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Objective: The aim of this study was to systematically review the literature for each surgical step of the minimally invasive right \
hemicolectomy (MIRH) for non-locally advanced colon cancer, to define the most optimal procedure with the highest level of evidence.

Background: High variability exists in the way MIRH is performed between surgeons and hospitals, which could affect patients’
postoperative and oncological outcomes.

Methods: A systematic search using PubMed was performed to first identify systematic reviews and meta-analyses, and if there
were none then landmark papers and consensus statements were systematically searched for each key step of MIRH. Systematic
reviews were assessed using the AMSTAR-2 tool, and selection was based on highest quality followed by year of publication.
Results: Low (less than 12 mmHg) intra-abdominal pressure (IAP) gives higher mean quality of recovery compared to standard IAP.
Complete mesocolic excision (CME) is associated with lowest recurrence and highest 5-year overall survival rates, without worsening
short-term outcomes. Routine D3 versus D2 lymphadenectomy showed higher LN yield, but more vascular injuries, and no differ-
ence in overall and disease-free survival. Intracorporeal anastomosis is associated with better intra- and postoperative outcomes.
The Pfannenstiel incision gives the lowest chance of incisional hernias compared to all other extraction sites.

Conclusion: According to the best available evidence, the most optimal MIRH for colon cancer without clinically involved D3
nodes entalils at least low IAP, CME with D2 lymphadenectomy, an intracorporeal anastomosis and specimen extraction through a
Pfannenstiel incision.
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INTRODUCTION

Colon cancer (CC) significantly contributes to cancer-related
mortality worldwide, with a 5-year overall survival (OS) of
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about 65%.! CC has long been considered a single disease entity
besides rectal cancer, but existing heterogeneity with implica-
tions for treatment and prognosis is increasingly being acknowl-
edged. Based on its anatomical location, CC is categorized as
right-sided or left-sided with the splenic flexure as demarcation
point.

The corner stone of CC treatment in a curative setting is
surgery, except for the early cancers that can be treated by
polypectomy alone. Curative surgery is based on general onco-
logical principles, comprising radical resection of the tumor
with a complete and intact colonic mesentery containing all
tumor-draining lymph nodes (LN), thereby aiming to achieve
the best long-term disease-free survival (DFS). Furthermore, the
aim is to preserve abdominal wall integrity, restore bowel con-
tinuity, and minimize associated morbidity. The introduction
of minimally invasive (laparoscopic) surgery has significantly
improved short-term clinical outcomes and provides similar
long-term outcomes.>* Among colorectal surgeons, the mini-
mally invasive right hemicolectomy (MIRH) is considered to be
one of the most commonly performed, straightforward colorec-
tal procedures.’ Nevertheless, the procedure is still associated
with substantial short-term morbidity and mortality.6

Current clinical practice for MIRH shows high variability in
different steps and anatomical surgical dissection planes, based
on previous surgical training and local habits. Although variance
in surgery is inevitable, recent research suggests that quality of
surgery substantially influences clinical outcomes for colorectal
cancer.”” The OS of right-sided CC (RCC) is inferior to that of
left-sided CC but the mechanisms responsible for this difference
have yet to be elucidated.!®!* There are differences in biologi-
cal characteristics, with increased MSI-high and BRAF-mutant
cancers in RCC, but this does probably not entirely explain
the observed OS difference.'* Population-based data show that
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especially LN positive RCC is associated with worse OS, with a
potential role for optimized mesocolic excision.!?

Continuous surgical research on various procedural steps is
providing new evidence that has the potential to improve clin-
ical outcomes. However, these improvements are only variably
adapted in clinical practice.'>-"

Attempts have been made to review and standardize elements
of the MIRH to improve the proficiency in surgical training
programs.'®2° In the last decades, many innovations have been
shown to improve outcomes for patients who underwent MIRH.
Not only the complete mesocolic excision (CME) for RCC has
been introduced, but also other elements such as low-pressure
pneumoperitoneum, new techniques of performing the anasto-
mosis, and the location of the extraction site.*'** Consequently,
no up-to-date comprehensive report on the preferred methods
for all steps of a MIRH has been published in recent years.
Therefore, the aim of the present systematic review was to com-
prehensively evaluate all recent literature for every surgical step
of MIRH to determine the optimal evidence-based procedure.

METHODS

Surgical key steps of MIRH were defined based on previous lit-
erature that describes the different steps of the procedure, liter-
ature addressing MIRH-related research topics, and discussion
amongst involved surgeons (B.R.T., P.J.T., and J.B.T.). A review
of the literature regarding each surgical key step was performed,
primarily based on identification of systematic reviews. If not
available for certain steps, a narrative approach was used with
description of relevant guidelines, consensus statements, and
individual landmark studies.

