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Email: ionut.negoi@umfcd.ro Methods: An international prospective multicentre audit was conducted in which adults
undergoing elective or emergency colorectal resection during a 6-week period (January-
April 2022) at participating hospitals were included. Data on patient demographics, in-
dications, surgical approach (open, laparoscopic or robotic) and 30-day postoperative
outcomes (complications, reoperation and mortality) were collected for analysis. The
outcomes were analysed and compared with those of previous audits to identify trends
in colorectal surgery.

Results: The study enrolled 3521 patients (56.8% men) from 216 hospitals across 53 coun-
tries. In 72.2% of the cases, the indication for resection was malignancy, followed by diver-
ticular disease in 9.0%, Crohn's disease in 3.7% and ulcerative colitis in 2.3% of the cases.
Of the surgeries, 74.4% were elective. Minimally invasive surgery was performed in 55.2%
of the cases (48.7% laparoscopic and 6.5% robotic). Primary anastomosis was performed
in 90.3% of the patients. The 30-day anastomotic leak rate was 7.96%; in malignant and
benign diseases, the leak rates were 7.3% and 10.2%, respectively. The leak rates for right,
left, anterior rectal resection, pouch and subtotal colectomy were 6.9%, 7.7%, 9.7%, 16.0%
and 11.8%, respectively. In the multivariable analysis, the risk factors for leakage included
male sex (9.3% vs. 6.3%, OR=0.69, 95% Cl 0.51-0.95, p=0.023) and emergency surgery
(11.4% vs. 7.1%, OR=1.58, 95% Cl 1.10-2.27, p=0.013). Thirty-day mortality was 2.38%.
Conclusions: This large international audit provides the status of the management of
colorectal surgery. This shows that minimally invasive techniques are widely adopted,
and 30-day mortality is low; however, anastomotic leak rates remain persistently high.
These findings highlight the ongoing need for targeted research and quality-improvement

initiatives to reduce anastomotic failure and improve outcomes of colorectal surgery.
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INTRODUCTION

Colorectal cancer (CRC) represents the third cause of cancer-related
mortality [1], with surgery being the primary curative treatment [2].
Colorectal resections are also performed for benign diseases, in-
cluding complicated diverticulitis and inflammatory bowel disease,
both of which account for significant colorectal surgical volume [3].
A recent nationwide analysis reported that nearly one-quarter of
left-sided colectomies were performed for diverticulitis [4].

Over the past few decades, advances in surgical techniques,
such as minimally invasive surgery, perioperative care (enhanced
recovery after surgery protocols), imaging and intensive care, have
improved the outcomes of colorectal surgeries [5]. However, col-
orectal resection is still associated with considerable postoperative
morbidity, and anastomotic leak remains one of the most severe
complications, with an incidence rate of approximately 8.1% in a
recent series [6, 7]. In the 2015 ESCP audit of right colectomies,
30-day mortality increased from 1.6% in patients without leaks to
10.7% in those with leaks [8].

Marked international heterogeneity in colorectal surgical prac-
tices and outcomes complicates systematic quality improvement.
In the GlobalSurg 3 study, 30-day mortality after CRC surgery was
approximately four-fold higher in low-income settings and approx-
imately two-fold higher in lower-middle-income settings than in
high-income countries [9]. While case mix and disease presentation
contribute, differences are driven mainly by disparities in perioper-
ative care, infrastructure and the ability to identify complications.
These findings highlight the need for contemporary benchmarking
to identify best practices and drive global quality improvements.
Multicentre audits have proven effective for evaluating prac-
tice and outcomes in colorectal surgery. The European Society of
Coloproctology (ESCP) has coordinated snapshot audits across
countries, generating large contemporary datasets [6, 10-13].

The ESCP 2022 COloRectal Resection Audit (CORREA) aimed to
enrol all adult patients undergoing elective or emergency colorectal
resection across participating centres to characterise contempo-
rary surgical practice, perioperative management and short-term
(30-day) outcomes in diverse healthcare settings. A further objec-
tive was to generate up-to-date benchmarks that inform the ESCP
quality-improvement initiatives and identify priorities for future re-
search to enhance patient care.

METHODS
Study design and setting

The ESCP CORREA 2022 study was a prospective, multicentre co-
hort study conducted as an international snapshot audit [14]. This
methodology allowed the generation of large contemporaneous
datasets that reflect real-world practices and enable comparisons
across units and regions. The CORREA audit was internationally ac-
cessible to hospitals performing colorectal surgery and was organised

What does this paper add to the literature?

European Society of Coloproctology CORREA 2022 audit
provides updated real-world benchmarks, enrolling 3521
patients from 216 hospitals in 53 countries, extending
2015/2017 audits. MIS predominated (55.2%; 48.7% lapa-
roscopic, 6.5% robotic); mortality was 2.38%, yet leaks
persisted (7.96%), linked to male sex (9.3% vs. 6.3%) and
emergency surgery (11.4% vs. 7.1%), driving research and

quality improvement.

by the ESCP Cohort Studies Working Group [14]. Recruitment was
conducted through ESCP dissemination channels, targeting centres
that had previously participated in ESCP audits, as well as all ESCP
members; participating centres were self-selected.

