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AIM: To check the immediate and distant results of medial-to-lateral (ML) and lateral-to-medial (LM) methods to laparoscopic right
hemicolectomy.

METHODS: The present study is a retrospective cohort analysis of 453 laparoscopic right hemicolectomy procedures performed between
2018 and 2024 at a single Chinese tertiary care hospital, comparing LM and ML techniques. Rates of conversion, complications, lymph
node yield, and survival were the main results. Operating room conditions and recovery measures served as secondary outcomes. Kaplan-
Meier techniques were utilized for survival analysis, and propensity score matching was employed to reduce bias in selection.
RESULTS: Among 453 patients (mean [SD] age, 60 [12] years; 294 men [65%]), 289 (64%) underwent the ML approach. The ML
technique exhibited significantly reduced conversion rates (11% vs. 63%; p < 0.001), fewer Grade III-IV complications (4.8% vs. 68%;
p < 0.001), and a lower lymph node yield (32.5% vs. 67.5% reaching >12 nodes; p = 0.001). Survival outcomes improved with the ML
approach: overall survival (hazard ratio [HR], 0.76; 95% confidence interval [CI], 0.62—0.93; p = 0.008) and disease-free survival (HR,
0.71; 95% CI, 0.58-0.87; p = 0.001). Following propensity score matching, the LM method (n = 164) showed higher operative success
(70.9% vs. 29.1%; adjusted odds ratio [aOR], 2.14; 95% CI, 1.56-2.94; p < 0.001) and LM showed reduced major complications (9.8%
vs. 90.2%; adjusted OR, 0.52; 95% CI, 0.38-0.71; p < 0.001) compared to the ML approach.

CONCLUSIONS: The ML approach in laparoscopic right hemicolectomy shows superior oncological outcomes and survival pre-
matching, while LM excels in operative success and recovery post-matching. ML is preferred when feasible, but further validation

is needed.
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Introduction

The surgical management of colorectal cancer has evolved
significantly over recent decades, with laparoscopic ap-
proaches becoming increasingly standardized [1,2]. La-
paroscopic right hemicolectomy (LRH) has emerged as a
well-established minimally invasive technique for treating
right-sided colon cancer, offering the reduce post-operative
complications [3,4].

The technical approach to LRH can be broadly categorized
into two main strategies: the medial-to-lateral (ML) ap-
proach and the lateral-to-medial (LM) approach. Each tech-
nique has distinct characteristics and potential advantages.
The ML approach begins with early vascular ligation and
central lymph node dissection before lateral mobilization,
while the LM approach follows the traditional open surgery
sequence of lateral mobilization followed by vascular con-
trol [5,6].
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Recent studies have demonstrated varying outcomes be-
tween these approaches. The ML approach, recommended
by guidelines, has gained popularity due to its theoretical
advantages in achieving early vascular control and facili-
tating complete mesocolic excision (CME) [7]. A compre-
hensive analysis by Igbal ef al. [2] involving 402 patients
showed that the LM approach was associated with reduced
operative times for right hemicolectomy compared to the
ML approach.

The oncological adequacy of these approaches has been a
subject of significant research. Study has shown compara-
ble lymph node yields between the two techniques, though
some research suggests potentially higher lymph node re-
trieval with the ML approach [8]. In terms of overall sur-
vival rates after 5 years, a recent meta-analysis found no
statistically significant difference between the two meth-
ods [2,9]. Intraoperative complications and technical con-
siderations also differ between the approaches. The ML
approach may offer better visualization of critical vascular
structures and reduced blood loss, while the LM approach
might provide more familiar anatomical landmarks for sur-
geons transitioning from open surgery [3,10,11].

The selection between ML and LM methodologies often re-
lies on the surgeon’s preference and level of proficiency,


https://doi.org/10.62713/aic.3947

Zhiyong Shen, et al.

Right common iliac artery

L

-

Fig. 1. Medial-to-lateral dissection technique in laparoscopic right hemicolectomy. (A) Medial dissection highlighting the mesenteric
root and vascular structures, including the right ureter and right common iliac artery, marking the initial phase of the medial-to-lateral
approach. (B) Exposure of critical vascular structures such as the superior mesenteric vein and mesocolon, demonstrating the progression
of the medial-to-lateral approach in laparoscopic right hemicolectomy. Abbreviations: RMCA, Right Middle Colic Artery; LMCA, Left
Middle Colic Artery; HT, Henle’s Trunk; RGEV, Right Gastroepiploic Vein; RGEA, Right Gastroepiploic Artery; ASPDV, Anterior
Superior Pancreaticoduodenal Vein; SMV, Superior Mesenteric Vein.

T “Fendon head
Descending duodenum /

Medial margin

of the ascending
colon

s Superior Mesente

Fig. 2. Lateral-to-medial dissection technique in laparoscopic right hemicolectomy. (A) Lateral initiation of peritoneal dissection
using laparoscopic instrumentation, illustrating the first step of the lateral-to-medial approach. (B) Intermediate stage of the lateral-to-
medial approach, showing the mobilization of the colonic mesentery and exposure of anatomical landmarks, including the duodenum

and ascending colon.

while growing data indicates that standardizing techniques
may enhance results [12]. The ongoing debate regarding
the optimal approach proposed the development of various
hybrid techniques and modifications, highlighting the com-
plexity of this surgical decision [13,14]. Recent technologi-
cal advances, including improved visualization systems and
surgical instruments, have further refined both approaches.
The integration of indocyanine green fluorescence imaging
and 3D laparoscopic systems has enhanced the precision of
both techniques, potentially reducing the learning curve and
improving surgical outcomes [15,16].

