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Abstract

To evaluate trends in contemporary robotic surgery across multiple organ sites as they relate to robotic prostatectomy volume.
We queried the National Cancer Database for patients who underwent surgery from 2010 to 2013 for prostate, kidney, blad-
der, corpus uteri, uterus, cervix, colon, sigmoid, rectum, lung and bronchus. The trend between volumes of robotic surgery
for each organ site was analyzed using the Cochran—Armitage test. Multivariable models were then created to determine
independent predictors of robotic surgery within each organ site by calculating the odds ratio with 95% CI. Among the
566,399 surgical cases analyzed, 35.1% were performed using robot assistance. Institutions whose robotic prostatectomy
volume was in the top 75 percentile compared to the bottom 25 percentile performed a larger percentage of robotic surgery
on the following sites: kidney 32.6 vs. 28.8%, bladder 23.6 vs. 18.6%, uterus 52.5 vs. 47.7%, cervix 43.5 vs. 39.2%, colon
3.2 vs. 2.9%, rectum 10.7 vs. 8.9%, and lung 7.3 vs. 6.8% (all p <0.0001). It appears that increased trends toward robotic
surgery in urology have lead to increased robotic utilization within other surgical fields. Future analysis in benign utiliza-
tions of robotic surgery as well as outcome data comparing robotic to open approaches are needed to better understand the
ever-evolving nature of minimally invasive surgery within the United States.
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Introduction

Since the United States Food and Drug Administration
approved the da Vinci surgical robot (Intuitive Surgical,
Sunnyvale, CA) for clinical use in 2000, its adoption has
been rapid and transformative, but not without controversy.
The costs to acquire and maintain this surgical platform are
among the most debated topics. These include an initial pur-
chase price estimated to be between U.S.$1 and 2.5 million
dollars, as well as per-case and annual maintenance contract
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costs. Indeed, the da Vinci system remains the only robotic
surgical platform available for commercial use in the United
States, and in a 2007 analysis, it was single handedly esti-
mated to increase U.S. health care costs by 13% (approxi-
mately U.S.$2 billion) [1].

Another hotly debated question was whether there was
any meaningful clinical benefit from using this robotic sys-
tem in surgery. Urological surgeons were some of the earliest
adopters of this technology and prostate cancer surgery, in
particular, was uniquely positioned to answer this question.
First, prostate cancer is the most common non-skin malig-
nancy in U.S. males, which creates a large cohort for study
that has been featured in peer-reviewed literature since at
least 2001 [2]. Second, the three dimensional vision and
multiple degrees of freedom of motion afforded by the robot
made for technically easier cavernous nerve (erectile) and
sphincteric preservation deep in narrow male pelvis. Third,
the laparoscopic approach with CO, insufflation dramati-
cally decreased intraoperative blood loss and reduced post-
operative pain, leading to quicker patient recovery.
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In prostate cancer, the evidence of superior outcomes
of robotic prostatectomy compared to the traditional open
approach are mature and well-documented [4—-6]. Further-
more, population-based data even suggests reductions in
positive surgical margins, decreased need for postoperative
radiation therapy, and decreased 30-day mortality compared
to open radical prostatectomy [7]. Consequently, 67-85% of
recertifying urologists reported performing radical prosta-
tectomy with robotic assistance [8]. While the advantage of
robotic surgery is actively being investigated in other organ
sites, aggressive direct-to-consumer marketing by hospitals
and the surgical robot manufacturer may be factors increas-
ing utilization ahead of evidence [9]. For many organ sites,
especially gynecology, the majority of data which argues
for robotic surgery has been criticized as retrospective and
prone to selection bias [10].

While the literature regarding robotic surgery utiliza-
tion is often reported in a single organ or operation directed
fashion, robotic systems do not exist in a vacuum. Robotic
operating-room time is shared amongst surgeons of different
disciplines at a given hospital. The time-consuming train-
ing of operating-room staff may alter staffing and workflow
across disciplines. Hospital administrators, care-team spe-
cialization, equipment availability, and economic incentives
would be expected to drive robotic utilization across disci-
plines once a robot is purchased by a hospital [11]. Hence
in this exploratory and novel study using a large national
cancer database, our objectives were:

1) To assess contemporary trends in robotic surgical
approach across a multitude of organ systems for onco-
logic surgery;

2) To explore the frequency of and identify predictors for
robotic surgery at particular medical centers;

3) To address if a higher volume of robotic prostatectomy
in a hospital system predicts for higher utilization of
robotics in other disciplines.

