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Oncologic safety and quality of surgery for colorectal cancer in a university teaching center
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ABSTRACT
Introduction: It is essential that each surgical team audit the quality of their surgeries, especially in a teaching center that must guarantee appropriate training of oncologic surgery. 
Objective: To evaluate the quality of oncologic surgery for colorectal cancer (CRC) in a university hospital. 
Material and methods: Retrospective study based on a prospective database of patients operated on for CRC at the Pasteur hospital between 2017 and 2021. Safety of surgery, oncologic quality of the resection and training level of the main surgeon were analyzed. 
Results: Eighty-nine patients were included (no gender differences, median age 69 years). The predominant tumor characteristics were pT3 (50%) and pT4 (36.5%), pN0 (60%) and pN1 (29%). The most performed procedures were right colectomy (43%) and anterior rectal resection (40%). Sixty-nine percent were laparoscopic, with a conversion rate of 5%. Anastomotic dehiscence was 9.9%, more frequent in ileotransverse (13%) and hand-sewn anastomosis (16%). There were 10.1% of moderate/severe surgical complications (grades 3 and 4 of Clavien-Dindo classification). Reoperation rate was 11.2% and mortality 2.2%. Median hospital stay was 7 days. The median number of excised lymph nodes was 16. There was no involvement of the distal margin and the circumferential margin was free in 85% of cases. The rectal fascia was complete/almost complete in 93% of the specimens. Almost 70% of surgical procedures were performed by young surgeons. 
Conclusion: In our center, CRC surgery achieved international standards of oncologic safety and quality. Most of the procedures were performed by residents and surgeons in training, mentored by senior staff. 
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INTRODUCTION
Oncologic surgery is the mainstay of the supposedly curative treatment of colorectal carcinoma (CRC). In this context, it is especially important to offer safe and quality cancer surgery.
There is wide variability in reported surgical outcomes between different surgical teams and centers. In recent decades, the surgical community has been concerned with standardizing colorectal oncologic surgery, with the aim of auditing, monitoring and progressively improving results. To measure and compare them reliably, different quality indicators have been created. It is essential that each surgical team audit the quality of their surgeries, even more so in a teaching center, which must guarantee the correct learning of oncologic surgery.
The aim of this study is to assess the safety and quality of CRC surgery performed in a university teaching center.

MATERIAL AND METHODS
For this retrospective, descriptive study, a prospective database of patients operated on by the Coloproctology Unit of the Surgical Clinic "1" of Hospital Pasteur was used. Eighty-nine consecutive patients operated on for colorectal tumors between December 2017 and September 2021 (45 months) were included. Those who underwent emergency surgery for non-neoplastic pathology and/or with poor data recording were excluded. The following variables were analyzed: 1) safety of the procedure, 2) oncologic quality of the resection, and 3) level of training of the main surgeon. The selected indicators were: 1) surgical safety indicators: anastomotic dehiscence (AD), postoperative surgical complications, reoperations, mortality, and postoperative stay. Postoperative surgical complications were analyzed according to the Clavien-Dindo1 classification, considering grades I and II to be mild and grades III and IV as moderate/severe, considering postoperative mortality that which occurs within 30 days after surgery. 2) Oncologic quality indicators of resection: number of lymph nodes removed, distal and circumferential resection margins and quality of mesorectal excision in rectal cancer. Circumferential resection margin (CRM) was considered negative when it was >1 mm.2 The integrity of the mesorectal fascia after mesorectal excision was classified by Quirke as complete (mesorectal plane), nearly complete (intramesorectal plane), or incomplete (muscularis propria plane),3 3) training level of the surgical team: the time of academic training was considered according to the year of residency (R1 to R5), teaching assistant (grade II), adjunct professor (grade III) and associate professor (grade IV and head of Unit). 
The study was conducted in accordance with international ethical standards for biomedical research: Mercosur regulations on the regulation of clinical studies4 and the Declaration of Helsinki5 and the research regulations approved by the National Ethics Commission in 2019.6 The study was approved by the Ethics Committee of our hospital.