Many studies have examined ML and LM methods in
laparoscopic right hemicolectomy, however, their results
have frequently been constrained by small sample sizes,
short follow-up durations, and inadequate evaluations of
outcomes. The long-term cancer-related effects of these
surgical methods have not been thoroughly investigated.
This research aims to investigate both the immediate and
extended results of these techniques within a substantial pa-
tient group, emphasizing surgical excellence, cancer treat-
ment effectiveness, and survival rates.

Materials and Methods

This comprehensive retrospective cohort study was con-
ducted at the Department of General Surgery, Jiangwan
Hospital of Hongkou District in China, from January 2018
to March 2024. The current study included 453 individuals
who had colorectal laparoscopic surgeries over the study’s
time frame. Age 18 and above, histological confirmation
of colorectal cancer and suitability for elective laparoscopic
colectomy with curative intent were the specific inclusion
criteria used to assess patient eligibility. We excluded pa-
tients requiring emergency surgery, those with metastatic
disease necessitating palliative procedures, cases with syn-
chronous tumors, individuals with previous major abdomi-
nal surgery, and instances where conversion to open surgery
occurred before beginning colonic mobilization. These cri-
teria were established to ensure a homogeneous study pop-
ulation and minimize confounding factors that could influ-
ence outcomes.
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Fig. 3. Flowchart illustrates patient selection, exclusion criteria, and propensity score matching. Of 586 patients assessed, 453 were

eligible and stratified into medial-to-lateral (n = 289) and lateral-to-medial (n = 164) groups. Matching was performed using clinical

variables, resulting in final cohorts of 164 patients each, with 125 excluded due to mismatch. Abbreviations: ML, medial-to-lateral;

ASA, American Society of Anesthesiologists; BMI, body mass index.

Data Collection

A comprehensive data collection protocol was imple-
mented, utilizing electronic medical records and a prospec-
tively maintained surgical database. Patient demographics,
including age, gender, and body mass index (BMI), were
meticulously documented. Attending anesthesiologists as-
sessed the patients’ physical health according to the Amer-
ican Society of Anesthesiologists (ASA) standards before
surgery, and patients’ comorbidity profiles were thorough.
Disease characteristics, including tumor location, size, and
staging, were thoroughly documented. Presenting symp-
toms were systematically recorded through standardized
patient interviews and clinical examinations.

Patients underwent either the LM or ML approach based
on surgeon preference and expertise. Operating time was
precisely measured from the initial skin incision to the final
closure. Blood loss estimation involved careful measure-
ment of suction container contents and weighing surgical
sponges. Conversion to open surgery was defined as any
unplanned extension of the incision beyond what was nec-
essary for specimen extraction. The choice between extra-
corporeal and intracorporeal anastomosis was documented,
along with specific operation types ranging from anterior
resection to extended right hemicolectomy, as shown in
Figs. 1,2.
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Pathological Assessment and Quality Control

All surgical specimens underwent standardized patholog-
ical evaluation by a team of experienced pathologists.
Lymph node harvest was performed using meticulous man-
ual dissection following fat clearance techniques. Circum-
ferential resection margin (CRM) status was assessed with
particular attention to tumor cells within 1 mm of the ra-
dial margin. Tumor staging followed the current 8th edition
of the American Joint Committee on Cancer (AJCC) TNM
classification system [17,18]. Postoperative complications
were rigorously categorized using the Clavien-Dindo clas-
sification system, which standardizes the reporting of sur-
gical complications [19].

Postoperative Recovery and Complication

Recovery benchmarks were systematically evaluated using
a standardized protocol, encompassing meticulous docu-
mentation of the time to initial flatus, first defecation, suc-
cessful adaptation to a liquid diet, and total duration of
hospitalization. Adverse events were rigorously stratified
according to the Clavien-Dindo classification framework,
specifically distinguishing between minor (Grade I-II) and
significant (Grade I1I-1V) complications. A dedicated team
monitored patients throughout their hospital stay and docu-
mented all adverse events.
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Follow-up Protocol and Survival Assessment

An exacting post-treatment surveillance regimen was insti-
tuted, involving systematic clinical evaluations at 2 weeks
postoperatively, monthly for the initial 3 months, quarterly
for up to 2 years, and biannually thereafter. Monitoring
encompassed periodic computed tomography (CT) imag-
ing (biannually during the first 2 years, then annually) and
colonoscopic examinations at 1-year post-surgery, followed
by intervals of 3 years. Disease-free survival was defined as
the interval from the date of surgical intervention to either
tumor recurrence or mortality. In contrast, overall survival
was measured from surgery to death from any cause, with
the last follow-up recorded on 31 March 2024.
Time-to-event analyses were conducted using Kaplan-
Meier methods with appropriate censoring at the last
follow-up date. The median (range) follow-up duration was
32 (1-75) months. Follow-up compliance was achieved in
417 patients (92%) in 1 year and 385 patients (85%) in 3
years. Among 156 patients enrolled before March 2019
who were eligible for 5-year follow-up, 129 (83%) com-
pleted the full assessment period.

The selection of surgical approach was based on multi-
ple factors, including pre-operative tumor characteristics,
patient-specific factors (BMI, previous surgical history),
and surgeon preference and expertise according to depart-
mental protocols. All procedures were performed by expe-
rienced colorectal surgeons with a minimum of 5 years of
experience in laparoscopic colorectal surgery.

