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Abstract
Background Owing to important differences in surgical technique, laparoscopic right colectomy with intracorporeal (ICA) 
compared to extracorporeal (ECA) anastomotic technique may result in improved patient outcomes. We aimed to compare 
both techniques according to incisional hernias and other pertinent perioperative characteristics, post-operative complica-
tions, and oncologic quality markers.
Methods All adult patients undergoing laparoscopic right colectomies between 2015 and 2020 at a single institution were 
included. ICA and ECA techniques were compared based on selected outcomes using univariable and multivariable sta-
tistical analyses, as appropriate. Subgroup analyses were restricted to patients with neoplastic indications for surgery and 
non-urgent operations.
Results A total of 517 patients met inclusion criteria, of which 139 (26.9%) underwent ICA and 378 (73.1%) underwent ECA. 
ICA and ECA patients had similar baseline characteristics. At two years of follow-up, a lower proportion of ICA patients 
developed a hernia at the extraction incision (1.5% vs. 7.1%, p = 0.02) and ICA was associated with an 80% reduction in 
extraction incision hernias (aHR 0.20, p = 0.03). These results were stable through subgroup and sensitivity analyses. Median 
operative time was longer in the ICA group (186 min vs. 135 min, p < 0.001), but the gap in operative time narrowed during 
the study period. Median length of stay was one calendar day shorter in the ICA group (3 days vs. 4 days, p = 0.007) and ICA 
was associated with a 13% decrease in the length of stay (aRR 0.87, p = 0.02). The incidence of superficial wound infections, 
anastomotic leaks and re-interventions was lower in ICA patients, but this difference was not statistically significant. 90-day 
unscheduled visits, readmissions, and mortalities were similar across both groups, as were oncologic outcomes.
Conclusion Laparoscopic right colectomies with intracorporeal anastomoses are associated with a reduction in incisional 
hernias and shorter hospital lengths of stay without compromising on patient safety or oncologic principles.
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The advent of a laparoscopic approach to patients with right-
sided colonic pathologies transformed patient care [1, 2] and 
the progression from laparoscopic-assisted extracorporeal 
anastomosis (ECA) to totally laparoscopic intracorporeal 
ileocolic anastomosis (ICA) held similar promise to those 
championing this technique. ICA circumvents the morbid 
and painful midline extraction incisions which plague most 
patients undergoing ECA, and can mitigate the mesenteric 
traction on the terminal ileum and transverse colon neces-
sary to exteriorize them for anastomosis. Therefore, ICA 
may be associated with reduced rates of extraction incision 
hernias and faster recovery [3].

Despite many publications on favorable outcomes over 
the past two decades, [4–7] ICA’s uptake has slowed, and 
its utilization has not surpassed ECA. A recent international 
survey found that most surgeons performing laparoscopic 
right colon resections employed ECA in the majority of their 
operations. Barriers to uptake of ICA are likely the result 
of increased operative time and the required proficiency in 
laparoscopic suturing and knot tying [8–10].

This study aims to provide a granular and pragmatic com-
parison of both techniques according to incisional hernias 
and other pertinent perioperative characteristics, post-oper-
ative complications, and oncologic quality markers.

Method

Study design and cohort

This is a single institution retrospective cohort study lever-
aging institutional chart review health data. This study was 
approved by the Health Sciences Research Ethics Board at 
the University of Western Ontario. Reporting is in accord-
ance with the REporting of studies Conducted using Obser-
vational Routinely collected Data (RECORD) Statement 
(Appendix 1) [11]. The hospital’s administrative healthcare 
registry was interrogated and all adults who underwent a 
right-sided colon resection at London Health Sciences Cen-
tre’s University Hospital in London, Canada between 2015 
and 2020 were identified. There was no exclusion based on 
indication or urgency of surgery. Patients’ operative reports 
were reviewed to assess for eligibility. Only patients who 
underwent their first ileocolic resections, right colectomies, 
or extended right colectomies were included. For simplic-
ity, these are referred to as right colectomies in this study. 
Those who underwent segmental colon resections, subto-
tal colectomies, or total abdominal colectomies were not 
eligible for inclusion. If patients had undergone a previous 
eligible surgery, only the first surgery was included, pro-
vided it occurred during the eligible time-period. Patients 
were excluded if they underwent a planned laparotomy, 
conversion to a laparotomy for a purpose other than an 
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extracorporeal anastomosis, or a stoma formation. Addition-
ally, patients were excluded if they underwent any concomi-
tant procedure apart from primary repairs of umbilical or 
ventral hernias without mesh. Patients with previous hernia 
repairs with or without mesh were not excluded.

