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ABSTRACT

Introduction: There are conflicting results in studies regarding the effect of laparoscopic surgery on postop-
erative complications in colorectal cancer patients. This study aims to evaluate the effect of laparoscopic
surgery on major complications in patients undergoing surgery for colorectal cancer.

Materials and Methods: A retrospective review was conducted on 370 patients who underwent oncologic
surgery for colorectal cancer at Kartal Kosuyolu High Specialization Hospital between 2013 and 2022. Pa-
tients with missing data were excluded, and a total of 257 patients were included in the study. Patients were
divided into two groups based on the development of major or no complications, and clinical and patho-
logical data were compared. The relationship between surgical method (laparoscopic vs. conventional) and
complications was evaluated using multivariate Cox regression analysis.

Results: Major complications occurred in 106 of the 257 patients included in the study. The rate of major
complications was found to be significantly lower in patients who underwent laparoscopic surgery (12.2%
vs. 30.4%; p<0.001). In univariate analysis, conventional surgery (OR: 3.134; p<0.001), high body mass index
(p=0.046), and history of Chronic Obstructive Pulmonary Disease/asthma (p=0.046) were found to be as-
sociated with major complications. In multivariate analysis, only conventional surgery was identified as an
independent risk factor (OR: 2.969; p=0.002).

Conclusion: Laparoscopic surgery significantly reduces the risk of major complications in patients with col-
orectal cancer and can be considered a safe and effective surgical option, even in patient populations with
high comorbidities.

Keywords: Clavien-Dindo classification, colorectal cancer, laparoscopic colorectal surgery, postoperative complications

Introduction . s . .
of mesocolic and mesorectal excisions via embryological

Colorectal cancer ranks as the third most common can-  plane dissection has demonstrated that survival depends
cer globally. Advances in screening and treatment have  not only on disease stage but also on the quality of surgi-
led to steadily improving patient survival."! The adoption  cal resection.?*
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Since its introduction in the 1990s, laparoscopy has be-
come integral to surgical practice, offering significant
benefits such as enhanced recovery, minimal scarring,
and reduced convalescence due to its minimally invasive
nature. Although initially met with skepticism regard-
ing oncological adequacy, laparoscopic surgery has now
emerged as the gold standard for numerous oncological
resections.™

The expanding role of laparoscopy has prompted exten-
sive research into its prognostic impact and applicability.
Notably, postoperative complications can delay adjuvant
therapy in patients with locally advanced disease, ad-
versely affecting survival.”! A study by Santacruz et al.l®!
demonstrated that laparoscopic procedures are less likely
to cause Clavien-Dindo classification grade 3-4 complica-
tions in colon cancer patients. Initially viewed with cau-
tion, laparoscopy has proven comparable to open surgery
in applicability and oncological outcomes, with growing
evidence supporting its superior safety profile in terms of
morbidity.[!

However, as our institution is a tertiary cardiac refer-
ral center, the safety of laparoscopic colorectal surgery
within a patient population characterized by high comor-
bidity burdens remains underexplored in the literature.
This study aimed to evaluate the impact of the surgical
approach on major complications in patients undergoing
colorectal cancer resection at our center and to determine
the safer technique for this high-risk cohort.

Materials and Methods

Study Population and Design

We conducted a retrospective analysis of 370 patients who
underwent oncologic surgery for colorectal cancer at the
Gastroenterology Surgery Clinic of Kartal Kosuyolu High
Specialization Hospital between January 1, 2013, and
December 31, 2022. All procedures were performed by
board-certified surgeons with a minimum of five years of
specialization. Adherence to oncological principles was
maintained, with total mesorectal excision (TME) or com-
plete mesocolic excision (CME) achieving RO resection
constituting the standard surgical technique.? The choice
between laparoscopy and open surgery was influenced by
patient factors and surgeon experience; open surgery was
often preferred for ASA IV patients with high anesthetic
risk due to previous abdominal surgeries or significant co-
morbidities.
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Exclusion criteria encompassed emergency surgery
(n=16), palliative procedures (n=22), R2 resections
(n=14), patients undergoing HIPEC for peritoneal car-
cinomatosis (n=12), and those with incomplete preop-
erative, perioperative, pathological, or follow-up data
(n=49). Consequently, 257 patients were included in the
final analysis.

