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Purpose: This prospective study aimed to investigate the early outcomes of colorectal surgery in patients with colorectal cancer and 
determine their relationships with specific risk factors and comorbidities.
Patients and Methods: This study was conducted at AL-Thawra Modern General Hospital and Kuwait University Hospital in 
Sana’a, Yemen, from January 2021 to December 2022. All consecutive patients who underwent surgical intervention for colorectal 
cancer were included. Data on patient demographics, comorbidities, tumor characteristics, surgical procedures, and postoperative 
outcomes were collected.
Results: A total of 73 patients, with a mean age of 52.5 years (SD = 14.3), were included in the study. Among the patients, 44 (60.3%) were 
male, and 29 (39.7%) were female. The most frequent complication observed was surgical site infection, which occurred in 13 (17.8%) 
patients, primarily as superficial infections in 11 (15.1%) patients. Other local complications included wound dehiscence, anastomotic 
leakage, paralytic ileus, and abdominal sepsis. Systemic complications, such as pneumonia, deep vein thrombosis, acute myocardial 
infarction, and urinary tract infection, were observed in 9 patients. Significant associations were found between the development of early 
postoperative complications and various factors. Patients aged 65 years and above had a greater rate of complications than did those aged 
younger than 65 years (55% vs 22.6%, p value = 0.008). Furthermore, the presence of diabetes mellitus and low serum ALB levels (<35 g/L) 
were associated with increased complication rates (60% vs 24.1%, p value = 0.01 and 42.9% vs 8.3%, p value = 0.02, respectively).
Conclusion: Our study demonstrated favorable outcomes with no mortality and a comparable complication rate to other studies, 
despite the smaller sample size. The significant associations between postoperative complications, advanced age, diabetes mellitus, and 
low serum ALB levels highlight the importance of a multidisciplinary approach to enhancing overall patient outcomes.

Plain Language Summary: This study examined the outcomes of surgery for colorectal cancer in Yemeni patients and examined 
factors that could affect these outcomes. The researchers studied 73 patients who underwent surgery for colorectal cancer. The average 
age of the patients was 52.5 years, and there were slightly more male patients than female patients. The most common complication 
after surgery was infection at the surgical site, which affected 17.8% of patients. Other complications included problems with wound 
healing, leakage at the surgical connection, difficulty with bowel movement, and infection in the abdomen. A small number of patients 
also experienced complications in other parts of their body, such as pneumonia, blood clots, heart attack, and urinary tract infection. 

The study revealed that older patients aged 65 years and older had a greater risk of complications than younger patients. Patients 
with diabetes and low levels of a protein called albumin in their blood were also more likely to have complications after surgery. 

In conclusion, this study showed that surgery for colorectal cancer in Yemeni patients had overall good outcomes, with no deaths 
reported. However, older age, diabetes, and low ALB levels were identified as risk factors for complications. The findings highlight the 
importance of a team approach to healthcare to improve outcomes, especially for older patients and those with diabetes or low albumin 
levels. This information can help healthcare providers in Yemen better care for patients undergoing colorectal cancer surgery and 
reduce the risk of complications. 
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Introduction
In developed countries and various regions of Asia, colorectal cancer is the second most prevalent form of cancer and is 
the predominant malignancy affecting the gastrointestinal tract.1,2 The incidence rates have shown consistency over the 
past two decades, with similar incidences in both men and women.3 However, there has been a tenfold increase in 
mortality rates from colorectal cancer over the last half-century.4,5

Colorectal cancer ranks as the most common cancer among Yemeni men and is the third most common malignancy in 
Yemen overall.6

The cornerstone of treatment for nonmetastatic colorectal cancer is surgical resection, a procedure necessary for 
approximately 90% of colon cancer patients and often performed with curative intent.7,8 Surgical resection is recom-
mended for patients with confirmed adenocarcinoma of the colon without distant metastasis or contraindications to major 
surgery. Treatment approaches are tailored based on cancer stage and type.9 Despite advancements in surgical techniques, 
bowel preparation protocols, antibiotic use, and postoperative care, colorectal surgery still has a mortality rate of 3–6% 
and a morbidity rate of 20%–40%.8,10

Colorectal cancer predominantly affects the elderly population, with only a small percentage occurring in individuals 
under 40 years old.11,12 Enhancing early postoperative outcomes for colorectal cancer patients involves identifying risk 
factors and providing optimal preoperative care.13

Complications arising from colorectal surgery can be classified into two categories: intraoperative and postoperative. 
Intraoperative complications encompass issues like bleeding, as well as injuries to the bowel or urinary tract. These 
complications are influenced by factors such as abdominal adhesions, anatomical challenges, and the expertise of the 
surgeon. On the other hand, major postoperative complications include wound infections, anastomotic leaks, ileus, and 
bleeding.1,5 Among these, surgical site infection (SSI) stands out as the most prevalent postoperative complication 
following colorectal surgery. SSI not only causes significant pain and suffering for patients but is also associated with 
negative economic consequences, increased morbidity, prolonged hospital stays, readmissions, sepsis, and even 
mortality.14,15

