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Abstract

Introduction: The anastomotic leak (AL) is one of the most feared complications of
colorectal surgery, since it is associated with a high rate of morbidity, mortality, length of
hospital stay and cost of care. Our aim was to determine the risk factors associated with
anastomosis leak in colorectal cancer patients who underwent surgical resection with
anastomosis.

Methods: A multicentre observational, analytical, retrospective and case-control study
was carried out. For each case, two controls were included from three national hospitals
from Lima, Peru during the period 2021-2022. To determine the degree of association,
multivariate logistic regression model was carried out.

Results: A total of 360 patients were included, 120 from each hospital. The mean age
of the population was 68.03 + 14.21 years old. The majority were 65 years old or older
(66.1%), 52.8% were female, and 63.3% had clinical stage Ill. The 40% of the patients
had albumin levels lower than 3.5 g/dL. Regarding the surgery, 96.4% were elective,
68.9% underwent open approach, and 80.8% had an operative time of more than 180
minutes. Most of them had right colon cancer (50.8%). In the multivariate analysis, a
significant association was found with the age variable (OR = 2.48; 95%Cl:1.24-4.97),
clinical tumour level (OR = 2.71; 95%Cl:1.34-5.48), American Society of Anesthesiolo-
gists (ASA) Score (OR = 3.23; 95%Cl:1.10-9.50), preoperative serum albumin (OR = 22.2;
95%Cl:11.5-42.9).

Conclusion: The most important independent risk factors associated with AL among
patients with colorectal cancer were pre-operative such as lower preoperative serum
albumin levels, followed by a higher ASA Score, clinical-stage IlI-IV, and an age 265 years
old.

Keywords: anastomotic leak, risk factors, colon cancer, colorectal surgery, colon resection
(MESH)

ecancer 2024, 18:1696; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2024.1696

Correspondence to: Gabriel De la Cruz Ku
Email: gabrieldelacruzku@gmail.com

ecancer 2024, 18:1696
https://doi.org/10.3332/ecancer.2024.1696

Published: 16/04/2024
Received: 13/10/2023

Publication costs for this article were supported by
ecancer (UK Charity number 1176307).

Copyright: © the authors; licensee
ecancermedicalscience. This is an Open Access
article distributed under the terms of the

Creative Commons Attribution License (http:/
creativecommons.org/licenses/by/4.0), which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
work is properly cited.



http://www.ecancer.org
https://doi.org/10.3332/ecancer.2024.1696
mailto:gabrieldelacruzku@gmail.com
https://doi.org/10.3332/ecancer.2024.1696

Introduction

Colorectal cancer is the third malignant neoplasm diagnosed worldwide with an incidence of approximately 1.93 million cases per year and
935, 173 deaths in 2022, being the second cause of mortality due to cancer, while in Peru, this is the third most diagnosed cancer [1]. One of
the most life-threatening complications after undergoing oncologic resection is anastomotic leak (AL) the incidence of which varies between
1% and 19%, usually more frequent in the rectum [2, 3].

The AL is associated with higher morbidity, mortality, length of stay and health costs, with a high impact on the public health of the country
due to the poor quality of life and assistance needs from the affected patients. Several studies have been performed to determine the risk
factors of this complication to prevent or diagnose it in an early stage [4, 5]. Literature refers to some factors associated with AL such as male
sex, age, tobacco, hypoalbuminemia, anaemia, previous abdominal surgeries, absence of ostomy to protect the anastomosis, operative time,
type of anastomosis, radiotherapy, and tumour staging [6].

To date, there is scarce literature regarding this complication and its risk factors in a developing country and Latin population where a high
percentage of the surgeries are open instead of laparoscopic, and most of the hospitals do not have enhanced recovery after surgery (ERAS)
protocols. For instance, open surgery was the standard of care in the public health system at the beginning of the last decade; despite, there is
trend to adopt the laparoscopic approach, there is still around 50%-80% of the cases open during the last 5 years [7-10]. Hence, our purpose
is to identify the pre-, intra- and post-operative risk factors associated with AL from three national hospitals in the capital of Peru to allow the
surgeons to make decisions on a daily basis and provide individualised surgical treatment to patients with colorectal cancer.

