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Abstract

Background In the advancement of transanal local excision, robot-assisted transanal minimal invasive surgery is the newest
development. In the confined area of the rectum, robot-assisted surgery should, theoretically, be superior due to articulated
utensils, video enhancement, and tremor reduction, however, this has not yet been investigated. The aim of this study was to
review the evidence reported to-date on experience of using robot-assisted transanal minimal invasive surgery for treatment
of rectal neoplasms.

Methods A comprehensive literature search of Embase and PubMed from May to August 2021were performed. Studies
including patients diagnosed with rectal neoplasia or benign polyps who underwent robot-assisted transanal minimal invasive
surgery were included. All studies were assessed for risk of bias through assessment tools. Main outcome measures were
feasibility, excision quality, and complications.

Results Twenty-five studies with a total of 322 local excisions were included. The studies included were all retrospective,
primarily case-reports, -series, and cohort studies. The median distance from the anal verge ranged from 3.5 to 10 cm and
the median size was between 2.5 and 5.3 cm. Overall, 4.6% of the resections had a positive resection margin. The overall
complication rate was at 9.5% with severe complications (Clavien—Dindo score III) at 0.9%.

Conclusion Based on limited, retrospective data, with a high risk of bias, robot-assisted transanal minimal invasive surgery
seems feasible and safe for local excisions in the rectum.

Keywords Robot-assisted transanal minimal invasive surgery - Robotic transanal surgery - RTS - Robotic TAMIS - NOTES

transanal

In the evolution of local excision for polyps and early-stage
rectal cancers, Prof. Gerhard Buess pioneered the field in
the 1980s with the introduction of transanal endoscopic
microsurgery (TEM) [1]. Compared to conventional transa-
nal excision (TAE) using anoscopic instrumentation, TEM
improved the oncologic specimen quality with respect to
negative resection margins (R0), decreased number of tumor
fragmentation, and recurrences [2], thus limiting the need
for extensive surgery such as abdominoperineal resections.
Furthermore, TEM made the proximal end of the rectum
accessible, a limitation to TAE [2, 3]. Regardless of the
superiority, the implementation of TEM is challenged by
its steep acquisition costs, the long learning curve, and its
availability often limited to specialized centers [4].
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The next landmark came in 2009 with the introduction of
transanal minimal invasive surgery (TAMIS), a technique
similar to TEM with respect to minimal invasiveness, how-
ever, using a laparoscopic platform through the anus [5].
Utilizing omnipresent standard laparoscopic instruments
and transferability of operating skills already known by sur-
geons, TAMIS quickly gained widespread use as a valuable
alternative to TEM [6]. Moreover, TAMIS does not require
lesion-depending positioning and thus increased setup-time,
but can be performed in lithotomy position where, if needed,
abdominal access can be obtained should the peritoneum be
breached unintentionally.

Yet TAMIS has several limitations. First and foremost, the
rigid nature of laparoscopic instruments, a severe obstacle in
the confined lumen of the rectum. Additional shortcomings
include the contested space outside the anal verge where a
second surgeon is needed for the camera, as well as the rigid
vision provided by the laparoscope. A potential solution to
the abovementioned, and the next leap forward for TAMIS,
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could be the introduction of robot-assisted transanal surgery.
Theoretical benefits of adding a robotic platform to TAMIS
should be superior oncologic excisions through fine motion
scaling, increased dexterity via articulated instruments, ease
of working in small spaces, and increased ergonomics for
the surgeon.

Robot-assisted TAMIS (R-TAMIS) is still novel, but its
feasibility has been demonstrated in cadaveric models and
lately case reports from single- and multicenter studies have
been published with promising results [7-9].

The objective of this study was to conduct a systematic
review of the literature to assess the evidence reported to-
date on experience using R-TAMIS for treatment of rectal
neoplasms.

Materials and methods

This systematic review was reported according to the Pre-
ferred Reporting Items for systematic reviews and meta-
analyses protocol (PRISMA 2020) guidelines [10]. No
evidence synthesis was undertaken. Our intention was to
register the current review in the PROSPERO database,
however, due to a focus on COVID-19, new registrations
were not allowed during the synthesis of the review. The
protocol is added as supplementary data. The data extraction
template and extracted data from the included studies can
be made available upon request to the corresponding author.

Definition of TAMIS and R-TAMIS

TAMIS is defined as the use of conventional laparoscopic
utensils, i.e., laparoscopic camera, -graspers, and -elec-
trocautery, together with a single transanal port. Several
different ports have been used to date with the SILS Port
(Coviden, Mansfield, MA, USA) and the GelPOINT Path
Transanal Access Platform (Applied Medical, Rancho Santa
Margarita, CA, USA) the most common. TAMIS is an inten-
tionally wide term comprising a wide range of procedures
beyond local excision.

