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Abstract: Robotic surgery has been rapidly adopted in many specialties, yet barriers remain. The current
manuscript outlines a gynecologic oncology division’s experience with robotic surgery and breaks down
results from its robotic surgery program into three parts: (I) clinical outcomes, (II) patient-reported
outcomes, and (IIT) hospital outcomes. Published articles, manuscripts in submission, and internal data
from various studies within our division were collated. Clinical outcomes were collected from patients’
electronic health records, patient-reported outcome measures [e.g., satisfaction, quality of life (QOL),
pain] were summarized from questionnaires, and hospital outcomes (e.g., resource utilization, workflow,
costs) were gathered from internal hospital systems. The current review focuses on all surgeries performed
for gynecologic cancers (uterine, cervical, and epithelial ovarian cancer) in the Division of Gynecologic
Oncology at the Jewish General Hospital, McGill University, Montreal, Canada. In comparison to open
surgery, robotic surgery was associated with fewer complications, less blood loss, and less postoperative
analgesic use, without compromising recurrence rates or survival. Overall, patients reported being satisfied
with the procedure and reported a relatively rapid return to daily activities and to baseline QOL. From the
surgeon’s perspective, the robotic system’s user interface enabled performing minimally invasive surgeries
in complex surgical cases that were performed by laparotomy prior to the introduction of robotics. From an
institutional perspective, the robotic surgery cases were associated with cost savings and entailed operational
efficiencies. A division of gynecologic oncology could reap a variety of benefits with the implementation of a
robotic surgery program if used carefully and within a setting conducive to such technological change. The
overarching implications of a computer-assisted robotic interface in the operating room extend beyond the

conventional outcomes measured in healthcare.

Keywords: Robotic surgery; gynecologic oncology; health economics; outcomes management; medical

technology

Received: 02 July 2019; Accepted: 12 July 2019; Published: 12 September 2019.
doi: 10.21037/gpm.2019.07.04
View this article at: http://dx.doi.org/10.21037/gpm.2019.07.04

Introduction assessment (e.g., assessing efficacy, effectiveness under

real-world conditions, costs), (II) deployment (e.g.,
Numerous factors influence a technology’s diffusion (1) training, incorporation into organizational culture and
and, as with most innovations, the adoption of technology existing processes, impact on workflows), and (IIT) post-

in healthcare can be divided into three phases: (I) implementation monitoring (2). Robotic surgery has
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received a great deal of attention in the literature, yet
barriers to its adoption remain (3,4).

Historically, the first elective laparotomy was
accomplished by Ephraim McDowell in 1807 for an ovarian
cyst (5). Revolutionary endoscopic techniques during the
19th and 20th centuries allowed surgeons to access the
abdominal cavity via smaller “keyhole” incisions but, for
many years, there was heavy resistance to changes in practice
and only few early adopters welcomed laparoscopic surgery
(6,7). Following the introduction of video-laparoscopy in the
1980s, the procedure was gradually accepted (6,7). However,
while minimal invasive surgery (MIS) grew (8,9), its use
was limited in complex cases such as the treatment of many
gynecologic cancers, where the laparotomy remained the
primary surgical approach (4,10-13).

The next major evolution came with the development
of a computer-assisted “robotic” interface (4,13), approved
by the United States Food and Drug Administration (FDA)
in 2000 and cleared for use in gynecology in 2005 (13). At
the time that robotic surgery was being introduced at our
center [2007], the state of MIS for the primary treatment
of gynecologic cancers had remained very limited (15% of
confirmed endometrial, 0% cervical, and 0% ovarian cancer
cases, similar to published data (10,14). The implementation
of a robotics program was expected to drive the use of
MIS upwards by rendering the technique more feasible for
surgeons, thereby allowing more patients to benefit from
the procedure. While there was early traction for robotics
in gynecological procedures, field data was lacking. The
start of the robotics program at our center was therefore
implemented as part of a clinical research mandate to
evaluate its use.

The current article outlines the results of this twelve-
year research. A three-pronged approach was undertaken
to evaluate how robotic surgery affected: (I) surgical and
clinical outcomes, (II) patient-reported outcome measures,
and (III) implications for the hospital including resource use
and costs.