Definitions of Oncological Terms

Because of still existing controversy on the terms used in lit-
erature to describe the extent of the resection in MIRH, we
defined these terms for clarity. D2 lymphadenectomy is defined
as resection of the mesentery up to the right lateral border of
the superior mesenteric vein (SMV), while D3 lymphadenec-
tomy comprises an additional resection of the mesentery up to
the left lateral border of the superior mesenteric artery (SMA).
CME is defined as a dissection along the mesofascial interface
and thereby preserving the integrity of the mesentery. The CME
principle per definition includes central vascular ligation (CVL),
to achieve an undamaged specimen with an intact duodenal
window and the surgical trunk on its medial side, which consti-
tutes an optimal D2 lymphadenectomy? (Figure 1).

Search Strategy

For each surgical key step, specific outcomes were defined before
setting up the literature search (Supplementary Table 1, http:/
links.lww.com/AOSO/A260). PubMed was separately searched
by 2 investigators (A.G. and ].S.) regarding all (sub)steps. Search
strategies were formulated with the support of a medical infor-
mation specialist on each subject. The searches were specified
for MIRH but were broadened to colorectal or general laparo-
scopic surgery if deemed applicable. No language restrictions or
limits on publication date were applied. References of included
studies were checked for other eligible studies. Details of the
systematic searches are provided in the supplementary file.

Study Selection

The same 2 investigators independently performed the study
selection by title and abstract screening. In case of disagree-
ment, a third investigator was consulted. Potentially eligi-
ble articles were assessed in full text to identify systematic
reviews that were in accordance with the guidance from the
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CME with CVL
‘optimal D2’

FIGURE 1. The schematic overview showing the difference of complete
mesocolic excision (CME), central vascular ligation (CVL), ‘optimal D2’, and
D3 dissection.

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses checklist.?® Systematic reviews prevailed over other
types of evidence. If appropriate papers meeting the selection
criteria were published after selected systematic review, these
were also incorporated. If more than one systematic review
was available regarding a certain subject with overlapping
outcomes, the AMSTAR-2 tool was used to identify highest
quality reviews.?” If several systematic reviews were of the
same quality, the most recent one was included. When no sys-
tematic reviews on the specific topic were published, consen-
sus/guideline papers and landmark studies with highest level
of evidence were selected.

Quality Assessment

The Level of Evidence scale by the Oxford Centre for Evidence-
Based Medicine was used to rate the evidence of all outcomes.?®
The AMSTAR-2 checklist (Assessing the Methodological
Quality of Systematic Reviews) was used to assess the quality
of the identified systematic reviews. The AMSTAR-2 checklist is
a critical assessment tool that allows detailed assessment of sys-
tematic reviews that include randomized and/or non-random-
ized studies of clinical interventions.?”

RESULTS

Literature Search

Supplementary Table 2, http:/links.lww.com/AOSO/A261 pro-
vides an overview of the search result, with number of system-
atic reviews, the number and reason for unselected systematic
reviews, the number of selected systematic reviews, the number
of articles selected in addition to or in the absence of system-
atic reviews within the search and the total number of selected
papers for best evidence per surgical key step (including other
relevant articles found by cross-linking and by other searches).
For comprehensive details of the systematic searches on PubMed
of the various sections, see Supplementary File 1, http:/links.
lww.com/AOSO/A259.
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Quality Assessment and Level of Evidence

The quality assessment of the identified systematic reviews is
shown in Supplementary Table 3, http://links.lww.com/AOSO/
A262. In 2 systematic reviews, the score was high, in 5 low and
9 were scored with a critically low score. The available level
of evidence of the included studies for each topic ranged from
1A to 5 (Supplementary Table 4, http:/links.lww.com/AOSO/
A263).

Best Evidence for Each Surgical Step of Minimally Invasive
Right Hemicolectomy

Preoperative Assessment of Vascular Anatomy

The vascular anatomy of the right-sided colon is complex and
many variations exist.?’ To facilitate planning of MIRH and
anticipating anatomical variance, preoperative assessment of the
central vascular anatomy may be of additional value. A review
by Sun et al (2020) describes intraoperative incidence rates of
the middle colic artery (MCA) at 100%, the ileocolic artery at
96.7% to 100% and the right colic artery of 12.2% to 55.0%.
One consistent finding was the anatomy of the MCA, which
always crosses the SMV in an anterior fashion.* The right colic
artery crosses the SMV anteriorly in 83.6%, but the ileocolic
artery crosses the SMV frequently in both an anterior (52.5%)
as well as posterior fashion (47.5%). The ileocolic vein drains
into the SMV in the majority of cases and sporadically into
the gastrocolic trunk of Henle (1.9%).2° The middle colic vein
drains into the SMV in most patients, whereas the right colic
vein usually drains into the gastrocolic trunk of Henle, which
afterward converges into the SMV. Preoperative assessment to
assess this variance of vascular anatomy is recommended by
experts although no prospective clinical trials have evaluated
the assessment on clinical outcomes.*! This is level 4 evidence for
preoperative assessment of vascular anatomy (Supplementary
Table 4, http://links.lww.com/AOSO/A263).