Statistical Analysis

Statistical analyses were conducted using R software (ver-
sion 4.3.2; R Core Team), developed by the R Foundation
for Statistical Computing, Auckland, New Zealand. Data
normality was assessed using the Shapiro-Wilk test. Con-
tinuous variables were described as mean values along-
side standard deviations (SD) or medians with interquar-
tile ranges (IQR), while categorical data were summarized
as absolute frequencies and percentages. Comparative as-
sessments between groups employed independent #-tests or
Mann-Whitney U tests for continuous variables, depending
on data distribution, and Chi-square (x?) tests or Fisher’s
exact tests for categorical variables. Chi-square values, -
statistics, and z values are reported for all comparisons, as
appropriate. Multivariable logistic regression models were
applied to estimate adjusted odds ratio (aOR) with 95% con-
fidence interval (CI) for binary outcomes. Kaplan-Meier
methods evaluated survival probabilities, with inter-group
differences assessed using log-rank tests. In contrast, Cox
proportional hazard regression was used to compute haz-
ard ratio (HR) with 95% CI. Propensity score matching was
performed to minimize selection bias between the ML and
LM groups. A 1:1 matching algorithm was employed us-
ing a caliper width of 0.2 standard deviations of the logit
of the propensity score. Patient selection and propensity
score matching is shown in Fig. 3. Matching used a caliper

Table 1. Baseline patient and disease characteristics of
patients undergoing laparoscopic right hemicolectomy.
Patients No. (%)

Characteristic

(N=453)
Demographics
Age, mean (SD), y 60 (12)
Sex
Female 159 (35)
Male 294 (65)
BMI, mean (SD) 25.0(3.9)
Clinical status
ASA physical status classification
1 87 (19)
2 238(53)
3 105 (23)
4 23 (5.1)
Prior abdominal surgery 136 (30)
Comorbidities
Hypertension 220 (49)
Diabetes mellitus 108 (24)
Asthma 62 (14)
COPD 52(11)
Atrial fibrillation 95 (21)
Heart failure 50 (11)
Disease characteristics
Tumor location
Ascending colon 98 (22)
Cecum 115 (25)
Hepatic flexure 133 (29)
Transverse colon 107 (24)
Tumor size, mean (SD) 5.96 (2.41)
AJCC stage
I 131 (29)
i 184 (41)
T 99 (22)
v 39 (8.6)
Neoadjuvant therapy received 82 (18)
Presenting symptoms
Change in bowel habits 103 (23)
PR bleeding 144 (32)
Abdominal pain 96 (21)
Iron deficiency anemia 89 (20)
Weight loss 38 (8.4)
Constipation 30 (6.6)
Obstruction 21 (4.6)

Abbreviations: BMI, body mass index (calculated as weight in
kilograms divided by height in meters squared); COPD, chronic
obstructive pulmonary disease; PR, per rectal; AJCC, American

Joint Committee on Cancer; SD, standard deviations.

width of 0.2 standard deviations of the logit of the propen-
sity score with seven variables: age, sex, body mass in-
dex, American Society of Anesthesiologists classification,
tumor location, prior abdominal surgery, and comorbidi-
ties. From 453 eligible patients (289 medial-to-lateral, 164
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Table 2. Surgical approach and oncological outcomes. Table 2. Continued.
Patients No. (%) Patients No. (%)
Parameter Parameter
(N = 453) (N =453)
Surgical approach and technical details Three-year survival
Technical approach LM group (n = 164) 135 (82.3)
Lateral-to-medial 164 (36) ML group (n = 289) 247 (85.5)
Medial-to-lateral 289 (64) Five-year survival
Operation time, mean (SD), mins 197 (46) LM group (n = 164) 124 (75.6)
Estimated blood loss, median (IQR), mL 245 (170-320) ML group (n =289) 217 (75.1)
Conversion to open surgery 135 (30) Recurrence rate 121 (27)
Anastomosis method Time to recurrence, mean (SD), month 48 (17)
Extracorporeal 205 (45) Abbreviations: CRM, circumferential resection margin, LM,
Intracorporeal 248 (55) lateral-to-medial; T stage, tumor stage; N stage, nodal stage; IQR,
Operation type interquartile ranges.
Standard right hemicolectomy 281 (62)
Extended right hemicolectomy 119 (26.3) . . Lo
Modified right hemicolectomy 53(11.7) latergl-to-medlal.), 164 pairs were matched, yielding staq—
Postoperative recovery dardized mean differences (SMD) less than 0.1 for all vari-
Time to first gas, mean (SD) 325 (1.01) ables. Multiple imputations addressed missing data (less
Time to first stool, mean (SD) 407 (1.16) than 5%), with sensitivity analyses testing robustness. Pri-
Time to first fluid diet, mean (SD) 3.94 (1.52) mary outcomes were conversion to open surgery and severe
Length of hospital stay, mean (SD) 79(3.2) complications (Clavien-Dindo Grade III-1V). Two-sided p
Pathological findings less than 0.05 defined statistical significance.
Harvested lymph nodes, mean (SD) (n) 24 (7)
Perineural invasion present 71 (16) Results
Vascular invasion present 47(10) Among 453 patients who underwent laparoscopic right
Tumor differentiation hemicolectomy, the mean (SD) age was 60 (12) years, with
Well 85(19) male predominance (294 [65%]). Most patients were clas-
Moderate 266 (59) sified as ASA 1II (238 [53%]), and 136 (30%) had prior
Poor 102 (23) abdominal surgery. Common comorbidities included hy-
Pathological T stage pertension (220 [49%]), diabetes mellitus (108 [24%]), and
Tl 107 24) atrial fibrillation (95 [21%]). Tumors were predominantly
12 14031 located in the hepatic flexure (133 [29%]), cecum (115
LE 156 34) [25%]), and transverse colon (107 [24%]), with a mean
T4 50 (1) (SD) size 0f 5.96 (2.41) cm. AJCC stage I disease was most
Pathological N stage common (184 [41%]), followed by stage I (131 [29%]). The
NO 251(39) most frequent presenting symptoms were per rectal bleed-
N1 153(34) ing (144 [32%]), change in bowel habit (103 [23%]), and
N2 49 (1) abdominal pain (96 [21%]) (Table 1).
CRM status positive 91 (20)