Inclusion Criteria

a) Patients undergoing elective surgery for histologically
confirmed colon or rectal adenocarcinoma.

b) Patients who underwent RO resection following onco-
logical principles (TME/CME).

c) Availability of complete follow-up data and clinico-
pathological records.

d) Age 18 years or older.

Exclusion criteria:
a) Patients undergoing palliative or emergency surgery

b) Patients with inadequate oncological principles, such
as positive surgical margins in pathology data or R2 re-
section

c) Patients with missing preoperative data, perioperative
findings, pathological data, neoadjuvant treatment proto-
cols, and postoperative follow-up data

d) Age under 18 years

Data Collection

Patient-related variables included age, gender, body mass
index (BMI), and American Society of Anesthesiologists
(ASA) score. Preoperative carcinoembryonic antigen (CEA)
and CA 19-9 levels were retrieved from medical records.
Tumor characteristics included location, size, differenti-
ation, pT/pN stage, TNM stage (UICC-AJCC 8th edition),"”’
lymphovascular invasion (LVI), and perineural invasion
(PNI). Comorbidity data were obtained from anesthesia
forms and discharge summaries.

Postoperative complications were graded according to the
Clavien-Dindo classification,! with major complications
defined as Grade III or higher. Data on complications, in-
tensive care unit (ICU) admission, and length of stay were
extracted from hospital records.
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Statistical Analysis

Statistical analyses were performed using IBM® SPSS®
Statistics version 25 (IBM Corp., Armonk, NY, USA). Nor-
mality of continuous variables was assessed with the
Kolmogorov-Smirnov test. Categorical variables are pre-
sented as frequencies and percentages, and continuous
variables as means + standard deviation (SD). Group
comparisons utilized the chi-square test for categori-
cal variables and the independent t-test for continuous
variables. Multivariate logistic regression analysis was
employed to identify independent risk factors for major
complications. A p-value <0.05 was considered statisti-
cally significant.

Ethical Approval

The study protocol received approval from the Insti-
tutional Research and Ethics Committee of the Health
Sciences University Kosuyolu High Specialization Hospi-
tal (Date: 03/09/2024; No: 2024/15/902) and conducted ac-
cording to Helsinki Declaration.

Results

Major complications occurred in 106 (41.2%) of the 257
patients. Comparative analysis revealed a significantly
higher prevalence of asthma/COPD history in the ma-
jor complication group (16.9% vs. 8.6%; p=0.042). The
laparoscopic approach was less frequently utilized in
patients who experienced major complications (12.2%
vs. 30.4%; p<0.001). BMI was also higher in the major
complication group (28.3525.02 vs. 26.80+3.75; p=0.048).
Other parameters showed no significant differences
(p>0.05) (Table 1).

Comparison based on surgical approach demonstrated
that ostomy formation was more common in the conven-
tional surgery group (30.8% vs. 13.5%; p=0.009). Simi-
larly, metastatic (M1) disease (9.5% vs. 1.6%; p=0.047)
and receipt of neoadjuvant therapy (25.2% vs. 12.2%;
p=0.030) were more prevalent in the conventional
group. Surgical site infection (SSI) rates were signifi-
cantly higher after conventional surgery (29.2% vs. 8.4%;
p<0.001). Operative time was longer in the laparoscopic
group (250459 min vs. 213+69 min; p=0.024). Other vari-
ables were similarly distributed between the groups
(p>0.05) (Table 2).

