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Abstract 

Background  Despite innovations in surgical techniques, major complications following colorectal surgery still lead 
to a significant morbidity and mortality. There is no standard protocol for perioperative management of patients with 
colorectal cancer. This study evaluates the effectiveness of a multimodal fail-safe model in minimizing severe surgical 
complications following colorectal resections.

Methods  We compared major complications in patients with colorectal cancers who underwent surgical resections 
with anastomosis during 2013–2014 (control group) with patients treated during 2015–2019 (fail-safe group). The 
fail-safe group had preoperative bowel preparation and a perioperative single dose of antibiotics, on-table bowel 
irrigation and early sigmoidoscopic assessment of anastomosis in rectal resections. A standard surgical technique for 
tension-free anastomosis was adapted in the fail-safe approach. The chi-square test measured relationships between 
categorical variables, t-test estimated the probability of differences, and the multivariate regression analysis deter-
mined the linear correlation among independent and dependent variables.

Results  A total of 924 patients underwent colorectal operations during the study period; however, 696 patients had 
surgical resections with primary anastomoses. There were 427 (61.4%) laparoscopic and 230 (33.0%) open operations, 
while 39 (5.6%) laparoscopic procedures were converted. Overall, the rate of major complications (Dindo-Clavien 
grade IIIb–V) significantly reduced from 22.6% for the control group to 9.8% for the fail-safe group (p < 0.0001). Major 
complications mainly occurred due to non-surgical reasons such as pneumonia, heart failure, or renal dysfunction. 
The rates of anastomotic leakage (AL) were 11.8% (22/186) and 3.7% (n = 19/510) for the control and fail-safe groups, 
respectively (p < 0.0001).

Conclusion  We report an effective multimodal fail-safe protocol for colorectal cancer during the pre-, peri-, and post-
operative period. The fail-safe model showed less postoperative complications even for low rectal anastomosis. This 
approach can be adapted as a structured protocol during the perioperative care of patients for colorectal surgery.

†Shahram Khadem and Jonas Herzberg contributed equally to this work as 
shared co-first-authors.

*Correspondence:
Jonas Herzberg
jonas.herzberg@Krankenhaus-Reinbek.de
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13741-023-00291-6&domain=pdf
http://orcid.org/0000-0003-3562-6575


Page 2 of 12Khadem et al. Perioperative Medicine            (2023) 12:5 

Trial registration  This study was registered in the German Clinical Trial Register (Study ID: DRKS0​00238​04).
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Introduction
The incidence of postoperative complications after colo-
rectal surgery varies substantially, ranging from approxi-
mately 20% (Veldkamp et al. 2005) to 60% (Kristjansson 
et al. 2010). This vast variation in incidence of postopera-
tive complications is due to the absence of a standard tool 
for grading the severity of complications and the use of 
different severity grading systems such as the Accordion 
grading system (Strasberg et  al. 2009) and the Dindo-
Clavien classification (Dindo et  al. 2004). Additionally, 
some investigators include only the postoperative period, 
while others consider intraoperative complications as 
well (Kazaryan et al. 2013). Generally, complications fol-
lowing colorectal surgery can be caused by intraoperative 
and postoperative factors. Intraoperative complications 
such as hemorrhage, bowel injury, ureteral and blad-
der injuries result from intra-abdominal adhesions, ana-
tomic difficulties, and essentially depend on the training 
and experience of the operating surgeon (Forgione and 
Guraya 2017; Guraya et al. 2015). Common postoperative 
complications include surgical site infection, anastomotic 
leakage (AL), paralytic ileus, and bleeding (Vather et  al. 
2015). Age, gender, nature, and stage of colorectal cancer 
are non-modifiable risk factors for postoperative compli-
cations (Guraya and Murshid 2004). Conversely, certain 
other perioperative modifiable risk factors that influence 
the outcome of colorectal surgery can be conveniently 
modified to mitigate the risk of surgical complications 
(Kirchhoff et al. 2010).

Apart from the scarcity of a unified tool to grade and 
report postoperative complications, an absence of a 
standard perioperative protocol for colorectal surgery 
amplifies the complexity in managing patients with colo-
rectal cancer. Nevertheless, several popular protocols 
and pathways have been reported in the literature. The 
Early Recovery After Surgery (ERAS) pathway offers a 
reduction in perioperative stress and has been shown to 
be associated with improved 5-year cancer-specific sur-
vival after colorectal surgery (Gustafsson et al. 2016). In 
their case–control study, Arrick et al. have reported a sig-
nificant reduction in both complication rates (31.5% vs. 
14.6%; p ≤ 0.05) and mean length of hospital stay (10.1 
vs. 6.9 days; p ≤ 0.05) using ERAS pathway (Arrick et al. 
2019). However, the authors could not report patients‘ 
satisfaction rates or patients‘ reported outcomes in their 
data. Fast-track surgery (FTS) provides another set of 
evidence-based standards that can potentially reduce the 