RESULTS
Population and tumor characteristics
Of the 89 patients included, 48 were women (54%). The median age was 69 (24-90) years, 35% were ≥75 years old.
The predominant tumor location was the right colon in 34 (38%) cases, followed by the rectum in 23 (26%) and the sigmoid colon in 18 (20%). One patient had synchronous CRC (right colon and rectum). There was one case of familial adenomatous polyposis syndrome with a sigmoid tumor. One case of recurrent rectal cancer at the level of the anastomosis and 1 adenocarcinoma of the last ileal loop adhered to the ascending colon treated with right colectomy, were included.
Eleven out of 23 rectal adenocarcinomas were infraperitoneal and all received complete neoadjuvant chemoradiotherapy.
The most frequent surgical procedures were right colectomy in 39 (43%) cases and anterior resection of the rectum (AR) in 36 (40%) cases (Figs. 1 and 2). In 9 (10%) cases, an extended en bloc resection with neighboring organs was necessary. There were 2 abdominoperineal resections due to lower rectal cancer. The series also includes 4 ultra-low ARs and a combined laparoscopic abdominal approach with minimally invasive transanal total mesorectal excision (TaTME).
The laparoscopic approach was performed in 61 (69%) cases, with a conversion rate of 5% (3 cases). The remaining 28 (31%) were conventional cases. In most patients (81/89) a primary anastomosis could be performed, 63 (78%) were stapled and 18 (22%) hand-sewn. The latter were all ileocolic anastomoses, while all the colocolic and colorectal anastomoses were stapled.
The final pathological staging (pTNM) showed a predominance of pT3 tumors with 44 (50%) cases and pT4 with 32 (36.5%) cases. Fifty-three (60%) cases were N0 and 26 (29%) N1. There was a loss of 2 pathology reports (Table 1).
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Figure 1. Specimen from a rigth colectomy for rectal cancer. The integrity of the mesocolon and the ligation at the origin of the ileocolic vessels are shown.
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Figure 2. Specimen from an anterior resection of the rectum. Note the integrity of the mesorectum.



Table 1. Tumor location and characteristics of the procedures performed.
	
	N= 89

	Gender 
    Feminine 
    Male 
	
48 (54)
41 (46)

	Age, years 
median (range)
	
69 (24-90)

	Tumor topography 
    Right colon 
    Transverse colon 
    Left colon 
    Sigmoid colon 
    Rectum 
      Infraperitoneal 
      Neoadjuvant treatment
Synchronous tumor (right colon and rectum)
	
34 (38)
5 (6)
8 (9)
18 (20)
23 (26)
11 (48)
11 (100)
1 (1)

	Surgical procedure 
    Right colectomy 
    Left colectomy 
    Sigmoidectomy 
    Anterior resection 
    Ultra-low anterior resection 
    Abdominoperineal resection
    Total colectomy
	N=91* 
39 (43)
3 (3)
6 (7)
36 (40)
4 (4)
2 (2)
1 (1)

	Anastomosis
Primary
End colostomy
	
81 (91)
8 (9)

	Type of anastomosis
Hand-sewn
Stapled
	N=81
18 (22)
63 (78)

	Approach
Open
Laparoscopic
Conversion
Lap TaTME
	
28 (31)
60 (68)
3 (5)
1 (1)



* One cancer of the rectum and one of the ileum adhered to the ascending colon treated with a right colectomy, were included. 
Lap TaTME: combined laparoscopic abdominal approach with transanal total mesorectal excision. 
The numbers in parentheses correspond to percentages, unless otherwise specified.


Safety indicators
1. Anastomotic dehiscence: The overall rate was 9.9% (8/81), more frequent in ileotransverse anastomosis with 5/39 (12.8%) cases than in colorectal anastomosis with 3/36 (8.3%) cases. Hand-sewn anastomosis was associated with a higher failure rate than stapled anastomosis (3/18: 16.7% vs. 5/63: 7.9%)
2. Postoperative surgical complications: Of 89 operated patients, 36 presented some postoperative complication, 17 medical and 19 surgical. Thus, the rate was 21.3% (19/89) with 10.1% (9/89) of Clavien-Dindo grade III and IV complications, including 8 AD and 1 incisional hernia. The most frequent complication was surgical wound infection, 16.8% (15/89), greater in open surgery with 21.4% (6/28) than in laparoscopic surgery with 14.7% (9/61).
3. Reoperations: The rate was 11.2% (10/89 patients). The causes were: 8 AD, 1 evisceration and 1 presacral collection. One patient with AD required 2 reoperations.
4. Postoperative mortality: The rate was 2.2%. One patient died on day 3 due to cardiorespiratory arrest and another on day 15 due to AD. Mortality after AD was 12.5% ​​(1/8).
5. Postoperative hospital stay: The average hospital stay was 11 days, with a median of 7 (range 3-42) days. In 80.5% of patients (66/82 registered cases) a partial application of the "enhanced recovery after surgery" (ERAS) protocol was performed (Table 2). 
Table 2. Safety indicators in surgery.
	
