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Introduction: Colorectal cancer stands as a predominant cause of cancer-
related mortality worldwide. Despite progressive strides in surgical
methodologies, the specter of postoperative complications is very large,
significantly impacting both morbidity and mortality rates. This review aims to
meticulously examine existing scholarly works to gauge the prevalence,
severity, and therapeutic approaches to postoperative complications arising
from colorectal cancer surgeries.
Methods: Employing a systematic approach, this study reviewed 135 peer-
reviewed publications from the period of 2000–2023. The corpus was
organized into categories reflective of the postoperative complications
discussed: anastomotic leakage, port-site metastases, small bowel adhesions
and obstructions, thrombosis, ileus, postoperative infections, urinary
dysfunctions, and cardiovascular dysfunctions. Advanced artificial intelligence
tools were leveraged for in-depth literature searches and semantic analyses to
pinpoint research lacunae.
Results: The analysis revealed that anastomotic leakage and postoperative
infections garnered the majority of academic focus, representing 35% and 25%
of the studies, respectively. Conversely, port-site metastases and cardiovascular
dysfunctions were less frequently examined, accounting for merely 5% and 3%
of the literature. The reviewed studies indicate a disparity in the reported
prevalence rates of each complication, oscillating between 3% and 20%.
Furthermore, the review identified a dearth of evidence-based management
protocols, underscored by a pronounced heterogeneity in treatment guidelines.
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Conclusions: The literature is replete with analyses on anastomotic leakage and
postoperative infections; however, there exists a glaring scarcity of exhaustive
research on other postoperative complications. This review emphasizes the
pressing need for uniform treatment guidelines and spotlights areas in dire need
of further research, aiming at the comprehensive enhancement of patient
outcomes following colorectal cancer surgery.

KEYWORDS
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1 Introduction

Cancer persistently ranks as a leading cause of mortality

worldwide, with recent statistics indicating that in 112 out of 183

countries (61.2%), it is the primary or secondary cause of death

among individuals under 70 years old (1). Among cancers,

colorectal cancer prominently stands in the top four for both

incidence and mortality rates in developed nations, with male/

female incidence rates of 29/20 and mortality rates of 13.1/8.4

per 100,000 individuals, respectively. These figures are similarly

high, though slightly lower, in developing and underdeveloped

countries (1). The treatment strategy for colorectal cancer,

particularly in its early and intermediate stages, predominantly

involves surgical interventions. These range from local resections

to more extensive surgeries such as partial or total colectomy,

and, for cases involving liver metastases, hepatic resection (2, 3).

The incidence of postoperative complications is influenced by a

myriad of factors, including but not limited to the patient’s

overall health status, comorbid conditions, age, the stage of

cancer, the surgical technique employed, and the surgical team’s

expertise (4). Despite the critical nature of these factors, there

remains a gap in comprehensive understanding regarding their

interplay and impact on post-surgical complications, as well as

on effective management strategies. This gap underlines the

necessity for evidence-based guidelines aimed at reducing the

occurrence of such complications. In response, this study

embarks on a systematic review following the 2020 PRISMA

guidelines (5), with the objectives of identifying factors associated

with the development of postoperative complications in

colorectal cancer surgery, assessing the prevalence of each

identified factor, and evaluating their significance in the

occurrence of postoperative complications. Additionally, this

review aims to compare the efficacy of various management

strategies and pinpoint areas lacking in previous research for

future exploration.
2 Material and methods

A systematic search was carried out for research papers

published from January 2000 to May 2023, utilizing the

MEDLINE and PubMed databases. Initially, we used ChatGPT 4.0

to directly identify relevant materials. However, we found that the

application was unable to correctly identify bibliographic
02
references, so we used it to generate query scripts for database

searches based on predefined terms by the authors. We compared

the results obtained with those generated by manually entering the

search and selection criteria for scientific articles. We found that

using ChatGPT generated more consistent results (publication

lists) than those obtained through manual input, and we used

these results. The first batch of terms searched included

“complications”, “risk factors”, “colorectal surgery”, and “colorectal

resection”. The ChatGPT4 application was also employed to

unearth potentially relevant materials, which were subsequently

manually verified for authenticity and compliance by checking the

DOI against the established criteria. This initial search phase led

to the identification of a second set of terms related to specific

complications encountered in colorectal cancer surgeries, including

“adhesions and obstructions of the small intestine”, “thrombosis”,

“ileus”, “infection”, “urinary dysfunction”, “colonic ischemia”,

“cardiovascular dysfunction”, “anastomotic dehiscence”, and “port-

site metastases”. A follow-up search using these terms was

performed in the same databases, with an additional focus on

mortality post-surgical intervention, using the Failure to Rescue

(FTR) index, defined as all-cause mortality at 30 days post-

complication diagnosis. Only papers published in English and

related to human medicine were selected. The search syntax

employed was as follows: (((complications[Title/Abstract] OR

“Complications"[Mesh]) AND (risk factors[Title/Abstract] OR

“Risk Factors"[Mesh]) AND (colorectal surgery[Title/Abstract] OR

“Colorectal Surgery"[Mesh]) AND (colorectal resection[Title/

Abstract] OR “Colectomy"[Mesh])) AND ((adhesions[Title/

Abstract] OR “Intestinal Obstruction"[Mesh]) OR (thrombosis

[Title/Abstract] OR “Thrombosis"[Mesh]) OR (ileus[Title/

Abstract] OR “Ileus"[Mesh]) OR (infection[Title/Abstract] OR

“Infection"[Mesh]) OR (urinary dysfunction[Title/Abstract] OR

“Urinary Bladder Diseases"[Mesh]) OR (colonic ischemia[Title/

Abstract] OR “Colonic Diseases"[Mesh]) OR (cardiovascular

dysfunction[Title/Abstract] OR “Cardiovascular Diseases"[Mesh])

OR (anastomotic dehiscence[Title/Abstract] OR “Anastomotic

Leak"[Mesh]) OR (port-site metastases[Title/Abstract] OR

“Surgical Wound"[Mesh])) AND (“2000"[Date—Publication]:

“3000"[Date—Publication]) AND [“English"(Language)] conducted

on May 13, 2023. This comprehensive and methodical search

process, including manual verification and the employment of AI

tools for search optimization, culminated in the selection of 135

articles. These articles were rigorously reviewed for relevance,

citation count, and potential alignment with the initial search
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criteria. This led to a refined dataset of 98 pertinent publications,

ready for in-depth analysis and review. The vast majority of the

selected articles were published in the last 10 years, so we consider

that the data analyzed are comparable from case to case without

the involvement of a historical bias.
3 Results

The comprehensive review of literature published between 2000

and 2023 identified eight predominant types of postoperative

complications: anastomotic dehiscence, port-site metastases,

adhesions and obstructions of the small intestine, thrombosis,

ileus, postoperative infection, urinary dysfunction, and

cardiovascular dysfunction (Figure 1). These complications, which

are elaborated upon in the following sections, represent the focal

points of this systematic review, underlining the complex nature

of postoperative care in colorectal cancer surgery and highlighting

areas in need of further research and guideline development.
3.1 Anastomotic dehiscence

Anastomotic dehiscence as a postoperative complication in

colorectal cancer was discussed in 19 articles. For instance, in a

study addressing the issue of surgical re-intervention after major

complications of the initial intervention in a sample of 14,290

patients who underwent surgery for colorectal cancer, Grönroos-

Korhonen et al. (6) found that the re-intervention rate within the

first 30 days post-surgery was 5.8%, significantly higher in
FIGURE 1

The most commonly reported complications of colorectal cancer
surgery.
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emergency interventions than in elective ones. The Failure to

Rescue (FTR) rate was 17.4%, with a higher rate also evident in

emergency interventions compared to elective ones: 27.1% vs.