Univariate analysis identified conventional surgery (OR:
3.134, p<0.001), higher BMI (OR: 1.055, p=0.046), and a
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history of COPD/Asthma (OR: 2.171, p=0.046) as signif-
icant risk factors for major complications. These signif-
icant variables were included in a multivariate Cox re-
gression model, which confirmed conventional surgery
as an independent risk factor for major complications
(OR: 2969, 95% CI: 1.497-5.890; p=0.002). Higher BMI
(OR: 1.037, p=0.194) and COPD/Asthma history (OR: 2.002,
p=0.086) were not independent risk factors in the multi-
variate analysis (Table 3).

Discussion

This single-center retrospective study provides valuable
insights into the comparative outcomes of laparoscopic
versus conventional open surgery for colorectal cancer
in a high-risk patient population treated at a tertiary
cardiac referral center. Our findings demonstrate that
laparoscopic surgery is associated with a significantly
lower risk of major complications compared to open
surgery, even after adjusting for potential confounders.
Multivariate analysis confirmed conventional surgery as
an independent predictor of major morbidity (OR: 2.969;
p=0.002), underscoring the potential benefits of mini-
mally invasive approaches in this challenging patient
population.

The elevated overall rate of major complications (41.2%)
in our cohort likely reflects the complex nature of our
patient population, characterized by advanced age and
significant comorbidities. This observation aligns with
previous studies demonstrating increased surgical risk
in patients with multiple comorbidities.'” Importantly,
despite this high-risk profile, laparoscopic approach
emerged as a protective factor, consistent with growing
evidence supporting the safety and efficacy of minimally
invasive techniques in complex surgical populations.

Our results contribute to the substantial body of litera-
ture establishing laparoscopic colorectal surgery as a
standard of care. Multiple randomized controlled trials
and meta-analyses have demonstrated the non-inferi-
ority of laparoscopic approaches regarding oncological
outcomes while highlighting advantages in short-term
recovery.®>5! The landmark COST trial established the
oncological safety of laparoscopy for colon cancer,™
while more recent studies have extended these findings
to rectal cancer surgery.” Our study strengthens this
evidence base by specifically addressing outcomes in a
high-comorbidity population, an area where compara-
tive data remain limited.
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Table 1. Effects of patient demographic and clinicopathological variables on the development of major complications