Patient inclusion and data collection

Each participating site identified all consecutive patients during a
self-selected 6-week interval, starting between the 17th of January
2022 and 30th of April 2022. This rolling start window allowed flex-
ibility for centres to commence data collection at any time in the
first quarter of 2022 (6 weeks per site). The inclusion criteria were
adults aged 218years who underwent colorectal resection (defined
as excision of any part of the colon and/or rectum) during the study
period. This included both elective and emergency surgeries and any
indication (neoplastic (malignant and benign), inflammatory (diver-
ticular disease, inflammatory bowel disease) and trauma). Resections
with or without anastomosis (i.e., primary anastomosis or end stoma
formation) were included. There were no specific exclusion criteria,
aside from age < 18years and procedures not involving resection of
the colon/rectum (stoma closure, stricturoplasty with or without
colorectal resection, pelvic exenteration, more than one anastomo-
sis or cytoreductive surgery).

Local investigators prospectively collected data from each site
using a standardised electronic case report form in the secure online
REDCap database hosted by the University of Birmingham. To en-
sure data quality, all fields had predefined options and range checks.
Anonymised patient identifiers were used to verify completeness
and follow-up. No identifiable patient information was collected.
A collaborative authorship model was used, with all investigators
contributing data included as PubMed-citable co-authors under the
group name, in line with other publications from this group (refer-
ences to previous audit publications).

Variables and definitions

Patient variables, including age, sex, body mass index (BMI),
American Society of Anaesthesiologists (ASA) physical classification
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(categorised as 1-2 vs. 23), and comorbidities (including cardiovascu-
lar disease and diabetes), were also recorded. Obesity was classified
according to the World Health Organisation criteria [15]. Disease vari-
ables: Indications for surgery were categorised (CRC, benign polyps,
inflammatory bowel disease, diverticular disease and others). Specific
details were collected for Crohn's disease, ulcerative colitis and can-
cer (including histopathological results) [14]. Operative variables in-
cluded the urgency of surgery (elective, expedited - within 2weeks of
decision, or emergency - within 24 hours of decision), type of resec-
tion (right hemicolectomy, left/sigmoid colectomy, anterior resection,
abdominoperineal resection or subtotal/total colectomy) and stoma
formation. The surgical approach was defined as the approach at the
start of the operation and categorised as open, laparoscopic or ro-
botic. Conversions from the minimally invasive to the open approach
were also monitored. For anastomoses, the technique was docu-
mented as hand-sewn versus stapled and whether diversion (proximal
protective stoma) was created. A structured form for the anastomotic
technique was included, noting the configuration (end-to-end or side-
to-side) and intraoperative leak testing to enable later analysis of the
technique on the outcomes. The surgeon's specialisation (colorectal
specialist vs. general surgeon) was also recorded. Outcomes: 30-day
postoperative complications, reoperations, enhanced recovery pro-
gramme details, hospital stay and 30-day readmission rate. Surgical
site infections were defined according to the Centers for Disease

Control and Prevention criteria [16].

Data analysis

At the end of the data collection (database lock on 11th of July2022),
the steering group cleaned and analysed the combined dataset.
Summary statistics were used to describe the cohort. Categorical
variables are presented as frequencies with corresponding percent-
ages, whereas continuous variables are described using either the
mean +standard deviation or the median with the interquartile range,
as appropriate. Chi-square tests were used to assess the differences
between groups. Multivariable logistic regression was employed to
identify independent risk factors for anastomotic leakage, with vari-
ables selected based on clinical relevance and univariate significance.
A two-sided p<0.05 was considered to be statistically significant. This
study followed the STROBE guidelines for observational studies.

Ethical considerations

Formal research ethics committee approvals were obtained where
needed, although this was not necessary in many participating
centres, as this was viewed as an audit of routine practice with an-
onymised data collection. Each collaborating investigator/unit was
responsible for complying with local audit/governance requirements.
The audit protocol was approved by the ESCP Research Committee
and circulated among all collaborators. According to the local policy
of the participating hospitals, patient consent was obtained for the

R

inclusion of deidentified data. The study was registered with clinical

audit registries, as required by individual hospitals.

RESULTS
Patient characteristics

The audit included 3521 patients who underwent colorectal resec-
tion at 216 hospitals across 53 countries (Figure 1, Table 1). The final
cohort comprised academic teaching hospitals, district general hos-
pitals and tertiary referral centres across Europe, Africa, Asia, the
Americas (South America and the Caribbean) and Australasia. The
cohort was predominantly middle-aged and elderly, with 36.5% aged
55-70years and 39.9% above 70years. Males comprised 56.8%, and
BMI distribution showed 28.7% obese, 30.1% overweight and 11.4%
underweight. Most patients (64.6%) were low risk (ASA grade I-1l).
Comorbidities included ischaemic heart disease or stroke in 11.7%
and diabetes in 17.7%. Regarding smoking, 60.1% never smoked,
14.5% were current smokers and the rest were former smokers. No
significant differences existed between surgical groups in cardiovas-
cular comorbidities, diabetes or smoking status (p=0.200, p=0.064,
p=0.096). Malignancy was the main indication (72.2%), followed by
diverticular disease (9.0%), Crohn's disease (3.7%) and other con-
ditions. Preoperative neoadjuvant treatment varied by approach
(p<0.001), with 27.2% robotic, 14.3% laparoscopic and 11.6% open
surgery patients receiving therapy. Short- and long-course chemora-

diotherapy rates were similar between groups.