R-TAMIS is defined as a procedure with a robotic system
docked through a single port transanally.

Literature search strategy

A comprehensive search in PubMed and EMBASE were
performed in August 2021. The key terms used were “robot
assisted OR robotic TAMIS,” “robot assisted OR robotic
transanal surgery,” “robot assisted OR robotic NOTES,” and
“robot assisted OR robotic transanal local excision.” The lit-
erature search included papers published from 2013 to 2021.

Selection criteria

Studies including patients diagnosed with rectal neopla-
sia or benign polyps who underwent R-TAMIS surgery
were included for screening (Fig. 1). Case-reports, patient
series, clinical trials, and abstracts written in English lan-
guage were included. There were no exclusion criteria.

If institutions had more publications including the same
study population, the latest or most complete paper was
chosen. The studies were independently screened, sought
for retrieval, and reviewed by first author CJ. Extraction
of data was carried out by both CJ and ANC. Disagree-
ments with regards to data extraction were resolved by a
third author. All studies were assessed for the risk of bias
according to the Joanna Briggs Institutes (JBI) assessment
tools for different study designs by CJ and ANC [11]. The
screening, full text review, and data extraction were per-
formed in Covidence (www.covidence.org).

Study characteristics

The following data were registered from the included
studies: author, enrollment date, year of publication,
country, number of patients, robot system, transanal port
applied, age, BMI, gender, ASA score, distance from the
anal verge, location of tumor, estimated blood loss, the
duration of surgery, docking time, number of re-dockings,
tumor size, lesion size, tumor pathology, depth of excision,
closure of defect, positive resection margins (R1), neoad-
juvant treatment, specimen fragmentation, cost, length of
stay, lesion recurrence, follow-up duration, number of con-
versions and complications. The certainty of the evidence
of each included study was assessed according to the “The
GRADE working group” [12].

To enable comparison across studies, we presented con-
tinuous variables from all studies as median (range). Stud-
ies presenting insufficient data, or data in other metrics
were either calculated via tables or authors were contacted
per email in attempt to retrieve the missing data. Due to
incomplete data presented in the studies, calculation of a
median across the studies was not possible. Hence data are
presented as a range of the presented medians.

Results

The literature search revealed 25 studies on R-TAMIS for
local excision of rectal neoplasms, which were all included
in the review. The studies comprised case- reports and
series, cohort studies, and conference abstracts with a
“certainty of evidence” level ranging from “very low”
to “low” (Table 1). A total of 322 robot-assisted TAMIS
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Fig. 1 PRISMA 2020 flowchart
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procedures were performed across ten countries from 2013
to 2021.

Operative setup

Four different robotic systems were used, i.e., the Flex®
Colorectal Drive Robotic System (10 cases) by Medrobotics
corporation, Raynham, MA, USA, and four robotic systems
from Intuitive Surgical, Inc., Sunnyvale, CA.; the da Vinci S,
the da Vinci Si, the da Vinci Xi, and the da Vinci SP.

The primary interface was the GelPOINT™ Path Transa-
nal Access Platform used in 20 of the 25 studies (80%). The
Covidien SILS™ port was used in two studies from Arnott
et al. [21] and Paull et al. [28]. A glove port was utilized
in three studies, in one study together with a circular anal
dilator [14].

The duration of surgery varied between 15 and 357 min,
with one outlier of 552 minutes due to a conversion into

@ Springer

a low anterior resection [34] (Table 2). Docking time was
reported sporadically between 3 and 300 min [18, 34],
however, the study reporting an upper range of 300 min
did not provide a reason for the potential outliers in the
study [18]. The second highest upper range reported was
75 min [15].

Patient demographics

The youngest patient was 22 years old [33] and the oldest
88 years [16]. BMI was between 17.8 [28] and 43.4 kg/m2
[25]. The female:male ratio was 122:125 among the included
studies. The ASA score was rarely described, but for the
studies that listed this, the ratio was 10:99:45:2 for ASA
score I, II, I1I, and IV, respectively.
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Sex
(female/
male)

Enrollment Age (years) BMI (kg/mz)

Transanal port

applied

No Robot system

Year Country

CotE [12]

Study design

Table 1 (continued)

Author

@ Springer

13/13

2018-2020 62.5 (44-83) 25.9 (21.0-38.1)

GelPOINT™

26 da Vinci SP

2021 USA

Low

Cohort study

Marks et al. [34]

Numbers are presented as median (range) unless otherwise specified

CotE certainty of the evidence, N/A not applicable, SD standard deviation, dV da Vinci, FCD flex colorectal drive

Specimen

Local excisions were carried out in rectum throughout its
length with Marks et al. [34] reporting excisions on the edge
of the anal verge and as far as 30 cm above the verge. The
latter was a polypectomy located in the sigmoid colon, intus-
suscepted via a colonoscope to the rectum, and excised. The
median distance from the anal verge was 3.5-10 cm. The
position of the excisions spread among anterior (33) lateral
(43) and posterior (33).