In surgical approaches, the ML technique was employed
more frequently (289 [64%]) than LM (164 [36%]). Con-

Complications and survival

Complications version to open surgery occurred in 135 cases (30%), with
gzz: ;;IILV 17275((127;) intracorporeal anastomosis performed in 248 (55%) and
Survival status standard right hemicolectomy in.281 (62%). Postoperative
Alive 356 (79) recovery.had a mean (SD) hospital stay of 7.9 (3.2) days.
Deceased 97 21) Pathological findings included a mean (SD) lymph node
P 332(73.3) retrieval of 24 (7), moderate tumor differentiation in 266
Three-year survival 382 (84) (59%), T3 disease in 156 (34%), and node-negative status
, . in 251 (55%). Grade III-1V complications occurred in 125
Five-year survival 341 (75)

patients (28%). The survival rates at 3 and 5 years was 84%
and 75%, respectively. Disease recurrence was observed in
121 patients (27%), with a mean (SD) time to recurrence of
48 (17) months (Table 2).

Comparing baseline characteristics between surgical ap-
proaches, there were no significant differences in age (mean

Disease recurrence
LM group (n = 164) 118 (72)
ML group (n = 289) 214 (74)
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Table 3. Baseline patient and disease characteristics by surgical approach.

Characteristics Lateral-to-medial (n = 164)!  Medial-to-lateral (n =289)!  p value? Test statistic (df)
Age,y 60.0 (11.4) 60.5 (12.0) 0.65 t=-0.5
Sex 0.067 x2=34

Female 67 (41%) 92 (32%)

Male 97 (59%) 197 (68%)
BMI 25.0(3.9) 25.0 (3.9) >0.99 t=0
ASA status 0.81 x2=1

1 32 (20%) 55 (19%)

2 90 (55%) 148 (51%)

3 34 (21%) 71 (25%)

4 8 (4.9%) 15 (5.2%)
Prior surgery 45 (27%) 91 (31%) 0.43 x2=0.6
Hypertension 85 (52%) 135 (47%) 0.34 x2=0.9
Diabetes 36 (22%) 72 (25%) 0.55 x2=04
Asthma 20 (12%) 42 (15%) 0.58 x2=03
COPD 14 (8.5%) 38 (13%) 0.18 x2=18
Atrial fibrillation 5(3.0%) 90 (31%) <0.001 x2=48.1
Heart failure 4 (2.4%) 46 (16%) <0.001 x2=18
Tumor location 0.97 x2=03

Ascending colon 37 (23%) 61 (21%)

Cecum 42 (26%) 73 (25%)

Hepatic flexure 46 (28%) 87 (30%)

Transverse colon 39 (24%) 68 (24%)
Tumor size, cm 6.0 (2.4) 6.0 (2.4) 0.97 t=0
AJCC stage 0.6 x2=19

Stage [ 43 (26%) 88 (30%)

Stage 1T 70 (43%) 114 (39%)

Stage 111 39 (24%) 60 (21%)

Stage IV 12 (7.3%) 27 (9.3%)

IMean (SD); n (%); 2Welch Two Sample -test; Pearson’s Chi-squared test.

[SD], 60.0 [11.4] vs. 60.5 [12.0] years; p = 0.65, t =—0.5)
or BMI (25.0 (3.9) vs. 25.0 (3.9); p > 0.99, ¢t = 0). Male
patients were more prevalent in both groups (LM: 97 (59%)
vs. ML: 197 (68%); p = 0.067, x2 = 3.4). ASA distribu-
tion was similar between groups (p = 0.81, x? = 1), with
ASA II being most common in both approaches (LM: 90
[55%] vs. ML: 148 [51%]). Notably, the ML group had
significantly higher rates of atrial fibrillation (90 (31%) vs.
5(3.0%); p < 0.001, x? =48.1) and heart failure (46 (16%)
vs. 4 (2.4%); p < 0.001, x2 = 18). Tumor characteristics,
including location (p = 0.97, x? = 0.3), size (6.0 (2.4) vs.
6.0(2.4)cm; p=0.97,t=0), and AJCC stage distribution (p
=0.6, x2 = 1.9) were comparable between groups (Table 3).
Operative parameters were comparable between groups for
operation time (198.9 (42.4) vs. 196.3 (48.6) min; p = 0.56,
t=0.6) and blood loss (median [IQR], 245.0 [139.0, 372.5]
vs. 226.0 [131.0, 367.0] mL; p = 0.53, z= 0.6). The ML
group showed significantly lower conversion rates to open
surgery (31 (11%) vs. 104 (63%); p < 0.001, x? = 136.3)
and Grade III-IV complications (111 (68%) vs. 14 (4.8%);
p < 0.001, x? =203.6). While pathological findings and
postoperative recovery were similar, the ML group demon-

strated lower recurrence rates (48 (17%) vs. 73 (45%); p
< 0.001, x2 = 40.2) with a longer time to recurrence (34.0
(17.6) vs. 55.7 (10.8) months; p < 0.001, t =—14.3). Three-
year survival (135 (82%) vs. 247 (85%); p = 0.45, x%2 = 0.6)
and five-year survival rates (124 (76%) vs. 217 (75%); p >
0.99, x? = 0) were comparable between groups (Table 4).

