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Abstract

Background Restorative proctocolectomy with ileal-pouch anal anastomosis (IPAA) is a curative and cancer preventative
procedure in patients with ulcerative colitis (UC) and familial adenomatous polyposis (FAP). It can be technically difficult
laparoscopically, and hence the robotic platform has been suggested as a way to enable minimally invasive surgery in more
patients. This systematic review examines robotic proctectomy or proctocolectomy with IPAA. A limited meta-analysis was
performed on data comparing the robotic approach to laparoscopy.

Methods We searched MEDLINE, EMBASE and the Cochrane database for case series of robotic IPAA procedures and studies
comparing the robotic to laparoscopic or open procedures. Data examined includes operating time, conversion to open, length of
stay, complications, blood loss, return of bowel function, reoperation rate and functional outcomes.

Results Five non-randomised studies compared robotic to laparoscopic techniques; one compared robotic to open surgery and three
case series are included. Operating time was significantly longer in robotic cases. Estimated blood loss was significantly less in three
of four studies which reported this; hospital stay was significantly less in two. There were nonsignificant reductions in complications
and readmission rates. Pooled analysis of four papers with adequate data showed a nonstatistically significant trend to less compli-
cations in robotic procedures. Three studies assessed functional and quality of life outcomes, with little difference between the
platforms.

Conclusions Available data suggests that the robotic platform is safe to use for IPAA procedures. There is minimal evidence for
clinical advantages, but with little data to base decisions and significant potential for improvements in technique and cost-
effectiveness, further use of the platform for this operation is warranted. It is vital that this occurs within an evaluation framework.

Keywords Robotic surgery - Colorectal surgery - Restorative proctocolectomy - Ileal pouch-anal anastomosis

Introduction

Restorative proctocolectomy with ileal pouch-anal anastomo-
sis (IPAA) is the procedure of choice for many patients with
ulcerative colitis (UC), offering an effective cure when med-
ical treatments have been insufficient, while avoiding a per-
manent stoma. The technique is also an effective strategy to
reduce risk of malignancy in patients with UC and patients
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with familial adenomatous polyposis (FAP).

The procedure has three stages, which can be performed
over one, two or three separate operations: total colectomy,
proctectomy and IPAA with loop ileostomy, and lastly the re-
versal of the ileostomy. Like many procedures that were initial-
ly performed via an open incision, the laparoscopic approach
has been utilised increasingly since it was first described in the
1990s [1]. This shift has resulted in longer operative times but
faster recovery [2—4]. There is some evidence for better bowel
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function [2], and reduced impact on fertility and sexual function
[5, 6]. A Cochrane review in 2009 [7] comparing open to lap-
aroscopic IPAA found no significant differences in mortality or
complications. Other long-term benefits to laparoscopy include
lower rates of adhesive bowel obstructions [8] and better
cosmesis [7]. Despite these positive attributes, the technical
complexities of this pelvic operation have limited the uptake
of the laparoscopic platform.

Since its introduction in the early 2000s, the use of robotic-
assisted laparoscopy has gradually expanded from its initial
use in urology across a number of surgical specialties. The
wristed instruments, tremor reduction and three-dimensional,
high-definition views are particularly valuable in confined
spaces such as the pelvis. As a result, some surgeons report
being more likely to attempt and complete more complex
procedures [9], suggesting the platform may increase the pro-
portion of patients able to benefit from a minimally invasive
approach. The typically younger cohort of patients undergo-
ing proctectomy and IPAA may particularly benefit from ad-
vantages of minimally invasive surgery, such as faster recov-
ery and hence return to work. They are also expected to have a
longer remaining life span during which to benefit from a
reduction in morbidity and healthcare costs caused by adhe-
sive complications.

Despite this, only a small number of reports of robotic
IPAA procedures exist within the literature. The purpose of
this literature review is to assess whether robotic restorative
proctocolectomy is safe, and whether there are any advantages
over laparoscopic surgery by performing a systematic review
and meta-analysis of the current literature.

Method
Search strategy

Medical Literature Analysis and Retrieval System Online
(MEDLINE), Excerpta Medica (EMBASE) and Cochrane da-
tabases were searched for studies between 1996 and 2020.
MeSH search headings and keywords used were ‘robotics’,
‘robotic surgical procedures’, ‘robotic surgery’, ‘laparoscopy,
‘proctocolectomy’, ‘restorative’, ‘ileal pouch anal anastomo-
sis’ and ‘TPAA’.