Full thickness excision was the primary depth exerted
with a reported total of 264 full thickness excisions
(Table 3). There was six submucosal excisions and six stud-
ies not stating resection thickness. The size of the excision
was given either as cm or cm?. This ranged from 0.5 to
8.2 cm or 0.5 up to 48 cm®. The median was between 2.5
and 5.3 cm or 5.3-17.00 cm?. For the tumors removed the
dimensions ranged between 1 and 6 cm, with a reported
median between 2.5 and 2.8 cm. The blood loss ranged
from O up to 185 ml [34]. Generally, the defect was closed
with sutures, however, four studies describing 17 cases with
defects left open [8, 15, 16, 26].

A reported total of 145 benign adenomas were excised,
while adenocarcinomas accounted for 111 excisions. Of
those 64 were T1, 13 were T2, 10 were T3, 13 were cCR,
and 11 were unknown. The patients with a stage T2 and
T3 adenocarcinoma were either staged T1 preoperatively
(n=11), not interested in more radical surgery [25, 34] or
palliative [8, 16, 18, 26]. Regarding the 11 patients with a
wrong perioperative staging, they were offered more radi-
cal surgery (total mesorectal excision (TME) or LAR) and/
or chemoradiation therapy [8, 15, 16, 26, 25, 33]. The rest
were 22 carcinoid/NET tumors [8, 21, 22, 25, 30, 34], nine
excisions with complete clinical-pathological response
(ypTO0) [27, 33, 34], six scar polypectomies [14, 15], four
GIST-tumors [25, 27, 34], four non-neoplasias [33], two rec-
tal ulcers [30], and one submucosal leiomyoma [19].

Among the excisions, 12 cases (3.7%) had positive resec-
tion margins [8, 9, 15, 16, 25-27] and 304 negatives. Twelve
studies stated lesion recurrence, with only two studies,
Tomassi et al. and Yao et al., noticing a total of four occur-
rences (4 of 97=4.1%). Five studies, Huang et al., Marks
et al., Ngu et al., Tomassi et al., and Yao et al., included a
total of 23 patients receiving neoadjuvant chemo-radiation
and two patients with neoadjuvant radiation therapy.

Adverse events

The overall complication rate was at 10.5%. The Cla-
vien—Dindo score from 1 to 5 was 9:9:13:0:0. Of the 322
local excisions, 14 (4.3%) required conversions [15, 16,
21, 28, 34]. No mortality was reported. The most frequent
complication was peritoneal entry (n=7, 2.1%) [14-16, 18,
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Table 2 Intraoperative outcomes

Author LoT (ant/ Docking time CoD (yes/no) Tumor size Median lesion
lateral/post) [min] [cm] size [cm]
Bardakcioglu 0/0/1 N/A 1/0 1.5 5.6
etal. [13]
Buchs et al. N/A 6.7 [mean] +2.9 20 [mean] 3/0 N/A 3.2
[14] (10-30) [mean] + 1.4
[SD]
Hompes et al. 5/8/3 36 (18-75) 13/3 N/A 5.3 cm?
[15] (0.5-21)
Valls et al. [7] Left 30 1/0 2.5 N/A
Atallah et al. N/A N/A 5/4 N/A 3.0 (0.9-5.7)
[16]
Bocanegra 3/3/2 N/A N/A N/A N/A
etal. [17]
Murray et al. N/A 50 (20-300%) 17/0 2.5(1.2-5.5) N/A
[18]
Erenler et al. 1/0/0 N/A 1/0 1.1 N/A
[19]
Ruiz et al. 4/3/2 N/A 9/0 N/A 15.79 cm?
[20] (6.25-
48cm?)
Arnott et al. N/A N/A 10/0 N/A N/A
[21]
Chang et al. N/A N/A 1/0 1.2 N/A
[22]
Ngu et al. N/A N/A 6/0 2.6(1.8-4.2) N/A
[23]
Warren et al. 1/0/0 55 1/0 4 N/A
[24]
Leeetal. [9] 8.2(2.1 IQR)) 41.7% ante- N/A 19/0 N/A 17 cm?
rior, 41.7% (3.23-28.4)
lateral,
16.7%
posterior
Liu et al. [8] N/A 25 34/5 N/A 2.6 [mean]
[mean] + 14 (0.5-4.5)
[SD]
Tomassi et al. N/A N/A 58/0 N/A 3.3(1.3-8.2)
[25]
Baker et al. 4/2/5 N/A 6/5 N/A 3.6 (2.0-6.0)
[26]
Huang et al. 1/11/11 N/A 23/0 2.5(1.1-4.5) 25(1.14.5)
[27]
Paull et al. N/A dV: 37.5 [mean] N/A N/A N/A N/A
[28]
Studniarek Right poste- N/A 1/0 6 N/A
et al. [29] rolateral
Yao et al. [30] N/A N/A 24/0 N/A 2.4 (1.0-5.2)
Hannan et al. 0/0/1 N/A 1/0 4 N/A

