N = 159)

Hospital level variables
Organizational size 0.00052

 Small (Less than 100 Beds) 12 (16.9%) 3 (3.4%) 15 (9.4%)
 Medium (100—299 Beds) 15 (21.1%) 10 (11.4%) 25 (15.7%)
 Large (300 or more Beds) 44 (62.0%) 75 (85.2%) 119 (74.8%)

Hospital Ownership 0.36402

 Not-for-profit 25 (35.2%) 37 (42.0%) 62 (39.0%)
 For-profit 36 (50.7%) 41 (46.6%) 77 (48.4%)
 Government 10 (14.1%) 10 (11.4%) 20 (12.6%)

Medicare discharge rate (Hospital) 0.00081

 Mean (SD) 0.4 (0.1) 0.4 (0.1) 0.4 (0.1)
Medicaid Discharge Rate (Hospital) 0.15651

 Mean (SD) 0.1 (0.1) 0.1 (0.1) 0.1 (0.1)
Hospital teaching status 0.00012

 Non-teaching 59 (83.1%) 48 (54.5%) 107 (67.3%)
 Teaching 12 (16.9%) 40 (45.5%) 52 (32.7%)

Average elixhauser comorbidity index 0.00021

 Mean (SD) 2.8 (0.6) 2.5 (0.4) 2.7 (0.5)
Hospital Average Operating Margin (2013–2015) 0.10761

 Mean (SD) − 56.8 (26.1) − 50.9 (25.6) − 53.5 (25.9)
Hospital average total margin (2013–2015) 0.00501

 Mean (SD) 18.1 (36.4) 30.9 (29.2) 25.2 (33.1)
 HSA level variables 71 88 159

HSA per capita income 0.00051

 Mean (SD) 38.8 (8.1) 43.2 (7.6) 41.3 (8.1)
HSA 4-year education 0.00341

 Mean (SD) 141680.3
(149339.7)

208141.3
(156187.1)

178,463.7
(156242.5)

HSA percent white 0.03511

 Mean (SD) 78.6 (7.2) 75.1 (9.3) 76.7 (8.5)
HSA percent black 0.02091

 Mean (SD) 13.2 (6.0) 16.4 (8.0) 15.0 (7.3)
HSA percent Hispanic 0.21471

 Mean (SD) 18.8 (18.0) 20.8 (18.3) 19.9 (18.1)
HSA number of uninsured 0.02401

 Mean (SD) 148925.6
(206761.0)

209254.2
(224524.3)

182315.0
(218181.4)

HSA population (100,000) 0.00191

 Mean (SD) 35.0 (75.2) 46.3 (72.5) 41.3 (73.7)
HSA colorectal cancer deaths per 100,000 0.10481

 Mean (SD) 12.8 (9.5) 10.7 (8.7) 11.6 (9.1)
HSA HHI 0.04471

 Mean (SD) 0.6 (0.4) 0.5 (0.4) 0.5 (0.4)
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between the characteristics of the hospitals, as well as the 
community attributes in which the organization resides.

Although we found that hospital organizational and hos-
pital service area factors to be associated with the use of 
robotic surgery, our analysis suggests that hospital market 
competition and the number of mortalities associated with 
colorectal cancer in the larger population are not key drivers 
in the decision for hospitals to provide robotic surgery. In our 
combined model, the main drivers indicating organizational 
use of robotic surgery for colorectal cancer include hospital 
size, Elixhauser comorbidity index, Medicare discharge rate, 
average total margin, and HSA per capita income.

Previous studies have highlighted the strong relation-
ship between hospital competition and diffusion of innova-
tion [36, 37]. Wright et al.’s 2016 study did find an asso-
ciation between the use of robotic surgery and regional 
hospital competition. They found that across five com-
monly performed procedures, patients seeking treatment 
at hospitals in a competitive region were 2–5 times more 
likely to receive a robotic-assisted surgery. Indicating that 
regional competition (northeast, Midwest, south, and west) 

has a greater influence on a hospital’s decision to procure 
a surgical robot [37]. However, this and similar studies 
have been conducted on different types of surgeries, and 
none have been conducted specifically on colorectal cancer 
robotic surgery. Hospital competition research has also 
shown that competitive markets have led to an increase in 
health care costs and with strong policy forces incentiv-
izing against cost increases. As such, hospitals are more 
likely to explore cost-effective alternatives to robotic-
assisted surgery, which may explain the difference in find-
ings for the current study [38].