8%, respectively; p < 0.001. Anastomotic dehiscence was the main

cause of re-intervention (36.6% of cases with complications). The

authors identified a higher FTR level with advancing age, a high

Comprehensive Complication Index (CCI), an increased number

of previous surgeries, the presence of malnutrition, and the use

of anticoagulants. For patients aged over 80 years old, FTR was

20 times higher compared to those under 50 years old. The

authors also highlighted the role of CCI in this difference, as the

median CCI for those over 80 years old was 6, while for those

under this age, it was 1. Moreover, in a study on patients rapidly

discharged post-operatively, Depalma et al. (7) evaluated the

results of an enhanced postoperative recovery program in

patients aged over 80 years old who had undergone laparoscopic

surgery. Upon evaluating 162 consecutive cases, the authors

identified the presence of anastomotic dehiscence in only 1.8% of

cases. In another relevant study on a total of 280 patients, Peters

et al. (8) assessed the outcomes of a perioperative enteral

nutrition program enriched with lipids compared to standard

care. The results did not provide statistically robust support for

either of the two options: 9% of patients in the intervention

group and 8% in the control group presented with anastomotic

dehiscence. The occurrence of anastomotic dehiscence was also

investigated in patients with previous resection for rectal cancer

by Hultberg et al. (9). After evaluating 1,495 patients, of whom

27% received NSAIDs for at least two days in the first

postoperative week, anastomotic dehiscence was identified in 11%

of those who received NSAIDs compared to 14% of those who

did not (after adjusting for confounders, an odds ratio of 0.65–

1.20 with a 95% confidence interval was calculated). In addition,

no difference was identified between the groups using selective

COX2 NSAIDs vs. non-selective ones. Furthermore, in a study

that evaluated the risk of dehiscence in conjunction with the

presence of aortic calcifications, Eveno et al. (10) found a

positive correlation between dehiscence and aortic calcifications,

albeit in a small number of cases included (N = 60). Additionally,

in a study on the risk factors for prolonged ileus in a large group

of 27,560 patients, Moghadamyeghaneh et al. (11) found that

12.7% of the patients experienced prolonged ileus; of these,

there was a significantly higher proportion of patients with

prolonged ileus and anastomotic dehiscence (12%) compared to

the group without dehiscence (2.4%). Finally, in a meta-analysis

evaluating data from 23 studies comprising a total of 110,272

patients, Pommergaard et al. (12) determined the following three

potential determinants of anastomotic dehiscence: low rectal

anastomosis (OR = 3.26), male sex (OR = 1.48), and preoperative

irradiation (OR = 1.65).
3.2 Port-site metastases

Port-site metastases as a postoperative complication in

colorectal cancer were discussed in two articles. Although, as

mentioned in Section 2, these studies did not meet our
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performance criteria, they concluded that in conjunction with

laparoscopic surgery and new drug therapies, the associated risk

of port-site metastases was reported to be significantly reduced.
3.3 Adhesions and obstructions of the small
intestine

Adhesions and obstructions of the small intestine as

postoperative complications in colorectal cancer were highlighted

in four articles. However, as mentioned in Section 2, all four

articles approached this subject from a perspective that was not

the focus of this review.
3.4 Thrombosis

Thrombosis as a postoperative complication in colorectal

cancer was identified in 4 articles in our database. For instance,

Moghadamyeghaneh et al. (13) evaluated a database consisting of

108,898 patients who underwent surgery for colorectal cancer.

Among these patients, 15.6% presented with a moderate level of

preoperative hypoalbuminemia (serum albumin between 3 and

3.5 g/dl). In these patients, an increased rate of deep vein

thrombosis was identified (adjusted OR = 1.64). The authors

concluded that for each unit decrease in albumin below the

normal value, there was a 24% increase in morbidity and a 49%

increase in mortality.
3.5 Ileus

Ileus was discussed in the context of surgical interventions for

colorectal cancer in 19 publications. Morimoto et al. (14) evaluated

a total of 417 patients with visceral obesity (VO) as identified based

on digitized image analysis. In this study, VO was defined if the

area of visceral fat was at least 100 cm2. The results revealed ileus

in 4.3% of cases. Significant risk factors included VO (OR = 7.9,

95% CI 1.9–32.1, p = .004), open surgery (OR = 6.4, 95% CI 1.6–

26.7, p = .010), and pelvic or intra-abdominal abscess (OR = 11.0,

95% CI 1.1–110.2, p = .041). In another relevant study on a large

sample of 4,205 patients, Grass et al. (15) identified 377 (9%)

patients with postoperative ileus. Ileus occurred on average

around day 4 postoperatively (interquartile range, 2–5).

Intraoperatively, those patients who later developed ileus received

a significantly higher volume of fluids compared to those who

did not develop this postoperative complication (3.2 ± 2.6 L vs.

2.5 ± 1.7 L, p < 0.001). The results of subsequent analyses

identified the following risk factors associated with the

occurrence of ileus: perfusion with 3 L on the first postoperative

day (OR = 1.65, 95% CI 1.13–2.41; p = 0.009), weight gain of over

2.5 kg on postoperative day 2 (OR = 1.49, 95% CI 1.01–2.21;

p = 0.048), and postoperative complications (OR = 2.00, 95% CI

1.39–2.90; p < 0.001). Furthermore, in a randomized study on 280

patients, Peters et al. (8) evaluated the role of enteral nutrition

enriched with lipids in preventing postoperative complications.
Frontiers in Surgery 04
The results showed that postoperative ileus occurred in 28% of

patients in the intervention group compared to 22% in the

control group (risk ratio RR = 1.09, 95% CI 0.95–1.25; p = 0.24).