Exposure

Patient groups were based on the ileocolic anastomotic 
technique. ECA was defined by exteriorization of the bowel 
through an extraction incision for anastomosis where at 
least the colonic mobilization and ileocolic pedicle ligation 
were performed laparoscopically; if either of these were 
performed after the extraction incision, then the patient was 
deemed to have undergone a conversion to laparotomy and 
was excluded from the study. ICA was defined as a totally 
laparoscopic resection and anastomosis, where non lapa-
roscopic port incision was made only for extraction of the 
specimen.

Outcomes

This study provides a granular comparison of both anasto-
motic techniques according to incisional hernias and other 
meaningful clinical outcomes.

Incisional hernias were specified as those occurring at 
the extraction incision or elsewhere, and included if they 
were described in the patient’s chart within two years of the 
index surgery. These were further characterized according 
to whether they were surgically repaired, as these may rep-
resent more severe hernias. Hernias were also considered 
surgically repaired if an operative hernia repair was planned 
but not yet performed in order to account for COVID-19 
pandemic delays.

Operative time was measured from first skin incision to 
skin closure and excluding anesthesia time. Length of stay 
was measured as the number of calendar days between date 
of surgery and date of discharge. Superficial wound infec-
tions were characterized according to the American College 
of Surgeons National Surgical Quality Improvement Project 
criteria. Anastomotic leak was assessed clinically on chart 
review according to previously published definitions for 
presence and grade [12, 13]. Re-interventions were subclas-
sified as percutaneous, endoscopic, or operative procedures 
performed for complications relating to surgery. Patients’ 
charts were reviewed for emergency department visits, 
readmissions, and mortalities occurring within 90 days of 
their index surgery date. Nodal counts, adequate node sam-
ple (at least 12 nodes) [14], and receipt of chemotherapy 
were recorded and compared in patients with pathologically 
proven colonic or appendiceal malignancies which were of 
adenocarcinoma, neuroendocrine, or mixed histology.

Covariates

Clinically relevant patient characteristics were collected 
and included age, sex, smoking status, American Society 
of Anesthesiologists physical status classification (ASA), 
previous abdominal surgeries, previous abdominal wall 
hernia repairs, presence of intra-abdominal mesh for her-
nia repair, year of surgery, urgency category of surgery 
(scheduled or urgent), indication for surgery (malignancy, 
benign neoplasm, inflammatory bowel disease or other), 
location of pathology, surgery type (ileocolic, right hemi-
colectomy, and extended right hemicolectomy), and the 
presence of abdominal wall hernias at the index surgery.

Statistical analysis

Patient baseline characteristics were compared using 
appropriate statistical tests. Multivariable regression 
models were selected according to distribution and dis-
persion and were specified to characterize the association 
between ICA/ECA and the selected outcomes. Covariates 
were selected a priori as potential confounders based on 
clinical relevance. These covariates were assessed for sta-
tistical collinearity and covariates were limited to avoid 
overparameterization. Model adjustments and effect esti-
mates are presented in Appendix 2.

The extraction incision hernia definition was expanded 
to include all incisional hernias in a sensitivity analysis 
to account for patients undergoing reoperation laparoto-
mies, since these patients may develop a midline hernia 
which could not be differentiated from the original mid-
line extraction incision predominantly performed in ECA 
patients. Additional sensitivity analyses were planned to 
examine only surgically repaired hernias. A secondary 
analysis was planned to assess the association between 
superficial wound infections at the extraction incision and 
the development of an extraction incision hernia.

Length of stay was modeled with inclusion and exclu-
sion of patients with early mortalities or transfer to other 
hospitals. Loss of follow-up due to mortality or relocation 
was compared between both groups. It was accounted for 
as competing risks for anastomotic leaks and reinterven-
tions by specifying a composite outcome of all three states 
in sensitivity analyses. In time-to-event analyses, when 
follow-up was no longer possible, patients were censored 
on their last day of contact.