Recent research has highlighted various risk factors impacting intra- and postoperative complications in colorectal 
surgery. Factors such as age, nutritional status, surgeon experience, bowel preparation, center volume, Enhanced 
Recovery After Surgery (ERAS) application, fluid management during surgery, and type of regional analgesia have 
been identified as significant contributors to complications.16–21

Given that colorectal cancer ranks third in Yemen and that limited data exist on surgical management in this region, our 
study aimed to outline the characteristics of surgically treated colorectal cancer patients. We seek to identify prevalent risk 
factors for operative complications and thoroughly analyze morbidity and mortality rates compared to existing studies to 
enhance our understanding of current surgical practices and facilitate improvements in patient care planning.

Materials and Methods
Study Design
This was a prospective descriptive study conducted at AL-Thawra Modern General Hospital (TMGH) and AL-Kuwait 
University Hospital (KUH) in Sana’a city, Yemen. This study aimed to investigate early complications following 
colorectal surgery among patients with colorectal cancer and their associations with risk factors and comorbidities.

Study Participants
A total of 73 patients who underwent laparotomy for colorectal cancer were included in this study. The inclusion criteria 
were patients who were diagnosed with colorectal cancer and who underwent open surgery at the TMGH or KUH 
between January 2021 and December 2022. The exclusion criteria included secondary colorectal cancer, colorectal 
lymphoma, anal cancer, laparoscopic operations for colorectal cancer, and secondary interventions for colorectal cancer.
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Data Collection
Data collection involved gathering comprehensive information on patients and their surgical outcomes using 
a standardized data collection form. These data included demographic and clinical details, symptom presentations, 
tumor characteristics, surgical procedures performed, and postoperative complications.

Surgical Technique and Perioperative Management
All operations were performed by experienced oncologic surgeons at two major teaching hospitals in Sana’a, Yemen. 
Prior to elective surgery (n=46), cases underwent preoperative optimization, including nutritional support, management 
of comorbidities, and mechanical bowel preparation. In contrast, emergency cases (n=27) required immediate resuscita-
tion and stabilization of vital signs, with efforts made to correct fluid and electrolyte imbalances as needed. All cases 
received preoperative antibiotic prophylaxis on call to surgery.

Surgical procedures were performed via an open approach for all cases under general anesthesia, utilizing a standard 
midline incision to facilitate optimal abdominal exposure. The tumor and corresponding colonic segment were resected 
in all cases using standard oncologic techniques to ensure adequate lymph node harvest. Primary anastomosis was 
performed in 40 elective cases (13 stapled and 27 hand-sewn anastomoses); in the remaining 33 cases, primary 
anastomosis was not performed. A stoma was created in 43 cases: all emergency cases (n=27), 6 elective cases as 
palliative procedures without resection, and 10 elective cases with proximal diversion to protect the anastomosis. 
Intraoperative fluid management involved crystalloid infusion at 500 mL/hr in all elective cases, while fluid administra-
tion in emergency cases was guided by the patient’s clinical and vital sign status.

Postoperatively, analgesia was achieved using a multimodal approach, including narcotics and non-steroidal anti-inflamma-
tory medications as necessary. Epidural or regional anesthetic techniques were not employed. While a formal Enhanced 
Recovery After Surgery (ERAS) protocol was not implemented, however standard fast-track surgery principles were followed 
to the extent possible in all cases. This included early mobility, the judicious use of intravenous fluids, and the prompt removal of 
drains and urinary catheters. Oral nutrition was initiated as soon as possible after the return of bowel function.

Outcome Measures
The primary outcome measures for the study included mortality rate and postoperative complications. The secondary 
outcome measures to determine the impact of demographic characteristics, comorbidities, tumor characteristics, type of 
surgical intervention on surgical outcomes in terms of early postoperative complications.

Statistical Analysis
Data were analyzed using SPSS version 26. The results are reported as percentages, means and standard deviations, or 
medians and ranges, depending on the nature of the variables. To compare quantitative variables, Student’s t-test was 
used, while the chi-square test (Pearson’s or Fisher’s exact) was used for comparing qualitative variables. In cases where 
the distribution of the samples was abnormal, the Mann‒Whitney U-test was used, as confirmed by the Kolmogorov‒ 
Smirnov test. A significance level of p < 0.05 was considered to indicate statistical significance.

Ethical Considerations
This study was conducted in accordance with the ethical guidelines of the Declaration of Helsinki. Ethical approval was 
obtained from the TMGH and KUH review boards. Informed consent was obtained from all participants before their 
inclusion in the study.