Considering that the difference did not reach statistical

significance, the authors concluded that enteral nutrition did not

impact the risk of developing postoperative ileus. Another factor

studied in relation to the development of postoperative ileus is

racial background. In an analysis of a large database of 28,283

patients, Mulhern et al. (16) established that, after data

adjustment, individuals of Asian origin have a lower risk of

developing postoperative ileus (OR = 0.8, 95% CI 0.66–0.98,

p < 0.001). In unadjusted data, individuals of Asian origin,

compared to other racial/ethnic groups, were more likely to have

normal weight, not smoke, and have a lower American Society of

Anesthesiologists score of 1 or 2 (p < 0.001). Koller et al. (17),

evaluating the risk of postoperative complications in relation to

bowel preparation, analyzed data from 32,359 patients. A

significant reduction in the rate of ileus occurrence was observed

in the groups that received bowel preparation, with the OA and

MBP +OA groups showing a significant reduction in the rate of

ileus occurrence, as well as a shorter hospital stay. An increased

risk of postoperative ileus was also reported by Lee and

colleagues (18) in a study on 3,188 patients who underwent

laparoscopic surgery for colorectal cancer. Among the patients in

this study, 18.6% had a history of previous surgical intervention

prior to the laparoscopic procedure in question. The analyses

identified an increased risk of postoperative ileus (5.5% vs. 2.0%,

p = 0.008) in patients with a history of major surgical

intervention. Likewise, in a study previously reviewed in Section

3.1, Moghadamyeghaneh et al. (11) found that ileocolonic

anastomosis was associated with a significantly higher rate of

ileus compared to colorectal anastomosis (15% vs. 11.5%,

adjusted OR = 1.25, p < 0.01). Furthermore, a higher risk of ileus

was identified in conjunction with preoperative sepsis (adjusted

OR = 1.63, p < 0.01), disseminated cancer (adjusted OR = 1.24,

p = 0.01), and chronic obstructive pulmonary disease (adjusted

OR = 1.27, p = 0.02). A reduced risk of prolonged ileus was also

associated with intestinal preparation with oral antibiotics

(adjusted OR = 0.77, p < 0.01) and laparoscopic surgery (adjusted

OR = 0.51, p < 0.01). Finally, in an analysis of data from 33,033

patients who had undergone surgery for colorectal cancer, Kelly

et al. (19) found that patients with early discharge (hospital stay

duration of a maximum of 3 days) were more prone to being

readmitted for ileus (OR = 1.8, p = 0.001).
3.6 Postoperative infections

Postoperative infections as a postoperative complication in

colorectal cancer were evaluated in 31 articles. For instance, in

Kane et al.’s (20) analysis of 21,889 cases, of which 63.2%

received postoperative administration of antibiotics associated

with mechanical bowel preparation, the group that received the

aforementioned intervention against postoperative infections

significantly more frequently included male patients, patients

with a body mass index (BMI) of 30–39 kg/m2, patients with
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independent functional status, as well as those scheduled for

laparoscopic and robotic surgical approaches. Furthermore, in an

investigation of the impact of malnutrition on the occurrence of

postoperative infection in a sample of 11,357 patients, Lee et al.

(21) identified a higher risk of postoperative infection in

malnourished individuals compared to those without this

condition (6% vs. 2.62%, odds ratio 2.38, 95% confidence interval

2.07–2.73, p < 0.001), suggesting that malnutrition is a significant

factor that can lead to postoperative infections as a complication

in colorectal cancer. Another factor predisposing patients to

postoperative infections as a complication in colorectal cancer

identified in the reviewed studies was obesity. For instance, in an

analysis of 74,891 cases, of which 33.0% were overweight (BMI

25.0–29.9), 19.8% had class I obesity (BMI 30.0–34.9), 8.4% had

class II obesity (BMI 35.0–39.9), and 5.5% had class III obesity

(BMI≥40.0), Wahl et al. (22) found that the risk of surgical site

infection increased with an increase in the patient’s obesity class.

From obesity class I to III, the risk of infection increased as

follows: for class I, odds ratio (OR) = 1.5 [95% confidence

interval (CI), 1.4–1.6]; class II: OR = 1.9 (95% CI, 1.7–2.0); and

class III: OR = 2.1 (95% CI, 1.9–2.3). The occurrence of

postoperative complications, including postoperative infections,

was also studied in association with perioperative anemia.

Accordingly, in a sample of a total of 326 patients, Liu et al. (23)

identified that perioperative anemia, defined as a hemoglobin

level below 12 g/dl, is associated with an increased risk of

infection (odds ratio [OR] = 2.44, 95% confidence interval [CI]

1.09–5.49). Three further factors linked to the risk of

postoperative infections reported in the literature include high

inflammatory disease intensity, the need for manual assistance,

and obesity. In a study on 419 patients who had undergone

surgery, Drosdeck et al. (24) found that the incidence of surgical

site infection was 10.3%, and that the risk of developing surgical

site infection [odds ratio (OR)] was evaluated as 3.3, 2.2, and

1.06 in high inflammatory disease intensity, the need for manual

assistance, and obesity, respectively. In Mulita et al.’s (25)

analysis, between November 2019 and February 2021, 141

patients underwent surgery for colorectal cancer at a tertiary

hospital. Of these, 69 were males and 72 females, with 18 cases

(12.77%) diagnosed with postoperative sepsis. It was found that

patients over 65 years old had a significantly higher risk of sepsis

(p = 0.034). Patients with an ASA score > 2 developed sepsis

more frequently (p = 0.008), as did those with diabetes (p = 0.013)

and cardiovascular disease (p = 0.009). Anastomotic leakage was

the main cause in 3.55% of cases.
3.7 Urinary dysfunctions

Urinary dysfunctions as a postoperative complication in

colorectal cancer were mentioned in three publications in our

database. For instance, in a meta-analysis aiming to define the

effectiveness and safety of Enhanced Recovery After Surgery

(ERAS), Liu et al. (26) reviewed 14 studies conducted on a total

of 5,961 patients. Urinary complications as a postoperative

complication in colorectal cancer were predominantly identified
Frontiers in Surgery 05
in the elderly group, (OR = 1.639, I2 = 37.63%, 95% CI 1.168–

2.299, p = 0.0043). However, one of the limitations of this

meta-analysis is that, although a possible lower age limit of 85

years was mentioned, a clear definition for the term “elderly” was

not provided.
3.8 Cardiovascular dysfunction

Cardiovascular dysfunction as a postoperative complication in

colorectal cancer was analyzed in 16 articles. For instance, in the

study previously reviewed in Section 2.7, Liu et al. (26) found

that patients in the elderly = age group showed a higher number

of cardiovascular dysfunctions (OR = 3.361, I2 = 57.72%, 95% CI =

1.072–10.542, p = 0.0377). Furthermore, in a meta-analysis of 15

studies on complications of laparoscopic and open approaches in

colorectal cancer surgery, Fujii et al. (27) found that, among the

1,436 patients in the laparoscopic group (as compared to 1,810

in the open group), cardiovascular complications were reduced

in the short-term evaluation (OR = 0.4767, 95% CI 0.2805–0.8101,

p = 0.0062). However, no statistically significant differences

between the two approaches in terms of survival were observed in

the long term. Furthermore, evaluating the impact of chronic

kidney disease in 708 cases followed for 21–65 months (median =

45 months), Currie et al. (28) concluded that patients with

chronic kidney disease were significantly more prone to

developing cardiovascular morbidity and 30-day mortality (4.8% in

the chronic kidney disease group vs. 2.1% in the group without

renal impairment, p < 0.001). Finally, in a comparison of the safety

of laparoscopic and open surgeries based on the duration of the

surgical procedure that included 4,273 patients (18.4% underwent

laparoscopic surgery, 11.3% underwent open surgery), Bailey et al.

(29) concluded that a surgical duration greater than 3 h did not

provide any additional benefits to the patient in terms of mortality

or incidence of cardiovascular complications.
4 Discussions

Colon cancer is the third most common type of neoplasia and

cause of cancer-related death worldwide. Colorectal surgery is very

complex, as it frequently associates very important complications

and mortality, with reported morbidity rates of up to 35%, highly

variable between centers (30–33). This study focused on

identifying predictors of postoperative complications following

colorectal surgery, reviewing a total of 135 articles published in

2000–2023 on postoperative complications of colorectal cancer.

Overall, the number of papers addressing each complication

suggested a marked imbalance in attention regarding each one.