Patient Positioning

There are 3 commonly used options for patient positioning
in abdominal surgery: French (supine, split-leg), lithotomy
(supine, split-leg, flexed hips and knees), and American/supine.
Definitions of these positions vary in the literature. For example,
French and lithotomy positions are often combined. Existing
heterogeneity makes it difficult to interpret papers. No com-
parative studies have been published on positioning for MIRH.
In the Delphi procedure of the procedural key steps for lapa-
roscopic right hemicolectomy by Dijkstra et al (2015), consen-
sus about the positioning of the patient was reached: patients
should be placed on a vacuum mattress, with leg holders and the
left arm alongside their body.!® Kramp et al (2013) performed
an ergonomic assessment of surgeons for lithotomy versus
American/supine positioning in laparoscopic cholecystectomy.*
No statistical difference was observed in body posture of the
neck and trunk and the orientation of the head. The lithotomy
position can be associated with lower extremity neuropathy.*
The French position (supine, split-leg) allows for more standing
positions for the operating team.>* According to the consensus
article by Dijkstra et al, patients undergoing MIRH should be
placed in right lateral tilt and in (anti)Trendelenburg position
depending on the phase of the procedure.'® 2a is the highest
level of evidence for patient positioning (Supplementary Table
4, http://links.lww.com/AOSO/A263).

Number and Size of Trocars

The systematic review by Ahmad et al (2019) did not show a
difference in rates of vascular injury between an open or Veress
needle introduction.®® The Delphi procedure by Dijkstra et al

www.annalsofsurgery.com

(2015) concluded that a 12mm trocar should be introduced
paraumbilical using a Veress needle or an open technique.®

Regarding number of trocars, short-term outcomes of a
3-port procedure versus a 5-port procedure were similar in the
retrospective study by Shi et al (2020).3° After propensity score
matching, the complication rate was 25.6% versus 17.9%
(P = 0.584), but the hospital stay did not differ (11.02=4.69
vs 10.36 £2.69 days, P = 0.443). The OS and S-year DFS of
3-port versus 5-port procedures were also similar in a ret-
rospective study by Zhang et al (2021).%” Internationally, 4
laparoscopic ports were most commonly used by surgeons
compared to 3 or 5.'7 No difference in the number of trocars
was seen with regard to the amount of performed cases and
years of experience. Chiung Ta Lu et al (2021) compared the
total oral morphine equivalent daily dose required for differ-
ent trocar amounts and sizes in laparoscopic cholecystectomy
(group A: 12/5/5 trocars [total number of trocars 3], group B:
12/5/5/5 trocars [4 trocars], groups C: 12/10/5/5 [4 trocars]).
Compared to group A, the total oral morphine equivalent daily
dose was 21 mg higher in group B and 30.7 mg in group C (P
< 0.001). The highest level of evidence for number of trocars
is 2b (Supplementary Table 4, http://links.lww.com/AOSO/
A263).

The systematic review by Swank et al (2012) observed
a higher rate of trocar site hernia (TSH) for 12mm than for
10 mm trocars (odds ratio [OR] 13, 1.5-110; P < 0.01).>* No
difference was seen between S mm and 10 mm trocars. The pro-
spective cohort study by Wang et al (2017) concluded that the
size of the port sites is the main determinant of port-specific
pain in gynecological laparoscopy.*® The highest level of evi-
dence for size of trocars is 2a (Supplementary Table 4, http:/
links.lww.com/AOSO/A263).

Pneumoperitoneum
Warm Humidified CO,

Intraoperative hypothermia may be associated with post-
operative adverse events.*"*> To reduce hypothermia, warm
humidified CO, during laparoscopy was introduced in 1996.*
Although a meta-analysis by Dean et al (2017) concluded
that the use of warmed humidified CO, is associated with an
increased intraoperative core temperature,*> the systematic
review of Birch et al (2016) showed no clinical effect of this
warm humidified CO, on patient outcomes such as postoper-
ative pain scores and major adverse events.** The highest level
of evidence for this subject is 1a (Supplementary Table 4, http:/
links.lww.com/AOSO/A263).