Materials and methods

Study design and population

We conducted a retrospective case control study of patients with pathology diagnosis of colorectal cancer who underwent surgery at three
national hospitals from Lima, the capital of Peru: ‘Dos de Mayo’ National Hospital, ‘Edgardo Rebagliati Martins’ National Hospital, and ‘Alberto
Sabogal Sologuren’ National Hospital between January 2021 and December 2022. The first hospital belongs to the public health insurance
network of the Ministry of Health which is a national insurance offered to any Peruvian citizen and covers approximately 80% of the costs,
while the second and third hospitals belong to the Ministry of Labour and Employment, which is an insurance only for employees from
any national or independent job. Moreover, the leak rate per hospital was 6% for ‘Dos de Mayo’ National Hospital, 8% for ‘Alberto Sabogal
Sologuren’ National Hospital, and 8% for ‘Alberto Sabogal Sologuren’ National Hospital. All of these hospitals are considered high volume of
cases. Regarding the surgeons who performed the surgery, the three hospitals had one senior colorectal consultant, one junior colorectal sur-
geon, one junior general surgeon, but different number of residents; 10 residents at ‘Dos de Mayo’ National Hospital, 15 residents at ‘Alberto
Sabogal Sologuren’ National Hospital, and 8 residents at ‘Alberto Sabogal Sologuren’ National Hospital; none of them had fellows in training.

The medical records were identified through the electronic health record system of the hospitals. Cases were defined as patients who
were diagnosed with AL with imaging (computed tomography) reviewed by a licensed radiologist and colorectal surgeon until 30 days after
surgery according to the consensus on the definition of colorectal anastomotic leakage: extravasation of endoluminal contrast, collection
around the anastomosis, pre-sacral abscess adjacent to the anastomosis, air around the anastomosis, and pneumoperitoneum [11]. Controls
were defined as patients without diagnosis of AL within 30 days after surgery, who were 18 years old or older, with pathological diagnosis
of colorectal cancer, and who underwent either elective or emergency surgery. Exclusion criteria were as follows: patients who underwent
neoadjuvant chemotherapy, incomplete medical records, patients who arrived at the emergency and were not admitted to the institution,
presence of carcinomatosis, patients who underwent colostomy creation, palliative surgery, low anterior resection, or not creation of anas-
tomosis, and those who died during the surgical intervention. The cases were selected according to the inclusion and exclusion criteria, to
obtain an equal number of cases per hospital, if the number was higher than 40 patients, patient medical record numbers underwent simple
random selection in Microsoft Excel. For each case, two controls were included. Controls were paired with cases according to the variables
age and sex. Moreover, air leak test was performed in 55% of all the cases and controls, endoscopy or colonoscopy were not used, and all the
patients who underwent leak test had a negative result intraoperatively.
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Variables

Our study included sociodemographic, pre-operative laboratory, and surgical characteristics. All the clinical data collection was obtained
through a manual review of the medical records, these were reviewed by two of the authors (SLRR and DFSM). Variables included were age,
sex, presence of comorbidities (hypertension, type 2 diabetes mellitus), tobacco use, alcohol intake, American Joint Committee on Cancer
(AJCC) stage, American Society of Anesthesiologists (ASA) physical status classification system, pre-operative albumin, haemoglobin, creati-
nine, setting of the surgery (elective or emergency), surgical approach (laparoscopic or open), operative time, anastomosis technique (manual
sewing or stapler), type of anastomosis (end to end, end to side, or side to side), intraoperative transfusion, tumour location (right, transverse,
left colon, or rectum) and time to restart diet.

Data analysis

Demographic, clinical, and surgical characteristics were reported with descriptive statistics. Quantitative variables were reported in mean
and standard deviation, while quantitative variables that were dichotomised and qualitative variables were reported in frequencies and per-
centages. These characteristics were reported in general, according to the hospital that patients underwent surgery, and according to the
presence of leak anastomotic. Chi-square test was used to assess the relation between characteristics and the presence of AL. Univariate and
multivariate logistic regression analysis was performed to assess the factors associated to AL, this model was adjusted for age, sex, hyperten-
sion, type 2 diabetes mellitus, tobacco use, alcohol intake, AJCC stage, ASA score, pre-operative albumin, haemoglobin, creatinine, setting of
the surgery, surgical approach, operative time, anastomosis technique, type of anastomosis, intraoperative transfusion, tumour location and
time to restart diet. We report our outcomes adjusted odds ratios and 95% confidence intervals. A p-value lower than 0.05 was considered
statistically significant. All analyses were performed in the software IBM SPSS Statistics version 29.0.