(31]
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Table 2 (continued)

Author DAV [cm] LoT (ant/ EBL [ml] Duration of ~ Docking time CoD (yes/no) Tumor size Median lesion
lateral/post) surgery [min] [min] [cm] size [cm]
Liuetal. [32] 10 (3-16) N/A N/A N/A N/A 5/0 N/A 2.5(1.9-54)
Loetal. [33] N/A 5/3/5&3 15 (5-50) 65.5 (39-187) N/A 16/0 N/A 2.5 (1-8)
circumfer-
ential
Marks et al. 3.5 (0-30%) 9/13/3 & 1 10 (0-185) 178 6.4 (3-27) 26/0 2.8 (1-6) N/A
[34] unclear (87-552)*

Numbers are presented as median (range) unless otherwise specified

DAVDistance from anal verge, LoT Location of tumor, EBLEstimated blood loss, CoD closure of defect, N/A not applicable, IQRinter quartile

range, SD standard deviation, dVda Vinci, FCD flex colorectal drive

*outlier

21, 28], four (1.2%) of them needed conversion for sutur-
ing [18, 21, 28], another two cases had laparoscopy with
no positive finding [14, 16]. Post-operative bleeding was
reported in six cases (1.9%) [17, 20, 25, 26, 32], where three
(0.9%) required endoscopic therapy [25, 26]. There were five
(1.6%) incidences of urinary retention [9, 15, 17, 20] and
three (0.9%) cases with wound separation [34]. Develop-
ment of abscess was reported in three (0.9%) cases [33, 34].
Arnott et al., Paull et al. and Tomassi et al. described one
case each with a specimen fragmentation. Temporary anal
stenosis was seen twice [21, 28]. There were two (0.6%)
respiratory infections [17, 20], one case with clostridium
difficile [8], one case with tenesmus [25], and one case with
stool incontinence for 2 weeks [33].

LOS and costs

The length of stay varied from zero and up to 11 days [33].
Thirteen of the 25 studies reported a follow-up period rang-
ing between no follow-up and up to 39 months described by
Ngu et al. Two studies stated the costs. Lee et al. reported the
median direct cost of the procedure to be 4440.92 USD (IQR
740.13 USD), while Ruiz et al. reported the total expense in
materials, i.e., robotic instruments and GelPOINT™ port,
per procedure to be 1889 USD.

Discussion

Since its inception, transanal minimal invasive local excision
surgery of rectal neoplasms has gained widespread use due
to the low morbidity and mortality compared to more radical
excision, i.e., LAR or abdominoperineal resection (APR)
[35]. The latest advancement for local excision transanally
is R-TAMIS adding the benefits from robotic surgery. We
sought to identify and summarize the latest knowledge on
R-TAMIS outcomes regarding safety and feasibility. Our
systematic review rendered 25 retrospective studies or case

@ Springer

reports with a total of 322 R-TAMIS procedures performed.
No information on mortality was reported.

The National Comprehensive Cancer Network (NCCN)
recommends local excision for early-stage tumors within 3 to
8 cm from the anal verge, and for which there is no evidence
of nodal involvement [36]. Several studies in our review,
describe excisions exceeding 8 cm and a median lesion size
beyond 3 cm. The larger size and distance to the anal verge
than recommended by the NCCN did not increase the com-
plication rate compared to L-TAMIS. When evaluating the
number of complications for patients undergoing R-TAMIS,
10.5% suftered from complications. A large L-TAMIS series
of 200 cases by Lee et al. [37] found a complication rate of
7%, and a recent published review on L-TAMIS with more
than 1200 cases reported a complication rate of 18.4% [38].