Surgical approach

Half of colorectal resections used minimally invasive surgery, with
48.7% (n=1680) laparoscopic and 6.5% (n=224) robotic (Table 2).
Open surgery comprised 36.1% (n=1246) of the cases, while con-
version rates to open surgery were 14.6% for laparoscopic and 4.3%
for robotic approaches, representing 8.4% and 0.3% of the total
cases, respectively.

The analysis showed correlations between surgical approach and
patient demographics. Robotic and laparoscopic surgeries were less
common in patients over 80years (10.3% and 11.0%) compared to
open surgery (15.5%, p<0.001) and had fewer high-risk ASA IlI-IV
patients (30.8%, 32.9% and 39.4% respectively; p=0.005). Obese pa-
tients underwent fewer robotic and laparoscopic surgeries than non-
obese patients (17.9% vs. 26.5% vs. 31.8% for open surgery, p <0.001).
Male patients were more prevalent in robotic procedures (65.2%) than
in laparoscopic and open procedures (54.9% and 56.9%; p=0.028).

Elective surgery comprised 74.4% of cases, while 25.5% were
emergencies. Preoperative characteristics varied significantly by
surgical approach, with elective and malignant conditions favouring
minimally invasive techniques. Emergency procedures were more
common in open surgery (44.4%) compared to laparoscopic (13.6%)
and robotic surgeries (7.1%) (p<0.001). Malignant resections were
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Patients approached (n = 3521)

Exclusion (n=48)

Closure of ileostomy or colostomy (24)
Not had included procedure (n =7)
Eligibility missing (n=17)

A4

Patients eligible (n = 3473)

v

Excluded (n=784)
Missing approach (n = 25)
Missing outcome (n = 445)

\ 4

Included in analysis (n =2689)

FIGURE 1 CONSORT diagram of the anastomotic leakage study.

predominant in robotic surgery (82.6%) versus laparoscopic (77.2%)
and open surgery (64.9%) (p <0.001).

Right hemicolectomy (25.4%), anterior resection (20.4%) and
sigmoid colectomy (16.6%) were the most common surgeries. Right
hemicolectomy was performed in 33.8%, 52.8%, 5.0% and 8.4% of
cases using open, laparoscopic, robotic and converted approaches,
respectively (p<0.001). Robotic surgery focused on rectal cancer,
with anterior resections comprising 38.4% of robotic cases, higher
than open (13.3%) and laparoscopic (23.6%) approaches (p <0.001).
Robotic abdominoperineal resection (9.4%) exceeded open surgery
(4.9%). Open surgery dominated Hartmann's procedures (10.5% vs.
2.0% laparoscopic, 0.9% robotic) and subtotal colectomies (6.6% vs.
2.7% laparoscopic, 0% robotic), reflecting its use in urgent scenarios.

Minimally invasive procedures were performed by colorectal
specialists, while open procedures were done by general surgeons
(p<0.001). Colorectal consultants led 78.6% of robotic and 73.3%
of laparoscopic operations, compared to 49.7% in open surgery.
General surgery consultants performed 37.8% of open cases versus
15.2% of robotic and 16.8% of laparoscopic surgeries, indicating that
specialty training correlated with minimally invasive approaches.

Postoperative outcomes
Hospital stays were shorter with minimally invasive approaches:

median 5days (IQR 4.0-7.0) for robotic and édays (4.0-8.0) for
laparoscopic versus 8days (6.0-14.0) for open surgeries (p <0.001).

» No Anastomosis (n =290)

Conversion cases had longer stays (13 days robotic to open, 7days
lap to open), reflecting increased recovery time.

Minimally invasive surgery shows lower postoperative morbid-
ity. Over half of robotic (58.5%) and laparoscopic (57.8%) patients
had no 30-day complications versus 32.4% of open surgery patients
(p<0.001). Severe complications (Clavien-Dindo grade Il1-V) occurred
more after open resection. The 30-day mortality was higher in the
open group (5.3% (66/1246)) compared to laparoscopic (0.5% (9/1680))
and robotic (0.4% (1/224)) cases (p<0.001 for overall comparison).

Superficial surgical site infections occurred in 20.5% of the open
cases versus 6.6% of laparoscopic cases and 7.6% of the robotic
cases (p<0.001).

Open resection patients had higher rates of 30-day reoperation
and readmission. Reoperation rates were 11.2% for open surgery
versus 6.0% for laparoscopic and 9.1% for robotic surgery (p<0.001).
Readmission rates were 8.0%, 5.3% and 6.7%, respectively (p=0.023),

indicating more postoperative complications with open surgery.

Anastomotic techniques

Primary anastomosis was performed in 90.3% of cases, while 9.7%
underwent stoma formation. Hartmann's procedure accounted
for 5.4% (n=186) and abdominoperineal excision (APER) for 5.1%
(n=177). Hartmann's procedures were mostly open (70.4%), while
APER procedures were mainly minimally invasive (11.9% robotic,
46.9% laparoscopic).
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Anastomotic leakage

& <S8

The overall incidence of anastomotic leaks within the study cohort
was 7.96%, identified in 214 of 2689 patients who underwent re-
sections with intestinal continuity (Table 3). The leak rate showed

significant variability and was associated with specific patient- and
procedure-related factors (Table 4, Figure 2). The leak rates for
right, left, anterior rectal resection, pouch and subtotal colectomy
were 6.9%, 7.7%, 9.7%, 16.0% and 11.8%, respectively (p=0.099).
There were no statistically significant differences in the leak rates

TABLE 3 Patient-related factors associated with anastomotic leakage following primary anastomosis.