Second, we found that mortality rate and patient comor-
bidities, measured by the Elixhauser comorbidity index, 
are not drivers for hospital adoption of robotic platforms. 
Based on these findings, hospitals may not consider these 
technologies to provide additional benefit, perceive robotic 
surgery to improve organizations’ competitive advantage or 
consider these components when determining whether to 
offer robotic surgery. However, previous research provides 
some indication for considering both when deciding whether 
to offer robotic surgery. For example, previous studies found 
that patient mortality increased as comorbidities and age 
increased [39], and comorbidities along with age were key 
factors that influenced physicians’ decision on treatment 
procedure selected [40]. Another study of colorectal cancer 
patients found that postoperative morbidity was significantly 
decreased through the use of minimally invasive surgery 
(MIS), and the lowest morbidity was associated with the 
use of robotic surgery [41]. However, there are inconsistent 
results on the long-term and short-term outcomes of the use 
of robotic surgery [42, 43]. The costs associated with the 
use of a robotic platform to assist in surgery, such as the 
Da Vinci robotic system, range from $3000 to $6000 more 
than traditional MIS, such as laparoscopic surgery [35]. One 
study found that the use of robotic surgery adds approxi-
mately $3500 per procedure and over $2.5 billion annually 
to the national health expenditure with a lack of evidence 
of improved patient outcomes compared to laparoscopic 
methods [44].

Third, an examination of the health insurance market 
has shown that insurers are less likely to reimburse robotic 
surgery at a higher rate than laparoscopic approaches [40]. 
The dual effect of the increased cost of the procedure and 
lack of sufficient reimbursement may explain our findings 
indicating the lack of association of competition and robotic 
surgery and the positive association found between increased 
availability of hospitals performing robotic surgery and 
income per capita. Similarly, the associated total margin 
and increased odds of using robotic surgery also point to a 
potential increase in profit through the usage of the robotic 
equipment. However, it may be more likely that larger hos-
pitals, in areas that have a better payor mix and that have 
a better total margin, can afford the expensive equipment.

Table 3  Univariate logistic regression analysis of robotic provision 
and facility and community characteristics

Robotic model

OR (LCL, UCL) p value

Facility variables
 Control (For-profit is referent)
  Government 0.88 (0.33, 2.35) 0.8000
  Not-for-profit 1.30 (0.66, 2.56) 0.4500

 Hospital size (Small is referent)
  Medium 2.67 (0.60, 11.91) 0.2000
  Large 6.82 (1.82, 25.49) 0.0040
  Teaching 4.10 (1.94, 8.67) 0.0002
  Medicare rate (100 unit increase) 0.95 (0.93, 0.98) 0.0007
  Medicaid rate (100 unit increase) 1.05 (0.99, 1.11) 0.1100
  Elixhauser average score 0.29 (0.15, 0.58) 0.0005
  Average operating margin (3 year) 1.01 (0.99, 1.02) 0.1600
  Average total margin (3 year) 1.01 (1.002, 1.02) 0.0190

Community (HSA) variables
 Percent white 0.95 (0.92, 0.99) 0.0120
 Percent black 1.07 (1.02, 1.12) 0.0070
 Percent Hispanic 1.01 (0.99, 1.02) 0.5000
 Population (1 million unit increase) 1.02 (0.98, 1.07) 0.3400
 4-year education (10,000 unit 

increase)
1.03 (1.01, 1.05) 0.0090

 Per capita income 1.08 (1.03, 1.13) 0.0010
 Number of uninsured (10,000 unit 

increase)
1.01 (0.99, 1.03) 0.0900

 HSA colorectal cancer deaths per 
100,000

1.04 (0.86, 1.26) 0.6800

 HHI 0.43 (0.20, 0.93) 0.0130
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Limitations