Methods
Database

The National Cancer Database (NCDB) is a hospital-based
cancer registry capturing 70% of all cancer diagnoses in the
United States from more than 1400 hospitals and is recog-
nized as the largest clinical registry in the world [12]. Data
comes from hospitals located in 49 US states and Puerto
Rico. It includes patient demographics, socioeconomic
status, clinical and pathologic staging, treatment course,
comorbidities, and survival status based on patient records
and death registries. Patients are associated with facility site
codes, which are insufficient to identify specific hospitals,
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but do allow for comparison of treatment patterns for differ-
ent cancers within a single site. Additionally, data regard-
ing the hospital setting, type, and location relative to each
patient is provided. The disease course and therapy of each
patient are coded and reported based on the American Col-
lege of Surgeons’ Facility Oncology Registry Data Stand-
ards (http://www.facs.org/cancer/coc/fordsmanual.html)
for each organ site. Our institutional review board approved
this study for exemption given no personal patient data was
examined during the course of investigation.

Population

We identified all patients in NCDB with cancer in the fol-
lowing organ sites: prostate, kidney, bladder, corpus uteri,
uterus, cervix, colon, sigmoid, rectum, lung and bronchus.
For the purposes of analysis, cancer of the sigmoid and
rectum were combined into a single category rectum. Non-
small cell carcinoma, small cell carcinoma and other cancers
of the lungs and bronchus were combined into lung. Cancers
of the corpus uteri and uterus were combined into uterus.
Patients were included only if their hospital of diagnosis
matched the site of treatment to maximize the integrity of
the data. They were included if they presented with non-
metastatic disease as defined by the American Joint Commit-
tee on Cancer (AJCC) category cMO for each cancer type.
Patients were excluded if they had a history of more than one
non-cutaneous malignancy.

The NCDB began including the surgical approach code
(open, laparoscopic, or robotic) in 2010, thus, our study
cohort was limited to 2010-2013. For each organ system,
codes representing surgery of the primary site were reviewed
and surgical treatment was defined as at least a segmental
resection or greater. In other words, local tumor excision
alone was excluded. It was unlikely such cases would be
approached in a robotic fashion; moreover, in these organ
sites, this approach would not be considered oncologically
appropriate for definitive surgical management of cancer.
For example, in terms of bladder cancer, local excision is
typically a biopsy performed via transurethral resection
of bladder tumor and this would have been appropriately
excluded, whereas a partial cystectomy would have been
included. Similarly, polypectomy for colon cancer was
excluded, whereas partial colectomy was included.

Analysis

All eligible patients’ baseline demographic and clinical
characteristics including age, race, facility type, and cancer
characteristics were collected. Deyo-Charlson Comorbidity
index (CCI) was calculated from 6 preexisting comorbidi-
ties. The facility type is defined by the NCDB as “commu-
nity program” if more than 100 but fewer than 500 patients
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with cancer are treated in that setting per year. “Compre-
hensive programs” treat more than 500 cancer cases per
year. “Academic programs” treat over 500 cancer cases and
have at least 4 specialties involved in education. “Integrated
Network Cancer Programs” represent joint ventures with
multiple facilities providing integrated cancer care, may
or may not have residents, and does not have any volume-
associated definition, but offers comprehensive services.
Each facility site’s overall surgical volume for each organ
site and utilization of the robotic approach were calculated
and used to stratify into quartiles. The patient’s clinical
stage was derived according to the AJCC Cancer Staging
Manual edition in use during the year in which each cancer
was diagnosed.

Trends in robotic use over time were assessed using the
Cochran-Armitage test for trend. Rates of robotic approach
were compared between facility and patient characteristics
using the Chi square test for independence. A multivariable
logistic regression model of predictors of a robotic approach
was created for each organ site. For all tests of significance,
the 2-sided p < 0.05 was considered statistically significant.
All analyses were performed using SAS 9.3 (SAS Institute,
Cary, NC).