	N = 89

	Postoperative morbidity 
Without complications
Minor complications: Clavien-Dindo I-II
Major complications: Clavien-Dindo III-IV
Anastomotic dehiscence
	
53 (59,5)
27 (30,3)
9 (10,1)
8/81 (9,9)

	Reoperations
Due to anastomotic dehiscence
	10 (11,2)
9 (73)

	Postoperative hospital stay, days
median (range)
	7 (3-42)

	Mortality
	2 (2,2)



The numbers in parentheses correspond to percentages, unless otherwise specified.

Indicators of the oncologic quality of the resection
1. Number of nodes removed: The overall lymph node harvest had a median of 16 (range 2-137) nodes and a mean of 19. The maximum number of nodes removed was obtained at total colectomy. If this procedure is excluded, the median number of lymph nodes removed remained 16 (range 2-42). Of the total number of resections, 12 or more lymph nodes were collected in 75.3% (55/73) of the correctly recorded cases. Considering the location of the tumor, in the intraperitoneal resections the number of nodes had a median of 17 and a mean of 20. Twelve or more nodes were removed in 80.6% (50/62) of the cases adequately registered, while in postneoadjuvant infraperitoneal resections, the median number of nodes was 11, with a mean of 10.7, and only 45.5% (5/11) patients had ≥12 nodes removed. Of the total number of removed lymph nodes (1,377), 105 were metastatic. This results in a lymph node ratio (node ​​positive/node removed) of 0.076.
2. Distal and circumferential resection margins in rectal cancer: The distal resection margin in millimeters was detailed in all postoperative pathology reports. In general, the mean was 20 (range 1-120) mm, 25 (range 1-120) mm for intraperitoneal rectal tumors, and 19 (range 5-45) mm for infraperitoneal tumors. CRM was reported in 87% (20/23) of the histopathological studies for rectal cancer. It was negative (>1 mm) in 85% (17/20) of the cases. In 2 of the 3 positive cases the distance was <1 mm and in the remaining case the tumor reached the resection margin. When discriminating the CRM according to the height of the rectal tumor, in intraperitoneal tumors the median was 14 (range 1-33) mm, being negative in 90% (9/10) of the cases. Only one was <1 mm. In infraperitoneal tumors, the median was 5 (range 0-20) mm, being negative in 80% (8/10) of cases. In the remaining two cases, the CRM was <1 mm (in one case due to direct contact with the resection margin).
3. Integrity of the rectal fascia (quality of the mesorectal excision): Of the total of 42 procedures with mesorectal excision (36 AR, 4 ultra-low anterior resections and 2 abdominoperineal resections), the indemnity of the rectal fascia was recorded in 15 (35, 7%) of pathology reports. The mesorectum was complete in 11 cases, almost complete in 3, and incomplete in 1. According to the type of mesorectal excision, of 10 partial excisions, 9 had a complete mesorectum and 1 almost complete. In 5 total mesorectal excisions, the mesorectum was complete in 2, almost complete in 2, and incomplete in 1 (Table 3).


Table 3. Postoperative staging and oncologic quality indicators.
	pT 
pT0
pT1
pT2
pT3
pT4
pN 
pN0
pN1
pN2
	N=87
2 (2)
2 (2)
7 (8)
44 (50)
32 (37)
N=87
53 (60)
26 (29)
8 (9)

	Number of nodes removed
Median
	N=73
16 

	Quality of mesorectal excision (Quirke)
    Incomplete
    Almost complete
    Complete
	N=15
1 (7)
3 (20)
11 (73)

	CRM (rectal tumors)
<1 mm
	N=20
2

	DM (rectal tumors)
<5 mm  
	N=24
1


                      CRM: circumferential resection margin. DM: Distal margin.
Training level of the main surgeon in each surgery
Participation as main surgeon was distributed as follows: residents 33.7% (two R2, 7 R3 and 20 R4), 33.5% GII, 23.6% GIII and 9% GIV (head of unit). In all cases in which the main surgeon was a resident or GII, the procedure was supervised by a senior staff member who was part of the surgical team (Table 4).
Table 4. Training level of the main surgeon.
	Main surgeon
	N = 89 (%)