While for some complications (e.g., prolonged ileus or

cardiovascular dysfunction), a significant number of studies and

meta-analyses are available (e.g., prolonged ileus or

cardiovascular dysfunction), other complications (e.g., small

bowel adhesions) had only a limited number of articles, resulting

in reduced relevance. The conditions associated with the

development of the evaluated complications were generally well
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highlighted in the reviewed articles, providing novel insight into

their hierarchy and potentially allowing for the development of a

decision tree to facilitate a safer approach to patients with

colorectal cancer. Furthermore, the use of AI proved effective in

generating the necessary syntax for querying electronic libraries

within a short time frame. Additionally, AI was employed to

improve these syntaxes, which further enables the identification

of each targeted complication through consecutive and partially

overlapping approaches that also covered areas untouched by

previous syntaxes.

Based on pre-established performance criteria for the articles to

be evaluated, the most frequent complications after colorectal

surgery were found to be anastomotic leakage, wound complications,

intraabdominal infection/collections/abscesses, intraabdominal

bleeding, postoperative ileus and bowel obstruction, ischemic colitis,

systemic complications (sepsis and shock, cardiovascular

complications, thromboembolism, respiratory failure/respiratory

infections such as pneumonia, atelectasis, coagulation abnormalities),

port-site metastases, organ injury, such as ureteral lesions during

proctectomy. An important percentage of the patients even develop

multiple complications (30, 33–38). The commonly reported risk

factors for the occurrence of postoperative complications are the

number of resected organs, length of the surgery (more than

120 min), the emergent character of the operation, contamination,

blood loss, the experience of the surgeon, patient comorbidities,

preoperative hypoalbuminemia, ASA level of III or more, male

gender, age (more than 70 years), tumor stage (T3-T4), a low or mid

localization for the rectal tumors, colorectal surgery other than

sigmoid colectomy (30, 34–38). While some of the complications

that appear after open/laparoscopic/robotic colorectal surgery are

reported following natural orifice specimen extraction surgery as

well, some are specific or can be more frequent following such

techniques, including intra-abdominal contamination, fecal

incontinence, colpitis, vaginal wall ulcerations, rectovaginal fistulas,

tumor recurrence at the extraction site or even intraoperative organ

lesions (colon or bladder injury) (39).

Anastomotic leakage is the most common as well as the most

feared complication as it is life-threatening, associating additional

morbidity, significant mortality, high reoperation rates, increased

hospitalization time, patient hospital readmission and substantial

costs for the healthcare system. Anastomotic leakage rates vary

largely between centers, with average reported values of 7.4%–

8.7% of the operated cases (from 2 to 7% when reported by

experienced surgical teams, and even up to 24% in case of distal

rectal cancer (31, 38, 40, 41). The reported mortality in case of

anastomotic leakage after colorectal surgery can be as high as

20% and even up to 39%, depending on the reporting center,

explaining the current preoccupation with preventive strategies

against the occurrence of anastomotic leakage (6, 42). At the

same time, the anastomotic leakage is associated with an

increased risk of cancer recurrence, with a significant negative

impact on the free-disease and overall survival of the operated-

on patients (40, 43). Another concern in regard to the

occurrence of anastomotic leakage is the difficulty of

therapeutically managing such a complication, with frequent

requirements of a second operation (30). In this regard, three
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degrees of severity of anastomotic leakage have been described.

Grades A and B of anastomotic leakage can be managed

conservatively, while grade C requires reoperation (34). The

therapeutic management of A and B grades includes antibiotics

and various forms of drainage (tubal drainage, CT-guided

drainage of the collection/abscesses, endoluminal vacuum-assisted

therapy with endoscopically leak-site-placed polyurethane

sponges, transanal drainage), depending on the site and severity

of the leakage, patient status and tumor stage and type of

performed surgery. Instead, for the C-grade anastomotic leak, a

reoperation is required that is associated with important

morbidity and mortality. The reoperation rates reported in the

first 90 days from the initial operation vary considerably

between centers, between 7% and 14.3% or even up to 78.3%

of the cases, and can frequently be considered under-reported

(6, 32, 36, 44).

Therefore, finding predictors for the occurrence of anastomotic

leakage after colorectal surgery is essential, being a requisite to

identify high-risk patients, where a temporary stoma would be

preferable to an anastomosis. There is an important variability in

the reported rates of anastomotic leakage occurrence between

various centers, between 0% to 16% or even 19.2% (34, 42), a

percentage that did not significantly decrease despite the progress

in medicine with time.

Until now, the existing studies have highlighted several

preoperative, intraoperative and postoperative risk factors

associated with anastomotic leakage after colorectal surgery, such

as age, increased body mass index, malnutrition, male

gender, smoking that is associated with vascular ischemia,

alcohol consumption, use of steroids and even of NSAIDS,

hypoalbuminemia, hypoproteinemia, patient comorbidities,

neoadjuvant therapy, tumor stage, emergency surgery, length of

the surgery, classification as “contaminated” at the time of the

initial surgery, blood loss with need for transfusion, preoperative

radiation, postoperative hyponatremia or hyperglycemia.

Frequently, multiple risk factors concur in the occurrence of

anastomotic leak, while some authors highlight that the most

important risk factor is bowel vascular ischemia at the site of the

anastomosis (30, 45, 46). Only a few specified factors are

controllable and should be corrected actively. For example, the

emergent character of an operation can not be controlled.

Approximately half of the emergency surgical procedures are

represented by colorectal interventions (6). In this concern, in

order to prevent “emergency surgery”, we could intervene by

screening and early diagnosis of colorectal cancer. Also, in non-

emergent surgery, acknowledging patient comorbidities as risk

factors, including atrial fibrillation, cardiac failure, ischemic heart

disease and other cardiovascular diseases, chronic obstructive

pulmonary disease, dementia, connective tissue diseases, diabetes

with ASA grade higher than III, and treating them as much as

possible becomes essential for the prevention, diminishing or

decreasing the severity of the important postoperative

complications. Atrial fibrillation is associated with the risk of

thromboembolism, further arrhythmias, and hemodynamic

compromise, as well as postoperative bleeding in the setting of

anticoagulation (46).
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At the same time, in the case of association of uncontrollable

factors, the patient should be regarded as “high risk”, and a

stoma would be the safest procedure (42). There are also

intraoperative risk factors, including contamination, blood loss

with blood pressure changes, increased length of the surgery and

low anastomotic site (34, 45) that should be acknowledged and

prevented as much as possible. Some authors report that in

emergency surgery, left hemicolectomy and rectal surgery are

associated with lower anastomotic leakage rates, probably because

a stoma is performed more frequently in such cases rather than

in the case of right hemicolectomies. In contrast, other authors

found that left hemicolectomy is associated with higher

anastomotic leak rates than right hemicolectomy (45, 47). Also,

for rectal cancer, the laparoscopic approach for low and ultralow

was reported to be safer (34). However, other studies have found

a higher risk for colorectal laparoscopic interventions (45). At

the same time, several postoperative risk factors have been

reported as well, such as postoperative hypoalbuminemia,

diarrhea, patient comorbidities, mobilization, and physical

activity and medication (45, 48). Other authors have reported the

requirement for adequate postoperative medication, as certain

drugs, including antibiotic prophylaxis, can decrease the risk of

anastomotic leakage, while others are considered risk medicines.

In this concern, some authors have reported a protective role for

the probiotics administered after colorectal surgery (31, 42). Also,

the use of anticoagulants appears to be associated with a higher

anastomotic leakage risk (49). At the same time, preoperative

bowel cleaning (mechanical or oral preparations) to control the

gut microbiome appears to be essential (40).