Complications Complications pt
Absent (n:151) Present (n:106)
Gender
Male 83 (54.9%) 64 (60.3%) 0.388
Female 68 (45.0%) 42 (39.6%)
ASA Score
ASA | 8 (5.2%) 4(3.7%) 0.054
ASA Il 55 (36.4%) 33 (31.1%)
ASA Il 85 (56.2%) 59 (55.6%)
ASA IV 3(1.9%) 10 (9.4%)
Hypertension
No 81 (53.6%) 48 (45.2%) 0.187
Yes 70 (46.3%) 58 (54.7%)
Coronary Artery Disease
No 144 (95.3%) 101 (95.2%) 0.976
Yes 7 (4.6%) 5 (4.7%)
Diabetes
No 119 (78.8%) 73 (68.8%) 0.071
Yes 32 (21.1%) 33 (31.1%)
COPD / Asthma
No 138 (91.3%) 88 (83.0%) 0.042+
Yes 13 (8.6%) 18 (16.9%)
Smoking
No 107 (70.8%) 79 (74.5%) 0.517
Yes 44 (29.1%) 27 (25.4%)
Localization
Caecum 19 (12.5%) 11 (10.3%) 0.981
Ascending Colon 25 (16.5%) 19 (17.9%)
Transverse Colon 5(3.3%) 3(2.8%)
Descending Colon 14 (9.2%) 8 (7.5%)
Sigmoid Colon 34 (22.5%) 24 (22.6%)
Rectum 54 (35.7%) 41 (38.6%)
Surgery
Right Hemicolectomy 45 (29.8%) 29 (27.3%) 0.673
Extended Right Hemicolectomy 0 (0.0%) 2 (1.8%)
Transverse Colectomy 2 (1.3%) 1(0.9%)
Left Hemicolectomy 14 (9.2%) 7 (6.6%)
Anterior Resection 32(21.1%) 21 (19.8%)
Low Anterior Resection 45 (29.8%) 37 (34.9%)
Abdominoperineal Resection 8 (5.2%) 6 (5.6%)
Subtotal Colectomy 3(1.9%) 3(2.8%)
Total Colectomy 2 (1.3%) 0 (0.0%)
Ostomy
No 116 (76.8%) 72 (67.9%) 0.113
Yes 35 (23.1%) 34 (32%)
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Table 1. Cont.
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Complications Complications pt
Absent (n:151) Present (n:106)
Stage
[ 27 (17.8%) 11 (10.3%) 0.375
Il 60 (39.7%) 49 (46.2%)
I 53 (35.0%) 37 (34.9%)
v 11 (7.2%) 9 (8.4%)
T Stage
T1 12 (7.9%) 4 (3.7%) 0.233
T2 24 (15.8%) 11 (10.3%)
T3 95 (62.9%) 72 (67.9%)
T4 20 (13.2%) 19 (17.9%)
N Stage
NO 88 (58.2%) 63 (58.8%) 0.795
N1 42 (27.8%) 26 (24.5%)
N2 21 (13.9%) 17 (16.0%)
M Stage
MO 140 (92.7%) 97 (91.5%) 0.722
M1 11 (7.2%) 9 (8.4%)
Neoadjuvant
No 123 (81.4%) 77 (72.6%) 0.094
Yes 28 (18.5%) 29 (27.3%)
PNI
No 113 (74.8%) 80 (75.4%) 0.907
Yes 38 (25.1%) 26 (24.5%)
LVI
No 97 (64.2%) 78 (73.5%) 0.114
Yes 54 (35.7%) 28 (26.4%)
Grade
Well 24 (15.8%) 14 (13.2%) 0.716
Moderate 111 (73.5%) 78 (75.4%)
Poor 16 (10.5%) 14 (13.2%)
Laparoscopy
No 105 (69.5%) 93 (87.7%) <0.007 #*+*
Yes 46 (30.4%) 13 (12.2%)
MeanSD p#
Age 61412 63+13 0.929
BMI 26.80+3.75 28.35+5.02 0.048+
CEA 8.63+20.08 16.05+103.16 0.099
CA19.9 47.25+308.68 13.12417.23 0.063
CA125 14.75+17.00 14.93+23.25 0.338
Operation Time (minutes) 220165 223172 0.288

ASA: American Society of Anesthesiology; COPD: Chronic Obstructive Pulmonary Disease; PNI: Perineural Invasion; LVI:
Lymphovascular Invasion; BMI: Body Mass Index; CEA Chorioambryonic Antigen; CA: Cancer Antigen IQR: Inter Quartile

Range; * p<0.05, **p<0.01, **+p<0.001; *: Chi-Square; *: Independent T Test.
.
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Table 2. Patient demographic and clinicopathologic variables according to surgery type

Conventional Laparoscopy p*
(n=198) (n=59)
Gender
Male 115 (58.0%) 32 (54.2%) 0.600
Female 83 (41.9%) 27 (45.7%)
ASA Score
ASA | 9 (4.54%) 3 ((5.08%) 0.246
ASA I 66 (33.3%) 22 (37.2%)
ASA Il 110 (55.5%) 34 (57.6%)
ASA IV 13 (6.56%) 0(0.0)
Hypertension
No 94 (47.4%) 35 (59.3%) 0.110
Yes 104 (52.5%) 24 (40.6%)
Coronary Artery Disease
No 172 (86.8%) 56 (94.9%) 0.086
Yes 26 (13.1%) 3 (5.08)
Diabetes
No 141 (71.2%) 51 (86.4%) 0.018
Yes 57 (28.7%) 8 (13.5%)
COPD / Asthma
No 173 (87.3%) 53 (89.8%) 0.611
Yes 25 (12.6%) 6 (10.1%)
Smoking
No 143 (72.2%) 43 (72.8%) 0.921
Yes 55 (27.7%) 16 (27.1%)
Localization
Caecum 23 (11.6%) 7(11.8%) 0.091
Ascending Colon 32 (16.1%) 12 (20.3%)
Transverse Colon 8 (4.0%) 0 (0.0%)
Descending Colon 18 (9.0%) 4 (6.7%)
Sigmoid Colon 38 (19.1%) 20 (33.8%)
Rectum 79 (39.8%) 16 (27.1%)
Surgery
Right Hemicolectomy 55 (27.7%) 19 (32.2%) 0.108
Extended Right Hemicolectomy 2 (1.0%) 0 (0.0%)
Transverse Colectomy 3(1.5%) 0 (0.0%)
Left Hemicolectomy 17 (8.5%) 4 (6.77%)
Anterior Resection 33 (16.6%) 20 (33.8%)
Low Anterior Resection 68 (34.3%) 14 (23.7%)
Abdominoperineal Resection 12 (6.0%) 2 (3.3%)
Subtotal Colectomy 6 (3.0%) 0 (0.0%)
Total Colectomy 2 (1.0%) 0 (0.0%)
Ostomy
No 137 (69.1%) 51 (86.4%) 0.009%+
Yes 61 (30.8%) 8 (13.5%)
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Table 2. Cont.
Conventional Laparoscopy p*
(n=198) (n=59)