Results
A total of 73 patients (60.3% male, 39.7% female) with a median age of 53 years participated in the study. Among them, 
20.5% were smokers, 26% were qat chewers, and 18.2% engaged in both habits. Comorbidities included diabetes 
(17.8%), hypertension (9.6%), neoadjuvant chemotherapy (12.3%), neoadjuvant radiotherapy (1.4%), and ischemic heart 
disease (1.4%) (Table 1).
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Tumor locations were as follows: left colon (65.8%), right colon (19.2%), and rectum (15.1%). All patients had 
adenocarcinoma. Elective surgery was performed in 63% of patients, while emergency surgery was performed in 37% 
(Table 2). Resection was carried out in 72.6% of patients, with various types of resections performed. Anastomosis was 
performed in 54.8% of patients (Table 3).

During the 30-day postoperative period, there were no reported mortalities. Early postoperative complications 
occurred in 31.5% of patients, with surgical site infection (17.8%) being the most common. Other local complications 
included wound dehiscence (4.1%), anastomotic leakage (2.7%), paralytic ileus (4.1%), and abdominal sepsis (2.7%). 
Systemic complications occurred in 12.6% of patients, including pneumonia (4.1%), deep vein thrombosis (4.1%), acute 

Table 1 The Distribution of Patients by Special Habits and 
Comorbidities (n=73)

Special Habit and Comorbidity Frequency Percent

Smoker 15 20.5

Qat chewing 19 26

Hypertension 7 9.6

Ischemic heart disease 1 1.4

Diabetes mellitus 13 17.8

Neoadjuvant chemotherapy 9 12.3

Table 2 The Distribution of Patients by Mode of 
Presentation

Mode of Presentation Frequency Percent

Elective 46 63.0

Emergency 27 37.0

Total 73 100.0

Table 3 The Distribution of Patients by the Type of 
Surgical Resection

Surgical Resection Frequency Percent

No surgical resection 20 27.4

Right hemicolectomy 8 11.0

Extended right hemicolectomy 6 8.2

Left hemicolectomy 28 38.4

LAR 9 12.3

APR 1 1.4

Total or subtotal colectomy 1 1.4

Total 73 100%

Abbreviations: LAR, lower anterior resection; APR, Abdominoperineal 
resection.
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myocardial infarction (2.7%), and urinary tract infection (1.4%). Two patients (2.8%) experienced both local and 
systemic complications (Table 4).

Significant relationships were found between the development of early postoperative complications and age (65 years 
and above), diabetes mellitus, and low serum albumin levels (less than 35 g/L). However, no significant relationships 
were found with other variables examined in the study (Table 5). In the binary logistic regression model, patient age (p = 
0.023) and albumin levels (p = 0.002) emerged as independent predictors of postoperative complications following 
colorectal cancer surgery. Specifically, for every additional year of age, the odds of complications increased by 5.9% (OR 
1.059). Conversely, higher albumin levels were protective, with a 30.5% reduction in complication odds for every unit 
increase in albumin (OR 0.695). While there was a trend towards increased complication risk in patients with diabetes 
(OR 4.015), this factor did not reach statistical significance (p = 0.058) when controlling for age and albumin (Table 6).

Table 4 The Distribution of Patients According to 
Postoperative Complications (n=24)

Postoperative Complication Frequency Percent

Superficial incisional SSI 11 15.1

Deep incisional SSI 2 2.7

Wound dehiscence 3 4.1

Anastomotic leak 2 2.7

Abdominal sepsis or Abscess 2 2.7

Paralytic ileus 3 4.1

UTI 1 1.4

Pneumonia 3 4.1

MI 2 2.7

DVT 3 4.1

Abbreviations: SSI, surgical site infection; UTI, urinary tract infection; 
MI, myocardial infarction; DVT, deep venous thrombosis.

Table 5 Association of Related Variables with the Development of 
Early Postoperative Complications According to Univariate Analysis

Variables Complications p value

No Yes

Gender Male 32 12 0.337

Female 18 11

Age [Years] < 65 41 12 0.008*

≥65 9 11

Smoking Yes 9 6 0.309

Qat Chewing Yes 11 8 0.191

HTN Yes 4 3 0.385

IHD Yes 0 1 0.315

(Continued)
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Discussion
The diagnosis of colorectal cancer (CRC) has seen significant advancements in recent years, thanks to developments in 
deep learning and the Internet of Things (IoT). Deep learning algorithms have shown great promise in improving the 
accuracy and efficiency of CRC detection by analyzing histopathology images.22,23 These algorithms can be trained on 
large datasets of images to learn patterns and features indicative of cancer, allowing for automated classification and 
diagnosis. Implementing these algorithms in clinical practice could revolutionize the way CRC is diagnosed, potentially 
leading to earlier detection and better patient outcomes.