Several intraoperative preventive strategies against the

occurrence of anastomotic leakage have been considered up to

now, including the use of nickel-titanium rings for anastomoses

instead of manual or stapled sutures, anastomoses’ strengthening

via adhesives (cyanoacrylate, gelatin sealants) or wrapping (either

with momentum or with mesenteric flaps), verifying the

oxygenation level that is essential for the anastomosis (via

pulse oxymeters and colonic oxygen saturation measurement), as

well as the use of fluorescence angiography with indocyanine

green (34).

Following colorectal surgery, anastomotic leakage can occur

early, within the sixth postoperative day, or later, usually between

the seventh and the 12th postoperative day. However, there are

also reports of later anastomotic leaks during an interval of 30

postoperative days, after 30 days or even cases of chronic fistulas

that are diagnosed with delay during 90 days from the surgical

intervention. Almost 24% of the patients develop anastomotic

leaks after discharge, while 12% of the patients after 30 days

postoperatively. Regardless of the definition, the ethiopathogeny

for the early and late anastomotic leaks differs. In fact, the term

early and late anastomotic leaks are not clearly defined yet, as

other authors consider “early” as within the first 30 days

postoperatively, while late is after 30 days postoperatively. Early

leaks are related to surgical technical factors, while late

anastomotic leaks occur due to healing defects (41, 50–55). The

clinical signs of anastomotic leakage include signs of peritonitis/

intra-abdominal or pelvic abscesses such as abdominal pain,
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fever, sepsis, tachycardia, dynamic ileus (absence of bowel

peristalsis by the fourth postoperative day, purulent rectal

discharge, fecal/gas/purulent drainage or increased tubal drainage

(more than 400 ml); diarrhea before the seventh postoperative

day, signs of kidney failure. The diagnosis is based on the aspect

of the tubal drainage, with fecal, purulent, or gas discharge,

clinical signs, radiological imaging (CT, water-soluble enema), as

well as on several biological markers from blood and drained

peritoneal fluids (36, 42, 45). CRP is an already proven very

effective biological marker in predicting the occurrence of

anastomotic leakage after colorectal surgery. Normally, the CRP

value increases in the first 48 h after the surgical intervention but

afterward decreases towards normal. However, maintaining high

values or further increases in CRP levels signal postoperative

complications, such as anastomotic fistulas. Therefore,

normalization of CRP levels after the initial 48 h following

colorectal surgery is considered to be a very significant negative

predictor for the occurrence of anastomotic leakage. Instead, an

increased CRP level on the fourth to the seventh postoperative

day indicates an anastomotic fistula’s occurrence (45). Along

with the CRP levels, other acute phase reactants (inflammatory

and oxidative stress markers) are regarded as very effective

predictors for anastomotic leaks, such as white cell count,

neutrophil count, procalcitonin, as well as the levels of various

interleukins and cytokines from blood and peritoneal fluid from

the abdominal drains including Il-6, IL-16, IL-21, TNF-alpha

(42, 45). For example, increased serum and peritoneal fluid levels

of IL-16, IL-21, chemokine C-C motif ligand 8 or monocyte

chemotactic protein-2 (CCL8/MCP-2), chemokine C-X-C motif

ligand 13 or monocyte chemotactic protein −4 (CCL13/MCP-4),

C-X-C motif chemokine 5 or epithelial neutrophil-activating-

peptide (CXCL5/ENA-78), leukemia inhibitory factors on the

third postoperative day were found to be associated with the

occurrence of anastomotic leaks after colorectal surgery. Among

the oxidative stress markers, decreased levels of the antioxidant

catalase marker and superoxide dismutase, as well as increased

levels of malondialdehyde in the peritoneal fluid and patient

serum, are useful diagnostic tools for the anastomotic leaks (45).

Other authors have proposed plasmatic citrulline levels and

ischemia-modified albumin as effective predictors of anastomotic

leakage (46).

As high-volume and low-volume centers report similar

postoperative complication rates, the capital difference in patient

prognostic is in the early diagnostic and adequate and timely

treatment of the anastomotic leak. However, in this concern,

high-volume centers from high-income regions appear to have

better results, with lower failure-to-rescue rates (6).

Postoperative slow return of bowel peristalsis and even ileus

due to dysfunctional intestinal peristalsis or adherences are other

complications following colorectal surgery, usually seen starting

with the fourth day postoperatively. The dysfunctional intestinal

peristalsis is generated by the surgical trauma and inflammatory

response and is accompanied by pain, nausea/vomiting, and the

impossibility of oral intake and significantly increases the risk of

anastomotic leakage occurrence, as well as other complications,

such as infections and deep vein thrombosis. Risk factors for the
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occurrence of postoperative ileus are the type and the length of the

operation, blood loss, anesthesia, the use of postoperative opioids,

patient-related factors such as age, male sex, increased BMI,

history of smoking and alcohol consumption, comorbidities such

as respiratory or vascular disease, history of previous operations

that associated adhesions (30, 34, 36). Paralytic postoperative

ileus can be treated via nasogastric decompression and the

replacement of narcotics with steroids to control pain (36).

Regarding the intestinal obstruction caused by postoperative

adhesions, most of the cases are managed conservatively via

various means of bowel decompression, but a small percentage of

cases will require reoperation, preferably a laparoscopic

intervention. The incidence of postoperative adhesions is

important, as approximately 10% of colorectal surgical

interventions develop bowel obstruction due to adhesions. In

order to prevent the occurrence of postoperative adhesions that

could lead to bowel obstruction, along with control of the known

risk factors as much as possible, various bioresorbable films have

been proposed, such as Seprafilm, carboxymethyl cellulose

hyaluronate, hyaluronic acid, carboxymethyl cellulose, poly

(L-lactide-co-D, L-lactide). Various risk factors have been

identified, including a longer duration of the surgical

intervention, emergency procedures, dysfunctional stomas, and

male gender, while no significant differences appear between

laparoscopic and open surgery (34, 36). Instead, laparoscopic

colorectal surgery may be associated with port site metastases (34).

Also, up to 28.5% of the patients can develop perioperative

organ failure requiring intensive care, associating additional

morbidity, increased hospitalization and costs, and failure to

rescue with higher mortality (6).

A percentage of the operated cases, of 7% up to 14.3%, will

develop complications requiring reoperation, especially in the

patients where emergency operation was initially performed.

Although the reintervention rate has been suggested to become a

marker for the surgeon’s performance, the reported reoperation

rates are important and sometimes are even under-reported. The

most frequent causes of reoperation are anastomotic dehiscences,

bowel obstruction, bleeding, and fascial rupture (wound

dehiscence). Postoperative bleeding is rare, and its occurrence

depends on the patient’s comorbidities, clotting system, and the

type of surgery that was performed. The second intervention is

an emergency in approximately one-third of the patients.

However, a reintervention associates important morbidity

organ failure, failure to rescue, and significant mortality

with a three times higher risk of death within 90 days

postoperatively compared with those that did not require a

reoperation (6, 36, 44).

Therefore, some postoperative complications, including

anastomotic leak cases, could be avoidable, while others cannot

be prevented. In this regard, an active approach with the early

diagnosis of the fistula and effective and timely treatment would

make the difference. Preventive strategies should be implemented

to diminish the occurrence and severity of such complications.

However, such a scenario is only sometimes possible, as many

uncontrollable risk factors may intervene. Therefore, the goal is
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to adequately treat the complications, that is, decrease the failure

to rescue rates.