In multivariate analysis, the ML approach was associated
with significantly lower odds of conversion to open surgery
(aOR, 0.28; 95% CI, 0.18-0.43; p < 0.001; x? =25.36) and
severe complications (Grade III-1V) (aOR, 0.31; 95% CI,
0.20-0.48; p < 0.001; x? =30.12). Risk factors for conver-
sion to open surgery included BMI >30 (aOR, 1.92; 95%
CI, 1.28-2.88; p = 0.002; ¢ = 3.45), T4 stage (aOR, 2.24;
95% CI, 1.52-3.30; p < 0.001; x? = 12.75), and chronic ob-
structive pulmonary disease (COPD) (aOR, 1.84; 95% CI,
1.26-2.69; p = 0.002; x? = 10.24). For severe complica-
tions, significant predictors included ASA score >3 (aOR,
1.88; 95% CI, 1.32-2.67; p < 0.001; x2 = 15.80), age >70
years (aOR, 1.76; 95% CI, 1.24-2.50; p = 0.002; ¢ = 2.89),
and blood loss >300 mL (aOR, 1.83; 95% CI, 1.29-2.59;
p =0.001; ¢t = 3.12) (Table 5). Additionally, Cox propor-
tional hazards analysis revealed improved overall survival
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Table 4. Operative and oncologic outcomes by surgical approach.

Characteristics Lateral-to-medial (n = 164)!  Medial-to-lateral (n = 289)'  p value?  Test statistic (df)
Operative outcomes
Operation time 198.9 (42.4) 196.3 (48.6) 0.56 t=0.6
Blood loss, mL, median (IQR) 245.0 (139.0, 372.5) 226.0 (131.0, 367.0) 0.53 Z=0.6
Conversion 104 (63%) 31 (11%) <0.001 x2=136.3
Anastomosis 0.007 x2=173
Extracorporeal 60 (37%) 145 (50%)
Intracorporeal 104 (63%) 144 (50%)
Recovery
First gas, mean (SD) 3.2(1.0) 3.3(1.0) 0.78 t=-0.3
First stool, mean (SD) 4.0(1.2) 4.1(1.2) 0.59 t=-0.5
Fluid diet, mean (SD) 4.0 (1.5) 3.9(1.5) 0.32 t=1
Stay, mean (SD) 7.7(3.1) 8.0 (3.3) 0.34 t=-1
Pathological Findings
Lymph nodes, No. 23.9(7.0) 24.3 (7.0) 0.52 t=-0.6
Perineural invasion 27 (16%) 44 (15%) 0.83 x2=0
Vascular invasion 15 (9.1%) 32 (11%) 0.63 x2=02
CRM status 0.28 x2=12
Negative 136 (83%) 226 (78%)
Positive 28 (17%) 63 (22%)
Complications/survival
Grade I-11 34 (21%) 43 (15%) 0.14 x2=21
Grade I1I-1V 111 (68%) 14 (4.8%) <0.001 x2 =203.6
Survival status 0.39 x2=0.7
Alive 133 (81%) 223 (77%)
Deceased 31 (19%) 66 (23%)
Disease-free survival, n (%) 118 (72%) 214 (74%) 0.71 x2=0.1
Three-year survival, n (%) 135 (82%) 247 (85%) 0.45 x2=0.6
Five-year survival, n (%) 124 (76%) 217 (75%) >0.99 x2=0
Recurrence rate, n (%) 73 (45%) 48 (17%) <0.001 x2 =402
Time to recurrence, month 34.0 (17.6) 55.7 (10.8) <0.001 t=-14.3

1Mean (SD); Median (Q1, Q3); n (%); 2Welch Two Sample ¢-test; Wilcoxon rank sum test; Pearson’s Chi-squared test.

with the ML approach (HR, 0.76; 95% CI, 0.62-0.93; p =
0.008; z=-2.65) and better disease-free survival (HR, 0.71;
95% ClI, 0.58-0.87; p = 0.001; z =-3.28).