On the other hand, the Introduction of the IoT concept within surgical practice has also brought about transformative 
changes.24 IoT devices and sensors can provide real-time data during surgeries, enhancing the precision and safety of 
procedures. For example, IoT-enabled surgical instruments can offer real-time feedback on tissue properties, helping 
surgeons to identify and remove cancerous tissue while preserving healthy tissue more accurately. Additionally, IoT 
systems can analyze data from past surgeries to provide insights that improve future procedures. The integration of IoT 

Table 5 (Continued). 

Variables Complications p value

No Yes

DM Yes 6 9 0.008*

Neoadjuvant Chemotherapy Yes 4 5 0.104

Neoadjuvant Radiotherapy Yes 0 1 0.315

Presentation Elective 28 18 0.067

Emergency 22 5

Albumin [g ⁄ L] < 35 28 21 0.002*

≥35 22 2

Site of tumor Right colon 11 3 0.638

Left colon 32 16

Rectum 7 4

Type Anastomosis Hand sewn 19 8 0.305

Stapler 7 6

Stoma formation Yes 32 11 0.192

Anastomosis Yes 26 14 0.479

Note: *Significant p value < 0.05.

Table 6 Association Between Variables and 
Postoperative Complications by Binary Regression

Variable p-value Odds Ratio 95% CI

Age 0.023* 1.059 1.008 −1.113

DM 0.058 4.015 0.955–16.879

Albumin level 0.002* 0.695 0.552–0.876

Note: *Significant p value < 0.05. 
Abbreviation: Diabetes mellitus, DM.
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technology with deep learning algorithms could further enhance the diagnosis and treatment of CRC, creating a more 
personalized and effective approach to patient care.

In this prospective study enrolled a total of 73 patients from the TMGH and KUH who underwent open surgery for 
colorectal cancer. This study aimed to assess the outcomes of colorectal cancer surgery in these two tertiary hospitals in 
Yemen. Although the study’s strength lies in its prospective design and inclusion of all eligible patients, the small number 
of patients due to the short study period remains a major limitation.

In our study, the absence of mortality within 30 days postoperatively contrasts with findings from other studies, such 
as the study by Khan showing a 1.6% mortality rate. This discrepancy can be attributed to factors such as the smaller 
sample size and the inclusion of patients over a two-year period, as well as the predominance of elective patients with 
thorough preoperative preparation, leading to improved outcomes.13,25–27

The 30-day mortality rate after colorectal surgery may not fully capture the true risk of death following the operation. 
Mortality rates at 90 days have been suggested to provide a more accurate representation of postoperative mortality, 
especially considering that a significant number of deaths occur beyond the initial 30-day period.28 Therefore, when 
discussing operative risks with patients, it is essential to consider longer-term mortality data to provide a more 
comprehensive understanding of potential outcomes.

The incidence rate of early postoperative complications in our study was 31.5%, which is comparable to most 
published data.10,13,25,29 Khan et al reported a 34.8% complication rate, while other studies by Wang et al and Oack et al 
reported lower rates of 19.7% and 16.9%, respectively.13,30 The most common postoperative complication in our study 
was surgical site infection (SSI), which aligns with previous research.31 However, it is worth noting that our hospitals 
lacked an ongoing surveillance system for SSI, which may have affected the identification and management of such 
complications, as reported in a previous study in Pakistan.32

The average age of the patients in our study was 52 years, with the majority being younger than 65 years. This age 
group was younger than that in other studies.33–35 The higher prevalence of Qat chewing habits in Yemen, lifestyle 
factors, spicy food consumption, and a lower fiber diet may contribute to the relatively young age of patients. Genetic 
factors may also play a role, although further research is needed to explore this aspect. We found a statistically significant 
relationship between advancing age and an increased risk of complications (p value = 0.008). Older patients often have 
multiple comorbid diseases, requiring a multidisciplinary team approach that may not be well maintained in our 
hospitals.25,36

Smoking, which is associated with various hazards and may contribute to postoperative complications such as wound 
infections and impaired wound healing, was observed in 20% of patients. Additionally, Qat chewing, a common social 
habit in Yemen found in 26% of our patients, could increase the risk of developing colorectal cancer due to the use of 
illegal agricultural pesticides.

Our study revealed a lower incidence of comorbidities than other studies, with only 17.8% of patients having 
diabetes, 9.6% having hypertension, and 1.4% having a history of ischemic heart disease.37 This can be attributed to 
the younger age group of our patients. While many studies have not shown a significant relationship between 
comorbidities and postoperative complications, other studies have found a significant association between hypertension 
and diabetes and an increased risk of complications.28,32 In our study, we found a statistically significant relationship 
between diabetes and postoperative complications, with diabetic patients experiencing complications in 42.9% of patients 
and nondiabetic patients experiencing complications in 8.3% of patients (p value = 0.02). This can be attributed to poor 
diabetic control among our patients.