The limitations of this study include our focus on studies

published exclusively in English, which may have led to

overlooking valuable research findings published in other

languages. Another limitation of this study is that, in selecting

the article for review, we included studies that focused on

cohorts with different characteristics of colorectal cancer in terms

of tumor location, disease stage, and surgical techniques. These

factors, along with the variance in the experience of surgical

centers and the variable quality of the healthcare systems where

the evaluations were conducted, highlight possibilities for

improvement in the standardized reporting of results. Furthermore,

since the evaluated studies exhibited significant differences in

identifying factors that may have contributed to different patient

outcomes, direct comparisons may be challenging. This review has

unlikely left any highly informative elements uncovered and

provides a thorough review of the state-of-the-art research on

postoperative complications of colorectal cancer.
5 Conclusion

This review identified both modifiable (e.g., enhanced

postoperative recovery programs) and non-modifiable factors

(e.g., age, sex) influencing postoperative outcomes in colorectal

cancer surgery. In further research, in order to better understand

the extent to which current efforts to reduce postoperative

complications in colorectal cancer are justified, it would be

necessary to evaluate the relative weight of each factor in the

corresponding patients’ outcomes. Doing so would promote the

development of a perioperative approach algorithm based on

these factors that would ultimately improve the prognosis of

patients with colorectal cancer.
Author contributions

DA: Conceptualization, Methodology, Supervision, Writing –

original draft. AML: Data curation, Writing – original draft. DC:

Data curation, Writing – review & editing. FB: Writing – original

draft. DEG: Writing – original draft. VG: Writing – review &

editing. SI: Writing – review & editing. BM: Conceptualization,

Methodology, Supervision, Writing – original draft.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article.

Publication of this paper was supported by the Carol Davila

University of Medicine and Pharmacy, Bucharest, Romania

through the “Publish not Perish” institutional program.
frontiersin.org

https://doi.org/10.3389/fsurg.2024.1452223
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Andras et al. 10.3389/fsurg.2024.1452223
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
Frontiers in Surgery 09
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71(3):209–49. doi: 10.
3322/caac.21660

2. Van Cutsem E, Cervantes A, Adam R, Sobrero A, Van Krieken JH, Aderka D,
et al. ESMO consensus guidelines for the management of patients with metastatic
colorectal cancer. Ann Oncol. (2016) 27(8):1386–422. doi: 10.1093/annonc/mdw235

3. Benson AB, Venook AP, Al-Hawary MM, Arain MA, Chen YJ, Ciombor KK,
et al. Colon cancer, version 2.2021, NCCN clinical practice guidelines in oncology.
J Natl Compr Cancer Network. (2021) 19(3):329–59. doi: 10.6004/jnccn.2021.0012

4. Kirchhoff P, Clavien PA, Hahnloser D. Complications in colorectal surgery: risk
factors and preventive strategies. Patient Saf Surg. (2010) 4(1):5. doi: 10.1186/1754-
9493-4-5

5. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
Br Med J. (2021) 372:n71. doi: 10.1136/bmj.n71

6. Grönroos-Korhonen MT, Koskenvuo LE, Mentula PJ, Koskensalo SK,
Leppäniemi AK, Sallinen VJ. Failure to rescue after reoperation for major
complications of elective and emergency colorectal surgery: a population-based
multicenter cohort study. Surgery. (2022) 172(4):1076–84. doi: 10.1016/j.surg.2022.
04.052

7. Depalma N, Cassini D, Grieco M, Barbieri V, Altamura A, Manoochehri F, et al.
Feasibility of a tailored ERAS programme in octogenarian patients undergoing
minimally invasive surgery for colorectal cancer. Aging Clin Exp Res. (2020) 32
(2):265–73. doi: 10.1007/s40520-019-01195-6

8. Peters EG, Smeets BJJ, Nors J, Back CM, Funder JA, Sommer T, et al.
Perioperative lipid-enriched enteral nutrition versus standard care in patients
undergoing elective colorectal surgery (SANICS II): a multicentre, double-blind,
randomised controlled trial. Lancet Gastroenterol Hepatol. (2018) 3(4):242–51.
doi: 10.1016/S2468-1253(18)30031-1

9. Hultberg DK, Angenete E, Lydrup ML, Rutegård J, Matthiessen P, Rutegård M.
Nonsteroidal anti-inflammatory drugs and the risk of anastomotic leakage after
anterior resection for rectal cancer. Eur J Surg Oncol. (2017) 43(10):1908–14.
doi: 10.1016/j.ejso.2017.06.010

10. Eveno C, Latrasse V, Gayat É, Lo Dico R, Dohan A, Pocard M. Colorectal
anastomotic leakage can be predicted by abdominal aortic calcification on
preoperative CT scans: a pilot study. J Visc Surg. (2016) 153(4):253–7. doi: 10.1016/
j.jviscsurg.2016.03.007

11. Moghadamyeghaneh Z, Hwang GS, Hanna MH, Phelan M, Carmichael JC, Mills
S, et al. Risk factors for prolonged ileus following colon surgery. Surg Endosc. (2016)
30(2):603–9. doi: 10.1007/s00464-015-4247-1

12. Pommergaard HC, Gessler B, Burcharth J, Angenete E, Haglind E, Rosenberg J.
Preoperative risk factors for anastomotic leakage after resection for colorectal cancer: a
systematic review and meta-analysis. Colorectal Dis. (2014) 16(9):662–71. doi: 10.1111/
codi.12618

13. Moghadamyeghaneh Z, Hwang G, Hanna MH, Phelan MJ, Carmichael JC, Mills
SD, et al. Even modest hypoalbuminemia affects outcomes of colorectal surgery
patients. Am J Surg. (2015) 210(2):276–84. doi: 10.1016/j.amjsurg.2014.12.038

14. Morimoto Y, Takahashi H, Fujii M, Miyoshi N, Uemura M, Matsuda C, et al.
Visceral obesity is a preoperative risk factor for postoperative ileus after surgery for
colorectal cancer: single-institution retrospective analysis. Ann Gastroenterol Surg.
(2019) 3(6):657–66. doi: 10.1002/ags3.12291

15. Grass F, Lovely JK, Crippa J, Hübner M, Mathis KL, Larson DW. Potential
association between perioperative fluid management and occurrence of
postoperative ileus. Dis Colon Rectum. (2020) 63(1):68. doi: 10.1097/DCR.
0000000000001522

16. Mulhern KC, Wahl TS, Goss LE, Feng K, Richman JS, Morris MS, et al. Reduced
disparities and improved surgical outcomes for Asian Americans with colorectal
cancer. J Surg Res. (2017) 218:23–8. doi: 10.1016/j.jss.2017.05.036
17. Koller SE, Bauer KW, Egleston BL, Smith R, Philp MM, Ross HM, et al.
Comparative effectiveness and risks of bowel preparation before elective colorectal
surgery. Ann Surg. (2018) 267(4):734. doi: 10.1097/SLA.0000000000002159

18. Lee SY, Kim CH, Kim YJ, Kim HR. Laparoscopic surgery for colorectal cancer
patients who underwent previous abdominal surgery. Surg Endosc. (2016) 30
(12):5472–80. doi: 10.1007/s00464-016-4908-8

19. Kelly KN, Iannuzzi JC, Aquina CT, Probst CP, Noyes K, Monson JRT, et al.
Timing of discharge: a key to understanding the reason for readmission after
colorectal surgery. J Gastrointest Surg. (2015) 19(3):418–28. doi: 10.1007/s11605-
014-2718-7