Results

In total, 566,399 surgical cases met inclusion criteria and
35.1% were performed using robot assistance. Of these
199,076 robotic cases, 74.4% were performed for urologi-
cal cancers, confirming that urological surgeons are the most
frequent utilizers of this platform. From 2010 to 2013, utili-
zation of robotics increased significantly for other organ sites

Fig.1 Trends in utilization 90
of robotic approach by organ
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suggesting increased expertise with robotics and adoption
by other surgical fields (Fig. 1). For example, lung surgery
experienced a 266% relative percentage increase in the use
of robotics during this time period. Interestingly, if a facility
performed robotic gynecologic, colorectal, or thoracic sur-
gery in over 90% of cases, at least one robotic prostatectomy
was also done there. (Table 1) Only 9 (0.71%) facilities were
in the top quartile for robotic volume for all surgery sites.

The adoption of robotics in different surgical fields was
variable. Each organ site had substantial differences in the
number of cases needed for inclusion in the top 25 and 5%
of robotic volume for that respective organ. For example, a
center could be characterized as top 25% in colon robotic
volume by performing only 6 surgeries over 4 years vs.
30 for robotic kidney (Table 1). Only 8% of colon cancer
patients at the highest quartile robotic colon centers under-
went a robotic procedure, compared to 58.4% for robotic
hysterectomy at the facilities in the highest quartile for
robotic uterine cancers (Table 2). Similarly, adoption was
slow in thoracic cancer surgery. Another observation was
that if a facility were in a lower volume robotic prostate
cancer center, they were also less commonly using the
robotic approach for other organ sites. The overall correla-
tion between robotic approaches for prostate and the other
organ sites (pooling all facilities) is represented by the radar
plot (Fig. 2).

In terms of demographic factors influencing the use of
robotic oncological surgery, Supplementary Table 2 sum-
marizes our findings. Interestingly, we found that in the
urologic and gynecologic oncology fields, surgery at a rural
setting increased the patient’s chances of undergoing robotic
surgery, while the opposite was true in thoracic and colorec-
tal surgery. In each field, lower clinical stage at presentation
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Table 1 Robotic volume by organ site for definitive oncologic resection

Organ site Facilities Total cases Robotic cases % Robotic % of Facilities % Of Facilities % Of sitesin ~ Min # of Min # of
Using Robotic  with robotic top quartile robotic cases  robotic cases
Approach surgery in of robotic for top 25% for top 5%
stated organ volume for
and at least their organ
1 robotic and robotic
prostate prostate
Prostate 1110 166,989 127,080 76.1 75.0 - - 198 477
Kidney 1194 73,259 19,429 26.5 64.5 95.7 65.6 30 91
Bladder 1020 8912 1514 17.0 32.7 97.9 77.6 5 14
Uterus 1199 83,158 37,306 44.9 57.7 94.4 53.0 74 193
Cervix 857 9977 3686 36.9 54.4 97.0 58.8 11 26
Colon 1268 119,368 2950 2.5 449 89.5 41.9 6 17
Rectum 1238 36,575 2887 7.9 38.0 94.1 56.3 7 20
Lung 1152 68,161 4224 6.2 342 90.9 49.0 12 42
Table 2 Robotic volume by facility
Prostate Kidney Bladder Corpus uteri  Cervix Colon Rectum Lung
Overall robotic site volume N (%) of X organ site with robotic approach relative to robotic volume quartiles in same organ site
Total 127,080 (78.9) 19,429 (29.6) 1514 (28.1) 37,306 (48.1) 3686 (43.4) 2950 (4.0) 2887 (12.7) 4224 (10.6)
Low (<25%ile) 1924 (29.4) 431 (7.0) 115 (14.0) 300 (7.3) 115(15.8) 178 (1.0) 134 (3.4) 120 (1.3)
Medium low (25-50%ile) 10,564 (66.0) 1510(15.4) 102 (15.5) 1727(25.1) 300(26.2) 198(1.7) 256(5.9) 167 (2.7)
Medium high (50-75%ile) 28,072 (89.9) 3943 (26.0) 361 (23.4) 7953 (40.3) 951 (40.5) 542(2.9) 601 (10.4) 685 (6.7)
High (>75%ile) 86,520 (83.4) 13,545(39.4) 936 (39.5) 27,326 (58.4) 2320 (54.4) 2032 (8.0) 1896 (21.8) 3252 (22.9)
Overall robotic prostate N (%) of x organ site with robotic approach relative to robotic prostate volume quartiles
volume
Total 127,080 (78.9) 19,381 (28.8) 1507 (18.6) 36,519 (47.7) 3611 (39.2) 2800 (2.9) 2832 (8.9) 4097 (6.8)
Low (<25%ile) 1924 (29.4) 641 (10.0) 24 (3.3) 2229 (31.5) 254 (27.7) 417(22.7) 229(5.9) 393(5.2)
Medium low (25-50%ile) 10,564 (66.0) 2165(23.9) 124 (11.2) 5278 (424) 493 (31.4) 449(24) 384(7.2) 516(54)
Medium high (50-75%ile) 28,072 (89.9) 4864 (30.7) 307 (17.0) 9392 (47.5) 946 (41.1) 691 (2.8) 663 (8.4) 1193 (7.6)
High (> 75%ile) 86,520 (83.4) 11,711 (32.6) 1052 (23.6) 19,620 (52.5) 1918 (43.5) 1243 (3.2) 1556 (10.7) 1995 (7.3)
*All p<0.0001

