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Abstract

Purpose of Review This review evaluates the current literature on robotic surgery for rectal cancer and discusses ongoing
controversies related to outcomes, training, adoption, and cost-effectiveness.

Recent Findings Robotic rectal surgery is associated with some benefits in short-term outcomes such as lower conversions
compared to laparoscopy but also substantially higher costs. Data on long-term oncologic outcomes are still limited. Studies
are inconsistent regarding benefits in margin positivity and other metrics. There is significant variability in training practices
and adoption rates globally.

Summary Robotic rectal surgery is increasingly utilized, especially for low rectal cancers where laparoscopy is more chal-
lenging. It allows more patients to undergo minimally invasive total mesorectal excision. However, benefit over laparoscopy
is unclear for less complex cases. Ongoing controversies exist related to true outcomes, optimal training, cost-effectiveness,
and credentialing of surgeons. Further data from high-quality trials are needed to better determine the definitive role of

robotic platforms.
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Introduction

Minimally invasive surgery has become the standard of care
for many colorectal procedures due to improved short-term
outcomes compared to open techniques, including shorter
hospital stays, decreased pain, faster return of bowel func-
tion, and improved cosmesis [1—4]. Laparoscopic colectomy
is now widely utilized for colon cancer, with numerous stud-
ies demonstrating equivalent oncologic outcomes to open
colectomy [5, 6]. However, adoption of laparoscopic tech-
niques for rectal cancer has been slower due to the technical
demands of operating in the confined pelvis and achieving
an adequate total mesorectal excision (TME) [7, 8].
Robotic-assisted platforms have the potential to overcome
some of the limitations of straight stick laparoscopy for pel-
vic dissection. Theoretical benefits include three-dimen-
sional stereoscopic visualization, wristed instruments with
a greater range of motion, reduced tremor, and improved
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surgeon ergonomics [9, 10]. These factors may facilitate
maneuvers like splenic flexure mobilization, rectal transec-
tion, and precise TME in the deep pelvis. Early studies sug-
gest robotic rectal surgery is associated with improvements
in conversion rates, circumferential resection margin positiv-
ity, and other short-term outcomes compared to laparoscopy
[10, 11, 12ee 13, 14ee_15]. However, robotic surgery also
entails longer operating room times and substantially higher
costs [11, 14ee, 16, 17].

The current literature contains discrepancies regard-
ing the benefits of robotic rectal surgery, especially when
it comes to oncologic outcomes. There are also ongoing
debates around the learning curve, training requirements,
cost-effectiveness, and adoption rates. The aim of this review
is to examine the evidence on robotic surgery for rectal can-
cer and provide an overview of the current controversies
regarding its utilization. Determining the appropriate role
of robotic platforms in treatment of rectal cancer remains
an important question. With training programs transitioning
towards minimally invasive approaches and increased avail-
ability of robotic systems, evaluating the benefits and limita-
tions of this technology will have implications for practice.
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Short-Term Outcomes

Multiple studies have compared short-term perioperative
outcomes between robotic and laparoscopic rectal cancer
surgery.

In terms of operative duration, robotic surgery is gener-
ally associated with significantly longer operating times.
The randomized controlled trial by Kim et al. with 139
patients found median operating time was longer for
robotic proctectomy compared to laparoscopy (190 min
vs 155 min, p <0.001) [18]. This aligns with multiple
meta-analyses showing robotic rectal surgery having 28
to 93 min longer operating room times on average than
laparoscopic surgery [19ee, 20-22].

However, robotic surgery demonstrates lower rates of
conversion to open surgery. Kim et al. reported only 1 con-
version (1.2%) in the robotic group compared to 5 (7.6%)
in the laparoscopic group [18]. Several meta-analyses
found a significantly lower conversion rate with robotic
surgery, ranging from 1.9 to 11% for robotic cases com-
pared to 6.3% to 29% for laparoscopic cases [13, 14ee,
21, 22].

When examining intraoperative complications, meta-
analyses have found no significant differences between
robotic and laparoscopic rectal surgery [21, 22]. In terms
of postoperative morbidity, results are inconsistent. Some
studies show lower rates of overall complications for
robotic surgery [13, 17, 23], while other analyses demon-
strate similar postoperative complication profiles between
robotic and laparoscopic approaches [19ee, 21].

Most studies report comparable lengths of hospital stay
between robotic and laparoscopic rectal surgery, averag-
ing 5-12 days [15, 18]. Both minimally invasive methods
result in significantly shorter hospitalization compared to
open surgery [21, 22].

In summary, while robotic rectal surgery requires longer
operating room times, it demonstrates lower conversion
rates back to open surgery compared to laparoscopy. Fur-
ther data are required to determine if robotic techniques
provide an advantage in reduced postoperative complica-
tions or quicker recovery times.