Excisions in the middle, upper third or even above the
rectal border are more at risk of peritoneal entry, which we
found to be the most frequent and often severe complica-
tion (Clavien—Dindo >III). Even though seven studies report
excisions performed > 15 cm from the anal verge, they were
not the cases reporting peritoneal violation. The peritoneal
violations that occurred, happened all <12 cm from the anal
verge. When comparing peritoneal violation, the present
review identified seven cases (2.1%) while Kim et al. [38]
found peritoneal entry in 6.0% of the L-TAMIS procedures.
The studies with peritoneal entry complications were all in
the setting of full thickness excisions [34].

Regarding oncologic pathology, a positive resection
margin of 3.7% was found for R-TAMIS, which is slightly
lower than for L-TAMIS with a positive resection margin
of 7% to 8.6% [37, 38]. Lesion fragmentation occurred in
three cases (0.9%) of the R-TAMIS, which is lower than
for L-TAMIS (5%) as reported by Lee et al. [37]. However,
only a few studies stated follow-up time, and no study had
follow-up longer than a median of two years making it dif-
ficult to properly assess oncologic quality. The studies with
the longest median follow-up time were Yao et al. [30]
with 23.6 months, Ngu et al. [23] with 18.2 months, Ruiz
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et al. [20] with 18 months, and Tomassi et al. [25] with
16.9 months. These studies had a total of four recurrences
out of 97 excisions (4.1%)—similar to L-TAMIS (6%) [4,
37]. Further studies are required, to establish whether the
theoretical advantages of R-TAMIS indeed result in better
oncologic excisions/outcomes.

Today, no published study comparing R-TAMIS and
endoscopic polypectomy (endoscopic mucosal resec-
tion (EMR) or endoscopic submucosal dissection (ESD))
exists. A recently published study by Witjes et al. [39] have
evaluated the oncological outcomes of endoscopic exci-
sions compared to TEM and L-TAMIS finding a R1 rate of
56% (n;=30 patients) for EMR/ESD and 15% (n=67) for
L-TAMIS/TEM. Witjes et al. found no differences in 5 year
overall survival of patients who had polypectomy, TEM/
TAMIS or major resection (96% versus 90% versus 88%,
respectively, p=0.89).

R-TAMIS comes with an additional cost compared to
L-TAMIS, but only a few studies include anycosts param-
eters. Lee et al. [9] reports a price increase of 8§78.9 USD
compared to an average L-TAMIS procedure. Hompes et al.
[15] reported a similar level of additional cost of 926.8 USD,
whereas Huang et al. [27] described an even larger increase
of 2000 USD.

In general, R-TAMIS is intuitively perceived as an
advancement in the treatment of rectal neoplasms. Lo et al.
[33] and Warren et al. [24] among others found the articu-
lated instruments and stabilized camera particularly useful
in the upper parts of the rectum. Ngu et al. [23] described
the advantage of maintaining pneumorectum due to lower
torque force at the ports in contrast to L-TAMIS. Ruiz et al.
[20] mention having another instrument available from
the transanal assistant as an advantage. Finally, Lee et al.
[9] pointed toward better ergonomic, ease of suturing, and
being more aggressive with the excision due to increased
vision and maneuverability compared to L-TAMIS. How-
ever, R-TAMIS was also found to have limitations. Marks
et al. [34] (and others) experienced the da Vinci Si & Xi
robotic arms colliding due to the narrow working area and
challenges dealing with long docking times. This particular
problem was addressed with the da Vinci SP robotic system,
hence this system is designed for single port use.

A considerable weakness of our study is the heteroge-
neous or insufficient data available. We strived to retrieve
the missing data by contacting authors of included studies
with limited success making comparison of specific param-
eters difficult. Furthermore, R-TAMIS is a procedure in
its infancy with only limited data regarding the technique
available while the sparse outcome data derive from few
institutions. The presented data came primarily from case-
reports or small series that by nature are highly susceptible
to selection bias. The few cohort studies on this topic had a
“certainty of evidence” ranging from “very low” to “low”

primarily due to small sample size [40]. In accordance with
the IDEAL framework [41], we find the R-TAMIS procedure
placed at the end of the stage 2b, i.e., at the exploration level.
The current literature on the field comes with a high risk of
bias, however, all found R-TAMIS to be safe and feasible.
To judge the procedures justification, the next stage accord-
ing to the IDEAL framework will be to conduct large pro-
spective cohort studies, RCTs with an L-TAMIS comparator
arm as well as studies with longer follow-up to also assess
oncologic quality.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-022-09853-z.
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