Several factors limit the current study. We have used sec-
ondary data and multiple data sources to identify organi-
zational characteristics associated with the use of robotic 
surgery. We are limited to evaluating associations and cannot 
more definitively articulate causation. We are also limited to 
evaluating hospital use of robotic surgery and cannot exam-
ine the impact of the adoption of advanced robotic systems. 
The study is also potentially at risk due to biases associated 
with self-report, as in the AHA survey, misclassification or 
data entry errors associated with claims data, and a lack of 
more granular organization and community factors. Addi-
tionally, the focus on organizations in the State of Florida 
also potentially reduces generalizability due to the popula-
tions, policies, organizational competition, and legislative 
realities present in the State. Similarly, there are instances 
where limited numbers in certain categorical variables pro-
vide reduced accuracy in our analysis, as can be seen by 
wide confidence intervals.

However, despite these limitations, the current study 
provides an important assessment of factors that influ-
ence organizational behaviors focused on the provision of 
advanced care techniques. Our methodological approach 
has utilized data sources that are well established, and our 

analytical approach has sought to reduce bias through care-
ful operationalization of variables used in previous research. 
Additionally, previous work has utilized these datasets as 
well as datasets derived from those used here [45]. Further-
more, we have utilized the entire population of inpatient hos-
pitals providing surgical colorectal cancer care as defined by 
discharge data over 3 years. This analysis represents a robust 
State-level assessment of hospital and community character-
istics influencing the provision of these services. Although 
the primary data source is from the United States, similar 
trends can be expected in any healthcare system where une-
qual access to care exists, be it from a patient, institution, or 
health care system perspective.

Conclusion

In conclusion, this study finds that market conditions are 
not primary drivers of hospital use of robotic surgery. What 
likely drives utilization of robotic surgery is the ability 
for the patients to pay for such services, and the hospital 
resources available to absorb the capital expense of purchas-
ing the required equipment. Future research should seek fur-
ther exploration of geographic variation in the use of this 
technology.

Table 4  Multivariable logistic regression models of robotic provision and facility, community and combined models

Facility level model Community (HSA Level) 
model

Combined model

OR (LCL, UCL) p value OR (LCL, UCL) p value OR (LCL, UCL) p value

Facility variables
 Hospital Size (small is referent)
  Medium 3.29 (0.60, 18.07) 0.1705 2.55 (0.44, 14.73) 0.2957
  Large 6.24 (1.40, 27.82) 0.0163 5.26 (1.13, 24.44) 0.0341
  Teaching 2.00 (0.84, 4.75) 0.1184
  MCR (100 unit increase) 0.97 (0.94, 1.002) 0.0622 0.96 (0.92, 0.99) 0.0076
  Elixhauser average score 0.31 (0.14, 0.68) 0.0036 0.32 (0.14, 0.69) 0.0037
  Average total margin (2013–2015) 1.01 (1.00, 1.02) 0.0463 1.01 (1.001, 1.02) 0.0380

HSA variables
 Percent white 1.02 (0.85, 1.87) 0.7494
 Percent black 1.07 (0.90, 1.30) 0.4417
 4-Year Education (10,000 unit increase) 0.998 (0.97, 1.03) 0.9065
 Per capita income 1.09 (1.04, 1.15) 0.0015 1.07 (1.02, 1.12) 0.0094
 HSA colorectal cancer deaths per 100,000 1.17 (0.90, 1.53) 0.2400
 HHI 0.54 (0.23, 1.36) 0.1967

Model descriptions: Intercept only Intercept 
and covari-
ates

Intercept only Intercept 
and covari-
ates

Intercept only Intercept 
and covari-
ates

 AIC 217.8 187.89 220.6 209.1 217.8 182.9
 SC 220.86 209.28 223.67 227.51 220.86 204.3

-2 log likelihood 215.8 173.89 218.6 197.1 215.8 168.9
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