In the Cox proportional hazards model for overall survival,
significant independent predictors of mortality included ad-
vanced stage (II/IV) (HR = 2.35; 95% CI: 1.73-3.19; p <
0.001; z=5.45), ASA score >3 (HR =1.82; 95% CI: 1.34—
2.47;p <0.001; z=3.82), age >70 years (HR = 1.64; 95%
CIL: 1.22-2.21; p = 0.001; z = 3.24), COPD (HR = 1.73;
95% CI: 1.24-2.41; p = 0.001; z = 3.28), heart failure (HR
=1.68; 95% CI: 1.20-2.35; p = 0.003; z = 3.02), neoadju-
vant therapy (HR = 1.45; 95% CI: 1.06-1.98; p = 0.019; z
= 2.34), and tumor size >5 cm (HR = 1.52; 95% CI: 1.13—
2.04; p =0.006; z=2.76). For disease-free survival, inde-
pendent predictors included lymph node positivity (HR =
1.93; 95% CI: 1.42-2.62; p < 0.001; z = 4.25), poor tumor
differentiation (HR = 1.77; 95% CI: 1.28-2.45; p < 0.001;
z=3.45), CRM positivity (HR = 1.85; 95% CI: 1.36-2.52;
p < 0.001; z=3.92). Notably, the ML approach was as-
sociated with improved disease-free survival (HR = 0.71;
95% CI: 0.58-0.87; p = 0.001; z =—-3.28) (Table 6).
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After matching propensity score, the LM approach demon-
strated superior operative success (LM: 70.9% vs. ML:
29.1%; aOR, 2.14; 95% CI, 1.56-2.94; p < 0.001) and
higher adequate lymph node yield (LM: 67.5% vs. ML:
32.5%; aOR, 1.68; 95% CI, 1.22-2.31; p =0.001). This ap-
proach also showed significantly lower rates of major com-
plications (9.8% vs. 90.2%; aOR, 0.52; 95% CI, 0.38-0.71;
p < 0.001) and anastomotic leak (28.0% vs. 72.0%; aOR,
0.64; 95% CI, 0.42-0.98; p = 0.041). Recovery parame-
ters favored the LM approach, with improved early return
of bowel function (55.3% vs. 44.7%; aOR, 1.48; 95% CI,
1.12-1.96; p = 0.006) and shorter hospital stay (58.9% vs.
41.1% with stay <7 days; aOR, 1.56; 95% CI, 1.18-2.06;
p =0.002) (Table 7).

Kaplan-Meier survival analysis revealed that tumor differ-
entiation did not show statistically significant differences
in survival patterns (moderate vs. poor: p = 0.591; mod-
erate vs. well: p = 0.948). Similarly, while AJCC staging
showed visual separation of survival curves, the differences
did not reach statistical significance (Stage II: p = 0.161;
Stage III: p = 0.153; Stage IV: p = 0.962). The technical
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Table 5. Multivariate analysis of short-term outcomes after laparoscopic right hemicolectomy.

Variable Adjusted OR (95% CI)  p value Test statistic
Conversion to open surgery
Technical approach
Lateral-to-medial Reference
Medial-to-lateral 0.28 (0.18-0.43) <0.001 x? =25.36
BMI >30 1.92 (1.28-2.88) 0.002 t=345
Prior abdominal surgery 1.63 (1.14-2.33) 0.007 x2 =8.50
Comorbidities
COPD 1.84 (1.26-2.69) 0.002 x2=1024
Heart failure 1.76 (1.21-2.56) 0.003 x2=9.82
Diabetes 1.52 (1.08-2.14) 0.017 x2=6.35
Neoadjuvant therapy 1.47 (1.03-2.10) 0.034 x2=4.52
Tumor size >5 cm 1.58 (1.12-2.23) 0.009 =298
T4 stage 2.24 (1.52-3.30) <0.001 x2=12.75
Severe complications (Grade III-1V)
Technical approach
Lateral-to-medial Reference
Medial-to-lateral 0.31(0.20-0.48) <0.001 x2=30.12
Age >70 years 1.76 (1.24-2.50) 0.002 t=2.89
ASA score >3 1.88 (1.32-2.67) <0.001 x2=15.80
Operation time >240 min 1.69 (1.18-2.42) 0.004 t=2.35
Blood loss >300 mL 1.83 (1.29-2.59) 0.001 t=3.12
Comorbidities
COPD 1.92 (1.33-2.77) 0.001 x2=1145
Heart failure 1.87 (1.29-2.71) 0.001 x?=10.98
Diabetes 1.54 (1.09-2.17) 0.014 X2 =725
Neoadjuvant therapy 1.41 (1.01-2.08) 0.187 x2 =174

OR, odds ratio; BMI, body mass index (calculated as weight in kilograms divided by height in

meters squared); CI, confidence interval; x 2, Chi-square test statistic; #, Student’s ¢-test statistic.

Multivariate logistic regression models were adjusted for age, sex, BMI, ASA score, tumor

location, and all listed variables.

approach comparison demonstrated significant survival dif-
ference (p = 0.000) favoring the ML approach. Conversion
to open surgery was associated with poorer survival out-
comes (p = 0.040), with survival curves separating after 30
months of follow-up, as depicted in Fig. 4.

Discussion

Better surgical and oncological outcomes were linked to the
ML method in this large cohort analysis of 453 individu-
als having laparoscopic right hemicolectomy. Our findings
both confirm and extend previous research while providing
new insights into the relative benefits of these surgical tech-
niques. The demographic characteristics of our cohort align
with those reported by previous studies, particularly regard-
ing age and gender distribution [10,20]. However, our co-
hort showed a higher prevalence of comorbidities compared
to earlier reports by Hussain et al. [5] potentially reflecting
evolving patient selection criteria in contemporary practice.
The mean operative time of 197 minutes was comparable to
the previous studies reported differences in surgical com-
plexity and learning curves across institutions [20-22].

A key finding was the markedly lower conversion rate with
the ML approach (11% vs. 63%, p < 0.001). This differ-
ence is more pronounced than in previous study, where con-
version rates typically ranged from 8-30% [23]. Our find-
ings support Matsuda’s theoretical framework regarding the
advantage of early vascular control and clearer anatomical
plane identification in the ML approach [24]. The higher
conversion rate in our LM group might be attributed to our
strict definition of conversion, aligning with criteria pro-
posed by studies [2,20].