Ethical statement

This study was approved by the Institutional review board of the ‘Universidad Ricardo Palma’ and all the hospitals ‘Dos de Mayo’ National
Hospital, ‘Edgardo Rebagliati Martins’ National Hospital, and ‘Alberto Sabogal Sologuren’ National Hospital. Patients’ data were registered
using codes and no personal information was abstracted to the dataset.

Results

A total of 360 patients with colorectal cancer were included, 120 patients from each hospital; ‘Dos de Mayo' National Hospital, ‘Edgardo
Rebagliati Martins’ National Hospital, and ‘Alberto Sabogal Sologuren’ National Hospital. The mean age was 68.03 years (standard deviation:
14.21), 66.1% were 65 years old or older and 62.8% were females. Most of our population had higher AJCC stages Ill and IV (69.2%), while
malnutrition based on albumin <3.5 g/dL and low haemoglobin <11 g/dL was found in 40% and 44.4% of the patients, respectively. The
91.9% had an ASA score of Il. 96.4% of patients underwent elective surgery and 68.9% were open approach with hand sewing technique
(61.1%) and side-to-side anastomosis (65.0%). Moreover, mostly of the cases lasted more than 180 minutes (80.8%). Intraoperative transfu-
sion was given in 3.9% of patients. The most common location of the tumour was the right colon (50.8%), followed by the left colon (28.3%),
rectum (13.9%) and transverse colon (6.9%). Furthermore, diet was started more than 3 days after surgery in 90.8% of patients Table 1.

When the three hospitals were compared, the hospital with national insurance had a higher population younger than 65 years old (p = 0.020),
with a lower ASA score (p = 0.024) compared to the other two hospitals with employee insurance. Regarding the surgical characteristics,
‘Edgardo Rebagliati Martins’ National Hospital and ‘Alberto Sabogal Sologuren’ National Hospital performed more open procedures (p <
0.001) with lower operative time <180 minutes (p < 0.001) Table 2.
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Table 1. Sociodemographic and surgical characteristics from patients who underwent surgery for
colorectal cancer at three hospitals in Lima during 2021-2022.

Factor Frequency Percentage
(n) (%)

Age

<65 years 122 33.9

265 years 238 66.1
Sex

Female 190 52.8

Male 170 47.2
Diabetes mellitus

No 202 56.1

Yes 158 43.9
Tobacco

No 335 93.1

Yes 25 6.9
AJCC stage?

I 14 3.9

Il 97 26.9

I 228 63.3

v 21 58
ASA score®

Il 331 91.9

1 29 8.1
Albumin

23.5 g/dL 216 60.0

<3.5g/dL 144 40.0
Preoperative haemoglobin

211 g/dL 200 55.6

<11 g/dL 160 44.4
Preoperative creatinine

<1.4 mg/dL 353 98.1

>1.4 mg/dL 7 1.9
Type of surgery

Elective 347 96.4

Emergency 13 3.6
Surgical approach

Laparoscopic 112 31.1

Open 248 68.9
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Table 1. Sociodemographic and surgical characteristics from patients who underwent surgery for
colorectal cancer at three hospitals in Lima during 2021-2022. (Continued)

Factor Frequency Percentage
(n) (%)

Operative time

<180 minutes 69 19.2

>180 minutes 291 80.8
Anastomosis technique

Handsewn 220 61.1

Mechanical 140 38.9
Type of anastomosis

E-E° 102 28.3

E-L9 24 6.7

L-Le 234 65.0
Intraoperative transfusion

No 346 96.1

Yes 14 3.9
Tumour location

Right colon 183 50.8

Transverse colon 25 6.9

Left colon 102 28.3

Rectum 50 13.9
Time to restart diet

<3 days 33 9.2

>3 days 327 90.8

2AJCC, American Joint Committee on Cancer; PASA, American Society of Anesthesiologists; °E-E,
end-to-end anastomosis; ¢E-L, end-to-lateral anastomosis; ¢L-L, lateral-to-lateral anastomosis

Table 2. Sociodemographic and surgical characteristics from patients who underwent surgery for colorectal cancer in Lima during

2021-2022 according to the hospital. Statistically significant values are in boldface type.