Some of the surgeons in this study have exclusively 
colorectal practices and a preponderance of patients with 
Crohn’s Disease. Given the difference in case-mix, a sub-
group analysis was performed excluding non-neoplas-
tic indications for surgery and urgent (non-scheduled) 
surgeries.
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Statistical analyses were performed using SAS 3.8 Enter-
prise Edition (SAS Institute Inc., Cary, NC, USA). All tests 
were two-sided with p-values of < 0.05.

Results

Study cohort

There were 1161 adults who underwent a right-sided colon 
resection between 2015 and 2020 at our institution (Fig. 1). 
Of these, 517 patients underwent an eligible laparoscopic 
right colectomy: 139 ICA (26.9%) and 378 ECA (73.1%). 
ICA and ECA patients had similar baseline characteristics 
(Table 1). There were five patients (3.6%) in the ICA group 
and ten patients (2.7%) in the ECA group who had under-
gone a prior ventral hernia repair. There was an increase 
uptake of ICA technique during the study period, conse-
quently the median year of surgery was more recent in ICA 
patients (2019 vs. 2017, p < 0.001).

Operative characteristics

There were 19 surgeons included in this study, of which 
seven performed ICA. Four of these seven ICA surgeons 
performed nearly all included right colon resections with 
ICA (97%) and all are fellowship trained in minimally inva-
sive surgery. Urgent surgeries (ICA 16.5% vs. ECA 29.1%, 

p = 0.004) and ileocolic resections (ICA 1.4% vs. ECA 8.5%, 
p = 0.01) were associated with lower rates of ICA. Speci-
men extraction incisions were predominantly Pfannestiel 
incisions in ICA patients (93.5%) and midline incisions in 
ECA patients (93.4%). Other operative characteristics were 
similar across both groups (Table 2).

Incisional hernias

At two years of follow-up, a lower proportion of ICA patients 
developed a hernia at the extraction incision (1.5% vs. 7.1%, 
p = 0.02) or at any incision (3.0% vs. 7.1%, p = 0.09). All 
incisional hernias in the ECA group occurred at the extrac-
tion incision, compared to 50% in the ICA group. These are 
reported in Table 3. Four ICA patients developed incisional 
hernias: one at a midline extraction incision, one at a midline 
incision performed for anastomotic leak, one at a Pfannes-
tiel extraction incision, and one at a laparoscopic port inci-
sion. 26 ECA patients developed incisional hernias: 23 at a 
midline extraction incision, and 3 at a transverse extraction 
incision.

Only half of incisional hernias in the ICA group were 
surgically repaired, both by open herniorrhaphy with mesh. 
In the ECA group, 77% of incisional hernias were surgi-
cally repaired: 16 with mesh, two with sutures alone, and 
two are still awaiting surgery. Of the 18 repaired, only one 
underwent a laparoscopic repair. Importantly, the propor-
tion of patients lost to follow-up due to death or relocation 

Fig. 1  Patient Flow Diagram
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were similar between both groups (ICA 5.7% vs. ECA 3.9%, 
p = 0.07).

On adjusted time to event analysis, ICA was associ-
ated with an 80% reduction in extraction incision hernias 
[adjusted hazard ratio (aHR) 0.20 (95% CI 0.05–0.82), 
p = 0.03]. Several sensitivity analyses were performed. When 
restricting to surgically repaired extraction incision hernias, 
ICA was associated with an 86% reduction [aHR 0.14 (95% 
CI 0.02–0.98), p = 0.05]. When all incisional hernias were 
accounted for, ICA was associated with a 60% reduction in 
any incisional hernia [aHR 0.40 (0.14–1.17), p = 0.09] and 
a 73% reduction in any surgically repaired incisional hernia 
[aHR 0.27 (0.06–1.14), p = 0.08].

The incidence of extraction incision hernias in the 27 
patients who developed an extraction incision wound infec-
tion was significantly higher than in those without a wound 
infection (33.3% vs. 3.9%, p < 0.001). On adjusted analysis, 
extraction incision wound infection was associated with a 
nearly tenfold increase in extraction incision hernias [aHR 
9.75 (95% CI 3.86–24.63), p < 0.001].