Intra-Abdominal Pressure

The systematic review by Gurusamy et al (2014) compared low
(<12 mmHg) and standard (12-14 mmHg) intra-abdominal
pressure (IAP) in laparoscopic cholecystectomy.** There was
no difference between the 2 groups concerning serious adverse
events (0.6% vs 0%, RR 3.00, 95% CI 0.14-65.90) and oper-
ating time (MD 1.51 minutes, 95% CI 0.07-2.94). Raval et al
(2020) evaluated the effect of low (<12 mmHg), standard (12—
14 mmHg), and high (>15 mmHg) IAP in a systematic review
and meta-analysis.*® Significant lower pain scores at 24h post-
operative (MD: -0.70; 95% CI -1.26 to -0.13) and less shoul-
der pain (OR 0.24; 95% CI 0.12-0.48) were seen in the low IAP
group compared to standard IAP. Low IAP was not compared
with high IAP in the included studies. No significant difference
was seen between the 3 IAP groups with respect to conversion
rate. A high heterogeneity was described in the included studies.
In the RECOVER trial by Albers et al (2022), the mean qual-
ity of recovery (QoR-40) was higher for patients operated with
low TAP (8 mmHg) compared to standard IAP of 12 mmHg
(MD 8.3, 95% CI 2.5-14.1, P = 0.005).?2 The highest level of
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evidence for this subject is 1a (Supplementary Table 4, http://
links.lww.com/AOSO/A263).

Surgical Approach

Several surgical dissection approaches can be applied in MIRH.
The most commonly used approaches are medial-to-lateral
(MtL), lateral-to-medial (LtM), caudal-to-cranial, and crani-
al-to-caudal (CrtCa). A meta-analysis of Li et al (2017) inves-
tigated 3 of them (MtL, LtM, and CrtCa) and concluded that
all those methods are safe and acceptable for MIRH.'® Length
of hospital stay (weighted median difference [WMD] = 0.29,
95% CI 0.08-0.50, P < 0.05) and postoperative flatus recovery
time (WMD = 1.4, 95% CI 0.13-2.67, P < 0.05) of the LtM
approach were shorter compared with MtL approach. The
CrtCa approach might have slightly less overall postoperative
complications compared with MtL approach (OR 3.37, 95%
CI 1.06-10.70, P < 0.05) according to this paper. No reports on
important long-term oncological outcome for patients undergo-
ing MIRH, such as DFS and local recurrence, were made when
comparing those different surgical approaches. The meta-analy-
sis of Li et al analyzed only the number of harvested LN between
those 3 approaches, and no differences were found. The highest
level of evidence for this subject is 2a (Supplementary Table 4,
http:/links.lww.com/AOSO/A263).

Complete Mesocolic Excision

Systematic reviews on CME versus conventional resections are
hampered by the heterogeneity of the definitions of experimen-
tal and control interventions amongst the individual studies. In
2021, the meta-analysis of Anania et al compared CME with
the traditional approach, and found a higher LN yield (MD
0.75, 95% CI 4.06-10.04), and an increased 3-year OS (RR
0.42, 95% CI 0.27-0.66) and 5-year DFS rate (RR 0.36, 95%
CI 0.17-0.56).* In only one of the included studies, local recur-
rence and systemic recurrence rates were compared between the
2 groups. Both were lower in the CME group, namely 2.97%
versus 7.84% local recurrence and 5.94% versus 15.6% sys-
temic recurrence. In terms of safety, this meta-analysis showed
that CME is not inferior in blood loss (MD -32.48, 95 CI
-98.54 to -33.58), anastomotic leakage (RR 0.82, 95% CI
0.38-1.79), overall postoperative complications (RR 1.36,
95% CI 0.82-2.28) and reoperation rate (RR 0.65, 95% CI
0.26-1.75). However, comparing the intraoperative data, the
traditional group was associated with lower conversion rate
(RR 1.72,95% CI 1.00-2.96) and shorter operating time (MD
16.43, 95% CI 4.27-28.60). The highest level of evidence for
this subject is 2a (Supplementary Table 4, http:/links.lww.com/
AOSO/A263).

D2 or D3 Lymphadenectomy

There were no systematic reviews selectively comparing D2 and
D3 lymphadenectomy, with the same approach and quality of
the retroperitoneal dissection and both using CVL. One large
Chinese randomized controlled trial (RCT) was designed to
answer this research question. Survival data are not available
yet, but short-term outcomes of 995 patients have been pub-
lished.*® No difference in postoperative surgical complications
(20% in D3 group vs 22% in D2 group, 95% CI -7.2 to 2.8),no
difference in death (0% vs 0%), no statistical difference in chyle
leak (5% in D3 group vs 3% in D2 group, 95% CI -4.4 to 0.3)
and a higher number of median harvested LNs in favor of the
D3 group (26 [19-35] vs 23 [17.5-29]) were found. However,
vascular injury was significantly more common in the D3 group
(3% in D3 group vs 1% in D2 group, 95% CI 0.04-3.6) and
the median duration of the operation was significantly higher
in the D3 group (163 [135-195] min in D3 group vs 150.5
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[125-180] min in D2 group). Based on a comparative cohort
study, Sammour et al (2020) concluded that CME with D2 dis-
section should be the minimal standard, and that CME with
D3 dissection could be considered in patients with suspicious
central (D3) LN.* The results showed that the D3 group had
a significantly higher median LN retrieval compared to the D2
group (31 vs 27, P = 0.011), but there was no difference in OS
(P = 0.538) and DFS (P = 0.780) after a median follow up of
25.2 months. The highest level of evidence for this subject is
1b (Supplementary Table 4, http:/links.lww.com/AOSO/A263).