Evaluation of studies

Included studies were comparative studies or cases series of
more than five patients where robotic IPAA was performed.
Hybrid techniques were included provided the proctectomy
part of the operation was performed robotically.
Comparative studies were those comparing robotic
proctectomy =+ colectomy with IPAA to either a laparoscopic
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or open technique. Studies were excluded from the analysis if
two or more of the outcomes of interest were not reported.

The quality of the papers was graded according to the
Newecastle-Ottawa Quality Assessment Scales [10] for either
case control studies or cohort studies as appropriate, which
assigned a star rating out of nine.

Primary outcomes of interest were mortality and complica-
tion rates (in particular, anastomotic leak and ileus), operating
time, conversion to open surgery, length of stay and readmis-
sion rates. Secondary outcomes were estimated blood loss,
return of bowel function, reoperation rate, and functional
and quality of life outcomes.

Statistical analysis

Due to reporting heterogeneity for continuous variables, only
categorical variables were pooled. Hence, we were able to
pool all complications, anastomotic leaks, ileus rates and hos-
pital readmissions. These data were collected as absolute
values and a Cochran-Mantel-Haenszel test was performed
to generate odds ratios for each study and eventual pooled
value. /* statistic was performed to assess study heterogeneity
and a p-value < 0.05 was considered significant. All data
analysis was performed in R Studio Team (2015). RStudio:
Integrated Development for R Studio, Inc., Boston, MA, and
using the metaphor package for meta-analysis [11].

Results
Included studies

The initial search revealed 59 papers. After reviewing
all titles and abstracts, 50 studies were identified for
full-text review. Reasons for exclusion included the fol-
lowing: case reports or case series of five or less pa-
tients, video vignette papers with minimal outcome in-
formation, and a number of review articles, most
looking broadly at all types of surgery related to inflam-
matory bowel disease. The search findings are
summarised by the PRISMA flowchart in Fig. 1.

Ultimately, nine papers were included into this study.
Six were comparative studies, and three were case series
of robotic proctectomies with IPAA. The study character-
istics are summarised in Table 1. Of the comparative stud-
ies, three papers and two conference abstracts compared
robotic to laparoscopic procedures. Four of these were
case matched reviews [13, 14, 16, 21] and one a cohort
study [15] comparing robotic and laparoscopic cases,
which was the largest study with more patients than the
combined totals of the remaining papers comparing robot-
ic to laparoscopic surgery. There was also one cohort
study [17] comparing robotic to open procedures.
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Fig. 1 PRISMA flowchart of study selection

In total, 640 patients undergoing proctectomy =+
colectomy and IPAA were included. 286 patients had
robotic surgery, 174 patients laparoscopic and 170 had
open surgery. A further 20 patients (10 robotic and 10
laparoscopic) included in two of these studies [13, 21]
underwent proctectomy and end ileostomy. Ulcerative
colitis or indeterminate colitis was the indication for
surgery for most patients; however, in the robotic arm,
the indication was Crohn’s disease for 6 patients, famil-
ial adenomatous polyposis or polyps for 13 patients and
unspecified for 20 patients. In the laparoscopic arm, the
indication was Crohn’s disease for 7 patients, familial

5 Records identified through Additional records identified
.'g database searching through other sources
& (n=122) (n=2)
e
c
[}
S
— A4 v Records excluded
. Records after duplicates removed (n=39)
(n=59) . .
N=11: review article
(oTs]
g N=7: letter
= /perspective/editorial
t
Q
v Records screened | N=6: case report
(n =59) " _
N=14: Different surgery
type/comparison
N= 1: video vignette
=
= Full-text articles assessed Full-text articles excluded,
= for eligibility > with reasons
- (n =20) (n=9)
N=3: video vignette
N=2: different outcomes
N=3: different surgery
- type/comparison
] Studies included in
© .
= qualitative synthesis N=3: case report/series of
E (n=9) 5 or less patients

adenomatous polyposis or polyps for 22 patients and
unspecified for 18 patients. The indications in the larg-
est comparative study [15] were significantly different,
with 8% due to FAP in the robotic arm but 38% due to
FAP in the laparoscopic arm (the remainder being ul-
cerative or indeterminate colitis in both arms).