	R1
	0

	R2
	3 (3)

	R3
	7 (8)

	R4
	20 (23)

	R5
	0 

	Teaching assistant (GII)
	30 (34)

	Adjunct Professor (GIII)
	21 (23)

	Associate Professor (GIV)
	8 (9)




DISCUSSION
Currently, the medical and surgical profession focuses on offering quality care, which can be defined as the degree to which health services achieve the expected outcome for a given pathology.7 In order to evaluate it, quality indicators are used. These are quantitative measurements that allow the results of a treatment to be objectively assessed, audited and monitored. Reference values ​​for each indicator allow the results of each team to be compared.8
In this context, colorectal oncologic surgery has evolved towards the standardization of perioperative care and surgical procedures, with the aim of offering optimal results in terms of safety and technical quality. This has led to proposing different variables as quality indicators in colorectal surgery.9-19 
In our study we have selected different quality indicators for the evaluation of the safety and oncologic quality of CRC surgery. Our study population presents the usual demographics for this pathology in our country, with comparable involvement of both sexes and maximum incidence in the 7th decade of life.20-22
The distribution by tumor location was as expected, predominantly in the right colon, rectum and sigmoid colon. Thus, the most performed oncological resections were right colectomy and AR. Almost half of the rectal tumors were infraperitoneal (48%), which entail greater difficulty in their resection and worse prognosis.23 All received neoadjuvant treatment, the usual practice in our unit.
Almost 90% were advanced tumors, pT3-T4, and 40% had positive lymph nodes, reflecting a failure of national screening programs for early detection of CRC.24
Most of the procedures were laparoscopic (70%), with a conversion rate of 5%; within international parameters.2 It is worth mentioning that laparoscopic colorectal surgery in our unit has had a strong boost in recent years, through tutored and progressive learning. In this context, registering, auditing and communicating our results become essential.
Regarding safety indicators of colorectal surgery, anastomotic dehiscence is the most feared complication, since it increases morbidity and mortality. We recorded an AD rate of 9.9%, similar to that reported in different publications.18,25-28 The collaborative group of the European Society of Coloproctology29 reports an overall incidence of 8.3% for ileocolic anastomoses. The Spanish Association of Coloproctology establishes an overall rate of <5% as a standard, with an accepted threshold of up to 10%.18 The German Cancer Society accepts a reoperation rate for AD of <6% for colon resections and <15% for rectum resections, and 9-10% for all colorectal resections.16 
In the present study, AD was more frequent in ileocolic and hand-sewn anastomoses. This striking fact could be explained by the change we have had in ileocolic anastomosis. Initially most were extracorporeal, while in the last 18 months most were intracorporeal, noting a decrease in the frequency of this complication. 
The AD rate for colorectal anastomosis (8.3%) is within ​​expected by international guidelines.16 Cong et al.25report a rate of 8.6% in rectal surgery. 
In our series, the rate of postoperative surgical complications was 21%, 10% of them moderate-severe (Clavien-Dindo grades 3 and 4) and wound infection the most frequent (17%), figures within the reference standards. The AEC has established a cut-off value of ≤ 25% for surgical site infection.18 The German guidelines admit up to 10% of grade III complications as a desired value.16
The acceptable rate of reoperations for colorectal surgery ranges between 6 and 15%.16,18 A Norwegian prospective, observational, multicenter study showed a reoperation rate of 8.7%. In our study, it was 11.2%.31
Postoperative mortality is a recognized  quality indicator. It has been established that after elective colorectal surgery it should not exceed 5-7%.16,18,32 Mortality in our series it was 2.2%, a value similar to that reported by the Spanish ANACO study for colon cancer. Van der Sluis et al.28reported  a mortality rate of 4.6% for elective surgery. 
The mortality rate due to AD is another classic indicator, since it reflects the response capacity in the face of a serious complication, translating the complexity of the surgical unit and the care center. In our series it was 12.5% ​​(1/8 AD), for a rate established by the literature between 11 and 17%.34,35
Postoperative hospital stay (median 7 days) was similar to that reported in different reference publications.17,18,32 It is likely that it can be reduced through better implementation of the ERAS protocol. The socioeconomic level of the population we treat in our hospital must be highlighted, since few patients can meet the standards of perioperative care at home.