Stage
I 29 (14.6%) 9 (15.2%) 0.256
[ 83 (41.9%) 26 (44.0%)
I 67 (33.8%) 23 (38.9%)
vV 19 (9.5%) 1(1.6%)

T Stage
T1 12 (6%) 4 (6.7%) 0.969
T2 26 (13.1%) 9 (15.2%)
T3 130 (65.6%) 37 (64.7%)
T4 30 (15.1%) 9 (25.2%)

N Stage
NO 118 (59.5%) 33 (55.9%) 0.836
N1 52 (26.2%) 16 (27.1%)
N2 28 (14.1%) 10 (16.9%)

M Stage
MO 179 (90.4%) 58 (98.3%) 0.047+
M1 19 (9.5%) 1(1.6%)

Neoadjuvant
No 148 (74.7%) 52 (26.2%) 0.030+*
Yes 50 (25.2%) 7(11.8%)

PNI
No 152 (76.7%) 41 (69.4%) 0.257
Yes 46 (23.2%) 18 (30.5%)

LVI
No 140 (70.7%) 35 (59.3%) 0.100
Yes 58 (29.2%) 24 (40.6%)

Grade
Well 25 (12.6%) 13 (22.0%) 0.201
Moderate 149 (75.2%) 40 (67.7%)
Poor 24 (12.1%) 6 (10.1%)

Chylous Ascites
No 196 (99.0%) 58 (98.3%) 0.667
Yes 2 (1.0%) 1(1.6%)

Pneumonia
No 195 (98.5%) 59 (100%) 0.342
Yes 3(1.5%) 0 (0.0%)

Acute Kidney Failure
No 196 (99.0%) 59 (100%) 0.438
Yes 2 (1.0%) 0 (0.0%)

AMIO
No 182 (91.9%) 57 (96.6%) 0.215
Yes 16 (8.1%) 2 (3.4%)
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Table 2. Cont.
Conventional Laparoscopy p*
(n=198) (n=59)

Anastomosis Leakage

No 185 (93.4%) 57 (96.6%) 0.361

Yes 13 (6.6%) 2 (3.4%)
Surgical Site Infection

No 140 (70.7%) 54 (91.5%) 0.007 *#+

Yes 58 (29.2%) 5 (8.4%)

MeanSD (1 5

Age 63112 58+13 0.648
BMI 27.49+4.31 28.71+5.36 0.080
CEA 12.73476.94 8.18415.62 0.420
CA19.9 36.66+269.89 11.42413.29 0.209
CA 125 15.32421.35 13.15+13.19 0.127
Operation Time (minutes) 213169 250+59 0.024+

ASA: American Society of Anesthesiology, COPD: Chronic Obstructive Pulmonary Disease, PNI: Perineural Invasion, LVI:

Lymphovascular Invasion,AMIO: Acute Mechanic Intestinal Obstruction, BMI: Body Mass Index; CEA Chorioambryonic Anti-

gen; CA: Cancer Antigen IQR: Inter Quartile Range; * p<0.05, **p<0.01, ***p<0.001 t: Chi-Square, {: Independent T Test.
.