was associated with increased likelihood of undergoing
robotic surgery. For example, 4.6% of cT4 patients under-
going uterine cancer surgery underwent the robotic approach
vs. 49.3% of cT1. (p <0.0001). Except for lung cancer, older
patients were less likely to undergo a robotic approach and
lower Charlson comorbidity index was associated with
greater robotic surgery use. Patients with a lower prostate
specific antigen (PSA) or Gleason Score from diagnostic
prostate biopsy were more likely to undergo robotic surgery.

Independent predictors for robotic surgery were assessed
using multivariate analysis for each organ site (Supplemen-
tary Table 2). In general, patients with a higher clinical stage
were significantly less likely to undergo robotic surgery. In
kidney, uterus and cervical cancer, African—Americans were
significantly less likely to have a robotic surgery, despite
controlling for potential confounders. Patients with either
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low income or low levels of education suffering from kid-
ney, bladder, uterus, cervix, or colon cancer had slightly
less utilization of robotics. For all organ sites, community
cancer programs were most likely to offer robotic surgery.
The strongest predictor of a patient undergoing robotic sur-
gery was presenting to a facility in the top quartile of robotic
volume for that organ site. While this statement seems self-
evident, a more nuanced view is that a patient presenting to a
high volume robotic surgery center is more likely to undergo
the robotic approach, regardless of age, comorbidity, race,
education level, and disease characteristics.

Finally, comparing patient level characteristics of all-
comers treated at facilities in the bottom 25 vs. top 25%
of robotic volume for each site revealed a slightly different
patient mix. In terms of clinical stage and Charlson comor-
bidity, high volume robotic surgery centers have access to
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Fig.2 Radar plot representing correlations between robotic prostate
volume and robotic surgery volume in indicated organ systems at all
facilities (all p <0.001)

slightly healthier patients. Additionally, high volume centers
tend to have patients with higher education levels, income,
and younger patients. Most striking were racial disparities.
For example, 20.3 vs. 12.0% of the patients were African
Americans, at centers in the bottom and top quartiles for
robotic prostate volume, respectively (p <0.001).

Discussion

In contrast to recent literature on the utilization of robotic
surgery limited to single organ systems, our findings dem-
onstrate gains in robotic utilization across organ sites in the
cancer population. Prostate cancer is treated robotically
upwards of 67% of the time in the literature and 76% of
the time in our dataset [8]. Robot use for colon and rec-
tum was reported as 2.8% nationally as of 2009-2010 [13].
Similarly, estimated national use of robotic surgery for
lung cancer was 3.4% in 2010 [14]. In our study, we found
robotic lung surgery increasing from 2.5% in 2010 to 9.3%
by 2013. Among 406 members of the Society of Gyneco-
logic Oncology (SGO), 75% reported using robotic hysterec-
tomy for cervical cancer, which is much greater than 36.9%
of robotic cases we captured in NCDB [15]. This suggests
that non-SGO surgeons who operate for cervical cancer use
the robotic approach much less frequently compared to their
SGO colleagues.