Operative time

Median operative time was 51 min longer in the ICA group 
[186 min (Interquartile Range (IQR) 159–219) vs. 135 min 
(IQR 107–164), p < 0.001]. On adjusted analysis, ICA was 
associated with increased operative time [+ 51 min (Stand-
ard Error 4.3), p < 0.001]. This association was robust when 
restricting to scheduled surgeries (+ 55 min) and neoplastic 
indications (+ 53 min). Operative time decreased moder-
ately by year in ICA patients (Pearson Correlation Coeffi-
cient − 0.42, p < 0.001) and less-so in ECA patients (Pearson 
Correlation Coefficient − 0.13, p = 0.01). The difference in 
operative time decreased throughout the study period and 

Table 1  Baseline Demographics 
and disease-related 
characteristics

Caption comparison of ICA and ECA patients
ICA intracorporeal anastomosis, ECA extracorporeal anastomosis, IQR interquartile range, ASA american 
society of anesthesiologists physical status classification

Characteristic ICA (n = 139) ECA (n = 378) p-value

Age, median (IQR) 71 (63–79) 71 (58–78) 0.28
Female sex, n (%) 71 (51.1%) 215 (56.9%) 0.24
Active smoker, n (%) 13 (9.4%) 53 (14.0%) 0.16
ASA, n (%) 0.15
 I 2 (1.4%) 4 (1.1%)
 II 26 (18.7%) 95 (25.1%)
 III 94 (67.6%) 215 (56.9%)
 IV 17 (12.2%) 64 (16.9%)

Previous abdominal surgery, n (%) 70 (50.4%) 176 (46.6%) 0.44
Previous abdominal wall hernia repair, n (%) 5 (3.6%) 10 (2.7%) 0.57
Previous abdominal wall mesh, n (%) 1 (0.7%) 4 (1.1%) 0.73
Year of surgery, median (IQR) 2019 (2017–2020) 2017 (2016–2019)  < 0.001

Table 2  Operative characteristics

Caption comparison of ICA and ECA operative characteristics
ICA intracorporeal anastomosis, ECA extracorporeal anastomosis

Characteristic ICA (n = 139) ECA (n = 378) p-value

Urgent surgery, n (%) 23 (16.5%) 110 (29.1%) 0.004
Indication for surgery, n (%) 0.17
 Malignancy 98 (70.5%) 244 (64.6%)
 Benign neoplasm 32 (23.0%) 83 (22.0%)
 IBD 7 (5.0%) 37 (9.8%)
 Other 2 (1.4%) 14 (3.7%)

Location of pathology, n (%) 0.09
 Cecum 58 (41.7%) 149 (39.4%)
 Ascending colon 39 (28.1%) 105 (27.8%)
 Hepatic flexure 15 (10.8%) 28 (7.4%)
 Transverse colon 16 (11.5%) 27 (7.1%)
 Appendix 2 (1.4%) 14 (3.7%)
 Terminal ileum 1 (0.7%) 6 (1.6%)
 Not reported 8 (5.8%) 49 (13.0%)

Surgery type, n (%) 0.01
 Ileocolic 2 (1.4%) 32 (8.5%)
 Right hemicolectomy 129 (92.8%) 320 (84.7%)
 Extended right hemi-

colectomy
8 (5.8%) 26 (6.9%)

Extraction incision, n (%)  < 0.001
 Midline 8 (5.8%) 353 (93.4%)
 Transverse 1 (0.7%) 18 (4.8%)
 Paramedian 0 (0.0%) 1 (0.3%)
 Pfannestiel 130 (93.5%) 6 (1.6%)

Hernia at index surgery, 
n (%)

14 (10.1%) 26 (6.9%) 0.23

Suture repair of hernia, 
n (%)

14 (10.1%) 26 (6.9%) 0.23
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was 70 min in 2015 (218 vs. 148 min), and 35 min in 2020 
(172 vs. 137 min).

Length of stay

Median length of stay was one calendar day shorter in the 
ICA group [3 days (IQR 3–4) vs. 4 days [3–5], p = 0.007]. On 
adjusted analysis, ICA was associated with a 13% decrease 
in the length of stay {Adjusted Risk Ratio (aRR) 0.87 [95% 
confidence interval (95% CI) 0.78–0.97], p = 0.02}. Results 
were consistent when excluding deaths and transfers to other 
hospitals [aRR 0.89 (95% CI 0.79–0.99), p = 0.03], and in 
subgroup analyses restricted to scheduled surgeries [aRR 
0.87 (95% CI 0.78–0.99), p = 0.02] and neoplastic indica-
tions [aRR 0.86 (95% CI 0.77–0.97), p = 0.01].

