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A B S T R A C T

Background: Laparoscopic surgery is the favoured method of colorectal cancer resections. It is surgeon expertise
and discretion to choose whether to mobilize colon lateral-to-medial or medial-to-lateral. We aim to identify the
advantage of one approach over the other in short-term and cancerrelated outcomes.
Methods: A retrospective review of a prospectively maintained database of all laparoscopic colorectal resections
with curative-intent, in a single unit, from March 2013 to October 2014. Data was collected on patient demo-
graphics, method of laparoscopic mobilisation, operating time, length-of-stay, post-operative complications,
clearance of circumferential resection margins lymph node harvest and follow-up.
Results: 137 patients with comparable patient demographics had laparoscopic colorectal cancer resection. 76
(60.3%) male and 50 (39.7%) female patients. 58(46.0%) of resections were performed using medial-to-lateral
approach, while 68(54.0%) lateral-to-medial. Lateral group had on average 14(0–38) lymph nodes with spe-
cimen compared to 17 (6–45) in medial group. There was a statistically significant difference in the major
complication rate (Clavien-Dindo IV) between the groups with 1(1.7%) in the medial-to-lateral group compared
to 7 (10.2%) in the lateral-to-medial group, (p .035). Patients in the medial-to-lateral group had median length-
of-stay of 7 days (range 2–55) compared to 7 days (range 2–75) in the lateral-to-medial group. There was no
statistically significant difference in survival between both groups up-to 1334 days p=.413.
Conclusion: Our study shows that mobilising the colon medially in laparoscopic colorectal cancer resection in-
creases the lymph node harvest, gives comparable CRM clearance, similar length of hospital stay and compli-
cations. It makes no statistically significant difference in the overall patient survival.

1. Introduction

Colorectal cancer is the third most common malignancy worldwide
accounting for 9% of all cancer incidence [1]. The laparoscopic ap-
proach for colorectal resections has gained increasing acceptance since
first described in 1991 [2,3]. Compared to open surgery, laparoscopic
colorectal surgery is associated with improved short term outcomes
including faster recovery, reduced duration of post-operative ileus,
lower wound infection rates, shorter hospital stay, reduced post-op pain
and earlier tolerance of regular diet [3–10]. Furthermore, there is no
reported difference in overall survival, oncological clearance, recur-
rence rates, complication rates, or re-operation rate between the two
approaches [4,6,8,11]. The above studies demonstrate the feasibility,
safety and short-term benefits of the laparoscopic approach.

Despite the advantages, laparoscopic surgery is technically chal-
lenging, with a steep learning curve [12] and associated with increased

operative time compared to open surgery [8]. This involves laparo-
scopic mobilization of the colon, division of the inferior mesenteric
vessels, exteriorization and resection of bowel and fashioning an ana-
stamosis [13]. Thus, there is an ongoing need to standardize laparo-
scopic colorectal resections for improved outcomes.

Laparoscopic colorectal mobilization can follow one of two ap-
proaches. The traditional lateral-to-medial (L-M) sequence of division
used in open procedures starts with division of the lateral peritoneal
attachments followed by exploration of the medial mesentery and di-
vision of the blood vessels [14,15]. Subsequently a medial-to-lateral
(M-L) approach was developed by Milsom and colleagues with the in-
ferior mesenteric vessels initially identified and divided proximally
followed by division of the lateral peritoneal attachments [16,17]. The
European Association of Endoscopic Surgeons (EAES) consensus state-
ment in 2004 recommended a medial-to-lateral approach for mesoco-
lonic dissection [18]. However, few studies have subsequently been
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published evaluating the comparative efficacy between the two ap-
proaches and contribute to the evidence base for this approach.

In the present study, we aim to compare the medial-to-lateral versus
lateral-to-medial approach during laparoscopic mesocolonic dissection
for colorectal cancer in terms of overall survival, operating time, cir-
cumferential resection margin (CRM) clearance, lymph node harvest,
complications and length of post-operative hospital stay.

2. Materials and methods

A retrospective cohort review of a prospectively maintained data-
base was performed (Research Registry UIN: researchregistry3351). All
operations were performed at a single, high-volume teaching hospital
from March 2013 to October 2014. All patients were discussed peri-
operatively at a specialist colorectal cancer multidisciplinary meeting
and proven to have colorectal cancer. A consultant pathologist re-
viewed all histology reports.

All the operations were performed by consultant colorectal surgeon
with appropriate laparoscopic training and experience. Each consultant
performs at least 20 laparoscopic colorectal cancer resections per year.