Vessel Ligation

The 2 main options available for vessel ligation during MIRH
are energy devices (electrothermal bipolar or ultrasonic) and
clips. One RCT by Adamina et al compared clips with energy
devices in colorectal procedures.’® Their results showed a signif-
icant time reduction (mean 6.9 [0.5-13.2] min, P = 0.031) and
significantly reduced costs of US $80.7 per patient (P = 0.043)
when energy devices were used for vascular control. In 2007, a
comparative study between electrothermal bipolar vessel sealing
(EBVS) and ultrasonic coagulating shears (UCS) in laparoscopic
colectomies was performed. A statistically significant difference
was found in mean blood loss in favor of the EBVS group (115
[30-160] ml vs 370 [150-680] mL, P < 0.001), but no signifi-
cant differences in mean postoperative hospital stay (5.2 [4-6]
days in EBVS group vs 6.1 [5-7] days in UCS group) and mean
operative time (111 [70-195] min in EBVS group vs 133 [95-
190] min in UCS group) were found.*!

A prospective randomized study by Marcello et al (2006)
comparing EBVS with disposable clip appliers showed a higher
cost-effectiveness of the EBVS during right, left, and total laparo-
scopic colectomy.’? The mean cost per case for vessel ligation was
significantly lower in the EBVS group ($317=0$ vs $400 = $112,
P < 0.001), with a decreased failure rate in the LIG group (3.0%
vs 9.2%, P = 0.02), but no significant difference in median blood
loss (50 [20-50] ml in S/C group vs 100 [25-800] ml in LIG
group, P = 0.054). The highest level of evidence for this subject is
1b (Supplementary Table 4, http:/links.lww.com/AOSO/A263).

Anastomosis

The ileocolonic anastomosis can be created inside or outside
the abdomen (intracorporeal [ICA] vs extracorporeal [ECA])
and in an iso- or antiperistaltic fashion. An ECA may be hand-
sewn or stapled, whereas an ICA is almost exclusively stapled.
The remaining enterotomy after intracorporeal stapling may be
closed using a single- or double-layer (DL) technique.

Intracorporeal vs Extracorporeal

Aiolfi et al (2020) published a meta-analysis including 3755
patients, of which 1720 underwent ICA and 2035 underwent
ECA. They concluded that ICA during MIRH is a safe, reli-
able and convenient procedure that offers benefits in terms of
less postoperative infectious complications (RR 0.51, 95% CI:
0.31-0.84, P = 0.009), and less overall complications (RR 0.78,
95% CI: 0.62-0.97, P = 0.028). An ICA was superior in terms
of time to first flatus (MD -16.68, P < 0.001), first defecation
(MD -25.94, P < 0.001), first oral diet (MD -16.35, P < 0.001)
and length of hospital stay (MD -0.72, P < 0.001).5 The highest
level of evidence for this subject is 1a (Supplementary Table 4,
http://links.lww.com/AOSO/A263).

Isoperistaltic Versus Antiperistaltic

In 2019, an RCT was published comparing iso- and antiperistal-
tic anastomosis during laparoscopic right hemicolectomy.** The
authors concluded that both techniques present similar results.
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In the long-term, there seemed to be a shorter intestinal transit
time in the antiperistaltic group and a statistically non-signifi-
cant tendency to a higher chronic diarrhea rate, which did not
result in a decreased reported quality of life. The results showed
no significant differences in surgical time (P = 0.481), anasto-
motic time (P = 0.207), postoperative complications (P = 0.693),
postoperative ileus (P = 0.112), anastomotic leakage (P = 1.00),
hospital stay (P = 0.236) or in chronic diarrhea rates measured
with the GIQLI score (P = 0.541). Differences were found in
time (days) to first flatus and time to first defecation in favor of
the antiperistaltic group (P = 0.004 and P = 0.017). The highest
level of evidence for this subject is 1b (Supplementary Table 4,
http:/links.lww.com/AOSO/A263).