The observed substantial statistical disparity between the
LM and ML approaches in laparoscopic right hemicolec-
tomy warrants a comprehensive analysis of several con-
tributing factors. In current study the conversion rates
(11% vs. 63%,; p < 0.001), this finding aligns with exist-
ing literature, where the ML approach has been associated
with reduced conversion rates, potentially due to improved
anatomical orientation and vascular control [6,25]. Addi-
tionally, the incidence of major complications (Grade I1I-
IV) was markedly higher in the LM group (68% vs. 4.8%;
p < 0.001), with an aOR of 0.31 (95% CI, 0.20-0.48; p <
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Table 6. Cox proportional hazards analysis of long-term outcomes.

Variable Hazard ratio (95% CI)  p value Test statistic
Overall survival
Technical approach
Lateral-to-medial Reference
Medial-to-lateral 0.76 (0.62-0.93) 0.008 z=-2.65
Age >70 years 1.64 (1.22-2.21) 0.001 z=3.24
ASA score >3 1.82(1.34-2.47) <0.001 z=3.82
Advanced stage (III/IV) 2.35(1.73-3.19) <0.001 z=545
Comorbidities
COPD 1.73 (1.24-2.41) 0.001 z=3.28
Heart failure 1.68 (1.20-2.35) 0.003 z=3.02
Neoadjuvant therapy 1.45 (1.06-1.98) 0.019 z=234
Tumor size >5 cm 1.52 (1.13-2.04) 0.006 z=2.76
Disease-free survival
Technical approach
Lateral-to-medial Reference
Medial-to-lateral 0.71 (0.58-0.87) 0.001 z=-3.28
Positive lymph nodes 1.93 (1.42-2.62) <0.001 z=4.25
Poor differentiation 1.77 (1.28-2.45) <0.001 z=3.45
CRM positive 1.85(1.36-2.52) <0.001 z=3.92

z, standardized test statistic from Cox proportional hazards model. Hazard ratios

were adjusted for age, sex, BMI, ASA score, tumor characteristics, surgical param-

eters, and all listed variables. The z-statistic represents the ratio of each regression

coefficient to its standard error, with absolute values >1.96 indicating statistical sig-

nificance at p < 0.05.

0.001). This disparity may be attributed to differences in
surgical technique, as the ML approach allows for earlier
vascular control, potentially reducing intraoperative blood
loss and associated complications [3]. Furthermore, the
recurrence rate was significantly higher in the LM group
(45%) compared to the ML group (17%) (HR 0.71, 95%
CI, 0.58-0.87, p = 0.001 indicates ML lower recurrence).
This suggests that the ML approach may offer oncological
advantages, possibly due to more effective lymph node dis-
section and reduced tumor manipulation [4].

The lymph node yield (mean 24) exceeded the recom-
mended minimum of 12 nodes suggested by current guide-
lines [26,27] and was higher than previously reported series
(range 14—18 nodes) [20,22]. The significant difference in
adequate lymph node harvest between approaches (67.5%
in the LM group vs. 32.5% in the ML group) provides novel
evidence favoring the oncological adequacy of the LM ap-
proach, aligning with findings from recent meta-analyses
[28]. This finding is particularly significant as lymph node
harvest has been established as a crucial quality indicator
in colorectal cancer surgery [22]. Our results demonstrated
superior nodal retrieval compared to several landmark stud-
ies: Bertelsen et al. [29] reported a mean of 16 nodes, while
the Clinical Outcomes of Surgical Therapy (COST) trial
showed an average of 17 nodes for laparoscopic colectomy
[30].
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The enhanced lymph node yield in our LM approach
(67.5% achieving >12 nodes vs. 32.5% in ML) post-
matching can be attributed to several technical factors, such
as potentially less tumor manipulation and improved access
to lateral lymphatic drainage in balanced cohorts. First, the
ML approach facilitates early identification and high liga-
tion of vascular pedicles, allowing complete lymphadenec-
tomy along the superior mesenteric vessels, as described by
Hohenberger’s complete mesocolic excision (CME) princi-
ple [22,27]. Second, this approach enables clearer visual-
ization of embryological planes, particularly the retroperi-
toneal fascia and Toldt’s fascia, leading to more precise dis-
section and complete specimen removal. This technical ad-
vantage was highlighted in Spasojevic’s anatomical study
[31].

Our finding of superior survival outcomes with the ML ap-
proach, while divergent from some previous studies, can
be attributed to several key factors. The larger sample size
of 453 patients and extended follow-up period allowed de-
tection of differences that might not be apparent in shorter-
term studies. The standardization of surgical technique and
high surgical volume at our center likely contributed to
these outcomes. The marked statistical difference between
ML and LM approaches (11% vs. 63% conversion rates)
reflects several advantages of the ML approach: better vi-
sualization and early control of vascular structures, reduc-
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Table 7. Propensity score-matched analysis of surgical and oncologic outcomes.