Oncologic Outcomes

Several studies have evaluated and compared oncologic
outcomes between robotic and laparoscopic rectal cancer
surgery.

The randomized trial by Kim et al. found no significant
difference in circumferential resection margin (CRM) pos-
itivity rates between robotic and laparoscopic proctectomy

@ Springer

(7.7% vs 13.2%, p=0.513) [18]. Similar CRM positivity
was reported in other studies, including the meta-analysis
by Li et al. which found no difference between robotic and
laparoscopic surgery after pooling 7 RCTs (RR 1.47,95%
CI1 0.53-4.05, p=0.46) [15, 16].

Regarding lymph node harvest, Kim et al. reported simi-
lar median lymph node yields between robotic and laparo-
scopic techniques (14 vs 12, p=0.513) [18]. This aligns with
the meta-analysis by Li et al. showing no difference in lymph
node counts after pooling 7 RCTs (WMD —0.56, 95% CI
—1.81 to 0.69, p=0.38) [22]. However, Sun et al. reported
a lower lymph node harvest with robotic surgery in their
meta-analysis of 6 studies (WMD —2.23,95% CI —3.51 to
—0.95, p=0.0007) [22].

For low rectal cancers specifically, Lee et al. found com-
parable distal resection margins and CRM positivity rates
when comparing robotic to laparoscopic intersphincteric
resection in a meta-analysis of 510 patients [23]. This indi-
cates the effectiveness of robotic surgery for low tumors
requiring sphincter preservation.

Longer-term oncologic outcomes remain limited in
studies given the relatively recent adoption of robotic sur-
gery. However, the 2-year local recurrence rate was similar
between robotic and laparoscopic surgery groups in the trial
by Kim et al. (2.7% vs 4.8%, p=0.999) [18].

In summary, current evidence suggests robotic rectal
surgery provides equivalent oncologic outcomes to laparos-
copy in terms of margin status, lymph node yields, and early
recurrence rates. However, high-quality data on long-term
survival are still lacking.

Learning Curve

Several studies have aimed to quantify the learning curve for
robotic rectal surgery by analyzing how outcomes change
with surgical experience.

The randomized trial by Kim et al. found operating time
decreased from a median of 230 min for the first 10 robotic
cases to 175 min for cases 11-20, and 150 min after 20
cases. Conversion rates also declined after the first 10 cases
[18].

Olthof et al. reported improvements in operative dura-
tion, conversions, complications, and length of stay during
a surgeon's first 15-25 robotic rectal resections before pla-
teauing [16].

Additional studies found that major gains in opera-
tive time, EBL, lymph node harvest, and other outcomes
occurred after the first 20 robotic cases [11, 24].

However, the exact number of cases needed to achieve
proficiency remains controversial. Some studies suggest
comprehensive training should include a minimum of
20-30 mentored cases before independence [13, 25]. But
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others note the learning curve is highly variable based on
factors like prior experience [14ee 15, 16, 26].

Regardless, studies agree outcomes are inferior dur-
ing the initial learning curve [11, 16, 18, 24]. This has
led some experts to recommend restricting robotic rectal
surgery to high-volume centers until surgeons achieve
proficiency [19ee, 20]. However, formal case volume
requirements for competency are not standardized.

In summary, accumulating experience leads to
improvements in outcomes for robotic rectal surgery.
But the precise number of cases needed to reach mastery
remains unclear. Careful monitoring of individual learn-
ing curves can help ensure optimal results.

Training and Adoption

Adoption of robotic rectal surgery has increased substan-
tially but remains variable globally. Studies show utiliza-
tion rates ranging from 1.5% in Germany to 54% in Korea
[11, 17].

Optimal training methods remain controversial. Some
experts advocate comprehensive training including mod-
ules, simulation, observation, bedside assisting, and
graded progression to independence under proctoring
[12ee, 13, 14ee 21].

The Robotic Training Network recommends at least 20
mentored cases before independent practice [25]. Others
have called for standardized virtual curricula to demon-
strate competency prior to autonomous surgery [26].

However, most surgeons receive no formal credential-
ing or robotic training beyond their laparoscopic colo-
rectal experience [15, 22]. One study found only 18% of
robotic rectal surgeons had formal credentialing protocols
[15].

This variability has led some to advocate restricting
robotic surgery until stronger evidence on outcomes and
credentialing emerges [19ee, 20, 23]. Proposed require-
ments include minimum case volumes, proctoring, and
maintenance of competence. However, formal guidelines
are lacking in most countries.

In summary, adoption of robotic rectal surgery is
increasing but optimal training and credentialing remain
controversial. Further data will help establish standard-
ized curricula to ensure responsible adoption.