Neoadjuvant chemotherapy was administered to 9 patients in our study, and neoadjuvant radiotherapy was given to 1 
patient. However, we did not find a significant relationship between neoadjuvant therapy and postoperative complica-
tions, possibly due to the specific protocol followed at our institute, which delayed operative intervention after 
neoadjuvant treatment.

Low serum ALB levels were evaluated as a marker of nutritional status in our study. We found a significant 
relationship between low preoperative serum ALB levels and postoperative complications. Sixty percent of patients 
with low serum ALB levels developed complications, compared to 24.1% of patients with serum ALB levels above 35 g/ 

Open Access Surgery 2024:17                                                                                                      https://doi.org/10.2147/OAS.S465936                                                                                                                                                                                                                       

DovePress                                                                                                                          
87

Dovepress                                                                                                                                                        Al-Amry et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


dl (p value = 0.01). This finding is consistent with previous studies indicating that low serum ALB levels correlate with 
a greater risk of complications.13

Our study revealed a greater prevalence of left colon tumors than right colon tumors. This may be because our study 
focused on patients who underwent open surgery, while patients with right colon cancer often present with advanced 
disease and are not amenable to surgical interventions29,37,38 We did not find a statistically significant relationship 
between tumor location and postoperative complications. Additionally, there was no significant association between the 
mode of presentation (elective vs emergency) and postoperative complications. This can be explained by the fact that 
diversion stoma was only performed in emergency cases in our study, limiting the impact of emergency presentations on 
postoperative outcomes.39

Our finding of no significant difference between hand-sewn and stapled anastomosis in terms of postoperative 
complications aligns well with the current literature. Studies have not consistently demonstrated a clear advantage of 
either technique in reducing postoperative complications, particularly anastomotic leakage.16,28,40 Therefore, the choice 
between hand-sewing and stapling anastomoses appears to be largely dependent upon the surgeon’s preference and skill 
level rather than directly influencing postoperative outcomes. In addition, a systematic review concluded that neither 
hand-sewn nor stapled anastomoses resulted in differences in anastomotic leakage rates. Additionally, a meta-analysis 
published in 2018 revealed no difference in anastomotic leakage rates between the two techniques.41

Several limitations should be considered when interpreting the Results of our study. First, the small sample size and 
short study period limit the generalizability of our findings. A larger sample size and longer follow-up period would 
provide a more comprehensive understanding of the outcomes of colorectal cancer surgery in our setting. Second, the 
absence of a standardized surveillance system for postoperative complications, such as surgical site infections, may have 
led to underreporting and suboptimal management of such complications. Implementing a robust surveillance system 
would improve the accuracy of complication rates and facilitate timely interventions. Third, our study primarily focused 
on elective cases and did not extensively evaluate emergency presentations. This may have influenced the overall 
incidence of complications and limited our ability to assess the impact of emergency surgery on outcomes. Fourth, the 
exclusive inclusion of open surgical cases, due to the limited availability of laparoscopic surgery at our facility, may not 
reflect the practices in settings where minimally invasive techniques are more prevalent. Fifth, the lack of accurate 
preoperative (cTNM) and postoperative (pTNM) cancer staging, including the prognostic AJCC stage, due to incomplete 
and non-standardized histopathological reporting, precluded us from assessing the effect of cancer stage on postoperative 
complications. Lastly, the lack of long-term follow-up data restricts our ability to assess oncological outcomes and 
survival rates. Future studies should incorporate long-term follow-up and strive to overcome these challenges to provide 
a more comprehensive evaluation of the effectiveness of colorectal cancer surgery.

Despite the aforementioned limitations, our study contributes to the understanding of colorectal cancer surgery 
outcomes at the TMGH and KUH. The absence of mortality within the 30-day postoperative period highlights the 
success of elective surgery in our setting, although caution should be exercised in generalizing these findings due to the 
small sample size. The high incidence of postoperative complications, particularly surgical site infections, emphasizes the 
need for implementing a standardized surveillance system and improving infection control measures. This would enable 
early detection and appropriate management of complications, ultimately improving patient outcomes. The significant 
associations between advanced age, diabetes, and low serum ALB levels and postoperative complications underscore the 
importance of comprehensive preoperative assessment and patient training. Multidisciplinary collaboration and perso-
nalized care plans should be implemented to address comorbidities, nutritional status, and age-related factors, thereby 
reducing the risk of complications. Future research should focus on expanding the sample size, extending the study 
period, and incorporating long-term follow-up to provide a more robust evaluation of colorectal cancer surgery outcomes. 
Additionally, investigating the impact of neoadjuvant therapy protocols and the implementation of enhanced recovery 
after surgery (ERAS) programs may further optimize patient outcomes in our setting.