Single-Layer Versus Double-Layer Enterotomy Closure

No systematic reviews or randomized trials on this topic for
MIRH were identified. Reggio et al (2015) compared a DL
closure technique with the single-layer (SL) technique in a
single-center comparative cohort study, when performing an
intracorporeal ileocolic anastomosis.”* In both techniques, an
absorbable running suture was placed. They reported that DL
was associated with a significantly lower incidence of anasto-
motic leakage rate (1.2% in DL vs 7.8% in SL, P = -0.044) and
a significantly shorter median hospital stay (8 [range: 4-34] days
in SL and 6 [range: 4-26] days in DL, P = 0.011). Moreover, the
overall median operative time (118 [range: 75-226] min in SL
and 128 [range: 98-228] min in DL) and the median time to
perform the anastomosis (17 [range: 12-26] min in SL and 20
[range: 14-33] min in DL) was similar between the 2 techniques.
Another multicenter case-controlled study found a significant
reduction in terms of ALs in the DL group (4.5% in DL vs 7.1%
in SL, P = 0.02) and there was no stenosis in either the SL or
DL group. In this study, both techniques were performed using
running sutures.>® The highest level of evidence for this subject is
2b (Supplementary Table 4, http://links.lww.com/AOSO/A263).

Longitudinal Resection Margin

The impact of the longitudinal resection margin (LRM) on
oncological outcomes was retrospectively evaluated by Lee et al
(2017).>” An overall median LRM length of 5.0cm (range: 0.5—
26.0) was reported, in accordance to several guidelines. When
comparing 3 groups with different LRM (<3, 23 <5, and >5cm),
the LRM did not influence the 3-year DFS (89.2%, 89.0%, and
87.0%; P = 0.629). There was also no significant difference in
S-year OS between the 3 groups (89.0%, 92.1%, and 91.8%, P
= 0.679), even though patients with a longer LRM had larger
tumor sizes and more advanced T stages. The number of LN
retrieved increased with a higher LRM. The highest level of evi-
dence for this subject is 2b (Supplementary Table 4, http:/links.
lww.com/AOSO/A263).

Indocyanine Green for Vascular Assessment

For this topic, no systematic review was found specifically
for MIRH. Systematic reviews on colorectal procedures were
excluded due to the heterogeneity. Morales-Conde et al (2020)
performed a prospective study and found that the use of ICG to
assess colonic perfusion in laparoscopic colorectal procedures
led to an increased number of changes in the chosen resection
margin.”® However, in the laparoscopic right hemicolectomy
group alone, the use of ICG resulted in a changed resection
margin in only 6% (4/67) of the cases when compared to lap-
aroscopic left hemicolectomy (21/81, 25.9%, P = 0.0016) and
laparoscopic anterior resection of the rectum (9/35, 25.7%, P
= 0.0095). Moreover, in another study of the use of ICG used
in MIRH, none of the 40 evaluated cases underwent a change
in the resection line after assessing the perfusion with ICG.%
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Mangano et al showed that ICG assessment of colonic perfusion
in robotic right hemicolectomy led to a change of the resection
line in 1 of 3 cases, but there was no control group and it is
unclear if this enhanced clinical outcomes.®® The highest level
of evidence for this subject is 2b (Supplementary Table 4 http:/
links.lww.com/AOSO/A263).

Extraction Site

Different sites of the abdominal wall can be used for specimen
extraction. A meta-analysis by Lee et al (2017) concluded that
midline incisions for specimen extraction in laparoscopic colorec-
tal surgery are at significantly higher risk of incisional hernia (IH)
when compared to the transverse and Pfannenstiel incisions.?*
The pooled incidence of TH was 0.9% in Pfannenstiel, 3.7% in
transverse, and 10.6 % in midline incisions. Midline incisions were
associated with a significantly higher risk of IH when compared
with all off-midline incisions (OR 4.1, 95% CI 2.0-8.3). Midline
incisions remained at a higher incidence of IH than both trans-
verse (OR 3.0, 95% CI 1.4-6.7) and Pfannenstiel (OR 8.6, 95%
CI 3.0-24.6) incisions when the off-midline comparison group
was subcategorized into a transverse or Pfannenstiel incision. In
2021, Greemland et al published a retrospective study specifically
on laparoscopic right hemicolectomy patients that confirmed the
findings of the meta-analysis.®! In their study, midline extractions,
compared with off-midline extractions resulted in a significantly
higher risk of TH (58.3% vs 18.8%, P < 0.0001). Off-midline inci-
sions included incisions in the para-midline, transverse left abdo-
men, transverse right abdomen, and transverse mid-abdomen.
The highest level of evidence for this subject is 2a (Supplementary
Table 4, http://links.lww.com/AOSO/A263).