All patients undergoing laparoscopic resections for colorectal cancer
with curative intent were included. Data was collected on patient de-
mographics, operating surgeon, method of laparoscopic mobilization,
intent of procedure, site of tumour, stage of tumour, operating time,
length-of-stay, post-operative complications, clearance of circumfer-
ential resection margins (CRM) and lymph node harvest.

2.1. Inclusion criteria

Patients aged 18 or above with confirmed colorectal cancer diag-
nosis by histology that subsequently underwent elective or emergency
laparoscopic surgery with resections performed with curative intent.

2.2. Exclusion criteria

Those patients aged less than 18 undergoing non-cancer resections
or open operations or completion surgery (as part of another operation)
as well as resections performed with palliative intent were all excluded
from the study.

2.3. Surgical technique

All patients underwent laparoscopic resection of the colorectal
cancer and the colon was initially mobilised either laterally or medially
depending upon surgeons' choice and expertise. All the patients had
stapled extra-corporeal ileo-colic, colo-colic or colorectal anastomosis.
All the patients received standard comparable postoperative care.

2.4. Data analysis

Data was analysed using SPSS 24.0 (IBM SPSS Inc. Armonk, NY,
USA). Comparisons between groups were made using chi-square test or
fisher's exact test as appropriate. Results were extrapolated in box and
whisker plot. P-value< .05 was considered significant. Kaplan-Meier
survival analysis and Cox-regression to determine hazard ratios for the
different co-variates between the 2 groups were determined using SPSS.

This study has been reported in compliance with strengthening the
reporting of cohort studies in surgery (STROCSS) criteria [19].

3. Results

205 patients with colorectal cancer underwent resectional surgery
over the study period of which 137 (66.8%) patients had laparoscopic
surgery. 11 patients were excluded from the final data along with 10
patients who had a palliative operation and 1 patient who underwent a
completion proctectomy. A total of 126 patients were finally included

in the analysis.
Overall, 76 (60.3%) were male with median age of 65 years (Range

28–95 years) (Tables 1 and 2). 120 (95.2%) operations were performed
as elective procedures. 58 (46.0%) patients had surgery with medial-to-
lateral surgical technique. 68 (54.0%) patients found in the lateral-to-
medial group. 90 (72.6%) patients had left sided resections. 33 (26.6%)
patients underwent right sided resections.

3.1. Operating times

Median operating time taken during left sided resections (91) in the
medial-to-lateral group was 268 (140–536) minutes while lateral-to-
medial group was 228 (122–368) minutes (Table 3, Fig. 1). Right-sided
resections took 186 (114–317) minutes in the medial-to-lateral group
compared to 176 (76–297) minutes in the lateral-to-medial, (p= .59).
Anterior Resections (54) were performed in a median time of 288
(140–536) minutes in the medial-to-lateral group compared to 242
(134–368) minutes in the lateral-to-medial group, (p 0.051).

3.2. Circumferential resection margin (CRM) positivity

Overall 11 (8.7%) patients had positive CRM at postoperative his-
tological assessment. Of these, 6 (4.7%) were in the lateral-to-medial
group and 5 (3.9%) in the medial-to-lateral group. Table 4 details the
procedures with positive CRM. When CRM is analysed according to
tumour T stage, 6 (54.5%) specimens with positive CRM were T3, 4
(36.4%) were T4 and 1 (9.0%) was T1 (iatrogenic tumour perforation
when stapler went through the tumour). No significant differences were

Table 1
Patient and procedure characteristics.

Total Medial Lateral p

Total 126 58 (46.0%) 68 (54.0%) n/s
Male 76 (60.3%) 35 (46.1%) 41 (53.9%) n/s
Female 50 (39.7) 23 (46.0%) 27 (54.0%) n/s
Elective 120 (95.2%) 58 (48.3%) 62 (51.7%) n/s
Emergency 6 (04.8%) 0 6

Table 2
Procedure details.

Procedure Total Medial Lateral

Anterior Resection 54 24 (44.4%) 30 (55.5%)
Hartmann's procedure 9 4 5
Right Hemi-colectomy 33 15 18
Abdomino-perineal resection 16 12 4
Left Hemi-colectomy 12 2 10
Transverse colectomy 1 0 1
Subtotal colectomy 1 1 0

Table 3
Operating times.

