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Abstract 
The surgical platform for robotic-assisted surgery has enabled many 
surgeons to join a popular trend in minimally invasive surgery, which 
offers prospective benefits to patients (eg, shorter hospital stays, earlier 
recovery, and less pain) and operational benefits to surgeons. Surgeons 
without minimally invasive surgical training typically acquired during 
fellowship training are generally able to perform complex procedures 
with the robotic platform due to its ergonomic suturing instrumentation, 
tremor stabilization, 3D visualization, and 4-arm control by a single 
surgeon. Prospective benefits, however, must be balanced against 
prospective risks. This article explores the multitude of factors that 
persuade both surgeons and patients to choose robotic surgery over 
open surgery or conventional laparoscopy and explores whether 
evidence exists to support its use despite sometimes conflicting 
research. 

 
History of Minimally Invasive Surgery 
Minimally invasive surgery (MIS) has come a long way in the more than 120 years since 
gynecologist Dimitri Ott examined the peritoneal cavity of a woman in 1901 with a head 
mirror and a speculum through a culdoscopic opening.1,2 Almost 85 years later, in 1985, 
Erich Mühe performed the first laparoscopic cholecystectomy in Germany.2,3 The change 
to the surgical field that laparoscopy brought about has been one of the most 
revolutionary in the history of surgery. Prior to the 1990s, the surgical dogma was “the 
bigger the cut, the better the surgeon.” This attitude began to change with the shift to 
not only less invasive surgery but also surgical practices that were driven by popular 
patient demand.4 It was estimated that, by 1992, about 80% of cholecystectomies were 
being performed laparoscopically,5 and laparoscopic cholecystectomy has since become 
the gold standard of care for patients worldwide suffering from biliary colic. The 
explosion of interest in this novel technique was driven by patient demand for surgeries 
whose incisions could be covered with mere band-aids at the completion of the case. 
Patients wanted smaller scars, less pain, and less recovery time. 
 
A further evolution of MIS came through the development of remote robotic telesurgery 
for use in battlefields and since adopted for use in many surgical specialties.6 Over the 
years, this advancement has been proven to produce—at the very least— technical 
outcomes not inferior to those afforded by comparable laparoscopic procedures and, in
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some cases, superior to them.7,8,9,10 This paper explores the factors that persuade both 
surgeons and patients to favor robotic surgery over laparoscopic surgery as well as the 
possible reasons that conflicting research exists to support its use. 
 
Enhanced Operative Experience 
Surgeons’ operative experience differs considerably with the robotic platform. Improved 
ergonomics by enabling surgeons to sit at a customizable console—and to operate with 
increased dexterity, tremor reduction, 3D visualization, up to 10 times magnification, 
and control of 4 arms—are all ways that simplify MIS for those not trained to operate 
laparoscopically.11,12 Consequently, surgeons who have not embraced laparoscopic 
procedures routinely in their practice can now make the transition to MIS with relative 
ease through the robotic platform. While rigid laparoscopic instruments provide 4 
degrees of motion, robotic instruments have 7, mimicking the human wrist through 
EndoWrist technology.11 By increasing dexterity in ways that laparoscopic techniques 
cannot accommodate, robotic operating makes suturing easier for those who have 
limited or no training in MIS.13 
 