Variable N (total) levels No Yes Total p

Age 2689 (100.0) less than 55 548 (90.9) 55(9.1) 603 (100) 0.657
Between 55 and 70 932(92.2) 79 (7.8) 1011 (100)
Between 70 and 80 687 (92.7) 54(7.3) 741 (100)
Over 80 308(92.2) 26(7.8) 334 (100)

Sex 2689 (100.0) Male 1363 (90.7) 139 (9.3) 1502 (100) 0.006
Female 1112 (93.7) 75 (6.3) 1187 (100)

ASA class 2689 (100.0) Low risk (ASA 1 and 2) 1689 (92.9) 129(7.1) 1818 (100) 0.021
High risk (ASA 3 and above) 786 (90.2) 85 (9.8) 871 (100)

BMI 2689 (100.0) Normal weight 725 (92.8) 56(7.2) 781 (100) 0.103
Underweight 259 (88.4) 34 (11.6) 293(100)
Overweight 794 (92.4) 65 (7.6) 859 (100)
Obese 697 (92.2) 59(7.8) 756 (100)

History of IHD / 2689 (100.0) Yes 274 (90.7) 28(9.3) 302 (100) 0.434

stroke No 2201(92.2)  186(7.8) 2387 (100)

History of diabetes 2689 (100.0) Yes 424 (91.2) 41 (8.8) 465 (100) 0.510

mellitus No 2051(92.2)  173(78)  2224(100)

Smoking 2686 (99.9) Never 1522 (92.9) 117 (7.1) 1639 (100) 0.250
Current smoker 345 (90.3) 37 (9.7) 382 (100)
Ex-smoker (stopped less than 6 weeks ago) 77 (90.6) 8(9.4) 85 (100)
Ex-smoker (stopped more than 6 weeks ago) 528 (91.0) 52 (9.0) 580 (100)
(Missing) 3(100.0) 0(0.0) 3(100)

Malignancy 2689 (100.0) No 562 (89.8) 64(10.2) 626 (100) 0.021
Yes 1913 (92.7) 150(7.3) 2063 (100)

Urgency 2689 (100.0) Planned 1986 (92.9) 151(7.1) 2137 (100) 0.001
emergency/expediated 489 (88.6) 63 (11.4) 552 (100)

Resection location 2689 (100.0) Anterior resection 579 (90.3) 62 (9.7) 641 (100) 0.099
Left side 717 (92.3) 60 (7.7) 777 (100)
Pouch 1(84.0) 4(16.0) 25 (100)
Right side 1113(93.1) 82(6.9) 1195 (100)
Subtotal colectomy 45 (88.2) 6(11.8) 51 (100)

Surgeon in charge 2689 (100.0) Colorectal trainee 120 (88.2) 16 (11.8) 136 (100) 0.159
Colorectal consultant surgeon 1616 (92.6) 129 (7.4) 1745 (100)
General surgery trainee 131 (89.1) 16 (10.9) 147 (100)
General consultant surgeon 608 (92.0) 53(8.0) 661 (100)

Approach 2689 (100.0) Open 731 (90.5) 77 (9.5) 808 (100) 0.179
Robotic 170 (92.4) 14 (7.6) 184 (100)
Laparoscopic 1360 (93.2) 100 (6.8) 1460 (100)
Robotic-open 7 (87.5) 1(12.5) 8 (100)
Lap - open 207 (90.4) 22(9.6) 229 (100)