In summary, adoption of robotic rectal surgery is
increasing but remains inconsistent globally. Optimal
training methods and credentialing requirements remain
controversial. Further data will help establish optimal
paradigms to ensure safe, responsible adoption of robotic
techniques.

Cost Effectiveness

Robotic rectal surgery is consistently associated with
substantially higher procedural costs compared to lapa-
roscopic approaches. A major contributor is the use of
proprietary robotic instruments which must be replaced
after a certain number of uses.

The randomized trial by Kim et al. found the total cost
was $9538 USD for robotic low anterior resection com-
pared to $6966 USD for laparoscopic surgery. The main
factors increasing robotic costs were longer operating
room times and instrumentation expenses [18].

Other studies echo these findings. The meta-analysis by
Sun et al. reported the median additional cost of robotic
proctectomy ranged from $1300 to $8000 more than lapa-
roscopy, with a pooled incremental cost of $3200 [16].
The meta-analyses by Martins et al. and Li et al. also found
higher robotic surgery costs driven by instrumentation and
longer operative durations [19ee, 21].

Additional factors that contribute to higher costs for
robotic surgery include longer operative times, the need
for repairs/replacements of robotic arms and instruments,
purchase and maintenance of the robotic system itself, and
increased utilization of operating room resources [15, 24].
In our experience we found that after the first 5 cases,
robotic proctectomy had similar overall costs compared to
open surgery when a cost-conscious approach was used,
despite longer operative times [27ee]. Yet this approach
requires proactive thinking towards minimizing unneces-
sary expenses during the robotic procedures such as not
excessive instruments, vessel sealers.

However, there is debate whether the added expense of
robotic technology is justified by potential clinical benefits
such as lower conversions to open surgery, shorter hospital
stays postoperatively, or improved oncologic outcomes.
Some argue the technology provides good value given the
reductions in conversion rates and complications [20].
Others argue the marginal benefits observed thus far do
not warrant the substantially increased costs of robotic
platforms [21, 28ee].

Overall, the literature consistently demonstrates robotic
rectal surgery carries a substantial price premium com-
pared to laparoscopic surgery. But further data are required
to determine if advantages in outcomes justify these addi-
tional expenditures.
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Conclusions

The use of robotic platforms for rectal cancer resection
has gained increasing adoption over the past decade, with
utilization rates up to 50% reported in some centers. The
technology offers theoretical benefits for performing total
mesorectal excision in the confined pelvis.

Several studies suggest improvements in short-term out-
comes compared to laparoscopy, including lower rates of
conversion to open surgery. Robotic surgery also facilitates
higher quality tissue and mesorectal specimen retrieval
compared to laparoscopy in some reports, particularly for
low rectal tumors requiring intersphincteric resection.

However, operating room times are longer for robotic
surgery, and equipment costs per case are substantially
higher amounting to several thousand dollars of incre-
mental expense. Data on long-term oncologic outcomes
are lacking given the relatively recent adoption of robotic
techniques. And high-quality randomized trials have failed
to demonstrate a clear advantage over laparoscopic surgery
in terms of margin status, lymph node yields, quality of
resection, and early recurrence rates.

Major controversies still exist regarding the true ben-
efits of robotic rectal surgery and its optimal role. The
literature contains discrepancies related to improvements
in conversion rates, specimen quality, complications, and
other metrics. And the higher costs associated with robotic
platforms remain a major limitation inhibiting universal
adoption.

To better determine the appropriate use of robotic assis-
tance for rectal resections, future research should focus on
high-quality randomized controlled trials with standard-
ized protocols, surgeons, and equipment. Long-term fol-
low-up for 5-year and 10-year oncologic outcomes will be
essential to evaluate the technology's impact on survival.
Detailed cost-effectiveness data are needed incorporat-
ing factors like operating room expenses, instrumentation
costs, and hospitalization. And further evaluation of learn-
ing curves and optimal training methods can help ensure
responsible adoption by credentialed surgeons.

Currently, robotic rectal surgery appears most beneficial
for selected patients with mid to low rectal cancers, where
the technical demands of laparoscopy are amplified. In the
hands of experienced, high-volume surgeons at special-
ized centers, it allows an increased proportion of com-
plex cases to be completed minimally invasively with low
conversions. However, it remains unclear if advantages
over laparoscopy exist for higher, less complicated rec-
tal lesions within reach of standard multiport techniques.
Moving forward, appropriate patient selection and limiting
robotic surgery to trained proctors until mastery is demon-
strated will be key to optimizing outcomes and justifying
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costs. While a valuable tool in the treatment arsenal for
rectal cancer, numerous questions remain regarding the

definitive role of robotic platforms.