20. Kane WJ, Lynch KT, Hassinger TE, Hoang SC, Friel CM, Hedrick TL. Factors
associated with receipt of oral antibiotic agents and mechanical dowel preparation
before elective colectomy. Surg Infect (Larchmt). (2022) 23(1):66–72. doi: 10.1089/
sur.2021.172

21. Lee DU, Fan GH, Hastie DJ, Addonizio EA, Suh J, Prakasam VN, et al. The
clinical impact of malnutrition on the postoperative outcomes of patients
undergoing colorectal resection surgery for colon or rectal cancer: propensity score
matched analysis of 2011–2017 US hospitals. Surg Oncol. (2021) 38:101587. doi: 10.
1016/j.suronc.2021.101587

22. Wahl TS, Patel FC, Goss LE, Chu DI, Grams J, Morris MS. The obese colorectal
surgery patient: surgical site infection and outcomes. Dis Colon Rectum. (2018) 61
(8):938. doi: 10.1097/DCR.0000000000001085

23. Liu L, Liu L, Liang LC, Zhu ZQ, Wan X, Dai HB, et al. Impact of preoperative
anemia on perioperative outcomes in patients undergoing elective colorectal surgery.
Gastroenterol Res Pract. (2018) 2018:2417028. doi: 10.1155/2018/2417028

24. Drosdeck J, Harzman A, Suzo A, Arnold M, Abdel-Rasoul M, Husain S.
Multivariate analysis of risk factors for surgical site infection after laparoscopic
colorectal surgery. Surg Endosc. (2013) 27(12):4574–80. doi: 10.1007/s00464-013-
3126-x

25. Mulita F, Liolis E, Akinosoglou K, Tchabashvili L, Maroulis I, Kaplanis C, et al.
Postoperative sepsis after colorectal surgery: a prospective single-center observational
study and review of the literature. Prz Gastroenterol. (2022) 17(1):47–51. doi: 10.1007/
s11377-021-00584-6

26. Liu XR, Liu XY, Zhang B, Liu F, Li ZW, Yuan C, et al. Enhanced recovery after
colorectal surgery is a safe and effective pathway for older patients: a pooling up
analysis. Int J Colorectal Dis. (2023) 38(1):81. doi: 10.1007/s00384-023-04377-x

27. Fujii S, Tsukamoto M, Fukushima Y, Shimada R, Okamoto K, Tsuchiya T, et al.
Systematic review of laparoscopic vs open surgery for colorectal cancer in elderly
patients. World J Gastrointest Oncol. (2016) 8(7):573–82. doi: 10.4251/wjgo.v8.i7.573

28. Currie A, Malietzis G, Askari A, Nachiappan S, Swift P, Jenkins JT, et al. Impact
of chronic kidney disease on postoperative outcome following colorectal cancer
surgery. Colorectal Dis. (2014) 16(11):879–85. doi: 10.1111/codi.12665

29. Bailey MB, Davenport DL, Vargas HD, Evers BM, McKenzie SP. Longer
operative time: deterioration of clinical outcomes of laparoscopic volectomy versus
open colectomy. Dis Colon Rectum. (2014) 57(5):616–22. doi: 10.1097/dcr.
0000000000000114

30. Tevis SE, Kennedy GD. Postoperative complications: looking forward to a safer
future. Clin Colon Rectal Surg. (2016) 29(3):246–52. doi: 10.1055/s-0036-1584501

31. Soykurt A, Sadettin E, Sapmaz A, Çetinkaya E. Observation of postoperative
complications in patients that used probiotics in preoperative period of colorectal
cancer surgery. Progress in Nutrition. (2021) 23(2):e2021053. doi: 10.23751/pn.
v23i2.10145

32. Parés D. Failure to rescue in colorectal surgery: how to minimize anastomotic
leak mortality? Cir Esp. (2015) 93(8):483–4. doi: 10.1016/j.ciresp.2015.06.007

33. Hudelist G, Korell M, Burkhardt M, Chvatal R, Darici E, Dimitrova D, et al.
Rates of severe complications in patients undergoing colorectal surgery for deep
endometriosis-a retrospective multicenter observational study. Acta Obstet Gynecol
Scand. (2022) 101(10):1057–64. doi: 10.1111/aogs.14418
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1093/annonc/mdw235
https://doi.org/10.6004/jnccn.2021.0012
https://doi.org/10.1186/1754-9493-4-5
https://doi.org/10.1186/1754-9493-4-5
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.surg.2022.04.052
https://doi.org/10.1016/j.surg.2022.04.052
https://doi.org/10.1007/s40520-019-01195-6
https://doi.org/10.1016/S2468-1253(18)30031-1
https://doi.org/10.1016/j.ejso.2017.06.010
https://doi.org/10.1016/j.jviscsurg.2016.03.007
https://doi.org/10.1016/j.jviscsurg.2016.03.007
https://doi.org/10.1007/s00464-015-4247-1
https://doi.org/10.1111/codi.12618
https://doi.org/10.1111/codi.12618
https://doi.org/10.1016/j.amjsurg.2014.12.038
https://doi.org/10.1002/ags3.12291
https://doi.org/10.1097/DCR.0000000000001522
https://doi.org/10.1097/DCR.0000000000001522
https://doi.org/10.1016/j.jss.2017.05.036
https://doi.org/10.1097/SLA.0000000000002159
https://doi.org/10.1007/s00464-016-4908-8
https://doi.org/10.1007/s11605-014-2718-7
https://doi.org/10.1007/s11605-014-2718-7
https://doi.org/10.1089/sur.2021.172
https://doi.org/10.1089/sur.2021.172
https://doi.org/10.1016/j.suronc.2021.101587
https://doi.org/10.1016/j.suronc.2021.101587
https://doi.org/10.1097/DCR.0000000000001085
https://doi.org/10.1155/2018/2417028
https://doi.org/10.1007/s00464-013-3126-x
https://doi.org/10.1007/s00464-013-3126-x
https://doi.org/10.1007/s11377-021-00584-6
https://doi.org/10.1007/s11377-021-00584-6
https://doi.org/10.1007/s00384-023-04377-x
https://doi.org/10.4251/wjgo.v8.i7.573
https://doi.org/10.1111/codi.12665
https://doi.org/10.1097/dcr.0000000000000114
https://doi.org/10.1097/dcr.0000000000000114
https://doi.org/10.1055/s-0036-1584501
https://doi.org/10.23751/pn.v23i2.10145
https://doi.org/10.23751/pn.v23i2.10145
https://doi.org/10.1016/j.ciresp.2015.06.007
https://doi.org/10.1111/aogs.14418
https://doi.org/10.3389/fsurg.2024.1452223
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Andras et al. 10.3389/fsurg.2024.1452223
34. Pak H, Maghsoudi LH, Soltanian A, Gholami F. Surgical complications in
colorectal cancer patients. Ann Med Surg (Lond). (2020) 55:13–8. doi: 10.1016/j.
amsu.2020.04.024

35. Huang ZX, Zhou Z, Shi HR, Li TY, Ye SP. Postoperative complications after
robotic resection of colorectal cancer: an analysis based on 5-year experience at a
large-scale center. World J Gastrointest Surg. (2021) 13(12):1660–72. doi: 10.4240/
wjgs.v13.i12.1660