Anastomosis 2689 (100.0) Hand-sewn 485 (91.2) 47 (8.8) 532 (100) 0.457
Stapled 1990 (92.3) 167 (7.7) 2157 (100)
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TABLE 4 Univariate and multivariate analyses of risk factors for anastomotic leakage.
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Dependent: Leak No Yes OR (univariable) OR (multilevel)
Age Less than 55 548 (90.9) 55(9.1) - -
Between 55 and 70 932(92.2) 79 (7.8) 0.84(0.59-1.22,p=0.358) 0.93(0.63-1.37,p=0.710)
Between 70 and 80 687 (92.7) 54 (7.3) 0.78(0.53-1.16, p=0.222) 0.90(0.58-1.41, p=0.653)
Over 80 308 (92.2) 26(7.8) 0.84 (0.51-1.36, p=0.486) 0.91(0.51-1.61, p=0.740)
Sex Male 1363 (90.7) 139 (9.3) - -
Female 1112 (93.7) 75 (6.3) 0.66 (0.49-0.88, p=0.005) 0.69 (0.51-0.95, p=0.023)
ASA class Low risk (ASA 1 and 2) 1689 (92.9) 129 (7.1) - -
High risk (ASA 3 and 786 (90.2) 85(9.8) 1.42(1.06-1.88,p=0.017) 1.27 (0.90-1.80, p=0.166)
above)
BMI Normal weight 725 (92.8) 56(7.2) - -
Underweight 259 (88.4) 34 (11.6) 1.70 (1.08-2.65, p=0.021) 1.58(0.98-2.55, p=0.059)
Overweight 794 (92.4) 65 (7.6) 1.06 (0.73-1.54, p=0.759) 1.01(0.69-1.48, p=0.958)
Obese 697 (92.2) 59 (7.8) 1.10(0.75-1.61, p=0.637) 1.10 (0.74-1.65, p=0.626)
History of IHD / Yes 274 (90.7) 28(9.3) - -
stroke No 2201 (92.2) 186 (7.8) 0.83(0.55-1.28, p=0.371) 0.93 (0.59-1.47, p=0.761)
History of diabetes Yes 424 (91.2) 41 (8.8) - -
mellitus No 2051 (92.2) 173 (7.8) 0.87 (0.62-1.26, p=0.452) 0.95 (0.65-1.40, p=0.803)
Smoking Never 1522 (92.9) 117 (7.1) - -
Current smoker 345 (90.3) 37(9.7) 1.40(0.94-2.04, p=0.092) 1.16 (0.76-1.77,p=0.492)
Ex-smoker (stopped less 7 (90.6) 8(9.4) 1.35(0.59-2.71,p=0.432) 1.19 (0.55-2.61, p=0.656)
than 6 weeks ago)
Ex-smoker (stopped 528 (91.0) 52(9.0) 1.28(0.90-1.79, p=0.155) 1.26 (0.87-1.82, p=0.221)
more than 6 weeks ago)
Malignancy No 562 (89.8) 64 (10.2) - -
Yes 1913(92.7) 150(7.3) 0.69 (0.51-0.94, p=0.017) 0.80(0.56-1.14, p=0.208)
Urgency Planned 1986 (92.9) 151 (7.1) - -
emergency/expediated 489 (88.6) 63 (11.4) 1.69 (1.24-2.30, p=0.001) 1.58 (1.10-2.27, p=0.013)
Resection location  Anterior resection 579 (90.3) 62(9.7) - -
Left side 717 (92.3) 60(7.7) 0.78 (0.54-1.13, p=0.193) 0.56 (0.37-0.85, p=0.006)
Pouch 21(84.0) 4(16.0) 1.78 (0.51-4.86, p=0.305) 1.39(0.43-4.48,p=0.577)
Right side 1113(93.1) 82(6.9) 0.69 (0.49-0.97, p=0.034) 0.51(0.35-0.76, p=0.001)
Subtotal colectomy 45 (88.2) 6(11.8) 1.25(0.46-2.83,p=0.630) 0.87(0.34-2.24,p=0.768)
Approach Open 731 (90.5) 77 (9.5) - -
Robotic 170 (92.4) 14 (7.6) 0.78(0.42-1.37,p=0.416) 0.75(0.39-1.44,p=0.387)
Laparoscopic 1360 (93.2) 100 (6.8) 0.70 (0.51-0.95, p=0.023) 0.75(0.52-1.07, p=0.114)
Robotic-open 7 (87.5) 1(12.5) 1.36 (0.07-7.76,p=0.777) 1.18 (0.14-10.07, p=0.883)
Lap - open 207 (90.4) 22(9.6) 1.01(0.60-1.63,p=0.972) 1.02(0.60-1.73, p=0.940)
Anastomosis Hand-sewn 485 (91.2) 47 (8.8) - -
Stapled 1990 (92.3) 167 (7.7) 0.87 (0.62-1.23, p=0.405) 0.86(0.58-1.26, p=0.428)
Surgeon in charge  Colorectal trainee 120 (88.2) 16 (11.8) - -
Colorectal consultant 1616 (92.6) 129 (7.4) 0.60(0.35-1.08, p=0.068) 0.50 (0.28-0.90, p=0.021)
surgeon
General surgery trainee 131 (89.1) 16 (10.9) 0.92(0.44-1.92,p=0.815) 0.58 (0.26-1.30,p=0.189)
General consultant 608 (92.0) 53(8.0) 0.65(0.37-1.22, p=0.160) 0.52(0.27-1.01, p=0.053)

surgeon

Note: Number in model=

2686, Number of groups=52, AIC=1476.4, C-statistic=0.708.
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Leak: OR (95% CI, p-value)

Age less than 56
Between 55 and 70 091(062-134
Between 70 and 80 0.84 (0.54-1.30
Over 80 0.87 (0.50-1.51,

Sex Male
Female 070(051-095

ASA classification Low risk (ASA 1 and 2)
High risk (ASA 3 and above) 1.47 (1.06-2.05,

BMI Normmal weight
Underweight 1561(094-2 38,
Over weight 0.99 (0.67-1.45,
Obese 1.05(0.71-1.55,

Stroke Yes
No 100 (065-1860

Diabetes Yes
No 0.93 (0.64-1.37,

Smaoking Never

Current smoker

Ex-smoker (stopped less than 6 weeks ago)
Ex-smoker (stopped more than 6 weeks a%))
o

Malignancy

Yes 073(052-103

Urgency Planned
emerggncy.’expedxat_ed 164(1.16-2.31,

Resection location tenor resection
Left side 062 (0.42-092
Pouch 1.48 (0.41-4.26,
Right side 0.52 (0.35-0.76,
Subtotal colectomy 087 (031-205

Surgical Approach Open
Robotic 0.87 (0.45-1.59,
Laprascopic 0.81(0.57-1.14,
Robaotic-open 132(0.07-787
Lap - open 1.03 (0.60-1.69

Anastomosis Handsewn
Stapled 0.84(0.99-1.22

Surgeon in charge Colorectal tranee
Colorectal consultant surgeon 0.51(0.30-0.93
General surgery trainee 0.67 (0.31-1.45
General consultant surgeon 051(028-096

116(076-174
112(0.48-2.29

1.18 (0.82-1 .69,

FIGURE 2 Forest plot of risk factors for anastomotic leakage.

between handsewn and stapled anastomoses, with rates of 8.8%
and 7.7%, respectively (p=0.457).