Wound infections, anastomotic leaks, 
and reinterventions

The incidence of superficial wound infections, anastomotic 
leaks, and re-interventions are presented in Table 3. These 
events occurred in a lower proportion of ICA compared to 
ECA patients, but this difference was not statistically sig-
nificant. Wound infections were identified in 33 patients 
(6.4%) and occurred predominantly at the extraction inci-
sion in ECA patients (92.3%) but more commonly affected 

non-extraction incisions in ICA patients (57.1%). There 
were 6 ICA patients (4.3%) and 18 ECA patients (4.8%) 
with anastomotic leaks, and the leak severity based on the 
treatment required was evenly distributed between groups. 
Percutaneous, endoscopic, and/or operative reinterventions 
for post-operative complications were required in 28 patients 
(5.4%); these were performed for abscesses or anastomotic 
leaks in 17 patients (3.3%), intraperitoneal or intraluminal 
hemorrhage in 13 patients (2.5%), bowel obstruction in 2 
patients (0.4%), and dehiscence in 2 patients (0.4%).

On adjusted analyses, anastomotic technique was not 
associated with these outcomes even when restricting to 
scheduled surgeries and neoplastic indications. Anastomotic 
technique was similarly not associated with anastomotic leak 
or reinterventions when each were expanded to a compos-
ite outcome including mortality or lost to follow-up before 
90 days.

90 day outcomes

The rates of emergency department visits, post-operative 
readmissions, and mortality 90 days following index sur-
gery were similar between both groups, and are presented 
in Table 3. On adjusted analysis, anastomotic technique 
was not associated with these outcomes even when restrict-
ing to scheduled surgeries and neoplastic indications. The 

Table 3  Post-operative 
outcomes

Caption Comparison of post-operative outcomes in ICA and ECA patients
ICA intracorporeal anastomosis, ECA extracorporeal anastomosis
a Patients were censored due to relocation or death leading to loss of follow-up in 7 (5.0%) ICA and 13 
(3.4%) ECA patients

Outcome ICA (n = 139) ECA (n = 378) p-value

Superficial wound infection, n (%) 7 (5.0%) 26 (6.9%) 0.45
 Extraction incision wound infection 3 (2.2%) 24 (6.4%) 0.06

Anastomotic leak, n (%) 6 (4.3%) 18 (4.8%) 0.83
Grade of leak based on treatment, n (%) 0.98
 Antibiotics only 2 (1.4%) 7 (1.9%)
 Drain 3 (2.2%) 8 (2.1%)
 Reoperation 1 (0.7%) 4 (1.1%)

Reintervention, n (%) 6 (4.3%) 22 (5.8%) 0.50
Reintervention type (multiple per patient), n (%)
 Percutaneous procedure 4 (2.9%) 10 (2.6%) 0.86
 Endoscopic procedure 2 (1.4%) 4 (1.1%) 0.72
 Operative procedure 3 (2.2%) 11 (2.9%) 0.64

90-day emergency department visit, n (%) 16 (11.5%) 40 (10.6%) 0.76
90-day readmission to hospital, n (%) 18 (13.0%) 44 (11.6%) 0.68
90-day mortality, n (%) 2 (1.4%) 4 (1.1%) 0.72
Extraction incision hernia, n(%)a 2 (1.5%) 26 (7.1%) 0.02
 Clinically significant extraction incision  herniaa 1 (0.8%) 20 (5.3%) 0.02

Incisional hernia, n (%)a 4 (3.0%) 26 (7.1%) 0.09
 Clinically significant incisional  herniaa 2 (1.5%) 20 (5.3%) 0.05
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proportion of patients censored before 90 days for loss of 
follow-up were not different between ICA and ECA groups 
(0.7% vs. 0.5%, p = 0.80).

Cancer outcomes

There were 98 ICA (70.5%) and 238 ECA (63.0%) patients 
with a colonic or appendiceal malignancy. Stage and onco-
logic quality outcomes are presented in Table 4. Nearly all 
these malignancies were of adenocarcinoma histology. The 
median number of nodes sampled, the adequacy of nodal 
sample, and receipt of chemotherapy were similar across 
both groups.