Conclusion
In Conclusion, our study yielded good outcome results with no mortality and a complication rate comparable to that of 
other studies, despite our smaller sample size. However, we did observe a significant increase in postoperative 
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complications with advanced age and the presence of diabetes mellitus and low serum ALB levels. These findings 
underscore the importance of a multidisciplinary team approach to improve overall outcomes and reduce complications 
in colorectal surgery.
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request.

Acknowledgment
This paper has been uploaded to Research Square Server as a preprint version, posted on 28 Feb 2024: https://doi.org/10. 
21203/rs.3.rs-3995106/v1.

Disclosure
The authors report no conflicts of interest in this work.

References
1. Center MM, Jemal A, Smith RA, Ward E. Worldwide variations in colorectal cancer. CA Cancer J Clin. 2009;59(6):366–378. doi:10.3322/ 

caac.20038
2. Yee YK, Tan VP, Chan P, Hung IF, Pang R, Wong BC. Epidemiology of colorectal cancer in Asia. J Gastroenterol Hepatol. 2009;24 

(12):1810–1816. doi:10.1111/j.1440-1746.2009.06138.x
3. Brunicardi FC, Andersen DK, Billiar TR, et al. Schwartz’s Principles of Surgery 2-Volume Set. 11th. McGraw Hill LLC;2019.
4. Hajimaghsoudi L, Hashemi A, Ahmadi K, Foroughian M, Ebrahimi M. Adenomyoma of the small intestine in a child, a case report. Biosci 

Biotechnol Res Asia. 2016;13(3):1601–1605. doi:10.13005/bbra/2305
5. Pak H, Maghsoudi LH, Soltanian A, Gholami F. Surgical complications in colorectal cancer patients. Annals of Medicine and Surgery. 

2020;55:13–18. doi:10.1016/J.AMSU.2020.04.024
6. Bawazir AA. Cancer incidence in Yemen from 1997 to 2011: a report from the Aden cancer registry. BMC Cancer. 2018;18(1). doi:10.1186/ 

S12885-018-4411-9
7. Singh S, Morgan MBF, Broughton M, Caffarey S, Topham C, Marks CG. A 10-year prospective audit of outcome of surgical treatment for 

colorectal carcinoma. Br J Surg. 1995;82(11):1486–1490. doi:10.1002/BJS.1800821112
8. Nelson H, Petrelli N, Carlin A, et al. Guidelines 2000 for colon and rectal cancer surgery. J Natl Cancer Inst. 2001;93(8):583–596. doi:10.1093/ 

JNCI/93.8.583
9. Charles JY, Demeester SR, Mcfadden DW, Matthews JB, Fleshman JW. Shackelford’s Surgery of the Alimentary Tract. 8th. Elsevier; 2019. 

doi:10.1016/C2015-1-00854-7
10. Sjo OH, Larsen S, Lunde OC, Nesbakken A. Short term outcome after emergency and elective surgery for colon cancer. Colorectal Dis. 2009;11 

(7):733–739. doi:10.1111/J.1463-1318.2008.01613.X
11. Ries LAG, Wingo PA, Miller DS, et al. The annual report to the nation on the status of cancer, 1973-1997, with a special section on colorectal 

cancer. Cancer. 2000;88(10):2398–2424. doi:10.1002/(SICI)1097-0142(20000515)88:10<2398::AID-CNCR26>3.0.CO;2-I
12. Marusch F, Koch A, Schmidt U, et al. Impact of age on the short-term postoperative outcome of patients undergoing surgery for colorectal 

carcinoma. Int J Colorectal Dis. 2002;17(3):177–184. doi:10.1007/S003840100344
13. Khan MR, Bari H, Raza SA. Early postoperative outcome after curative colorectal cancer surgery. Singapore Med J. 2011;52(3):195–200.
14. Mulita F, Liolis E, Akinosoglou K, et al. Postoperative sepsis after colorectal surgery: a prospective single-center observational study and review of 

the literature. Gastroenterology Review. 2022;17(1):47–51. doi:10.5114/pg.2021.106083
15. Panos G, Mulita F, Akinosoglou K, et al. Risk of surgical site infections after colorectal surgery and the most frequent pathogens isolated: 

a prospective single-centre observational study. Med Glas. 2021. doi:10.17392/1348-21
16. 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
17. Crippa J, Calini G, Santambrogio G, et al. ERAS protocol applied to oncological colorectal mini-invasive surgery reduces the surgical stress 

response and improves long-term cancer-specific survival. Surg Laparosc Endosc Percutan Tech. 2023;33(3):297–301. doi:10.1097/ 
SLE.0000000000001181

18. Calini G, Abd El Aziz MA, Solafah A, et al. Laparoscopic transversus abdominis plane block versus intrathecal analgesia in robotic colorectal 
surgery. British Journal of Surgery. 2021;108(11):e369–e370. doi:10.1093/bjs/znab294