In the multivariable analysis, female sex (6.3% vs. 9.3%, OR=0.69,
95% Cl 0.51-0.95, p=0.023) and consultant colorectal surgeon (col-
orectal trainee vs. colorectal consultant vs. general surgery trainee
vs. general surgery consultant=11.8%, 7.4%, 10.9%, 8.0%, OR=0.50,
95% Cl 0.28-0.90, p=0.021 for colorectal consultant vs. colorectal
trainee) were associated with a lower leakage rate, whereas emer-
gency cases were associated with a higher leakage rate (11.4% vs.
7.1%, OR=1.58, 95% Cl 1.10-2.27, p=0.013). The leak rate was
significantly lower for right-sided (odds ratio [OR]=0.51, 95% Cl
0.35-0.76, p=0.001) and left-sided (OR=0.56, 95% Cl 0.37-0.85,

p=0.006) resections than for anterior rectal resections.

DISCUSSION

This large international audit provides a contemporary snapshot of
colorectal resection outcomes and allows comparisons with previ-
ous ESCP audits. Emerging themes include the widespread adoption
of minimally invasive surgery, a plateau in anastomotic leak rates de-
spite technical advances and the critical role of specialised training
and quality-improvement programmes in driving future improve-
ments in patient outcomes.

The overall 30-day mortality rate of 2.38% is reassuring and indic-
ative of improvements in surgical and perioperative care. Compared
to previous ESCP audits, such as the 2015 right colectomy audit,
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which reported a 30-day mortality rate of 2.6% [8], our findings sug-
gest a sustained low mortality rate despite the inclusion of a broader
range of colorectal resections and emergency cases.

Anastomotic leak: Stable incidence and ongoing
challenge

Despite these advancements, the 30-day anastomotic leak rate of
7.96% remains a critical concern. This figure is consistent with the
rates reported in other large series [17-22] and previous ESCP audits
[10]. For right-sided resections, the 2015 ESCP audit revealed a 7.4%
leak rate [8]. Despite numerous incremental advances, improved sta-
pling devices, tissue sealants and perfusion assessment tools, such
as indocyanine green fluorescence, the incidence of leaks in large
practices remains stable at approximately 1 in 12 patients with anas-
tomosis. This resonates with prior observations that AL rates have
not substantially improved over the past decades [23].

The persistently high incidence of AL underscores the need for
continued research and targeted interventions. The factors con-
tributing to AL are multifactorial, encompassing patient-related
factors (e.g. comorbidities and nutritional status), disease-related
factors (e.g. inflammatory conditions and urgency of surgery) and
technical factors (e.g. surgical technique, anastomotic tension, blood
supply and stapler failure). Its association with emergency surgery
is well established, possibly due to factors such as patient instabil-
ity, suboptimal bowel preparation and the urgency of the procedure

85US017 SUOLLLIOD BAIERID 3|qedtjdde auy Aq pausenob afe 3l e VO ‘88N JO'Sa|nJ o AXeiq17 8Ul|UO A1 UO (SUOIPUOO-PUR-SLLLBHWI0D" A3 | 1M Afe.d) 18U |UO//SONY) SUOIPUOD PUe Swiia | 841 835 *[9202/20/12] Uo Arigiauljuo 43| *e!fesLreIyo0d Aq T8Z0L IPOO/TTTT OT/I0P/W00 A3 1m Arelqieul|uo//Sdpy wouy papeojumod ‘TT ‘SZ0C ‘STETEIVT



2022 EUROPEAN SOCIETY OF COLOPROCTOLOGY (ESCP) CORREA COLLABORATING GROUP

precluding patient optimisation. Our analysis reiterates the known
risk factors: male sex, likely due to a thicker mesentery or narrower
pelvis; low pelvic anastomoses, which have inherently poorer per-
fusion and are under tension; emergency surgery; and conversion,
which may reflect a more challenging procedure or intraoperative
complications. These factors were also identified in a 2017 snapshot
analysis of left-sided stapled anastomoses [13].

Notably, age and comorbidity (ASA) were not independent
predictors of leakage, although they can affect overall complica-
tions. Importantly, anastomotic leak rates did not differ between
the open and minimally invasive surgery (MIS) approaches in the
audit, indicating that laparoscopy and robotics do not improve
anastomotic healing. This finding aligns with the literature, where
numerous studies have reported no significant difference in the
incidence of leaks between laparoscopic and open colorectal re-
sections [24]. For instance, a meta-analysis of older adult patients
with colon cancer reported equivalent leak rates for laparoscopic
versus open resection (OR=0.91, p=0.71) [24]. Thus, surgeons
can be reassured that the benefits of MIS can be achieved without

increasing the risk of leaks.