Regarding the quality indicators of oncological resection, an oncologically satisfactory colectomy must remove a minimum of 12 lymph nodes to allow correct staging and this has been considered a favorable factor in survival.36,37 This cut-off value is controversial, since the final number of lymph nodes detected depends on anatomical and biological factors, the treatment previously performed (neoadjuvant treatment), the surgeon and the pathologist who performs the study.38 In our series, the median lymph node harvest was 16 nodes, complying with the mentioned value. Twelve or more lymph nodes were removed in 75% of cases, coinciding with other national series.21,28 However, the German school recommends that this rate should be achieved in ≥95% for elective surgery.16 The median lymph node count fell to 11 and the rate of  ≥ 12 nodes resection to 45.5% in the subgroup of rectal tumors who received neoadjuvant therapy. The decrease is explained in part by the sterilization and destruction of some mesorectal nodes due to the effect of radiotherapy. This fact is well known and has been reflected in other national publications.22 
In rectal cancer, mesorectal excision is the technique of choice. This procedure is technically challenging, especially in low tumors, large lesions, narrow pelvis, or obese patients. In this context, it is critical to obtain tumor-free resection margins, since their involvement increases the risk of local recurrence and worsens the prognosis.23 In Germany, it has been established that R0 resections should exceed 90%.16
The distal resection margin is of special interest in lower rectal cancer, due to the proximity of the sphincter complex. In these cases, a distal margin of 5 to 20 mm is acceptable. In our series, it was 20 mm, 19 mm for infraperitoneal tumors. In no case there was direct involvement by tumor, although in one case the DM was only 1 mm.
The CRM  in our series was negative (>1 mm) in 85% of cases, a somewhat lower rate than the standard established by the German school.16 Discriminating it by tumor location, it was 90% for intraperitoneal tumors and 80% for infraperitoneal tumors. This difference is expected due to the lower thickness of the mesorectum in the last cm of the rectum and the greater technical difficulty for resection of low lesions.
The assessment of integrity of the mesorectal fascia is another indicator of quality, auditing the pathologist whether the surgical dissection was carried out in the correct plane.3-39 It has been determined that it should be good or moderate in at least 70% of rectal tumors.16 We must emphasize that in our series this data was specifically reported by the pathologist only in 15 of the 42 procedures in which mesorectal excisions were performed, constituting a significant loss of data for this variable (64%) . The structure of the fascia was complete in 11 of the 15 reported cases (73%) and satisfactory ‒complete or nearly complete‒ in 14 cases (93%). These values ​​were maintained when exclusively considering infraperitoneal tumors, since mesorectal integrity was satisfactory in 4 of 5 lesions in this location. Our results are somewhat superior to those reported by another national series.22 
We believe that the record of mesorectal integrity can be improved by including the pathologist in the clinical meetings of the multidisciplinary team.
Regarding the training level of the main surgeon, the Coloproctology Unit prioritizes comprehensive training of residents and young teachers, by teaching standardized and tutored surgery in the surgical block by members of the senior staff (grades III-IV). Almost 70% of the procedures were performed by residents and young surgeons, all of them tutored by senior teachers who make up the surgical team. The most difficult cases were performed by senior surgeons, reflecting an adequate distribution of procedures according to their complexity, providing each patient with safe and quality surgery.
The present study has the limitation of a retrospective series with a limited number of cases, but adjusted to the reality of our country. In some analyzed variables there was loss of data. However, it has the merit of reflecting real data from our usual practice, allowing verification and identification of areas for improvement.

CONCLUSIONS
This study highlights the importance of surgical teams auditing the quality of their surgical procedures, even more so in a teaching center where the correct learning of the surgical technique must be guaranteed.
To evaluate our results, different safety and quality indicators for CRC resection were measured.
In this series, advanced T3-T4 CRC, operated on mainly laparoscopically, with a low conversion rate, predominated widely.
All oncological quality and safety indicators were satisfactory, within internationally accepted standards.
These results were obtained in the context of a teaching unit, in which most of the procedures were performed by residents and surgeons in training. This highlights the importance of teamwork, the standardization of the surgical technique and its teaching tutored by surgeons with experience in colorectal surgery.
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