Wound Management

An important risk factor for TSH after laparoscopic surgery is
the size of the trocar. A systematic review by Swank et al (2012)
observed a slightly higher prevalence of TSH if at the end of the
procedure, the fascia of the 12 mm port sites are left open (OR
3.9, range 0.6-24).%° The closure of the extraction site and port
sites of 10 mm or greater is labeled as a key step in laparoscopic
right hemicolectomy by Dijkstra et al (2015).'® The highest level
of evidence for this subject is 2a (Supplementary Table 4, http:/
links.lww.com/AOSO/A263).

Several retrospective cohort studies suggest that the use of
a wound protector is associated with a reduced incidence of
a surgical site infection (SSI).*>** No systematic reviews on
this topic were identified. In a retrospective case-cohort study
by Capolupo et al (2019), the wound protector was inserted
immediately after opening the peritoneum, maintained during
the extraction of the surgical specimen, and removed after ICA
was completed and final closure started.®* Overall SSI rate was
10.12% in the group with wound protector and 19% with-
out. The Delphi consensus article by Dijkstra et al (20135) also
advises the use of a wound protector.'® Lauricella et al (2021)
assessed the cost-effectiveness of an O-ring wound protector in
elective laparoscopic colorectal surgery in a retrospective cohort
study.® They saw an SSI rate of 5.7% with wound protectors
and 15.6% without. The total costs of both groups were simi-
lar. There is no clear evidence regarding the influence of wound
protectors on the risk of abdominal wall metastases by tumor
implants. The highest level of evidence for this subject is 2b
(Supplementary Table 4, http:/links.lww.com/AOSO/A263).

The systematic review of Norman et al (2020) concluded
that the prophylactic use of negative pressure wound therapy
probably reduces the rate of SSI compared to standard wound
dressing in primary closed wounds overall.®® There was no clear
evidence of wound dehiscence and the influence on second-
ary outcomes was uncertain. In a prospective cohort study by
Abadia et al (2021) in 200 elective colorectal surgery patients,
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the use of negative pressure wound therapy was associated with
a reduced risk of SSIs compared to closed dressing (incidence
9% vs 19%, OR: 0.3; 95% CI 0.11-0.83, P = 0.02).°” The high-
est level of evidence for this subject is 1a (Supplementary Table
4, http://links.lww.com/AOSO/A263).

No clear evidence on the use of wound irrigation to reduce
the risk of an SSI or wound dehiscence is found in the systematic
review of Norman et al (2017).%® The highest level of evidence
for this subject is 1a (Supplementary Table 4, http:/links.lww.
com/AOSO/A263).

DISCUSSION

This systematic review provides a comprehensive overview of
the best evidence for every surgical step in MIRH. According to
the highest level of evidence (level 1a/b), the MIRH should be
performed with low IAP (less than 12 mmHg) pneumoperito-
neum and an ICA. The MIRH should ideally include (level evi-
dence 2a/b) CME with CVL and D2 lymphadenectomy, closure
of the fascia of 12mm ports, DL technique when closing the
enterotomy during creation of the anastomosis and extraction
of the specimen by a Pfannenstiel incision with the use of a
wound protector. In addition, it could include (expert opinion)
preoperative vascular anatomy assessment and French position
with trocar positioning that seems to facilitate CME with dissec-
tion along the SMV. No supporting evidence was found for the
routine use of a D3 lymphadenectomy, the standard use of ICG
in creation of the anastomosis, the best surgical approach for
the retroperitoneal dissection, the use of warm humidified CO,,
a minimum LRM, the superiority of an anti- or isoperistaltic
anastomosis or wound irrigation in MIRH. This review could
be the basis for a most optimal and standardized MIRH. By
adapting all the elements instead of a few, the most significant
contribution towards better clinical outcomes can be achieved.

Implementation of a procedure based on the best evidence of
all separate surgical steps of an MIRH has never been investi-
gated. One may hypothesize that several interactions with over-
lap in measured effects exists on one hand, but it may also be true
that the whole is more than the sum of its parts. From an onco-
logical point of view, the discussion on CME and extent of verti-
cal lymphadenectomy seems to be the most important topic, but
postoperative complications that are influenced by several other
steps of MIRH are also associated with survival.® This illustrates
that we should probably strive for an integrated approach to opti-
mize surgery for RCC. The present systematic review focused on
the surgical procedure, but one should realize that differences in
perioperative care can also affect (short-term) outcomes.”