Procedure M-L Op time
(mins)

L-M Op time
(mins)

Z Value p

Anterior Resection 288 (140–536) 242 (134–368) 1.9218 .05
Hartmann's procedure 222 (196–248) 193 (155–250) Too small

sample
Right Hemi-

colectomy
186 (114–317) 176 (76–297) 0.5298 .59

Abdomino-perineal
resection

318 (248–512) 293 (243–354) Sample too
small

Left Hemi-colectomy 244 (212–266) 186 (122–298) Sample too
small

Transverse colectomy n/a 202
Subtotal colectomy 244 n/a
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identified between the groups with respect to gender, age or surgical
approach.

3.3. Lymph node harvest

The median number of lymph nodes dissected and found in the
pathological specimens of the medial-to-lateral group were 17 (6–45)
compared to 14 (0–38) in the lateral-to-medial group. No statistically
significant difference was found between the 2 groups.

3.4. Complications

Individual complication rates are summarized in Table 5. Wound
infection occurred in 5 (8.1%) patients in the medial-to-lateral group
compared to 3 (4.1%) in the lateral-to-medial group. 1 (1.6%) patient in
the medial-to-lateral while 2 (2.7%) patients in the lateral-to-medial
group had an anastomotic leak.

2 (3.2%) patients in medial-to-lateral group required a reoperation
for complications while 4 (5.5%) patients had reoperations in the lat-
eral-to-medial group. No statistically significant differences were de-
tected regarding individual complications apart from ileus, which

occurred in 3 (4.8%) patients in the medial-to-lateral group compared
to 12 (16.4%) patients in the lateral-to-medial group, (p 0.022)
(Table 5). 1 patient from each group died within 30 days of operation.

We classified the postoperative complications according to the
Clavien-Dindo classification (Table 6). There was a statistically sig-
nificant difference in the major complication rate (Clavien-Dindo IV)
between the groups with 1 (1.7%) in the medial-to-lateral group com-
pared to 7 (10.2%) in the lateral-to-medial group, (p 0.035). Minor
complications (Clavien-Dindo II) were however seen more frequently in
the medial-to-lateral group with 11 (18.9%) patients affected compared
to 2 (2.9%), (p 0.004).

3.5. Length of postoperative hospital stay

Patients in both groups had similar length-of-stay in hospital post
operatively. Patients in the medial-to-lateral group had a median
length-of-stay of 7 days (range 2–55) compared to 7 days (range 2–75)
in the lateral-to-medial group.

3.6. Survival analysis

Data for survival between the 2 groups was analysed up to 1334
days post-operatively for the latest follow-up. In the lateral-to-medial
group 18 patients died out of 68 operated on whereas in the medial-to-
lateral group there were 11 deaths out of 58 during this time-period.
Mean survival in the lateral-to-medial group was 1118 days (95% CI
1022–1213) and in the medial-to-lateral group was 1137 days (95% CI
1049–1225). Overall median survival was 1334 days. The Log Rank test
(Kaplan-Meier) was run to determine if there was a difference in sur-
vival distribution between lateral-to-medial vs medial-to-lateral ap-
proach. The survival distributions for the 2 different approaches was
not statistically significantly different, (χ2= 0.670, p= .413). Overall
survival was thus similar between both lateral-to-medial and medial-to
lateral groups (Table 7, Figs. 2–3).

Cox regression analysis was used to determine co-variates that may
impact on survival in our cohort of patients (Table 8). Age, gender,
presence of complications and the medial-to-lateral vs lateral-to-medial
approach were used to determine the hazard ratio for survival. None of
the above co-variates were significantly associated with an increased
survival hazard. Thus, survival is not significantly different between
groups.

Fig. 1. Box and whisker plot of operating times.

Table 4
CRM status.

Total M-L L-M p

+ve CRM 11 (8.7%) 5 (3.9%) 6 (4.7%) n/s
Abdomino-perineal resection 2 1 1 n/s
Anterior resection 7 3 4 n/s
Right hemi colectomy 2 1 1 n/s

Table 5
Complications.

M-L L-M p

Wound complications 5 (8.1%) 3 (4.1%) n/s
Re-operation 2 (3.2%) 4 (5.5%) n/s
Anastomotic leak 1 (1.6%) 2 (2.7%) 1
Ileus 3 (4.8%) 12 (16.4%) .022
Post-operative death 1 (1.6%) 1 n/s
Length of stay

(Median days (range))
7 (2–55) 7 (2–75) n/s

Table 6
Clavien-Dindo grading of complications.