Discussion

The study conducted is an observational study of a contem-
porary cohort made up of all patients who have undergone a 
standard laparoscopic right colectomy at a single institution 
and aimed to compare important post-operative outcomes 
across ICA and ECA techniques. There are four major find-
ings: ICA is associated with reduced incisional hernias and 
shortened length of stay, has a similar safety profile to ECA, 
and does not compromise the oncologic specimen.

Incisional hernias following Pfannenstiel incisions are 
considerably less common than with midline incisions [15, 
16]. Yet the use of a midline incision for ECA persists sec-
ondary to improved exposure and decreased mesenteric trac-
tion necessary for fashioning an anastomosis. In this study, 
nearly all ECA patients had a midline extraction incision, 
and a similar proportion of ICA patients had a Pfannestiel 
extraction incision. This study focused on incisional hernias 
occurring at the extraction incision, and these occurred in 

significantly more ECA patients (7.1% vs. 1.5%). In fact, 
all incisional hernias occurred at the extraction incision in 
ECA patients. On adjusted analysis ICA was associated with 
an 80% reduction in extraction incision hernias. Findings 
were similar when considering only surgically repaired her-
nias. It is understood that this study does not infer that the 
association between ICA and hernias is causative, not only 
because of the observational nature of the data, but because 
of implausibility. It is not the anastomotic technique that 
prevents the hernia, but rather the ability to complete the 
operation while avoiding a midline incision. It is imperative 
that surgeons consider this when performing a laparoscopic 
right colectomy with intracorporeal anastomosis, especially 
if the intention of doing so is to mitigate the risk of an inci-
sional hernia post-operatively.

Interestingly, extraction incision wound infections were 
associated with a nearly tenfold increase in incisional her-
nias and occurred approximately three times more frequently 
in ECA patients. Midline incisions for ECA may have a pre-
dilection for wound infection compared to Pfannenstiel inci-
sions based on their length and their proximity to where the 
anastomosis is fashioned, which can lead to spillage and 
contamination of the subcutaneous space.

On average, ICA and ECA patients were discharged fol-
lowing a median of 3 and 4 days, respectively. These lengths 
of stay are shorter than those reported by nearly all studies 
included in a meta-analysis published in 2019 [17]. This is 
likely secondary to the expanding paradigm shift in colo-
rectal surgery with enhanced recovery programs which have 
been shown to shorten hospital stays [18]. ICA was associ-
ated with decreased length of stay after adjusting for several 
clinically meaningful characteristics. These results were sta-
ble when accounting for early mortalities, loss to follow-
up, and subgroup analyses excluding urgent operations and 

Table 4  Oncologic outcomes 
in patients with intestinal 
malignancies

Caption comparison of oncologic outcomes in ICA and ECA patients with intestinal malignancies
ICA intracorporeal anastomosis, ECA extracorporeal anastomosis, IQR interquartile range

Outcome ICA (n = 98) ECA (n = 238) p-value

Intestinal malignancy, n (%) 98/139 (70.5%) 238/378 (63.0%) 0.11
Histologic subtype, n (%) 0.60
 Adenocarcinoma 95 (96.9%) 229 (96.2%)
 Mixed neuroendocrine neoplasm 2 (2.0%) 3 (1.3%)
 Neuroendocrine tumor 1 (1.0%) 6 (2.5%)

Stage, n (%) 0.35
 I 29 (29.6%) 60 (25.2%)
 II 28 (28.6%) 94 (39.5%)
 III 33 (33.7%) 66 (27.7%)
 IV 8 (8.2%) 18 (7.6%)

Nodes sampled, median (IQR) 22 (16–33) 22 (17–30) 0.47
Adequate node sample, n (%) 96 (98.0%) 228 (95.8%) 0.33
Chemotherapy received, n (%) 30 (30.6%) 69 (29.0%) 0.94
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non-neoplastic indications such as Crohn’s disease. While 
shorter length of stay for ICA patients has not been consist-
ently shown in the literature, it has been demonstrated in 
two separate meta-analyses [17, 19] and has several impor-
tant patient satisfaction, healthcare delivery, and economic 
implications [20, 21].