Surgical and clinical outcomes
Endometrial cancer

A critical first step when evaluating a new intervention in
oncology is to measure its impact on survival and cancer
recurrence. All patients who underwent robotic staging
were compared to a historical cohort of patients operated
via laparotomy, and results demonstrated lower recurrence
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rates in the robotic cohort within two years of surgery (15).
In a subsequent study, propensity score matching on the
basis of several risk factors was employed. After 36 months
of follow-up, no significant differences were found in
recurrence rates or progression-free survival (odds ratio of
0.6 for the robot cohort relative to the historical laparotomy
cohort, P=0.2). Patients in the robotic cohort trended
towards higher overall survival though this did not reach
statistical significance (odds ratio of 0.4, P=0.006).

Previously, we’ve corroborated some of the benefits
associated with robotics including fewer postoperative
complications (15), lower blood loss (15,16), and a shorter
hospital stay (15,16). Some of the improvements in
perioperative outcomes that we noted with the introduction
of robotic surgery are highlighted in Figure 1. Furthermore,
clinical benefits and outcomes were maintained among
older patients (75 years of age or older) (19,20).

Since 2010, we studied the value of sentinel lymph node
dissection compared to full lymphadenectomy (21-25). We
reported on detection rates of sentinel nodes using a mixture
of tracers including indocyanine green (ICG) (22), which
can be visualized with near-infrared light using the robotic
system’s integrated fluorescence imaging tool (Firefly®) (26).
The cohort of patients who underwent sentinel node
dissection had improved recurrence-free survival at the
pelvic sidewalls in comparison to a historical cohort where
full lymph node dissection was performed (propensity-
score-adjusted hazard ratio of 0.32, P=0.007) (25). We
detected sentinel lymph nodes in atypical areas where lymph
nodes are not routinely removed, such as the presacral space
and along the hypogastric vein (23). The prognostic effect
of this finding has yet to be studied.

In comparison to a matched historical cohort of patients
who underwent laparotomy for endometrial cancer, patients
who underwent robotic surgery were associated with a
significantly diminished use of over-the-counter analgesics
(acetaminophen, ibuprofen, naproxen), opioids (from 71 mg
morphine IV equivalents in the historical laparotomy
cohort to 12 mg in the robotic cohort), patient-controlled
and/or continuous epidural analgesia (from 98% to 2%),
and an associated reduction in direct costs related to pain
treatments over the course of the postoperative hospital
stay (16). Cohn et al. [2016] similarly demonstrated lower
opioid consumption in the first 24 hours after robotic surgery
compared to laparotomy (27). What’s more, some have
demonstrated reduced opioid use following robotic compared
to laparoscopic surgery for endometrial cancer (28,29)
though others have found no significant difference (30).
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Endometrial*: 5 days — 1 day
Cervical’: 7 days — 1 day
Ovarian®: 7 days — 1 day

Endometrial*: 266 mL — 73 mL
Cervical™: 528 mL — 82 mL
Ovarian: 507 mL — 145 mL

Endometrial*: 6% — 1%
Cervical™: 8% — 0%
Ovarian*: 67% — 21%

Endometrial*: 42% — 13% overall
Cervical': 50% — 13% post-op
Ovarian®: 41% — 31% overall

Figure 1 Perioperative outcomes following laparotomy and robotic surgery in gynecologic oncology. *, retrieved from Lau et 4l. [2012] (15)

comparing pre-robotic era (n=133 open, n=27 laparoscopy) to robotic cohort (n=143) for endometrial cancer; ', retrieved from Matanes et al.

[2018] (17) comparing open to robotic surgery for cervical cancer; *, unpublished results comparing open surgery cases in the pre-robotic era

(prior to the first use of robotics for ovarian cancer) to robotic surgery for stage ITI-IV ovarian cancer, based on data reported by Abitbol ez

al. [2019] (18).

A potential reason to explain the findings of less pain after
robotic surgery, as alluded to by Leitao ez a/. [2013], may
be the reduced pressure of the robotic trocars against the
abdominal wall (28).