Study Year Patients Interven-  Outcomes Key Find-
tions ings
Wang Y 2020 17 studies, Robotic vs Postop Lower rates
et al. 3193 laparo- compli- of overall
patients scopic cations (OR 0.69)
rectal (Cla- and severe
resec- vien- compli-
tion Dindo cations
classifi- (grade
cation) II1-V, OR
0.69) with
robotic
approach
Wang X 2020 20 studies, Robotic vs OR time, Longer OR
etal. 5496 laparo- conver- time but
patients scopic sions, fewer con-
rectal LOS, versions
resec- compli- and faster
tion cations recovery
with
robotic
surgery
Emile 2022 470 Robotic vs Conver- Lower con-
et al. patients laparo- sions, version
after scopic margins, rate (8.9%
pro- resection  survival vs 17.9%)
pensity for T4 and better
match- rectal 5-year
ing cancer survival
(56.2% vs
43.4%)
with
robotic
Crippa 2020 600 Robotic vs Complica- Lower com-
etal. patients laparo- tions, plications
scopic LOS (37.2% vs
rectal 51.2%)
resec- and faster
tion recovery
with
robotic
surgery
Safiejko 2021 19,731 Robotic vs  30-day Lower
et al. patients laparo- mortal- 30-day
from 42 scopic ity, LOS  mortality
studies rectal 0.4% vs
resec- 1.2%) and
tion LOS with
robotic
surgery
Tongetal. 2021 1436 Robotic vs OR time, Longer OR
patients laparo- LOS, time but
from 9 scopic onco- similar
studies rectal logic LOS and
resec- out- oncologic
tion comes outcomes
between
techniques
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Study Year Patients Interven-  Outcomes Key Find- Study Year Patients Interven-  Outcomes Key Find-
tions ings tions ings
Olthof 2020 100 Robotic vs OR time, Faster OR Guoetal. 2021 2711 Robotic Circum- Equivalent
et al. robotic, laparo- compli- time, patients Vs open ferential ~ oncologic
220 scopic cations, fewer from 14 rectal margin, outcomes
laparo- rectal LOS complica- studies resec- lymph between
scopic resec- tions, and tion nodes, robotic
rectal tion shorter TME and open
resec- LOS with surgery
tions robotic Baoetal. 2021 Review Robotic vs Complica- Shorter
approach article laparo- tions, LOS and
Martins 2023 869 Robotic vs Quality of Similar scopic costs, lower
et al. patients laparo- life overall ventral out- complica-
from 7 scopic QoL. mesh comes tions but
studies rectal Better rec- higher
resec- physical topexy costs with
tion function- robotic
ing but surgery
worse Kimetal. 2018 139 Robotic vs TME Similar
naus.ea/ patients  laparo- quality, TME
vomit- scopic margins,  quality,
ing W_ith rectal compli- margins,
robotic resec- cations complica-
surgery tion tions. Bet-
Flynn 2023 50 studies, Robotic vs OR time, Longer OR ter sexual
et al. n not laparo- conver- time but function at
reported  scopic sions, lower con- 12 months
rectal onco- versions with
resec- logic and better robotic
tion out- oncologic Lietal. 2019 1022 Robotic vs Conver-  Lower con-
comes outcomes patients  laparo- sions, version
with ) from 7 scopic compli- rate with
robotic RCTs rectal cations,  robotic.
Yung et al. 2023 1678 Robotic vs Urinary Better resec- margins Similar
patients laparo- and urinary tion complica-
from 11 scopic sexual (IPSS) tions and
studies rectal function  and sexual margins
resec- (LIEF, Sunetal. 2019 6 studies, Robotic vs Complica- Lower
tion FSFD_ n not laparo- tions, complica-
function reported  scopic conver- tions and
scores rectal sions, conver-
with resec- LOS sions but
robotic tion longer OR
approach time with
Katsuno 2020 Review Robotic Short- Robotic robotic
etal. article rectal term surgery Leeetal. 2018 510 Robotic vs Conver-  Lower con-
resection  out- may ben- patients  laparo- sions, versions
tech- comes, efit obese scopic compli-  and blood
niques onco- patients inter- cations, loss but
and out-  logic and those sphinc- margins  longer OR
comes out- needing teric time with
comes, sphincter resection robotic
costs preserva-
tion, but
evidence
still
limited.
Higher
costs than
laparos-
copy
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Study Year Patients Interven-  Outcomes Key Find-
tions ings
Cengiz 2021 32 Robotic OR time, Longer OR
et al. robotic, Vs open costs, time but
68 open  proctec- compli- fewer
proctec-  tomy cations, complica-
tomies LOS tions and
similar
costs after
initial 5
cases with
robotic
approach
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