19. Abd El Aziz MA, Grass F, Calini G, et al. Intraoperative fluid management a modifiable risk factor for surgical quality – improving standardized 
practice. Ann Surg. 2022;275(5):891–896. doi:10.1097/SLA.0000000000005384

20. Rottoli M, Spinelli A, Pellino G, et al. Effect of centre volume on pathological outcomes and postoperative complications after surgery for 
colorectal cancer: results of a multicentre national study. British Journal of Surgery. 2024;111(1). doi:10.1093/bjs/znad373

21. Koskenvuo L, Lunkka P, Varpe P, et al. Morbidity after mechanical bowel preparation and oral antibiotics prior to rectal resection. JAMA Surg. 
2024;159:606. doi:10.1001/jamasurg.2024.0184

22. Bousis D, Verras GI, Bouchagier K, et al. The role of deep learning in diagnosing colorectal cancer. Gastroenterology Review. 2023;18(3):266–273. 
doi:10.5114/pg.2023.129494

Open Access Surgery 2024:17                                                                                                      https://doi.org/10.2147/OAS.S465936                                                                                                                                                                                                                       

DovePress                                                                                                                          
89

Dovepress                                                                                                                                                        Al-Amry et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.21203/rs.3.rs-3995106/v1
https://doi.org/10.21203/rs.3.rs-3995106/v1
https://doi.org/10.3322/caac.20038
https://doi.org/10.3322/caac.20038
https://doi.org/10.1111/j.1440-1746.2009.06138.x
https://doi.org/10.13005/bbra/2305
https://doi.org/10.1016/J.AMSU.2020.04.024
https://doi.org/10.1186/S12885-018-4411-9
https://doi.org/10.1186/S12885-018-4411-9
https://doi.org/10.1002/BJS.1800821112
https://doi.org/10.1093/JNCI/93.8.583
https://doi.org/10.1093/JNCI/93.8.583
https://doi.org/10.1016/C2015-1-00854-7
https://doi.org/10.1111/J.1463-1318.2008.01613.X
https://doi.org/10.1002/(SICI)1097-0142(20000515)88:10%3C2398::AID-CNCR26%3E3.0.CO;2-I
https://doi.org/10.1007/S003840100344
https://doi.org/10.5114/pg.2021.106083
https://doi.org/10.17392/1348-21
https://doi.org/10.1186/1754-9493-4-5
https://doi.org/10.1097/SLE.0000000000001181
https://doi.org/10.1097/SLE.0000000000001181
https://doi.org/10.1093/bjs/znab294
https://doi.org/10.1097/SLA.0000000000005384
https://doi.org/10.1093/bjs/znad373
https://doi.org/10.1001/jamasurg.2024.0184
https://doi.org/10.5114/pg.2023.129494
https://www.dovepress.com
https://www.dovepress.com


23. Chlorogiannis DD, Verras GI, Tzelepi V, et al. Tissue classification and diagnosis of colorectal cancer histopathology images using deep learning 
algorithms. Is the time ripe for clinical practice implementation? Gastroenterology Review. 2023;18(4):353–367. doi:10.5114/pg.2023.130337

24. Mulita F, Verras GI, Anagnostopoulos CN, Kotis K. A smarter health through the internet of surgical things. Sensors. 2022;22(12):4577. 
doi:10.3390/s22124577

25. Cheynel N, Cortet M, Lepage C, Pablo OD, Faivre J, Bouvier AM. Incidence, patterns of failure, and prognosis of perforated colorectal cancers in a 
well-defined population. Dis Colon Rectum. 2009;52(3):406–411. doi:10.1007/DCR.0B013E318197E351

26. Alvarez JA, Baldonedo RF, Bear IG, Truán N, Pire G, Alvarez P. Presentation, treatment, and multivariate analysis of risk factors for obstructive 
and perforative colorectal carcinoma. Am J Surg. 2005;190(3):376–382. doi:10.1016/J.AMJSURG.2005.01.045

27. Borie F, Tretarre B, Marchigiano E, Daurcs JP, Millat B. Management and prognosis of colon cancer in patients with intestinal obstruction or 
peritonitis: a French population-based study. Med Sci Monit. 2005;11(6):CR266–273.