Impact of specialisation and minimally invasive
techniques

Our data clearly demonstrate that MIS has become the standard
of care for most elective colorectal resections in many parts of the
world by 2022. 55.2% of the cases in this audit were approached
laparoscopically or robotically, which has increased from the previ-
ous decade. The data identified in CORREA 2022 align with national
studies [25-28], indicating that MIS rates have increased to over
75% in high-income countries (HICs) [29]. In low- and middle-income
countries, the adoption of robotic surgery is less widespread than
in HICs, primarily because of challenges in infrastructure, training
and costs [30, 31]. Nevertheless, the contributions from LMICs in
this field are significant, particularly in the development of new ro-
botic platforms [30, 31]. The widespread adoption of MIS techniques
highlights the need for continued training and skill development to
ensure optimal patient access and outcomes.

The benefits of MIS in reducing postoperative pain, ileus,
wound complications and length of stay are well established, and
our findings reinforce these benefits on an international scale [28,
32-36]. It is worth noting that while MIS offers clear short-term
advantages, we did not observe an independent protective effect
of MIS on anastomotic leak in the adjusted analysis; leak rates
were similar, provided that the operation could be completed
minimally invasively. This suggests that although MIS can reduce
certain complications, it does not inherently change the biology of
anastomotic healing. Rather, successful MIS is likely a marker of
surgical expertise and favourable conditions; when MIS fails (i.e.,
conversion), it often signals difficulty that correlates with a higher
risk of anastomotic leakage [13, 37]. The significantly lower post-
operative morbidity and mortality observed with laparoscopic
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and robotic surgery in this audit are consistent with extensive
evidence that minimally invasive colorectal resection improves
short-term outcomes. Meta-analyses have demonstrated that
laparoscopy, when compared to open surgery, reduces the over-
all rate of complications [38]. In the current cohort, we observed
a disparity in mortality rates, with 5% in open cases compared
to less than 1% in the MIS group. This discrepancy may be at-
tributed to the inherent selection of more severe cases for the
open approach in real-world scenarios.

The reduction in SSls associated with MIS techniques (approx-
imately 7% compared to 20% with open surgery) underscores the
well-documented advantages of MIS. The smaller incisions and re-
duced tissue exposure inherent to MIS contribute to fewer wound
complications. Conversely, the use of open surgical approaches in
emergency situations is associated with a higher risk of SSIs, which
is attributable to the complexity of these cases. This finding aligns
with a systematic review that found that laparoscopic colectomy sig-
nificantly lowered wound infection rates compared to open surgery
[38]. Diminished SSI risk not only improves patient recovery but also
suggests potential cost savings and faster return to function with
MIS approaches.

The inferior outcomes of the open surgery cohort must be in-
terpreted considering the case mix, with open cases being older,
sicker and more often emergent. These factors inherently carry
higher complication and mortality risks, independent of the surgi-
cal technique used [39]. The current analysis incorporated adjusted
outcomes based on the surgical approach solely for anastomotic
leakage, without conducting a separate multivariate analysis for
mortality or overall complications by approach. The mortality rate
is higher in emergency colorectal surgery than that in elective
cases. The audit reflects this, as many open cases were urgent.
However, it is noteworthy that even in high-risk settings, adopting
laparoscopy when feasible can improve outcomes. A recent meta-
analysis of emergency colorectal procedures found that laparoscopy
was associated with significantly lower mortality (OR 0.44, 95% ClI
0.35-0.54) and morbidity (OR 0.53, 95% Cl 0.43-0.65) than open
surgery [38]. This suggests that some of the worse outcomes in open
cases might be mitigated by the broader use of minimally invasive
approaches in appropriately selected high-risk or urgent patients. In
practice, expanding MIS to frail or emergency patients when ana-
tomically and haemodynamically feasible could confer survival and
recovery benefits.

Robotic surgery has shown a gradual uptake, particularly for
rectal cancer. Our audit shows that robot-assisted resections com-
prised less than 5% of cases globally in 2022, reflecting cost and
access issues, as well as a still-maturing evidence base for this
technology. In our audit, the higher utilisation of neoadjuvant ther-
apy among rectal cancer patients treated robotically (27.2% vs.
14.3% laparoscopic and 11.6% open; p <0.001) likely reflects both
case selection for more complex, downstaging-requiring disease
and the implementation of robotic capability within centres with
mature multidisciplinary tumour boards and streamlined access to
neoadjuvant therapy.
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In colon surgery, randomised trials are sparse, but large obser-
vational series (including Dutch audit data) indicate comparable out-
comes between robotic and laparoscopic colectomies, with the main
difference being a lower conversion rate in robotic cases (right, left
and sigmoid colectomies: 4.6% vs. 8.8%, 4.6% vs. 11.6% and 1.6% vs.
5.9%, respectively) [29].

In rectal cancer, where the technical difficulty is higher, the
ROLARR trial found no significant difference in positive margin
rates between robotic and laparoscopic total mesorectal excision,
although conversions were fewer with robotics (8.1% vs. 12.2%) and
no statistically significant differences were found for intraoperative
and postoperative complications, surgical plane, 30-day mortality
and urinary and sexual dysfunction [40].

Recent data have been derived from the REAL (Robotic versus
Laparoscopic Surgery for Mid-Low Rectal Cancer) randomised con-
trolled trial, which included 1171 patients in an intention-to-treat
analysis [41]. Compared with laparoscopy, the robotic approach
was associated with a lower rate of positive circumferential resec-
tion margins (4.0% vs. 7.2%; p=0.023) and fewer abdominoperineal
resections (16.9% vs. 22.7%). It also yielded fewer conversions to
open surgery (1.7% vs. 3.9%; p=0.021), a lower proportion of pa-
tients with Clavien-Dindo grade > || complications (16.2% vs. 23.1%;
p=0.003) and a shorter length of hospital stay (7.0 vs. 8.0days;
p=0.0001) [41].