‘Dos de Mayo’ National | ‘Edgardo Rebagliati Martins’ ‘Alberto Sabogal Sologuren’
Factors Hospital National Hospital National Hospital p value
n (%) n (%) n (%)
Age
<65 years 51 (42.5) 35(29.2) 36 (30.0) 0.020
265 years 69 (57.5) 85 (70.8) 84 (70.0)
Sex
Female 63 (52.5) 66 (55.0) 61(50.8) 0.389
Male 57 (47.5) 54 (45.0) 59 (49.2)
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Table 2. Sociodemographic and surgical characteristics from patients who underwent surgery for colorectal cancer in Lima during

2021-2022 according to the hospital. Statistically significant values are in boldface type. (Continued)

‘Dos de Mayo’ National | ‘Edgardo Rebagliati Martins’ ‘Alberto Sabogal Sologuren’

Factors Hospital National Hospital National Hospital p value
n (%) n (%) n (%)

Diabetes mellitus
No 71(59.2) 62(51.7) 69 (57.5) 0.262
Yes 49 (40.8) 58 (48.3) 51 (42.5)

Tobacco
No 108 (90.0) 110(91.7) 117 (97.5) 0.094
Yes 12 (10.0) 10(8.3) 3(2.5)

AJCC stage?
-1l 27 (22.5) 38(31.7) 46 (38.3) 0.329
-1V 93(77.5) 82 (68.3) 74 (61.7)

ASA score®
Il 116 (96.7) 109 (90.8) 106 (88.3) 0.024
i 4(3.3) 11 (9.2) 14 (11.7)

Albumin
23.5 g/dL 71(59.2) 69 (57.5) 76 (63.3) 0.471
<3.5g/dL 49 (40.8) 51(42.5) 44 (36.7)

Preoperative hemoglobin
211 g/dL 73(60.8) 67 (55.8) 60 (50.0) 0.185
<11 g/dL 47 (39.2) 53(44.2) 60 (50.0)

Preoperative creatinine
<1.4 mg/dL 117 (97.5) 117 (97.5) 119 (99.2) 0.757
>1.4 mg/dL 3(2.5) 3(2.5) 1(0.8)

Type of surgery
Elective 111 (92.5) 118(98.3) 118(98.3) 0.486
Emergency 9 (7.5) 2(1.7) 2(1.7)

Surgical approach
Laparoscopic 84 (70.0) 27 (22.5) 1(0.8) <0.001
Open 36 (30.0) 93(77.5) 119 (99.2)

Operative time
<180 minutes 2(1.7) 33(27.5) 34 (28.3) <0.001
>180 minutes 118(98.3) 87 (72.5) 86(71.7)

Anastomosis technique
Handsewn 98 (81.7) 17 (14.2) 105 (87.5) <0.001
Mechanical 22(18.3) 103 (85.8) 15(12.5)

ecancer 2024, 18:1696; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2024.1696



http://www.ecancer.org
https://doi.org/10.3332/ecancer.2024.1696

Table 2. Sociodemographic and surgical characteristics from patients who underwent surgery for colorectal cancer in Lima during
2021-2022 according to the hospital. Statistically significant values are in boldface type. (Continued)

‘Dos de Mayo’ National | ‘Edgardo Rebagliati Martins’ ‘Alberto Sabogal Sologuren’
Factors Hospital National Hospital National Hospital p value
n (%) n (%) n (%)
Type of anastomosis
E-E° 34 (28.3) 37(30.8) 31(25.8) 0.815
E-Sd 10(8.3) 7(5.8) 7(5.8)
S-Se 76(63.3) 76(63.3) 82 (68.3)
Intraoperative transfusion
No 115(95.8) 118 (98.3) 113(94.2) 0.396
Yes 5(4.2) 2(1.7) 7(5.8)
Tumour location
Right colon 49 (40.8) 59 (49.2) 75 (62.5) 0.009
Transverse colon 12 (10.0) 6(5.0) 7(5.8)
Left colon 37(30.8) 39(32.5) 26(21.7)
Rectum 22(18.3) 16 (13.3) 12 (10.0)
Time to restart diet
<3 days 12 (10.0) 20(16.7) 1(0.8) <0.001
>3 days 108 (90.0) 100 (83.3) 119 (99.2)

aThe American Joint Committee on Cancer; "The American Society of Anesthesiologists; °End to End; “End to Side; eSide to Side

Patients who were 65 years or older (76.7% versus 60.8%, p = 0.003), a higher stage (82.5% versus 62.5%, p < 0.001), ASA score lll versus Il
(13.% versus 5.4%, p = 0.013), preoperative albumin <3.5 g/dL (81.7% versus 19.2%, p < 0.001), and a tumour located in the rectum (24.2%
versus 8.8%), were factors related to more frequency of AL Table 3.