Despite the benefits of robotic surgery for surgeons, evidence that the shift to robotic 
surgery is due primarily to a decline in open surgery is not robust. One review article did 
conclude that robotic lobectomies are increasing while open lobectomies are decreasing 
and lobectomies performed by video-assisted thoracoscopic surgery (a laparoscopic 
equivalent) are remaining stable.14 Similarly, a cohort study that included over 169 000 
patients from 73 Michigan hospitals found that while the use of robotic surgery overall 
increased from 1.8% of cases in 2012 to 15.5% of cases in 2018—and 41-fold over the 
same time period for certain procedures, such as inguinal hernia repair—use of 
laparoscopy, which had increased by 1.3% per year prior to the adoption of robotics, 
afterwards declined by 0.3% per year.15 While these findings suggest that surgeons who 
use open surgery are transitioning to robotic surgery, a 7-year retrospective review 
published in 2018 found that while use of robotic surgeries increased in all 5 categories 
(colectomies, cholecystectomies, bariatric surgeries, inguinal and ventral hernia repairs), 
use of laparoscopic procedures decreased relative to use of robotic procedures, leading 
the authors to conclude that the increase in robotic surgeries came from laparoscopic 
surgeons utilizing more robotics rather than from open surgeons converting to robotic 
surgery.16 This conclusion, however, is limited by the fact that new surgeons entering the 
surgical field were not accounted for, and individual surgeon case data were not 
available. The data also showed that the highest absolute increase in use of robotics 
was for colectomies and bariatric surgeries (from 0.1% to 3.1% and from 0.4% to 4.8%, 
respectively), which surgeries also had the highest absolute decrease in open 
procedures (from 71.8% to 61.9% and from 20.1% to 10.1%, respectively), raising the 
question of whether the increased use of robotic surgery for these procedures comes 
from a technical advantage due to the greater complexity of those cases. All in all, it is 
difficult to generalize these trends accurately without looking at individual surgeons’ 
data and accounting for new trainees entering the field. 
 
Making Procedures Safer, Faster, Cheaper 
Critics frequently cite the longer operating times and higher costs of robotic surgery 
compared to laparoscopic surgery,9,10,11 but history provides a more nuanced 
perspective. The first laparoscopic cholecystectomy took 2 hours to complete.1 Now 
experienced surgeons can perform that same procedure in under 30 minutes.17 
Similarly, studies conducted in the 1990s comparing laparoscopic to open 
appendectomies showed that laparoscopic procedures cost the hospital more money 
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and took longer to complete as well.1 Now open appendectomies generally occur only in 
unusual circumstances, and one would be hard-pressed to find a patient who would 
choose an open appendectomy over a laparoscopic one. Residents trained today are 
more comfortable and more experienced with laparoscopic appendectomies and 
laparoscopic cholecystectomies than the same procedures done open. As surgeons 
become more experienced using the robot, they are able to use fewer instruments in 
more versatile ways, resulting in decreased instrument exchanges, all contributing to 
decreased cost and operating room time.18 
 
Robotic Platforms in Education 
Surgical residents have a minimum requirement to complete 100 basic laparoscopic 
cases in addition to 75 complex laparoscopic cases in order to fulfill graduation 
requirements.19 Recently, an option to log cases as robotic has become available for 
general surgery and obstetrics-gynecology residents, and urology residents have an 
already-established 80 case minimum requirement for robotic procedures.20 It seems 
that it is only a matter of time before robotic training becomes a standardized, integral 
part of basic training for all surgeons. As the robotic platform continues to be utilized 
and as the instruments and technology continue to evolve, surgeons will continue to 
reduce not only operative time, but also cost per procedure, making it possible to 
believe that, with improved training, the cost and time difference between laparoscopic 
and robotic surgery will be negligible.16 Currently, robotic training consists of web-based 
and dedicated on-site training programs, virtual reality skills simulation, and old-
fashioned mentorship that residents are exposed to during their training.21 These 
opportunities, however, are not standardized within residency programs across the 
United States, and access to them is widely variable. 
 
Intuitive Surgical, Inc, the company behind the da Vinci robotic platform—currently the 
most widely used platform in the United States22—has training simulations available 
online and on the operating console, allowing trainees to practice transferable skills 
outside of the operating room, without compromising patient safety.21 The company also 
has a system in place for experienced robotic surgeons to proctor surgeons new to 
robotic surgery, now also available via an easy-to-use platform, the Intuitive Hub, which 
allows for video recording and virtual collaboration in real time and after the procedure 
is complete by enabling surgeons to review and track progress. This unique learning 
platform allows surgeons in all stages of training to broaden their robotic skills and 
adapt robotics to their practice faster than before. The app collects data during 
operations by tracking the surgeon’s every move, instrument changes, clutch use, and 
so on and provides feedback in order to assess and improve efficiency and to compare 
the surgeon’s personal results to those of other surgeons. This technology will also help 
address access issues and can allow residency programs to establish set goals for 
residents to achieve throughout their training. 
 