Table 3. Prognostic factors for major complication, identified by multivariate Cox regression analysis

Univariate Multivariate

Prognostic factors OR 95% CI p OR 95% Cl p
Conventional Surgery 3.134 1.594-6.161 <0.007 *** 2.969 1.497-5.890 0.002**
Neoadjuvant Treatment 1.654 0.915-2.991 0.096 - - -
M1 Stage 1.181 0.471-2.958 0.723 - - -
Ostomy Formation 1.565 0.898-2.729 0.114 - - -
BMI 1.055 1.001-1.112 0.046+* 1.037 0.982-1.095 0.194
Surgery Time (minutes) 1.001 0.997-1.004 0.771 - - -
COPD / Asthma History 2171 1.014-4.651 0.046+* 2.002 0.907-4.421 0.086

BMI: Body Mass Index; COPD: Chronic Obstructive Pulmonary Disease, OR: Odds Ratio; Cl: Confidence Interval, * p<0.05,
**xp<0.01, ***p<0.001 *: Chi-Square, *: Indipendent T Test.
I

The physiological advantages of laparoscopic surgery
may explain our observed outcomes. Minimally invasive
techniques are associated with reduced surgical trauma,
diminished inflammatory response, and better preser-
vation of immune function compared to open surgery.!!
Kampman et al.'”? documented superior inflammatory

profiles following laparoscopic colorectal resection, cor-

relating with reduced complication rates. This aligns with
our finding of significantly lower surgical site infection
rates in the laparoscopic group (8.4% vs. 29.2%; p<0.001),
suggesting modulated inflammatory responses and im-
proved tissue healing.

Cardiopulmonary complicationsrepresentamajor concern
in high-risk surgical populations. Our findings support
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previous research indicating reduced cardiopulmonary
morbidity with laparoscopic approaches. Schiphorst et
al.'® demonstrated significantly fewer pulmonary com-
plications and trends toward reduced cardiac events
following laparoscopic colectomy. These advantages
may be particularly relevant in patients with preexisting
cardiopulmonary conditions, who comprised a substan-
tial portion of our cohort. The minimized diaphragmatic
manipulation and reduced postoperative pain associated
with laparoscopy likely contribute to better pulmonary
function and earlier mobilization. Currie et al.” also re-
ported in a meta-analysis of 40 studies reporting on 11,516
randomized patients that laparoscopic surgery reduces
complications of colorectal cancer surgery but not mor-
tality. Another meta-analysis of 24 studies concluded that
laparoscopic surgery is more beneficial than open surgery
in elderly individuals with colorectal cancer and should
be prioritized based on the availability of the necessary
technical skills and facilities.=?"!

Drews et al.?! argue that the use of laparoscopic surgery
for colorectal cancer in elderly patients with high co-
morbidities does not increase complications and can be
strongly advocated. However, the use of minimally inva-
sive surgery in very elderly patients with low-lying rectal
carcinoma should be clarified by first examining their
quality of life. Obara et al.”? report that standard laparo-
scopic surgical procedures can be safely performed in
colorectal cancer patients receiving hemodialysis due to
comorbid renal failure. Hashida et al.”® also reported the
feasibility and safety of laparoscopic surgery in a study of
108 very elderly colorectal cancer patients aged 85 years
and older. Devoto et al.? also reported the feasibility and
safety of elective laparoscopic resection in patients with
colorectal cancer aged 85 years and older. Khor et al.?
demonstrated no significant difference in incisional her-
nia rates between patients undergoing laparoscopic and
open colorectal cancer surgery. They reported that female
gender, higher body mass index (BMI), and higher ASA
increased the risk of developing an incisional hernia after
major colorectal cancer resection. Our study population
had higher comorbidities and older age, and laparoscopic
surgery had lower morbidity compared to open surgery,
and even conventional surgery was a poor prognostic fac-
tor for postoperative complications.