Grade Medial Lateral p

I 6 (10.3%) 8 (11.7%) .8
II 11 (18.9%) 2 (2.9%) .004
III 4 (6.9%) 6 (8.8%) .687
IV 1 (1.7%) 7 (10.2%) .035
V 1 (1.7%) 1 (1.4%) .910

Table 7
Survival analysis.

Total L-M M-L Significance

Total 126 68 58
Event s 29 18 11
Median

follow-
up

970 (0–1334) 950 (0–1334) 985 (30–1297)

Mean
survival

1140 days
(95% CI
1072–1207)

1118 days
(95% CI
1022–1213)

1137 days
(95% CI
1049–1225)

0.413
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4. Discussion

Our study examined several parameters that could provide evidence
justifying lateral-to-medial or medial-to-lateral approach in laparo-
scopic colorectal cancer resections. Our data demonstrates increased
complication rates in the lateral-to-medial group with increased rate of
post-operative ileus and major complications as per the Clavien-Dindo
classification. However, no significant difference was demonstrated in
rates of wound infection, anastomotic leak, re-operation rate or 30-day
mortality between the two groups. Furthermore, survival was equiva-
lent in both approaches when assessed over a longer time period up to
1334 days. When analysing specific factors that may have impacted
survival in our cohort of patients, no appreciable difference was found
between the type of procedure, age, gender or rate of complications
although the need for long-term follow-up of these patients is ac-
knowledged. In addition, no time difference between either approach
was demonstrated although shorter time duration for the lateral-to-
medial approach in anterior and right-sided resection approaches sig-
nificance. Furthermore, no statistically significant difference was found
in CRM positivity or lymph node harvest when comparing both ap-
proaches.

The medial-to-lateral approach has become increasingly popular in
recent years with several recent supportive studies. A meta-analysis by
Ding and colleagues reported a number of advantages for this approach
having analysed 5 cohort studies including 2 randomized control trials
and 3 retrospective studies incorporating 881 patients [20–24]. They

reported a reduced conversion rate for medial-to-lateral group (al-
though this was comparable in the pooled data across both RCTs), as
well as significantly shorter operative time and reduced blood loss al-
though this approach led to fewer harvested lymph nodes. Moreover,
rates for post-operative complications, wound infection, anastomotic
leak, recurrence, and mortality as well as length of hospitalization were
not significantly different between the two groups. The reasons for a
higher conversion rate include adhesions, which may be greater on the
lateral side and thus increase risk of damaging surrounding structures
as well as higher rate of injury to retroperitoneal structures including
blood vessels, duodenum and the ureter. Medial-to-lateral mobilization
may allow identification and protection of these important structures
and by early identification of the mesocolonic-retroperitoneal plane,
facilitate swift dissection with minimized blood loss. Additional per-
ceived disadvantages of the lateral-to-medial approach include in-
creased redundancy of the colon, which can make the subsequent ma-
nipulation of the colon more difficult. The lateral attachment facilitates
medial mesenteric dissection by helping to provide counter-traction.
Moreover, earlier division of the vascular pedicles may reduce sub-
sequent bleeding and earlier identification of the ureter and gonadal
vessels may prevent damage of these structures. Our study however
does not demonstrate any significant time difference between the 2
approaches. This could be due to individual surgeons preferring a given
technique and demonstrating better temporal efficiency.

Our study contributes to the growing body of evidence that supports
the medial-to-lateral approach in laparoscopic colorectal resections.
Although we did not demonstrate increased efficiency in the technique
as others have shown, we did show reduced post-operative complica-
tions including post-op ileus similar to previous studies, which may
help reduce post-op hospital, stay [21]. However, this study is a ret-
rospective study and apart from the intended comparison of medial-to-
lateral vs lateral-to-medial approaches several other factors could have
affected our results such as the individual surgeons experience and
preferences as well as patient specific factors. Although during the time-
period of our study (2013–2014) we do not believe that advances in
surgical technology would have impacted our results.

Fig. 2. Kaplan-Meier curve for survival.

Table 8
Cox Regression analysis comparing factors that may impact on the survival of patients
undergoing laparoscopic colorectal cancer resections.

Group Hazard ratio 95%CI lower 95%CI Upper Sig. p-value

Age 1.012 0.974 1.052 0.528
Gender 0.568 0.245 1.317 0.187
Lateral vs Medial 1.399 0.655 2.989 0.386
Complication 0.762 0.352 1.649 0.491
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In conclusion, further larger prospective studies are required to
demonstrate the efficiency and safety of the medial-to-lateral approach
for laparoscopic colorectal cancer resections, which may help to stan-
dardize this technique for future practice.
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