Table 3. Bivariate analysis of sociodemographic and surgical characteristics from patients who underwent surgery for colorectal
cancer in Lima during 2021-2022 according to the presence of AL. Statistically significant values are in boldface type.

AL
Factors No Yes p value
n (%) n (%)

Age 0.003
<65 years 94 (39.2) 28(23.3)
>65 years 146 (60.8) 92 (76.7)

Sex 0.502
Female 130(52.2) 60 (50.0)
Male 110 (45.8) 60 (50.0)

Diabetes mellitus 0.071
No 143(70.8) 59(29.2)
Yes 97 (61.4) 61(38.6)
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Table 3. Bivariate analysis of sociodemographic and surgical characteristics from patients who underwent surgery for colorectal
cancer in Lima during 2021-2022 according to the presence of AL. Statistically significant values are in boldface type. (Continued)

AL
Factors No Yes p value
n (%) n (%)

Tobacco 0.125
No 227 (94.6) 108 (90.0)
Yes 13(5.4) 12 (10.0)

AJCC stage? 0.000
I-1l 90 (37.5) 21(17.5)
n-1v 150 (62.5) 99 (82.5)

ASA score® 0.013
Il 227 (94.6) 104 (86.7)
1] 13 (5.4) 16 (13.3)

Albumin <0.001
>3.5 g/dL 194 (80.8) 22(18.3)
<3.5 g/dL 46(19.2) 98(81.7)

Preoperative haemoglobin 0.432
211 g/dL 137(57.1) 63 (52.5)
<11 g/dL 103 (42.9) 57 (47.5)

Preoperative creatinine 1.000
<1.4 mg/dL 235(97.9) 118 (98.3)
>1.4 mg/dL 5(2.1) 2(1.7)

Type of surgery 0.556
Elective 230 (95.8) 117 (97.5)
Emergency 10 (4.2) 3(2.5)

Surgical approach 0.630
Laparoscopic 77 (32.1) 35(29.2)
Open 163 (67.9) 85 (70.8)

Operative time 0.320
<180 minutes 50 (20.8) 19 (15.8)
>180 minutes 190(79.2) 101 (84.2)

Anastomosis technique 0.819
Handsewn 148 (61.7) 72 (60.0)
Mechanical 92(38.3.7) 48 (40.0)

Type of anastomosis 0.060
E-E° 60 (25.0) 42 (35.0)
E-Sd 19 (7.9) 5(4.2)
L-Le 161 (67.1) 73(60.8)
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Table 3. Bivariate analysis of sociodemographic and surgical characteristics from patients who underwent surgery for colorectal
cancer in Lima during 2021-2022 according to the presence of AL. Statistically significant values are in boldface type. (Continued)

AL
Factors No Yes p value
n (%) n (%)
Intraoperative transfusion 0.564
No 232 (96.7) 114 (95.0)
Yes 8(3.3) 6(5.0)
Tumour location 0.001
Right colon 132 (55.0) 51 (42.5)
Transverse colon 19 (7.9) 6(5.0)
Left colon 68 (28.3) 34 (28.3)
Rectum 21(8.8) 29 (24.2)
Time to restart diet 0.847
<3 days 23(9.6) 10(8.3)
>3 days 217 (90.4) 110(91.7)

aThe American Joint Committee on Cancer; "The American Society of Anesthesiologists; °End to End; “End to Side; Side to Side

In the univariate analysis, the factors associated with the presence of AL were age of 65 years old or older (OR = 2.11; 95%Cl: 1.29-3.48;
p = 0.003, AJCC stage llI-IV versus. |-l (OR = 2.82; 95%Cl: 1.65-4.85; p < 0.001), ASA score lll versus Il (OR = 2.68; 95%Cl: 1.25-5.79; p
< 0,05), prealbumin level lower than 3.5 g/dL (OR = 18.7; 95%Cl: de 10.7-32.9; p < 0.001), and tumour location in the rectum versus right
colon (OR = 3.57; 95%Cl: 1.87-6.83; p < 0.001). While in the multivariate analysis, the independent factors associated to AL were age of 65
years old or older (OR = 2.48; 95%Cl: de 1.24-4.97; p = 0.010), AJCC stage llI-1V versus |-l (OR = 2.71; 95%Cl: 1.34-5.48; p = 0.005), ASA
score (OR = 3.23; 95%Cl: 1.10-9.50; p = 0.032), and prealbumin level lower than 3.5 g/dL (OR = 22.2; 95%Cl: 11.5-42.9; p < 0.001) Table 4.