Our data confirmed a significantly lower conversion rate for the
robotic approach than for laparoscopy (4.3% vs. 14.6%). As robotic
platforms become more widely available (and competing systems
potentially reduce costs), the proportion of robotic colorectal pro-
cedures is likely to increase.

In summary, the adoption of minimally invasive surgery (MIS) has
improved recovery and lowered rates of superficial complications
following colorectal resection. Within MIS, robotic surgery offers
further benefits, including a shorter length of stay and fewer con-
versions compared with laparoscopy. However, the key challenge of
anastomotic integrity transcends the choice of MIS versus open sur-
gery, hinging on patient factors, surgical judgement and meticulous

surgical techniques.

Quality-improvement initiatives

The persistence of AL as a major problem has generated targeted
quality-improvement programmes, such as the ESCP EAGLE trial
[42]. The results of the EAGLE, a cluster-randomised study con-
ducted in 64 countries, are highly informative. In hospitals that
achieved high compliance with EAGLE training (280% of surgeons
completed the modules), leak rates dropped dramatically from 12.2%
to 5.1% (OR 0.36, p<0.001) [42]. Our 2021 audit occurred contem-
poraneously with the EAGLE intervention period (2020-2022);
thus, some high-performing centres in our data may have already re-
flected EAGLE-influenced practices, potentially contributing to the
slight improvement in the leak rate among the engaged surgeons.
Perioperative care optimisation is another aspect of surgical quality

improvement. Interestingly, a sub-analysis of the 2017 audit showed
that patients who received mechanical plus oral antibiotic prep had
lower leak rates (approximately 6.1%) than those who received me-
chanical prep alone or no prep [8]. The persistently high rates of
anastomotic leaks underscore the urgent need for intensified re-
search into predictive biomarkers, novel preventive strategies and
improved management protocols for AL. Collaborative international
efforts, such as those facilitated by the ESCP, are essential for driv-
ing quality-improvement initiatives and disseminating best practices
globally. The identified risk factors for AL can aid clinicians in preop-
erative risk stratification and patient counselling, allowing for more
personalised surgical planning and enhanced vigilance in high-risk
individuals. Policymakers should consider these benchmarks when
developing national and international guidelines to improve colorec-
tal surgical care.

Differences in surgeon specialisation may have contributed to
the observed outcome patterns [13]. In this audit, most MIS cases
were managed by colorectal specialist surgeons, whereas many
open surgeries were performed by general surgeons. Higher sur-
geon expertise and volume are well correlated with better colorectal
outcomes. For example, patients operated on by board-certified col-
orectal surgeons have significantly better survival rates than those
treated by non-specialists [43]. Specialty-trained surgeons also
achieve more thorough oncological resections (e.g., higher lymph
node yields) [43]. The superior outcomes observed in the MIS group

may partly reflect the involvement of specialists.

Implications for practice

The CORREA 2022 audit has implications for future stud-
ies. First, the high use of minimally invasive techniques and
comparable oncologic outcomes should encourage the
continued expansion of MIS training. Second, the consist-
ently high rate of anastomotic leaks demonstrates a need
for emphasis on decision-making processes and periopera-
tive optimisation concerning patient, disease and medical
factors rather than minimally invasive approach alone. This
means adhering to the principles of good blood supply (no
tension, wide mobilisation and preserving arcades), test-
ing the anastomosis and considering a protective stoma
for high-risk distal anastomoses. Third, the influence of
conversion on worse outcomes suggests that patient se-
lection and surgeon experience remain crucial. Conversion
in difficult cases is sometimes unavoidable and is indeed
the correct decision for patient safety [37]. However, care-
ful preoperative planning, early involvement of senior
surgeons or choosing an open approach upfront in hostile
abdomens may mitigate some conversions. Moreover, by
reducing conversion in some cases, the robotic platform
could indirectly improve outcomes if targeted to cases
where laparoscopy is marginal [44-46].
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Limitations

It is important to acknowledge that this audit, although comprehensive,
has some inherent limitations. Participation was voluntary and thus may
have been biased towards centres with an interest in outcomes (poten-
tially higher-performing centres). We attempted to achieve broad par-
ticipation, including many mid-volume regional hospitals; however, some
countries and hospitals may have been underrepresented. Furthermore,
while the audit provides valuable insights into short-term outcomes, it
does not capture long-term outcomes, such as recurrence rates for ma-
lignancy or long-term quality of life, which are crucial for a complete un-
derstanding of surgical effectiveness. Future audits should aim to collect
long-term outcome data, including oncological outcomes and patient-
reported quality of life, to provide a more comprehensive understanding
of the impact of colorectal surgery. Nonetheless, the strength of an audit
is its real-world, international and prospectively collected data; thus, the
design enhances the generalisability of the findings.

CONCLUSIONS

The CORREA 2022 ESCP audit revealed a field in transition: techni-
cal approaches in colorectal surgery have advanced markedly, with
MIS now predominant across much of the globe; however, funda-
mental outcome metrics, such as anastomotic leakage, have not sig-
nificantly changed at the population level. This study confirms the
known risk factors and highlights the ongoing need for concerted

quality-improvement efforts.
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