With regards to the CME and D3 lymphadenectomy, it
is important to emphasize that throughout literature, terms
are often used interchangeably and are sometimes incorrectly
referred to as synonyms.” Similar to total mesorectal excision,
applying the CME principle should be separated from the dis-
cussion about the additive value of D3 lymphadenectomy. One
article included “D3 Lymphadenectomy” in the search.” In the
selected systematic review by Xu et al (2021), the short-term
outcomes of the RELARC study were included, and D3 dissec-
tion was considered an integral part of CME in that study.*®
Although there is still some remaining controversy about the
details of this procedure and exact definition, following, the
CME principle results in optimized long-term oncological out-
comes and has been demonstrated to be safe regarding postop-
erative complications, as nicely shown in the study by Bertelsen
et al.” Given the increased morbidity for D3 lymphadenectomy,
and even mortality in some reports as well as the still unproven
additive oncological benefit compared to CME D2, this should
only be applied in highly selected cases with clinically involved
D3 nodes, and not on a routine basis.***»7*77 One of those stud-
ies reported that D3 nodes of 8mm or larger or with internal
heterogeneity or irregular margins are visible on preoperative
imaging in less than 2%.%
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A significant amount of literature on MIRH is about the
debate regarding ICA versus ECA, with an increasing body of
evidence in favor of ICA. The known advantages are the non-ne-
cessity to lift enterotomies outside the abdomen, less application
of traction on the future anastomosis, and an optimal vision
during the creation of the anastomosis in its future natural posi-
tion.23378-88 Additionally, ICA allows for specimen extraction
through a Pfannenstiel incision, thereby minimizing the risk of
incisional hernias.?*¢!

The optimal level of TAP is still under debate, although there
is evidence that shows less postoperative pain for low IAP with-
out negative effects on the conversion or adverse event rates. In
addition, the observation that low pressure is associated with
less infectious complications is interesting as found in the recent
RECOVER trial.?> Nevertheless surgical safety is a primary
objective and the concern of low IAP is that the vision of the
surgical field might be impaired. Optimizing the surgical space
conditions could then be facilitated with a deep neuromuscular
block.®” But otherwise, the pressure might be increased if neces-
sary for proper exposure.

With the introduction of CME and CVL, the SMV has
become an important landmark in MIRH for RCC, with impli-
cations for patient and trocar positioning, despite the absence of
high level of evidence. Regarding patient positioning, lithotomy
should be avoided due to the risk of lower extremity neuropa-
thies, while French (supine split-leg) position provides the sur-
geon performing conventional laparoscopy the option to stand
between the legs, which is helpful during central dissection of
the SMV. Another non-evidence-based topic related to CME
is the importance of having knowledge of the anatomy of the
SMV and SMA and its segmental branches, and preoperative
imaging assessment is therefore advised.

Innovations in surgery have only been marginally adopted
in community hospitals.”® The strength of standardization and
subsequent implementation of all best evidence steps of an oper-
ation in surgical education and surgical practice will potentially
have a much bigger effect on outcomes than implementation of
one of the steps of an operation. In surgical training, standard-
ization of a procedure allows a safer and quicker learning curve.
In general practice, it allows proper auditing and interventions,
and it enables accurate comparison in research. Trying to define
an optimal standardized MIRH based on the highest level of
evidence for each surgical step using a systematic approach
likely contributes to this goal. It is just not yet clear whether
combining multiple evidence-based recommendations and thus
an entire standardized technique will lead to much better clin-
ical outcomes. This needs to be further explored in the future
with proper scientific clinical research.

To implement all innovations within MIRH, it is important
to keep the influence of the learning curve on patient outcomes
as low as possible. For example, in the included meta-analysis
comparing CME to the traditional approach, some intraoper-
ative complications did occur more often in the CME group
during their learning curve.*” Surgical learning curves should
be considered, due to their association with a negative influ-
ence on patient outcomes.”’ Training before implementation
and the help of proctoring during the first period of imple-
menting new techniques seem both essential to reduce the
influence of the learning curve on patient outcomes.”? Within
this process, surgical quality assessment (SQA) is an important
process to facilitate learning. For example, many surgeons are
often convinced that they are performing a D2 lymphadenec-
tomy, but in reality, it is a so-called D1.5 or D1+ lymphadenec-
tomy. Video-based SQA tools can be used by surgeons to
anonymously judge whether an optimal D2 lymphadenectomy
with CVL has been performed. The same applies to several
other aspects of MIRH, such as the quality of CME dissection
and ICA. In future studies, video-based SQA might become a
crucial component to avoid bias related to heterogeneity in
surgical quality.
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CONCLUSIONS

This systematic review aimed to give a comprehensive overview
of the best evidence regarding all surgical steps of the MIRH.
Based on best available evidence, the CME principle including
CVL resulting in an optimal D2 lymphadenectomy should be
followed using low IAP pneumoperitoneum, after which an ICA
is made, with preferably DL closure of the enterotomy, closure
of the fascia of the ports 212 mm, and extraction of the speci-
men by a Pfannenstiel incision covered with a wound protector.
D3 lymphadenectomy should be reserved for rare cases with
clearly suspicious nodes in that area. This stepwise procedure
can potentially improve clinical and oncological outcomes of
patients with RCC if implemented on a large scale.
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