Table 4. Multivariate logistic regression analysis of sociodemographic and surgical characteristics from patients who un-
derwent surgery for colorectal cancer in Lima during 2021-2022 according to the presence of AL. Statistically significant
values are in boldface type.

Variables A
OR _ . (95%Cl) p value OR adjusted (95%Cl) p value

Age

<65 years Ref. Ref. Ref. Ref.

265 years 2.11(1.29-3.48) 0.003 248 (1.24-4.97) 0.010
Sex

Female Ref. Ref. Ref. Ref.

Male 1.18(0.76-1.83) 0.456 1.23(0.67-2.27) 0.497
Diabetes mellitus

No Ref. Ref. Ref. Ref.

Yes 1.52(0.98-2.37) 0.061 1.47 (0.78-2.80) 0.229
Tobacco/alcohol

No Ref. Ref. Ref. Ref.

Yes 1.94 (0.86-4.39) 0.112 1.23(0.37-4.19) 0.731
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Table 4. Multivariate logistic regression analysis of sociodemographic and surgical characteristics from patients who un-
derwent surgery for colorectal cancer in Lima during 2021-2022 according to the presence of AL. Statistically significant
values are in boldface type. (Continued)

Variables =
OR _ .. (95%Cl) p value OR adiusted (95%Cl) p value

AJCC stage?

-1l Ref. Ref. Ref. Ref.

-1v 2.82(1.65-4.85) 0.000 2.71(1.34-5.48) 0.005
ASA scoreb

I Ref. Ref. Ref. Ref.

1 2.68(1.25-5.79) 0.012 3.23(1.10-9.50) 0.032
Albumin

23.5 g/dL Ref. Ref. Ref. Ref.

<3.5¢g/dL 18.7 (10.7-32.9) 0.000 22.2(11.5-42.9) <0.001
Preoperative hemoglobin

>11 g/dL Ref. Ref. Ref. Ref.

<11 g/dL 1.20(0.78-1.87) 0.410 0.84 (0.46-1.58) 0.605
Preoperative creatinine

<1.4 mg/dL Ref. Ref. Ref. Ref.

>1.4 mg/dL 0.79 (0.15-4.17) 0.788 0.60 (0.04-9.52) 0.722
Type of surgery

Elective Ref. Ref. Ref. Ref.

Emergency 0.59 (0.16-2.18) 0.429 0.59 (0.08-4.77) 0.626
Surgical approach

Laparoscopic Ref. Ref. Ref. Ref.

Open 1.14 (0.71-1.85) 0.573 1.18(0.59-2.36) 0.634
Operative time

<180 minutes Ref. Ref. Ref. Ref.

>180 minutes 1.39 (0.78-2.50) 0.257 1.32(0.58-3.05) 0.506
Anastomosis technique

Handsewn Ref. Ref. Ref. Ref.

Mechanical 1.07 (0.69-1.68) 0.760 1.10(0.59-2.08) 0.758
Type of anastomosis

E-E° Ref. Ref. Ref. Ref.

E-Sd 0.37(0.13-1.09) 0.071 0.32(0.07-1.47) 0.141

S-Se 0.64 (0.40-1.05) 0.077 0.65(0.27-1.63) 0.365
Intraoperative transfusion

No Ref. Ref. Ref. Ref.

Yes 1.52(0.51-4.50) 0.444 1.34 (0.28-6.55) 0.714
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Table 4. Multivariate logistic regression analysis of sociodemographic and surgical characteristics from patients who un-
derwent surgery for colorectal cancer in Lima during 2021-2022 according to the presence of AL. Statistically significant
values are in boldface type. (Continued)