Four of the papers contained suitable data for pooling the
results for anastomotic leak and complication rates [13—15,
21], with one of these papers [15] being a conference abstract
and the other three full peer-reviewed papers. Three peer-
reviewed papers were suitable for pooling rates of ileus and
hospital readmission [13, 15, 21].
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Table 4 Overall complications

Author (year) Number of Overall complications (%) Clavien-Dindo
patients grade
RS LS RS LS P RS LS
Miller et al. (2012) [12] 17 17 11 (65) 13 (76) NR NR NR
Rencuzogallari et al. (2016) [13] 21 21 13 (62) 11 (52) NR NR NR
Marino et al. (2018) [14]% 16 16 2 (13) 3(19) NR NR NR
Lightner et al. (2019) [15] 74 58 34 (46) 36 (62) NR NR NR
Elias et al. (2019) [16]% 44 72 NR NR NR NR NR
Mark-Christensen et al. (2016) [17]f 81 170 ¥ 57 (70) 85+ (50) NR 141 1:20
2:15 2: 44
3:18 3:21
4:1 4:1
Domajnko et al. (2012) [18]% 27 - 7 (26) - - NR NR
Morelli et al. (2015) [19] 6 . 1(17) . : NR NR
Hamzaoglu et al. (2020) [20] 10 - 6 (60) - - 1:6 -
2-4:0
Total 296 184 131 (44) 63 (34) - - -

RS robotic surgery, LS laparoscopic surgery, NR not reported

iConference abstract only

TOpen surgery as comparison rather than laparoscopic

They assessed patients at 1, 6 and 12 months post-op, using
International Index of Erectile Function (IIEF) [22], Female
Sexual Function (FSFI) [23], Wexner [24] and Faecal
Incontinence Quality of Life (mFIQL) [25] scores. These pa-
tients report continence for stool and flatus, no nighttime bow-
el movements and no need to adjust meal times to accommo-
date movements. Mean pouch frequency was 5.8 (+ 1.3) times
per day with no urgency. After an initial reduction of sexual
and urinary function, scores returned to preoperative levels at
6 months and 1 year postoperatively. Quality of life at one
year was equal to preoperative levels in the FAP patients, and
the patient with UC had an improved score.

Rencuzogullari et al. [13] assessed quality of life using the
Cleveland Global Quality of Life score (CGQOL) [26] and the
12 item Short Form survey (SF12) [27] (both mental and
physical components), with no significant difference seen be-
tween the 21 patients in the robotic and laparoscopic groups in
their study.

Surgeon learning curve

Among the comparative studies used to pool data, Miller et al.
and Rencuzogullari et al. describe this as their ‘initial” or ‘ear-
ly’ experience. Rencuzogullari et al state that surgeons were
experienced colorectal surgeons, but there is no description
for either study as to experience with robotic surgery.
Marino et al. and Lightner et al., however, do not provide
any information on the learning curve status of the surgeons.

In the other papers, Mark-Christensen et al., Morelli
et al. and Hamzaoglu et al. have described their series as
their initial experiences. Mark-Christensen et al. also state
that open surgeons were experienced, but some robotic
procedures were performed by fellows under their super-
vision; their robotic experience was not described. Morelli
et al. state that the surgeons were experienced in both
laparoscopy and robotic surgery.

Discussion

In this systematic review of non-randomised studies address-
ing robotic restorative proctocolectomy, it has been shown
that the procedure can be performed safely, with equivalent
rates of overall complications, anastomotic leaks and returns
to theatre. There were no reported deaths for this procedure in
either laparoscopic or robotic arms. The potential added ben-
efit (although not pooled) is the lower conversion rate and
estimated blood loss in exchange for a longer operative time.