36. Kirchhoff P, Clavien PA, Hahnloser D. Complications in colorectal surgery: risk
factors and preventive strategies. Patient Saf Surg. (2010) 4(1):5. doi: 10.1186/1754-
9493-4-5

37. Jurt J, Hübner M, Pache B, Hahnloser D, Demartines N, Grass F. Respiratory
complications after colorectal surgery: avoidable or fate? World J Surg. (2018) 42
(9):2708–14. doi: 10.1007/s00268-018-4699-2

38. Scarborough JE, Schumacher J, Kent KC, Heise CP, Greenberg CC. Associations
of specific postoperative complications with outcomes after elective colon resection: a
procedure-targeted approach toward surgical quality improvement. JAMA Surg.
(2017) 152(2):e164681. doi: 10.1001/jamasurg.2016.4681

39. Zengin A, Okut G, Turgut E. Complications and management of natural orifice
specimen extraction in colorectal cancer: a narrative review. Ann Laparosc Endosc
Surg. (2022) 7:24. doi: 10.21037/ales-22-18

40. Lawler J, Choynowski M, Bailey K, Bucholc M, Johnston A, Sugrue M. Meta-
analysis of the impact of postoperative infective complications on oncological outcomes
in colorectal cancer surgery. BJS Open. (2020) 4(5):737–47. doi: 10.1002/bjs5.50302

41. Tsalikidis C, Mitsala A, Mentonis VI, Romanidis K, Pappas-Gogos G, Tsaroucha
AK, et al. Predictive factors for anastomotic leakage following colorectal cancer
surgery: where are we and where are we going? Current Oncology. (2023) 30
(3):3111–37. doi: 10.3390/curroncol30030236

42. Angelucci GP, Sinibaldi G, Orsaria P, Arcudi C, Colizza S. Morbidity and
mortality after colorectal surgery for cancer. Surgical Science. (2013) 4(11):520–4.
doi: 10.4236/ss.2013.411101

43. Zarnescu EC, Zarnescu NO, Costea R. Updates of risk factors for anastomotic
leakage after colorectal surgery. Diagnostics (Basel). (2021) 11(12):2382. doi: 10.
3390/diagnostics11122382

44. Zawadzki M, Krzystek-Korpacka M, Rząca M, Czarnecki R, Obuszko Z, Sitarska
M, et al. Risk factors in reoperations in colorectal surgery. Pol Przegl Chir. (2019) 91
(4):13–8. doi: 10.5604/01.3001.0013.1922
Frontiers in Surgery 10
45. Selvamani TY, Shoukrie SI, Malla J, Venugopal S, Selvaraj R, Dhanoa RK, et al.
Predictors that identify complications such as anastomotic leak in colorectal surgery: a
systematic review. Cureus. (2022) 14(9):e28894. doi: 10.7759/cureus.28894

46. Hyšpler R, Tichá A, Kaška M, Žaloudková L, Plíšková L, Havel E, et al. Markers
of perioperative bowel complications in colorectal surgery patients. Dis Markers.
(2015) 2015:428535. doi: 10.1155/2015/428535

47. Veyrie N, Ata T, Muscari F, Couchard AC, Msika S, Hay JM, et al. French
Associations for surgical research. Anastomotic leakage after elective right versus
left colectomy for cancer: prevalence and independent risk factors. J Am Coll Surg.
(2007) 205(6):785–93. doi: 10.1016/j.jamcollsurg.2007.06.284

48. Martin D, Romain B, Pache B, Vuagniaux A, Guarnero V, Hahnloser D, et al.
Physical activity and outcomes in colorectal surgery: a pilot prospective cohort
study. Eur Surg Res. (2020) 61(1):23–33. doi: 10.1159/000507578

49. Flynn DE, Mao D, Yerkovich ST, Franz R, Iswariah H, Hughes A, et al. The
impact of comorbidities on post-operative complications following colorectal
cancer surgery. PLoS One. (2020) 15(12):e0243995. doi: 10.1371/journal.pone.
0243995

50. Iwamoto M, Kawada K, Hida K, Hasegawa S, Sakai Y. Delayed anastomotic
leakage following laparoscopic intersphincteric resection for lower rectal cancer:
report of four cases and literature review. World J Surg Oncol. (2017) 15(1):143.
doi: 10.1186/s12957-017-1208-2

51. Morks AN, Ploeg RJ, Sijbrand Hofker H, Wiggers T, Havenga K. Late
anastomotic leakage in colorectal surgery: a significant problem. Colorectal Dis.
(2013) 15:e271–5. doi: 10.1111/codi.12167

52. Damen N, et al. Anastomotic leaks in colorectal surgery. ANZ J Surg. (2014) 84
(10):763–8. doi: 10.1111/ans.12494

53. Li YW, Lian P, Huang B, et al. Very early colorectal anastomotic leakage within 5
post-operative days: a more severe subtype needs relaparatomy. Sci Rep. (2017)
7:39936. doi: 10.1038/srep39936

54. Weber MC, Berlet M, Stoess C, Reischl S, Wilhelm D, Friess H, et al. A
nationwide population-based study on the clinical and economic burden of
anastomotic leakage in colorectal surgery. Langenbecks Arch Surg. (2023) 408(1):55.
doi: 10.1007/s00423-023-02809-4

55. Bărbulescu M, Alecu L, Boeţi P, Popescu I. Port-site metastasis after laparoscopic
surgery for colorectal cancer-still a real concern? Case report and review of the
literature. Chirurgia (Bucur). (2012) 107(1):103–7.
frontiersin.org

https://doi.org/10.1016/j.amsu.2020.04.024
https://doi.org/10.1016/j.amsu.2020.04.024
https://doi.org/10.4240/wjgs.v13.i12.1660
https://doi.org/10.4240/wjgs.v13.i12.1660
https://doi.org/10.1186/1754-9493-4-5
https://doi.org/10.1186/1754-9493-4-5
https://doi.org/10.1007/s00268-018-4699-2
https://doi.org/10.1001/jamasurg.2016.4681
https://doi.org/10.21037/ales-22-18
https://doi.org/10.1002/bjs5.50302
https://doi.org/10.3390/curroncol30030236
https://doi.org/10.4236/ss.2013.411101
https://doi.org/10.3390/diagnostics11122382
https://doi.org/10.3390/diagnostics11122382
https://doi.org/10.5604/01.3001.0013.1922
https://doi.org/10.7759/cureus.28894
https://doi.org/10.1155/2015/428535
https://doi.org/10.1016/j.jamcollsurg.2007.06.284
https://doi.org/10.1159/000507578
https://doi.org/10.1371/journal.pone.0243995
https://doi.org/10.1371/journal.pone.0243995
https://doi.org/10.1186/s12957-017-1208-2
https://doi.org/10.1111/codi.12167
https://doi.org/10.1111/ans.12494
https://doi.org/10.1038/srep39936
https://doi.org/10.1007/s00423-023-02809-4
https://doi.org/10.3389/fsurg.2024.1452223
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Analyzing postoperative complications in colorectal cancer surgery: a systematic review enhanced by artificial intelligence
	Introduction
	Material and methods
	Results
	Anastomotic dehiscence
	Port-site metastases
	Adhesions and obstructions of the small intestine
	Thrombosis
	Ileus
	Postoperative infections
	Urinary dysfunctions
	Cardiovascular dysfunction

	Discussions
	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