28. Tevis S, Kennedy G. Postoperative complications: looking forward to a safer future. Clin Colon Rectal Surg. 2016;29(03):246–252. doi:10.1055/ 
s-0036-1584501

29. Alves A, Panis Y, Mathieu P, Mantion G, Kwiatkowski F, Slim K. Postoperative mortality and morbidity in French patients undergoing colorectal 
surgery: results of a prospective multicenter study. Arch Surg. 2005;140(3):278–283. doi:10.1001/ARCHSURG.140.3.278

30. Wang Y, Wang H, Jiang J, Cao X, Liu Q. Early decrease in postoperative serum albumin predicts severe complications in patients with colorectal 
cancer after curative laparoscopic surgery. World J Surg Oncol. 2018;16(1):192. doi:10.1186/s12957-018-1493-4

31. Tang R, Chen HH, Wang YL, et al. Risk factors for surgical site infection after elective resection of the colon and rectum: a single-center 
prospective study of 2809 consecutive patients. Ann Surg. 2001;234(2):181–189. doi:10.1097/00000658-200108000-00007

32. Pishori T, Siddiqui AR, Ahmed M. Surgical wound infection surveillance in general surgery procedures at a teaching hospital in Pakistan. Am 
J Infect Control. 2003;31(5):296–301. doi:10.1067/mic.2003.7

33. Ocak S, Ö B, Çiftci A, Yemez K. Comparison of emergency and elective colorectal cancer surgery- a single center experience. Pol Przegl Chir. 
2021;93(2):40–42. doi:10.5604/01.3001.0014.8104

34. Elmessiry MM, Mohamed EA. Emergency curative resection of colorectal cancer, do it with caution. A comparative case series. Ann Med Surg 
(Lond). 2020;55:70–76. doi:10.1016/J.AMSU.2020.04.033

35. Lemmens VEPP, Janssen-Heijnen MLG, Houterman S, et al. Which comorbid conditions predict complications after surgery for colorectal cancer? 
World J Surg. 2007;31(1):192–199. doi:10.1007/S00268-005-0711-8

36. Wydra J, Kruszewski W, Jasinski W, et al. Is age a risk factor of postoperative complications in colorectal cancer? Pol Przegl Chir. 2013;85 
(9):491–495. doi:10.2478/PJS-2013-0076

37. Flynn DE, Mao D, Yerkovich ST, 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

38. Bilimoria KY, Palis B, Stewart AK, et al. Impact of tumor location on nodal evaluation for colon cancer. Dis Colon Rectum. 2008;51(2):154–161. 
doi:10.1007/S10350-007-9114-2

39. Tan KK, Sim R. Surgery for obstructed colorectal malignancy in an Asian population: predictors of morbidity and comparison between left- and 
right-sided cancers. J Gastrointest Surg. 2010;14(2):295–302. doi:10.1007/S11605-009-1074-5

40. Scarborough JE, Schumacher J, Kent KC, Heise CP, Greenberg CC. Associations of specific postoperative complications with outcomes after 
elective colon resection. JAMA Surg. 2017;152(2):e164681. doi:10.1001/jamasurg.2016.4681

41. Paredes Cotoré JP, López FF, Montalvo MB. Rectal cancer surgery. Foundations of Colorectal Cancer. 2021;323–329. doi:10.1016/B978-0-323- 
90055-3.00014-4

Open Access Surgery                                                                                                                        Dovepress 

Publish your work in this journal 
Open Access Surgery is an international, peer-reviewed, open access journal that focuses on all aspects of surgical procedures and interventions. 
Patient care around the peri-operative period and patient outcomes post-surgery are key topics for the journal. All grades of surgery from minor 
cosmetic interventions to major surgical procedures are covered. Novel techniques and the utilization of new instruments and materials, including 
implants and prostheses that optimize outcomes constitute major areas of interest. The manuscript management system is completely online and 
includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes 
from published authors.  

Submit your manuscript here: https://www.dovepress.com/open-access-surgery-journal

DovePress                                                                                                                                 Open Access Surgery 2024:17 90

Al-Amry et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.5114/pg.2023.130337
https://doi.org/10.3390/s22124577
https://doi.org/10.1007/DCR.0B013E318197E351
https://doi.org/10.1016/J.AMJSURG.2005.01.045
https://doi.org/10.1055/s-0036-1584501
https://doi.org/10.1055/s-0036-1584501
https://doi.org/10.1001/ARCHSURG.140.3.278
https://doi.org/10.1186/s12957-018-1493-4
https://doi.org/10.1097/00000658-200108000-00007
https://doi.org/10.1067/mic.2003.7
https://doi.org/10.5604/01.3001.0014.8104
https://doi.org/10.1016/J.AMSU.2020.04.033
https://doi.org/10.1007/S00268-005-0711-8
https://doi.org/10.2478/PJS-2013-0076
https://doi.org/10.1371/journal.pone.0243995
https://doi.org/10.1007/S10350-007-9114-2
https://doi.org/10.1007/S11605-009-1074-5
https://doi.org/10.1001/jamasurg.2016.4681
https://doi.org/10.1016/B978-0-323-90055-3.00014-4
https://doi.org/10.1016/B978-0-323-90055-3.00014-4
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Study Design
	Study Participants
	Data Collection
	Surgical Technique and Perioperative Management
	Outcome Measures
	Statistical Analysis
	Ethical Considerations

	Results
	Discussion
	Conclusion
	Data Sharing Statement
	Acknowledgment
	Disclosure