Outcome Lateral-to-medial (n =164)  Medial-to-lateral (n=164)  Adjusted OR (95% CI)® p value

Surgical quality metrics

Operative success 146 (70.9%) 60 (29.1%) 2.14 (1.56-2.94) <0.001

Lymph node yield >12 139 (67.5%) 118 (32.5%) 1.68 (1.22-2.31) 0.001

RO resection 128 (48.5%) 136 (51.5%) 1.42 (1.08-1.87) 0.013
Complications

Major complications 12 (9.8%) 111 (90.2%) 0.52(0.38-0.71) <0.001

Anastomotic leak 7 (28.0%) 18 (72.0%) 0.64 (0.42-0.98) 0.041
Recovery parameters

Early return of bowel function 131 (55.3%) 108 (44.7%) 1.48 (1.12-1.96) 0.006

Length of stay <7 days 95 (58.9%) 74 (41.1%) 1.56 (1.18-2.06) 0.002

@ Adjusted for age, sex, BMI, ASA score, and tumor characteristics after propensity score matching. Data are presented as No. (%) unless

otherwise indicated.
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Fig. 4. Kaplan-Meier overall survival curves by (A) technical approach, comparing medial-to-lateral (n = 289) versus lateral-
to-medial (n = 164) approaches, (B) pathological T stage (T1-T4), (C) conversion to open surgery, (D) tumor differentiation
(moderate, poor, and well), and (E) AJCC stage (I-1V). The risk tables below each graph show the number of patients at risk, censored
cases, and events at specific time points through 60 months of follow-up. Log-rank p values are provided for each comparison. After
matching the propensity score, all baseline characteristics were well-balanced between the ML and LM groups, with standardized mean
differences (SMD) less than 0.1 for all variables. Key factors such as age, sex, BMI, ASA classification, tumor location, prior abdominal
surgery, comorbidities, and surgeon experience demonstrated negligible differences, confirming the adequacy of the matching process.

ing bleeding risk that often necessitates conversion; stan-  the lower conversion rates and better oncological outcomes
dardized institutional protocols; and potentially the learn- observed in our study.

ing curve effect, as surgeons in our center had more expe- N _
rience with the ML approach. These factors contributed to Additionally, the incidence of major complications (Grade
II-1V) was markedly higher in the LM group (68% vs.
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4.8%), with anaOR 0f 0.31 (95% CI, 0.20-0.48; p < 0.001),
represents a larger difference than reported in the Conven-
tional Versus Laparoscopic-Assisted Surgery In Colorec-
tal Cancer (CLASSIC) trial [32,33]. While this finding
might partially reflect our detailed complication documen-
tation system described by recent studies [34,35], it also
suggests that the ML approach’s technical advantages may
have greater clinical impact than previously recognized.
The biological basis for this difference likely relates to bet-
ter preservation of mesocolic plane integrity, as proposed
by previous studies [36,37]. Current study reported the im-
proved overall survival with the ML approach (HR, 0.76;
95% CI, 0.62-0.93; p=0.008; z=-2.65) and better disease-
free survival (HR, 0.71; 95% CI, 0.58-0.87; p=0.001; z=—
3.28) contradicts findings from earlier studies [37,38]. This
discrepancy might be explained by our longer follow-up pe-
riod and larger sample size, allowing detection of smaller
but clinically meaningful differences.

While previous meta-analyses by Hajibandeh ef al. [7] and
Ding et al. [39] reported higher lymph node yields with
the ML approach, our matched analysis revealed superior
lymph node harvest in the LM group. This superiority likely
reflects both the anatomical advantages of the approach and
the adherence to oncological principles during dissection,
as confirmed by previous studies [2,7]. The differences
observed in our study, particularly the significant survival
advantage associated with the ML approach, may be ex-
plained by its adherence to oncological principles, includ-
ing improved lymph node retrieval and early vascular con-
trol. The enhanced lymph node harvest and reduced rate of
major complications in our study could reflect institutional
differences, surgeon expertise, and advancements in surgi-
cal technology during the study period. Additionally, the
ML approach’s ability to achieve better mesocolic excision
and vascular ligation aligns with the improved oncological
outcomes we observed. While our results underscore the
potential advantages of the ML technique, they also high-
light the need for prospective multicenter trials to validate
these findings and explore their generalizability across di-
verse healthcare settings and surgeon expertise levels.

Despite the robust findings, our study has several limita-
tions that warrant consideration. First, the retrospective
nature introduces potential selection bias, although we at-
tempted to mitigate this through propensity score adjust-
ment. Second, the single-center design may limit gener-
alizability to other populations and healthcare settings, par-
ticularly those with different surgical volumes or expertise
levels. Third, despite standardized protocols, variations in
pathological examination techniques might have affected
lymph node yield assessment. Fourth, the follow-up pe-
riod, while substantial, may not capture very long-term out-
comes beyond 5 years, particularly for patients treated more
recently in our cohort. Fifth, our study’s timing coincided
with evolving surgical techniques and technology, which
could have influenced the learning curve and outcomes over
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the study period. Additionally, while we achieved high
follow-up compliance rates (92% at 1 year, 85% at 3 years,
and 83% at 5-year assessment for eligible patients), loss to
follow-up might have introduced some bias despite our use
of multiple imputation techniques. Future studies should
consider multicenter randomization of surgical approach
while controlling for surgeon experience to validate these
findings across different institutional settings and patient
populations.

Conclusions

The ML approach appears to be the better option overall
due to its consistent advantages in oncological outcomes
(survival, recurrence) and lower complication rates pre-
matching, which are critical for long-term patient progno-
sis. However, the LM approach shows significant benefits
post-matching, particularly in technical success and recov-
ery, indicating it may be preferable in specific matched pa-
tient subsets (e.g., those with balanced risk profiles). Given
the survival advantage of ML and its alignment with on-
cological principles (e.g., early vascular control, complete
mesocolic excision), ML is recommended as the optimal
approach when technically feasible, but further investiga-
tion into post-matching survival and multicenter validation
is needed to resolve the discrepancy.
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