Cervical cancer

In light of recent findings from a retrospective observational
study (31) and a randomized controlled trial (32)
demonstrating worse survival outcomes among patients
who underwent minimally invasive radical hysterectomy
compared to open surgery, we re-evaluated survival and
oncologic outcomes in our patient population (17). Patients
who underwent robotic-assisted radical hysterectomy for
early stage cervical cancer were compared to a historical
cohort of patients who underwent open surgery (17).
No significant differences were found in overall survival
or progression-free survival and patients in the robotic
cohort tended to have fewer postoperative complications
(P<0.001) including lower rates of wound complications,
less intraoperative blood loss (median 82 vs. 528 mL,
P<0.001), and a shorter hospital stay (median 1 day wvs.
1 week, P<0.001) (see Figure 1) (17). This supported findings
from an earlier study in our division comparing outcomes
following robotic and open radical hysterectomy (33).
Despite these results, data from the LACC trial are
disconcerting (32) and although some have brought up
certain shortcomings of the trial and the generalizability of
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the findings across settings (34-36), there is a need to make
better sense of the data. As we continue to move towards
an era of precision medicine, results from randomized
controlled trials need to be interpreted carefully at the
patient level (36).

Epithelial ovarian cancer

Unlike other indications, the role of robotics in the
management of epithelial ovarian cancers is still under
debate (37). Over three quarters of patients with ovarian
cancer are diagnosed at an advanced stage (38,39). The
paradigm for staging and debulking ovarian cancer
remains maximal cytoreductive surgery (40-42), which has
traditionally entailed full exploration of the abdominal
cavity via laparotomy (43). Early reports have indicated
that robotic surgery may be feasible in selected cases where
complete cytoreduction is achievable (37,44-46), though the
key factor is “selected cases” rendering direct comparisons
between open and robotically-assisted debulking surgeries
less credible.

In our patient cohort, overall and progression-free
survival were superior among patients who were operated
by robotic surgery for advanced ovarian cancer (18).
However, unlike uterine and cervical cancer that saw a jump
in rates of MIS at our center following the introduction
of robotics [from 15% laparoscopy to over 95% MIS
in endometrial cancer; 0% to 100% robotically assisted
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MIS in cervical cancer], the uptake of robotic surgery in
ovarian cancer has been more moderate (from 0% to an
annual peak of 71% across all stages) (18). To construct a
more equitable comparison, we compared all the patients
in the era before robotics, during which all patients had a
laparotomy, to all the patients in the era where some had
robotics and some had open surgery (18). For the entire
cohort of patients with stage III or IV ovarian cancer
before and after the introduction of robotics, there were
no significant differences in overall survival (median 40 vs.
47 months before and after the introduction of robotic
surgery, P=0.6) or progression-free survival (median 13 wvs.
16 months, P=0.4) (18). While there are limitations to a pre-
post analysis, the data indicates that oncologic outcomes did
not seem to have been comprised after carefully selecting
the patients who were offered robotic debulking surgery.
Consistent with data in endometrial and cervical cancer,
among patients who were considered suitable for robotic
debulking surgery, perioperative outcomes were improved
in patients with ovarian cancer in comparison to laparotomy
cases performed before the application of robotics in
ovarian cancer (Figure 1), including lower blood loss (145
vs. 507 mL among robotic cases and laparotomy cases in the
pre-robotic era, respectively), lower transfusion rates (4%
vs. 31% intraoperatively; 20% vs. 55% postoperatively), and
a shorter hospital stay (median of 1 day vs. 1 week) (18).

Similar results were noted for early stage (I-1I) ovarian
cancers: after a medium follow-up of 50 and 69 months
among robotic (n=29) and laparotomy (n=30) cases,
respectively, there were no significant differences in overall
or progression-free survival between the robotic and
laparotomy cohorts as well as between the pre-robotic and
robotic eras (unpublished data).

Patient-reported outcome measures

To address the shortcomings of traditional clinical
endpoints, patient-reported outcomes have emerged to
increase patient-centeredness (47-50) and enable patient
empowerment (47,50). Patient-reported outcomes may
include anything reported by patients including symptoms,
quality of life (QOL), pain, satisfaction, and anything that
patients find meaningful with regard to their health (47-49).

QOL, in itself, is also a broad construct that generally
refers to an individual’s well-being (51,52). Conceptually,
the idea behind QOL has appeared throughout history
(51,52), and Western (53) as well as Eastern (54) philosophers
have reflected on the meaning of happiness and/or pleasure.
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Health-related QOL refers to QOL as it pertains to health
(49,51), and can be broken down into four dimensions:
physical, functional, emotional/psychological, and social
well-being (52).