The impetus for this analysis was our hypothesis that
robotic prostatectomy and its demonstrated benefits would

have increased the adoption of robotics for cancer surgery
in other organ systems. In absolute numbers, there were 3.4
times as many robotic prostate cases as the next most preva-
lent, uterus. In over 90% of cases, at least one robotic pros-
tatectomy was done at a facility in which other organs were
removed via a robotic approach suggesting that urological
surgeons’ demand for access to the robotic platform allowed
other surgeons at their institution to explore its use in their
cancer patients. Certainly, based on timing of implementa-
tion and high percent utilization it could be suggested a hos-
pital purchase of a robotic system for prostate surgery served
as an entry point for other disciplines to gain access to the
robot. Applying innovation theory, robotic prostatectomy is
in a late assessment stage and is quickly becoming standard
of care, whereas robotic lung surgery is still being performed
by early adopters and is still in the development stage [16].
At most, we found only 10.5% of centers were performing
robotic surgery in the absence of robotic prostate surgery.
Technical considerations may prevent a widespread transi-
tion away from pure laparoscopic approaches in particular
fields. Robotics is arguably most helpful with suturing and
reconstruction, and there are stapling devices used in colo-
rectal and thoracic extirpative surgery, potentially reducing
perceived advantages of this technology.

Disparities in patients’ access to robotic surgery were
also evident in our data. This mirrors data from the state of
California, where Hispanic, Medicare and Medicaid patients
were more likely to be treated at hospitals without robotics.
Even within hospitals which performed robotic approaches,
Medicaid patients had 58% lower probability of receiving
a robotic prostatectomy [17]. Similarly, nationally repre-
sentative data suggest that African—American and Hispanic
patients, or those insured by Medicaid, were less likely to
receive a robotic prostatectomy [18]. These findings are
not unique to urology, as striking socioeconomic and even
regional disparities have been documented for minimally
invasive approaches for endometrial, uterine, cervical cancer
and colorectal disease [20-21].

The hospital at which patients present for treatment
greatly informs the surgical approach the patient eventu-
ally undergoes. In uterine cancer, for example, 7.3% of the
patients presenting to the center with the lowest quartile of
robotic case volume received a robotic surgery compared to
58.4% of those who were at a hospital at the highest quar-
tile. This approach disparity may represent learning curve,
comfort with robotics, limited available robotic operating-
room time, or widely different patient selection criteria. Data
suggests experience matters in terms of improved patient
outcomes no matter the surgical approach [23-24] (addi-
tional refs available). Physicians at low-volume centers
may recognize this, restricting the robotic approach to only
those candidates they view as ideal to safely perform, while
they are still on the learning curve. As we found patients
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at lower volume robotic centers were less healthy overall,
there simply may be a smaller pool from which to recruit
robotic candidates. It has been suggested that operating-
room efficiency has the largest impact on profitability of a
robotic case, and so, from a hospital administration view-
point, more complex cases may be incentivized towards an
alternate approach [25].

How facilities transition from a low-volume to higher
volume robotic center is an interesting question, but not one
we could explore fully with only 4 years of data. High vol-
ume robotic centers overall served healthier, younger, and a
less diverse patient mix independent of the ultimate surgical
approach. It is unknown if access to such patients leads to
the development of higher volume robotics or if higher vol-
ume robotic centers attract these types of patients outright.

Limitations

Robotic surgery performed for benign disease could not be
addressed as the NCDB is limited to cancer cases. Moreover,
data herein should not be considered nationally representa-
tive and may not be generalizable to centers not captured
by the database. Unmeasured confounding factors may also
affect the selection of surgical approach for any particular
patient. Furthermore, by the nature of this work we have
combined multiple cancer types into organ categories; each
pathology may have specific treatment guidelines which
could promote or discourage robotic utilization.

Conclusion

Robotic cancer surgery utilization dramatically increased
from 2010 to 2013. High volume robotic centers are sig-
nificantly more likely to pursue the robotic approach, lend-
ing credence to the idea of ‘feeding the robot.” This work
is hypothesis generating in terms of disparities in robotic
access for economic, racial, age or educational reasons.
Finally, higher volumes of robotic prostatectomy trend with
higher robotic utilization for other organ sites, in particular
other urologic and gynecologic surgery.
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