It is now clear that the benefits of minimally invasive co-
lorectal surgery include reduced overall pain, ileus rates, sur-
gical site infections and reductions in length of stay. However,
limitations in laparoscopy such as inflexible instruments (par-
ticularly around acute angles) and 2D visualisation of tissue
make dissection, particularly in a narrow pelvis, challenging
[28]. This has driven the evolution of the robotic platform in
colorectal surgery, adapted from its beginnings in urological
procedures [28]. As the applications of the robotic platform
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Author and Year Robotic

Weight Odds Ratio [95%Cl]

Millr et al, 2012 1 6 13 4

Rencuzogullari et al., 2016 13 8 1 10

Marino et al., 2018 2 14 3 13

Lightner etal, 2019 34 40 36 2

Favours obolic surgery Favours laparoscopic surgery

138 056(0.13,2.52)

1.48(0.43,5.05]

79 062[0.09,4.32]

052(0.26,1.05]

Total 60 68 63 49
Pooled Odds Ratio

Heterogeneity:12=0.00%, p-value=0.54
Cochran-Mantel-Haenszel Test: p-value=0.157

Fig. 2 Complication rates with pooled analysis

are expanded, it is crucial to ensure that patient safety is not
compromised, with widely accepted standard of care measure-
ments such as mortality, complication rates and morbidity
[29]. To our knowledge, this is the first review specifically
assessing robotic restorative proctocolectomy, its safety pro-
file and functional outcomes. This is a technique used for UC,
a subsection of inflammatory bowel disease, as well as for
FAP. It therefore has specific considerations that warrant this
closer examination, being a technique often used for younger
patients and benign disease.

The available data, as reviewed in this paper, does not show
any evidence for a lack of safety in performing restorative
proctectomy using the robotic platform, despite our inexperi-
ence. This reflects the evidence in other robotic procedures.
Therefore, it is reasonable to continue to develop the technol-
ogy in the rational belief that the significant potential for im-
provements to the platform may lead to clinical benefits in
future. The key to justifying integration of the robotic platform
into routine care will be to identify clinical benefits while
addressing the two main detractors which are consistently
identified: increased operating times and increased costs.

Robotic with AL Robotic without AL Lap with AL Lap without AL

065[0.38,1.12]

uuuuuuuuuuuuu

0dds Ratio (log scale)

Robotic techniques are generally felt to be easier than stan-
dard laparoscopy, and this has been reflected in studies showing
a faster learning curve [30, 31] and lower conversion rates [28].
This is thought to be related to a more stable view and greater
dexterity, though it does come with additional skills to master,
such as coordinating the docking procedure, minimising instru-
ment clashes and adjusting to the total loss of haptic feedback
[31]. As a result of this perception of an easier technique, it has
been suggested that some surgeons tend to select the robotic
platform for more complex cases [9] and may do so relatively
early in their learning curve [32]. This may be a source of
selection bias in non-randomised trials.

This paper shows longer operating times in the robotic
cases, consistent with studies on other robotic procedures.
This can have a significant impact on the cost of a procedure.
However, progressive reductions in operating time are seen
with growing experience [12, 17] as would be expected in any
new technique. With inadequate information on the experi-
ence of the surgeons in these studies, it is difficult to determine
the extent to which their learning curves may have affected the
reported operating times.

Weight Odds  Ratio [95%CI]

Millr et al, 2012 1 16 2 15

Rencuzogullari etal,, 2016 3 18 1 20

Marino etal., 2018 o 16 2 14

Lightner et al, 2019 12 62 7 a

91 047[0.04, 572)

41 333(0.32,34.99)

97 0.18(0.01, 397]

047020, 1.08]

Total 16 112 2 %

Pooled Odds Ratio

Fig. 3 Anastomotic leak rates with pooled analysis

100

054[0.27, 1.10]

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Odds Ratio (log scale)

@ Springer



1354

Int J Colorectal Dis (2021) 36:1345-1356

Author and Year Robotic with ileus Robotic without ileus Lap with ileus Lap without leus

Weight 0Odds  Ratio [95%CI]

Millr et al, 2012 1 16 1 16

Rencuzoguliari ot al., 2016 5 i 4 7

Lightner et al, 2019 1 6 13 a5

Favours laparoscople surgery

57 1,00 0.06, 17.41]

186 133030, 584

060(0.25, 1.47]

Total 17 9 18 78

Pooled Odds Ratio

Heterogeneity:12=0.00%, p-value=0.66
Cochran-Mantel-Haenszel Test: p-value=0.587

Fig. 4 Ileus rates with pooled analysis

The technology used in robotic surgery has far more po-
tential for ongoing advances than laparoscopy so the possibil-
ity for the platform to gain superiority over laparoscopy in the
future must be considered. If this possibility eventuates, and
predictions of lower costs eventuate, the robotic platform will
likely become a routine part of colorectal practice, particularly
for more specialised procedures such as proctectomy and
IPAA, which are more likely to be done in larger centres with
robotic access. As such ongoing development and the collec-
tion of unbiased, high quality data is vital.