During the first two years of our robotics program, our
division undertook a pilot study on patients’ health-related
QOL following robotic surgery for endometrial cancer in
order to monitor the effects of the new intervention on their
recovery (55). At their first postoperative visit three to four
weeks after surgery, patients reported high satisfaction (93 %
were very satisfied with the surgery), reported resuming
regular activities within 2 weeks (mean 11 days), and 67%
reported feeling no pain (55). Subsequently, we introduced a
new patient survey consisting of standardized and validated
health-related QOL instruments as well as additional
questionnaires to explore the impact of robotic surgery on
other aspects of QOL (56). Using the FACT-G, a validated
cancer-specific health-related QOL questionnaire where
patients are asked a series of questions regarding how they
have been feeling “during the past 7 days” (Cella et al.,
1993) (57), it was noted that while overall health-related
QOL scores dropped within the first week after surgery for
any gynecologic cancer, they returned to preoperative levels
within three weeks (Figure 2) (56). Similar results were noted
for patient-rated pain: both pain severity and its interference
with daily life dropped at the first follow-up one week after
surgery and returned to baseline by the second follow-up
three weeks after surgery (Figure 2) (58). In addition, patients
reported high satisfaction with the surgery even at the first
follow-up one week after surgery (58).

The protocol of the previous study eventually served
as a template for what would become a pan-Canadian
multicenter trial to prospectively compare outcomes
between laparotomy, laparoscopy, and robotic surgery for
apparent early stage (clinical stage I-II) endometrial cancer
(GOC2; ClinicalTrials.gov Identifier: NCT01480999).
Though subjects were not randomized, in comparison to
laparotomy, the MIS arm (laparoscopy and robotics) had
significantly better HRQOL outcomes across a variety of
measures in the short term (1 and 3 weeks) after surgery
(60,61). The FACT-G, as described above, as well as the
EQ-5D, a commonly used preference-based instrument to
assess generic health status (61,62), demonstrated sustained
differences (P<0.05) in favor of MIS up to three months
postoperatively (61). The Brief Pain Inventory [BPI,
adapted from (59)] was used as in our previous study (58),
with the MIS cohort demonstrating lower pain scores at one
week after surgery (P<0.05 for all aspects of pain severity)
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Changes in Quality of Life and Pain After Robotic Surgery
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Figure 2 Impact of robotic surgery on quality of life and pain in gynecologic oncology. *, adapted from Abitbol et 4/., 2019 (58). Data
represents mean pain severity and pain interference scores (on scale of 0 to 10 from least to most pain) using Brief Pain Inventory [BPI,
see (59)]. !, adapted from Abitbol ez al., 2014 (56). Data represents mean total cancer-related quality of life (QOL) score (on scale of 0 to 108
from lowest to highest QOL) using FACT-G questionnaire [see (52)].

Table 1 Hospital costs before and after the introduction of a robotic surgery program in gynecologic oncology

Time period Endometrial Cervical Ovarian
Pre-implementation of robotics program ($) 11,541 13,095 23,971
Robotic surgery case (post-implementation of robotics program) ($) 8,509 9,109 14,878

Average hospitalization costs (excluding capital costs and maintenance costs of robots) sourced from previous articles on endometrial (15),
cervical (33), and ovarian cancer, and adjusted for inflation to 2017 Canadian dollars (CAD) as of the time of analysis. Following the
implementation of the robotics program, 42% of ovarian cancer cases evaluated were operated by laparotomy; to account for this
selection bias, the average cost of all surgeries performed in the robotic era (open and robotic surgeries combined) was $19,652 (62).

and less pain interference up to three weeks postoperatively
(P<0.0001 and P=0.0008 one and three weeks after surgery,
respectively) (61).

Hospital outcomes

Hospital costs were estimated for endometrial (15),
cervical (33), and ovarian cancer, and across all three, robotic
surgeries were, on average, less expensive than laparotomies
in the immediately preceding historical cohorts. Excluding
acquisition and maintenance costs of the robots, the average
hospital costs decreased from $10.4 thousand to $7.6

© Gynecology and Pelvic Medicine. All rights reserved.

thousand (2010 Canadian dollars, CAD) for the surgical
treatment of endometrial cancer (15), $11.8 to $8.2 thousand
(2010 CAD) for cervical cancer (33), and from $24 to $14.9
thousand (2017 CAD) for ovarian cancer. This data is
summarized and adjusted for inflation in Table 1.