Outcomes for Surgeons  
Complex cases may offer a greater advantage when done robotically than 
laparoscopically for surgeons with less training in MIS. In a systematic review, Flynn et al 
found that operating times for robotic colectomies were shorter than for laparoscopic 
colectomies when the surgeons were unfamiliar with both platforms.23 Although Lauka 
et al’s systematic review and meta-analysis found that operative times were longer and 
costs higher for robotic right colectomies than for laparoscopic right colectomies, 3 of 
the studies included took into account the effect of experience on operative time and 
showed that operative times decreased for robotic colectomies over the course of the 
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learning curve,24,25,26 and 1 of the 3 studies further reported that, for 11 to 20 
completed cases, robotic right hemicolectomies took less time to complete than 
laparoscopic, likely due to a shorter learning curve.25 Moreover, robotic colectomies had 
lower conversion rates, less estimated blood loss, higher lymph node harvest, and a 
shorter hospital stay than laparoscopic colectomies.10 

 
In light of these findings, the results discussed earlier favoring open or laparoscopic 
procedures over robotic procedures may be due to the operative background of the 
surgeons participating in the studies, as hypothesized by Edward Felix.27 Surgeons who 
have a diverse laparoscopic background and who are highly proficient in laparoscopy 
might have increased frustration as well as longer operative times with equivalent 
robotic cases simply due to being less familiar with the platform despite its advantages. 
This hypothesis may explain why the results of similar studies reach variable 
conclusions. 
 
Patient Preference and Robotic Surgery 
Minimally invasive procedures have been shown to be not only better for patients in 
terms of reduced recovery time and pain but also the method preferred by patients, 
resulting in greater satisfaction.15,28 Less time in the recovery unit after the procedure, 
as well as decreased narcotic use due to less postoperative pain after hernia repair, has 
considerable implications for both the patient and the health system.29 An evidence-
based analysis published by the Medical Advisory Secretariat of Health Quality Ontario 
found that, compared to laparoscopic hysterectomies, robotic hysterectomies had fewer 
conversions to open surgery (which had significantly greater blood loss and longer 
hospitalization time than either minimally invasive modality), resulting in reduced 
morbidity.30 The same analysis found that robotic prostatectomies for prostate cancer 
had a significant decrease in blood loss and therefore fewer transfusions, had a 
decreased incidence of positive surgical margins, and had decreased erectile 
dysfunction compared to laparoscopic prostatectomies.31 
 
During the development of laparoscopy, however, randomized controlled trials were 
challenging to conduct due to attrition bias32; studying various techniques in surgery 
depends on patients’ cooperation. As technology advances and becomes more 
futuristic, patients want the new and the popular, even if it may not necessarily be 
supported by scientific evidence. Surgeons must be cognizant of this fact and remember 
the many historical instances in which great discoveries in the medical field were 
greeted with disparagement and a considerable lag time to acceptance in the medical 
community (think Louis Pasteur’s germ theory and Semmelweis’ theory of the cause of 
puerperal fever). Similarly, laparoscopic gallbladder operations were deemed dangerous 
and unethical during the early days of their use.33 An equilibrium needs to be achieved 
between enthusiasm for advancements and a healthy dose of skepticism to ensure 
safety of novel procedures due to initial uncertainty. All of this is to say that, despite the 
aforementioned barriers, continued high-quality investigations still need to be done to 
fully understand the rapidly evolving impact that robotic surgery has on patients, 
surgeons, and society. 
 
Behind the Knife, a popular podcast among surgeons and surgical trainees alike, has 
interviewed nationally and world-renowned surgeons, such as John Cameron and Carlos 
Pellegrini. When asked what has been the single greatest innovation in surgery over the 
course of their careers, overwhelmingly the answers have included MIS.34 Above all, in 
light of ever-increasing and dynamic evidence, it is important for patients and surgeons 
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to work together to understand the differences in techniques and their uses and 
applications, to dissipate misunderstandings, and to come up with a final best option of 
treatment in each case. 
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