The limitations of this study are predominantly related to
the small amount of data and the heterogeneity and quality of
the papers, with 3 studies having been published as conference
abstracts only, and therefore limited in detail and not peer
reviewed. One of these abstracts was included in the pooled
analysis for anastomotic leak and complication rates. In some
of'the papers, details of the surgical technique were missing or
unclear. Where it was reported, there were significant differ-
ences between the surgical techniques used. Some included
cases where a completion proctectomy with end ileostomy
was performed. Although these were case-matched studies,
nonetheless, comparison of proctectomies with IPAA to those

Author and Year Robotic with HR Robotic without HR Lap with HR Lap without HR

076037, 158)

Favours obotic surgery.

r T 1
005 1 10

0dds Ratio (log scale)

without is clearly problematic, affecting, in particular, opera-
tive time and anastomotic leak rates. The procedure was per-
formed in either two or three stages. Most of the papers used
the same number of stages for most of their patients. However,
two of the four comparative studies report a mixture of two
and three stage procedures. This includes the largest compar-
ative study [15], in which half of the robotic patients had UC
and three-stage procedures and the other half had a two-stage
procedures and a diagnosis of FAP. In the laparoscopic arm,
however, almost all of the patients had FAP and two-stage
procedures. This makes it likely that the surgeries in the
laparoscopic arm were technically easier, with no previ-
ous pelvic inflammation or adhesions from the previous
operation. On the other hand, their surgery involved a
significant extra step (the colectomy). This difference in
the indication and the procedure performed (both the in-
clusion or exclusion of the colectomy and the degree of
difficulty) makes the comparison across all outcomes very
difficult to interpret. Operating for FAP is a different op-
eration than UC; the mixture of the two procedures in
these studies limits the applicability of the results to both
patients with UC and those with FAP.

Weight Odds Ratio [95%Cl]

Rencuzogullari etal, 2016 3 18 3 18

Marino et al., 2018 05 16 05 16

Lightner et al, 2019 13 61 1 a4

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

161 1.00[0.18, 5.63)

3 1.00[0.02, 53.55]

067029, 156]

Total 165 9 175 78

Pooled Odds Ratio

Heterogeneity:12=0.00%, p-value=0.91
Cochran-Mantel-Haenszel Test: p-value=0.526

Fig. 5 Hospital readmission rates with pooled analysis
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Different techniques for the colectomy in two-stage opera-
tions further limit comparisons. This aspect of the procedure
was performed by laparoscopy, hand-assisted laparoscopy or
totally robotically—an approach that will reduce costs, as only
one set of equipment is required, but increases operative time
through multiple docking. Most of the studies did not specify
whether the robotic platform used was Xi or the older Si, and
this will also have important effects on operative and docking
times, which are much shorter with the newer model [33].
With the more recent introduction of in-table motion technol-
ogy, the docking procedures for multiquandrant surgery will
be further minimised [33]. This highlights the need for ongo-
ing assessment as techniques and technology evolve, and the
need for clear documentation of the version of the technology
that has been used, in order to enable comparisons between
studies and allow surgeons to identify results that they can aim
to emulate in their own practice according to local resources.

This heterogeneity in the technique, in addition to the small
numbers and non-randomised nature of the studies means that
there is significant potential for bias. Larger randomised trials
are required to definitively prove or disprove the differences in
outcomes seen here.

Conclusion

This study has examined the literature documenting the early
implementation of the robotic platform for proctectomy =+
colectomy and IPPA formation in benign disease and prophy-
lactic resections. The procedure is safe with no significant
adverse short-term outcomes. More data is required on
short- and long-term clinical outcomes. Given that outcomes
are equivalent to laparoscopic surgery, despite the technique
being in its infancy, ongoing development is likely to improve
on techniques and technology, while conventional laparosco-
py has little room for ongoing development.
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