A meta-analysis of 24 studies, including 4,592 patients in
the laparoscopic surgery group and 3,865 patients in the
open surgery group, reported that laparoscopic surgery
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significantly reduced estimated blood loss, length of
hospital stay, and postoperative mortality and morbidity
compared with open surgery.” Although laparoscopic
surgery in our study was found to have a longer operative
time compared with open surgery (250 min vs. 213 min;
p=0.024), this difference did not have a significant nega-
tive impact on clinical outcomes. Furthermore, the litera-
ture suggests that operative times shorten with increasing
surgical experience.®” Wound infection and the need for
ostomy were found to be less common in patients under-
going laparoscopic surgery in our study. The longer op-
erative times observed in our laparoscopic group (250+59
min vs. 21369 min; p=0.024) are consistent with previous
reports and reflect the technical demands of minimally in-
vasive surgery. However, this did not translate to increased
complications, supporting the concept that surgical dura-
tion alone may not determine outcomes when procedures
are performed by experienced surgeons.?’] The learning
curve phenomenon in laparoscopic colorectal surgery is
well-documented, with operative times typically decreas-
ing as surgical teams gain experience.?

Our multivariate analysis revealed that while high BMI
and COPD/asthma history were significant in univariate
analysis, they lost independent significance when surgi-
cal approach was considered. This suggests that the ben-
efits of laparoscopy may be particularly pronounced in
these high-risk subgroups. Previous studies have specif-
ically addressed laparoscopic outcomes in obese patients
and those with respiratory comorbidities,?® generally
reporting maintained advantages despite technical chal-
lenges.

The concentration of ASA IV patients in the conventional
surgery group represents an important limitation and po-
tential source of selection bias. This reflects real-world
clinical practice where surgeons may opt for open ap-
proaches in the highest-risk patients. However, the per-
sistence of the laparoscopic advantage after multivariate
adjustment suggests a genuine protective effect. Recent
evidence increasingly supports the feasibility of mini-
mally invasive surgery even in high-risk populations,?’
challenging traditional selection criteria.

Several additional limitations warrant consideration. The
retrospective design introduces potential for unmeasured
confounding, despite our statistical adjustments. The sin-
gle-center nature limits generalizability, though it ensures
consistency in surgical technique and perioperative care.
Surgeon preference and evolving experience over the
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study period may have influenced outcomes, though all
operators were beyond their learning curve. Finally, while
we focused on major complications, assessment of long-
term oncological outcomes and quality of life measures
would provide valuable complementary information.

Our findings have important clinical implications. They
suggest that laparoscopic approaches should be con-
sidered not only for standard-risk patients but also for
carefully selected complex cases with significant comor-
bidities. Preoperative optimization remains crucial, but
concerns about increased risk with minimally invasive
techniques in this population may be overstated. Rather,
the physiological advantages of laparoscopy may be par-
ticularly beneficial for high-risk patients.B”

Future research directions include prospective random-
ized trials specifically targeting high-comorbidity popu-
lations, cost-effectiveness analyses incorporating long-
term outcomes, and studies evaluating the integration
of enhanced recovery protocols with minimally invasive
approaches in complex patients. Additionally, research
on patient-reported outcomes and quality of life measures
would complement the complication-focused outcomes
presented here.

Conclusion

In conclusion, our study demonstrates that laparoscopic
colorectal surgery is associated with significantly reduced
major complications compared to open surgery, even in a
patient population with high comorbidity burden treated
at a tertiary cardiac center. The laparoscopic approach
emerged as an independent protective factor, suggesting
its potential as the preferred option for appropriately se-
lected patients regardless of comorbidity status. These
findings support the continued expansion of minimally
invasive techniques in complex surgical populations,
while highlighting the need for careful patient selection
and surgical expertise. Prospective studies are warranted
to validate these results and further refine patient selec-
tion criteria.
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