Variables A
OR _ .. (95%Cl) p value OR adjusted (95%Cl) p value
Tumour location
Right colon Ref. Ref. Ref. Ref.
Transverse colon 0.81(0.31-2.16) 0.685 1.29 (0.33-5.03) 0.714
Left colon 1.29(0.77-2.18) 0.334 1.24(0.56-2.80) 0.590
Rectum 3.57 (1.87-6.83) 0.000 3.05(0.95-9.87) 0.062
Time to restart diet
<3 days Ref. Ref. Ref. Ref.
>3 days 1.16 (0.54-2.54) 0.699 1.08 (0.37-3.17) 0.882

aThe American Joint Committee on Cancer; "The American Society of Anesthesiologists; End to End; YEnd to Side; ¢Side to Side

Discussion

AL after surgery for colorectal surgery has serious consequences for the quality of life of the patients affected and the health system [12-14].
Our multicentric study included three national hospitals from a developing Latin country with high health care needs and found that only
preoperative characteristics of the patients were independent risk factors for AL such as pre-operative albumin level, followed by ASA score,
higher tumour staging, and an older age. Our study has the highest number of hospitals and population performed in our country and had
some similarities in the results to other studies from developed countries [15-17].

Aging can influence the healing process of any wound due to several physiologic changes. Our study showed that an AL has 2.5 more odds
to affect patients who are 65 years or older. This characteristic has been found to be a risk factor in several studies. For instance, Fabian et al
[15] and Lin et al [18] who found similar results concluded that an age of 70 or older has an increased risk of AL. The physiologic explanation
is that the healing process is slower due to physiologic changes that are associated with aging in elderly population. There is a decreased
production and number of collagen fibres due to the lower activity of the enzyme collagenase and less angiogenesis at the vascular level [19].
Both processes impact on matric remodelling when the anastomosis happens. These processes do not only affect elderly population as a risk
factor to develop this, also in clinical outcomes after the appearance and recovery [20].

A higher ASA score has been associated with worse short- and long-term clinical outcomes in colorectal cancer and other types of malignant
neoplasms [21]. Our study found that AL has approximately 320% increase in the odds of affecting patients with an ASA score 2lll after
colorectal surgery. Similarly, Buchs et al [22] determined that the risk of Al increased about 2.5 times for each point in ASA score. Further-
more, a study performed by Bakker et al [23] showed that patients with ASA Ill and IV had a higher occurrence of AL than patients with ASA
land Il (9.2% versus 7.1%, p < 0.001). There are several local and systemic factors that influence on this complication, the adaptive changes
produced by chronic comorbidities such as diabetes, cardiac diseases, tobacco, and peripheral vascular diseases can severely alter the post-
surgical healing and haemostatic process.

One of the most important markers of nutrition is the albumin levels which is crucial for the recovery of any surgical procedure. In our popu-
lation, malnutrition determined by low albumin levels was the most important predictor of DA, this complication occurred 22.2 more times
in these patients. Flores Medina [24] and Fabian et al [15] demonstrated that lower albumin levels increased the risk of DA by 2.8 and 6.0,
respectively. Moreover, a multicentric study performed by Frasson et al [25] showed there is a 30% decreased risk of DA for each g/dL higher.
The association of DA and albumin is based on the decreased oncotic intravascular pressure which leads to tissue oedema and slow tissue
healing, and the high demand of proteins to produce collagen fibres. The most likely reason for the higher risk in our population is because
we included only colorectal cancer patients, which metabolic demand after surgical intervention is much higher than the other populations
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due to the oncologic process itself and postsurgical recovery. In addition to this, our population mainly consisted of patients with advanced
stages, where nutrition is one of the most important factors in their immunity, which is a crucial factor for the development of AL.

The higher clinical stage of colorectal cancer is associated with a higher number of surgical complications and oncological prognosis of the
patient [5, 26]. In our study, AL had 2.7 higher odds to occur in patients with AJCC stages lll and IV. This finding was also found by Otiniano et
al [16], who concluded that patients with T3-T4 had a 7.7 higher risk of developing AL. Similarly Pop et al [26], Rencuzogullari et al [5] and Xu
et al [27] confirmed that there a higher clinical stage increases the risk of AL by 3.93, 1.42 and 10.34 times, respectively. This is explained by
the worse physical performance, presence of cachexia, higher metabolic demands, more complex oncologic resection, and constant catabolic
state that avoiding the optimal healing process of the anastomosis.