Across the three studies mentioned above, the driving
force for lower costs in the robotic cohort was the reduced
length of stay vis-a-vis laparotomy. The difference in the
perioperative process times between open and robotic
cases for the treatment of ovarian cancer is shown in
Figure 3, illustrating that while robotic cases tended to take
longer in the operating room, patients flowed through the
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Impact of robotic surgery on perioperative processes in ovarian cancer
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Figure 3 Impact of robotic surgery on perioperative processes in ovarian cancer. Data adapted from Abitbol et 4/., 2019. Data illustrates the

perioperative process flow times for patients who underwent robotic surgery and open surgery for ovarian cancer. Time patient spent in the

operating room was approximated by total anesthesia time. Data labels are median number of hours. *, to limit the patient selection bias

during the period where robotics was offered, the open surgery cohort represents patients who underwent laparotomy in the pre-robotic era

prior to the first use of robotic surgery for ovarian cancer. PACU, Post-Anesthesia Care Unit.

recovery room and the inpatient unit at a faster pace. This
prompted our team to take a bird’s eye view and evaluate
how the introduction of the robotics program affected the
entire gyn-oncology inpatient ward, including any and
all admissions under the division (63). Despite a greater
number of surgical admissions in the period encompassed
by the robotics program, surgical admissions occupied less
of the ward in terms of number of bed-days, reflecting
the faster turnover of patients from the increased use of
MIS (63). Implications of the findings suggest that the
program helped accommodate the growth of the division
and was associated with improved operational efficiency
by the freeing up of surgical beds and decreased resource
utilization (63). This was especially pertinent in our setting
given capacity constraints (64).

To evaluate whether the robotics program, as a
whole, was a worthwhile investment, capital budgeting
methods were applied and the net present value (NPV)
of the program was crudely estimated and compared to a
hypothetical scenario wherein the robotics program was not
implemented, i.e., what it would have cost to accomplish
the same number of cases using the same case-mix of
laparotomy and laparoscopy maintained throughout the
years. From the perspective of the division of gyn-oncology
alone, even after including the department’s share of the

© Gynecology and Pelvic Medicine. All rights reserved.

robots’ upfront costs and their annual maintenance costs,
the NPV of the costs associated with the robotics program
were less than that of the supposed status-quo where most
surgeries would have presumably been accomplished by
laparotomy, entailing a return on investment (ROI) of 15%.

Unlike a conventional NPV analysis (65), the above
analysis was both retrospective and forward looking, sunk
costs were included, and average hospital costs based on
internal accounting data were used in place of proper
incremental cash flows. Additional limitations include the
possibility that the use of laparoscopy would have increased
without robotics and that the difference in length of stay
between MIS and laparotomy—the major source of cost
savings—could have diminished owing to developments in
surgical recovery processes like Enhanced Recovery After
Surgery (ERAS) protocols (66), which would have in turn
reduced the value proposition of robotic surgery for the
hospital. Nevertheless, the analysis provides a framework
for healthcare organizations to model out an investment in
new medical interventions or equipment.

Discussion

The current article describes a synopsis of our division’s
experience with robotic surgery. We took a three-pronged
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approach in our evaluation of the robotics program:
clinical, patient-reported, and organizational and economic
outcomes. The robotic system rapidly permeated our
surgical practice and enabled the performance of MIS
in cases where it was previously not offered or where it
was clinically judged to be too high a risk in our patient
population at the time (e.g., cytoreductive surgeries, radical
hysterectomies, periaortic lymphadenectomies, patients
with comorbidities like morbid obesity, etc.). Researchers
in other specialties have similarly noted the expanding
applicability of surgical robotics to new frontiers (67-70).

Donald Berwick has suggested how “in health care,
invention is hard, but dissemination is even harder” (Donald M.
Berwick, 2003, p. 1970) (71). The growth of our robotics
program (over 1,500 surgeries to date) was driven by a
continuous effort to track the relevant data on our use of
robotics at both the patient level (including traditional
clinical endpoints, patient-reported outcomes, care
trajectories) and the hospital level (including workflow,
resource utilization, costs). Across all surgically managed
gynecologic cancers, the greater use of MIS was associated
with satisfactory oncological results, improved operative
and clinical outcomes, and notably improved patient-
reported outcomes. The assessment of patient-reported
outcome measures is increasingly being reported as a tool
to complement traditional endpoints and to personalize
measures of quality of care (47-50). While some have
highlighted concerns with popular QOL instruments
(72-74), in the absence of standardized instruments,
it is nevertheless important to “ask the patient” (Fayers
and Machin, 2002:42) (51) to ensure a patient-centered
assessment of care.