Post-operative outcomes were statistically equivalent 
for all short-term outcomes including wound infections, 
anastomotic leaks, reinterventions, and 90-day emergency 
department visits, readmissions, and mortality. These results 
were stable through adjusted analyses, sensitivity analyses 
and subgroup analyses. Several studies have found reduced 
wound infection and morbidity rates for ICA [4–6, 22], but 
the majority of studies to date have failed to show a differ-
ences in post-operative complications [7, 19]. In this study, 
the trends of wound infections, anastomotic leaks, and rein-
terventions favored ICA, therefore ICA was deemed at least 
as safe as ECA.

Node sampling and receipt of chemotherapy have long 
been regarded as measurable and actionable oncologic qual-
ity metrics [23]. In this study, lymph node sampling was 
excellent in both groups and was quantified according to 
absolute value (median 22) and an adequacy cut-off value 
of 12 (> 95%). These results were superior to most pub-
lished studies examining this outcome [17, 19]. Adjuvant 
chemotherapy rates was similar across ICA (30.6%) and 
ECA patients (28.9%). To our knowledge this outcome has 
only been reported previously in a randomized control trial 
comparing transverse and midline extraction incisions by 
Lee et al. [24].

The one drawback found in this study for ICA was the 
additional operative time. However, similar to the present 
study, operative time for ICA has been shown to decrease 
with increased experience [6, 25], and two meta-analyses 
have found similar times for ICA and ECA [19, 26]. This 
discrepancy may be secondary to the perpetual learning 
curve at our academic institution propagated by the con-
stant influx of new trainees learning laparoscopic common 
enterotomy closure with free-needle laparoscopic suturing. 
Additionally, others have suggested that the time spent on 
the intracorporeal anastomosis is offset by the time saved 
with less extensive ileocolic mobilization due to reduced 
mesenteric traction for intracorporeal anastomosis [21] and 
as described below, the most technically challenging resec-
tions with ECA were excluded from this analysis. In fact, 
the average operative time for ECA cases in this study was 
shorter than in most published studies [17]. Nevertheless, we 
propose that the additional operative time in exchange for 
one day of post-operative hospital stay and trainees learning 
an important surgical technique is a worthwhile trade-off.

As with all non-randomized studies, confounding and 
inherent biases to observational studies must be consid-
ered. Determining whether a conversion to laparotomy 

occurred by reviewing the operative report was more 
straightforward in ICA patient than in ECA patients. Since 
most right colectomies with ECA required a midline inci-
sion, surgeons could make their standard midline incision 
prematurely or extend it in challenging cases and complete 
part of the procedure through it. Whereas, nearly all mid-
line incision in an ICA would be regarded as a conversion 
to laparotomy and excluded. In order to avoid a selection 
bias unfairly effecting the ECA cohort, both the vascular 
ligation and a full colon mobilization had to be completed 
laparoscopically in order to be considered an ECA. We 
recognize that many surgeons would find these criteria too 
restrictive and that according to this definition more ECA 
operations would be excluded based on surgeon technique 
rather than an inability to progress safely. Therefore, the 
ECA cohort in this study is less technically challenging 
and estimates favoring ICA are conservative, such that 
ICA may provide even greater benefits than reported.

Radiographic studies were not probed for hernias since 
these were not equally distributed according to indication 
for surgery, with a preponderance occurring in cancer 
patients. Instead, we depended on physical examinations 
described in clinical notes, and these were further clas-
sified according to surgical management versus observa-
tion. It is likely that clinically occult hernias were missed 
which may explain the relatively low rate of hernias in 
this study [15, 16]. Furthermore, only hernias described 
in clinic notes within our institutions were available for 
review. Loss of follow-up due to relocation or death and 
the risk of informative censoring was accounted for in 
every relevant association using absorbing composite out-
comes and time-to-event analyses. In our institution, most 
surgeons with inflammatory bowel disease practices per-
form exclusively ECA, and this difference in case-mix is 
clearly depicted in Table 1, whereby ileocolic and urgent 
resections were more likely to undergo an ECA. Subgroup 
analyses excluding urgent and non-neoplastic indications 
for surgery were planned a priori and were consistent with 
the primary analyses. Certainly, this study was limited by 
the unavailability of specific data such as body mass index, 
an important covariate potentially associated with both the 
decision to perform an ICA and the risk of an incisional 
hernia.

In conclusion, laparoscopic right colectomies with 
intracorporeal anastomoses are associated with a reduc-
tion in incisional hernias and shorter hospital lengths of 
stay without compromising on patient safety or oncologic 
principles.
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