Despite several studies have shown other intra-, and peri-operative factors associated with AL such as the use of mechanical sutures, the
surgical procedure in an emergency setting, shorter operative time, intraoperative blood loss and transfusion, histological margin involve-
ment, surgical approach, between others [28-30]. Our results may vary from others due to the different population included, such as only
colorectal patients, higher clinical stages, and the population itself was from national hospitals with scarce resources and high health care
needs. The late stage at diagnosis has several causes with a high oncologic burden such as low coverage for cancer screening, inequalities
due to socioeconomic status, inadequate resources, low level of education, not optimal care-seeking behaviour and limited access to screen-
ing and care [31-33]. Cancer screening and care with new health policies, plans, and campaigns are an urgent need in Latin America and
developing countries [34].

Regarding the laterality of the resection, previous have shown that AL rates are usually higher in left colectomies with around 5% versus
1%-2% in right colectomies [35, 36]. Nevertheless, Hung et al [37] concluded in a study of 2,223 patients who underwent oncological resec-
tion that there was no difference in AL rates regardless of the laterality. Patients with left colorectal cancer, especially in a distal location,
should be appropriately selected to optimise outcomes. Hence, there are several studies to evaluate the risk factors of AL but these are per-
formed in all populations and not only in colorectal cancer patients, who differs completely from a non-oncological population [15, 24, 28,
38, 39]. It is crucial to perform further multicentric studies in colorectal cancer patients in this setting in order to prevent and have an earlier
diagnosis to avoid the highly increased costs and length of stay in these patients [40].

Several institutions have been implemented pathways to improve outcomes during the last years such as ERAS protocols. Previous studies
have shown that there are several benefits such as acceleration of recovery, effective analgesia, early oral feeding, ambulation, decreased
costs and length of hospital stay, between others, without increasing and similar AL rates compared to the conventional pathway [41-43].
Currently, in Peru there are not formal ERAS protocols among most of the institutions, which could have a high impact on morbidity and
mortality, but these would need to be adjusted to the health system, resources and infrastructure of the hospitals [44].

To date the current trend is to perform minimally invasive surgery for colorectal cancer patients, however, this is not the case in developing
countries like Peru where most of the cases are still performed with an open approach [8, 10]. A meta-analysis by Song et al [45] concluded
that laparoscopic surgery is superior to open in terms of estimated blood loss, hospital stay, postoperative mortality and complications.
However, similar AL rates have been found between both approaches [46, 47]. Furthermore, it has been demonstrated that the laparoscopic
approach is oncologically safe for colorectal cancer with similar disease-free and overall survival rates [48, 49]. Due to the several benefits of
laparoscopic surgery, it is crucial to continue the surgical training of this technique and prioritise this approach when possible.

Our study has some limitations. Due to the design of the study as retrospective case control. The sociodemographic, clinical and surgical
characteristics from some patients were incomplete, the reason for not being included in our study, which could have had some effect in
our results despite we included a big sample avoid bias. Due to the inclusion of three national hospitals our results can be extrapolated to
the population in Lima, capital of Peru, however, our results should be taken with caution when generalising Peruvian or Latin population in
the setting that all the hospitals included in our study were in Lima. None of our patients had protective ileostomy or early endoscopy that
some studies have shown to have a possible positive impact on the development of AL, these procedures can be useful to be evaluated in
our population, especially among patients with higher clinical stages for prevention, early diagnosis, and treatment of this complication [28,
50]. Moreover, 55% of our patients had air leak test which could limit our results in patients who did not have a leak test, future studies may
consider that all patients should undergo a leak test with air, endoscopy, or colonoscopy intraoperatively. We recommend better evaluation
of the patients with advanced or metastatic colorectal cancer at diagnosis to determine better candidacy to undergo resection with anas-
tomosis and provide optimal nutrition and treatment. Future studies might include other factors such as surgeon experience, pre-albumin,
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further details about the AL such as grading according to the AL consensus, and consequences in morbidity and mortality of these patients
[11]. It would also be useful if the colon and rectum are separated as different identities [11]. Moreover, multicentric study with different
hospitals and cities from Peru, Latin population and other developing countries should be performed to identify risk factors in a setting with
scarce resources and elaborate predictive protocols of AL.

In conclusion, independent risk factors for AL in a setting of a developing country and high health care needs were pre-operative factors,
while intraoperative and post-operative factors were not related to this complication. Patients with malnutrition were at most risk to develop
this complication, most likely due to the high percentage of advanced tumour staging and poor physical performance status, for which pre-
operative nutritional optimisation and adequate selection of patients should be standardised to improve clinical outcomes in colorectal
cancer patients.
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