This meticulous data-driven approach to evaluate the
impact of our interventions follows the philosophy of
Ernest Codman, a pioneer of outcomes tracking who, at
the time (early 1900s), faced enormous backlash by his
peers for unremittingly recording and publishing treatment
outcomes including surgical errors (75). As many healthcare
organizations move towards value-based payment models
(76-78), diligent outcomes management is as important as
ever to ensure quality care (78,79) and a positive patient
experience (79).

With hospitals under constant financial pressure, the
effects of introducing a new technology on costs are
important to measure internally. At the hospital level, the
average costs of robotic surgeries were found to be less
expensive than those of open surgeries in our retrospective
cohorts. Generally, a cost-effective intervention is defined
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as one where the incremental outcomes outweigh the
incremental costs of that intervention over another and
it is judged to be worth the added costs (80). This was
not an objective of the current analyses and no normative
assertions were meant regarding the adoption of robotic
surgery. In our setting, with decent multi-specialty usage of
the robotic platform and a large delta between the length
of hospital stay between robotic cases and open surgeries in
the historical cohorts, the robotics program was found to be
cost saving. While the assumptions underlying our findings
are important to take into account (e.g., retrospective
analyses and use of historical controls, changes in clinical
practice that would have diminished postoperative length
of stay and resource use, depreciation and amortization
assumptions of the robots and their routine maintenance,
etc.), the robotics program was found to at least not be
a white elephant in our setting. Nonetheless, contextual
factors are necessary to accurately appraise the adoption
of any new technology. Fittingly, the Donabedian model
provides a framework to measure quality of care at three
levels: outcomes, process, and structure (81).

In addition to the outcomes described in this review,
“not everything that can be counted counts, and not everything
that counts can be counted” (William Bruce Cameron), and
organizations often consider other factors when deciding
to adopt a technology like robotic surgery, such as the
need to remain competitive (82) and as a way to market
themselves (83).

The Institute for Healthcare Improvement developed the
Triple Aim framework to address policy objectives across
three dimensions: population health (i.e., health outcomes),
patient experience, and costs (84). We are now seeing an
evolution from the Triple Aim to the Quadruple Aim to
also incorporate the well-being of healthcare providers (85).
Indeed, the introduction of a new medical technology
greatly affects the user experience. Gaster described a
general surgeon’s second live laparoscopic cholecystectomy:
“the surgeon was sweating . . . learning a new procedure had
never been so difficult” as “the new technology prevented him
from using some of his most basic surgical skills” (Gaster,
1993:1280) (86). While a new technology may always entail
a learning curve, the rapid success of surgical robotics has
largely been attributed to a superior interface (4,13,87,88).
The advantages of robotics over laparoscopy, however, go
beyond a more ergonomic interface. Rather, the integration
of a computer system has implications for the development
of surgical innovation (4,89-92).

Although robotic surgery has been swiftly adopted as
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a natural evolution of conventional MIS, it was originally
spearheaded by aerospace and military institutions with
the ambitious goal of high-tech long-distance surgery (93).
Unlike conventional straight-stick laparoscopy, computer-
supported surgical robotics can allow other innovative
uses to be tacked on more easily. Some of the potential
applications that have been described include enhanced
training modalities using virtual reality (VR) (91,94) as well
as machine learning (95) and deep learning (96) algorithms,
image guidance (97), long-distance surgery (89,98), and
even the automation of surgical tasks (92). As such, as
surgery continues to digitize, we could anticipate leveraging
advancements in the technology sector.

Conclusions

As with any surgical technology, adoption should be
evidence-based and carried out cautiously (99). We outlined
our experience with robotic surgery, initially implemented as
part of a clinical research mandate, and rapidly proliferated
to a majority of—yet carefully selected—surgical cases in
our division. Continued research is encouraged to validate
clinical, patient-reported, and economic outcomes of
robotic surgery, to delineate for whom this option is most
appropriate, and to establish ways to optimize processes and
workflows around these surgeries. More upstream, ongoing
research and development in the areas of surgical robotics
and computer-assisted surgery are anticipated to further
innovate the field.
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