physiological burden of surgery and can thus improve 
postoperative quality of life (Grant et al. 2017). FTS advo-
cates perioperative measures for appropriate selection of 
surgical incision and anesthesia agents, reduces postop-
erative pain, and optimizes organ functions by mitigat-
ing physiological and psychological stresses  associated 
with operations. In a meta-analysis of the clinical trials 
about the impact of ERAS/FTS on postoperative infec-
tions, Grant et al. have reported a significant reduction in 
postoperative lung infection [risk ratio (RR) = 0.38; 95% 
confidence interval (CI) = 0.23–0.61; p < 0.0001; I = 0%], 
urinary tract infection (RR = 0.42; 95% CI = 0.23–0.76; 
p = 0.004; I = 0%), and surgical site infection (RR = 0.75; 
95% CI = 0.58–0.98; p = 0.04; I = 0%) as compared to con-
trols (Grant et al. 2017).

Unfortunately, no single protocol for perioperative 
management of patients with colorectal cancer compre-
hensively elucidates pre-, peri-, and postoperative steps 
that can lead to early recovery and reduction of com-
plications. We report the results of a multidisciplinary 
fail-safe model as an adoption of the known ERAS/FTS 
models, which aims to mitigate the rates of postoperative 
complications and to foster early recovery of the patients 
following operations for colorectal cancers.

Methods
We enacted several modifications in a perioperative 
protocol for patients undergoing operations for colorec-
tal cancer at hospital Reinbek St. Adolf-Stift, Germany. 
From January 2015 to December 2019, we prospectively 
collected data of patients with colorectal cancers who 
were consecutively treated with a multi-modal fail-safe 
approach of open and laparoscopic oncological resec-
tions at the study center. We excluded patients with 
benign colorectal lesions, those with surgical resections 
of colorectal cancer with terminal stoma, and patients 
who had surgery for associated malignancies such as 
ovarian or pancreatic cancers. In the first months of 2015, 
while establishing the multimodal “fail-safe“ approach, 
colorectal resections were performed by two experienced 
colorectal surgeons (> 50 colorectal resections per year). 
We adapted a system that ensured the presence of an 
experienced surgeon (> 30 resections with anastomosis 
per year) for every colorectal resection. However, a num-
ber of surgical colorectal procedures were performed by 
senior surgical residents under the guidance and super-
vision of an experienced colorectal surgeon. The surgical 

https://drks.de/search/de/trial/DRKS00023804
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team comprised an experienced colorectal surgeon and 
an experienced colorectal resident or fellow, assisting 
more than 20 colorectal resections per year. According to 
the American Joint Committee on Cancer and the Union 
for the International Cancer Control AJCC/UICC) clas-
sifications, the patients with rectal cancer of the middle 
(> 6–12 cm from the anal verge) or lower third of the rec-
tum (< 6 cm from the anal verge) received neo-adjuvant 
therapy if staged UICC IIA or higher (Edge and Compton 
2010).

Control group
As a control group, we retrospectively analyzed all 
patients with colorectal cancer who underwent oncologi-
cal colorectal resections from January 2013 to Decem-
ber 2014 using the same exclusion criteria. Previous 
data were incomplete due to a change in the documen-
tation system in the hospital. Although colorectal resec-
tions during the defined period were either performed 
or supervised by an experienced colorectal surgeon, no 
structured protocol was followed. Nevertheless, some 
components of the fail-safe protocol were sporadically 
adapted in a small group of patients within the con-
trol group (perioperative intravenous antibiotics, expe-
rienced surgeon). The patients were generally treated 
using the ERAS protocol without preoperative colonic 
irrigation. In the control group, we did not routinely per-
form perfusion tests before anastomosis as there was no 
standard approach for anastomoses, which ranged from 
end-to-end in right hemicolectomy to side-to-end in rec-
tal resections. Similarly, in rectal resections, no routine 
ileostomy or on-table lavage was performed.

Fail‑safe group
Since January 2015, we adapted a standard protocol for 
the perioperative management of patients with colorec-
tal cancers. This includes a mechanical bowel preparation 
without oral antibiotics prior to any kind of planned colo-
rectal surgery and routine postoperative nutritional care 
with oral liquids including high-protein intake for three 
days after surgery. A step-wise description of surgical 
procedures in the fail-safe group is outlined hereunder.

Surgical approach and technical steps in the fail‑safe group
For the right-sided tumors, a complete mesocolic exci-
sion (CME) with a primary central vascular ligation 
(CVL) and a D3 lymphadenectomy was routinely per-
formed (Guraya et al. 2005; Kirchhoff et al. 2010). Like-
wise, resection of the left-sided tumors was performed 
using the core principles of surgical oncology for CME 
and CVL (high-tie) (Guraya 2016). A detailed proto-
col for the multimodal fail-safe approach is outlined in 
Table 1.

For the ileocolonic anastomosis, a hand-sewn con-
tinuous technique was preferred. Furthermore, we per-
formed additional seams on the edges of side-to-side 
anastomosis, potentially reducing tangential stress on 
anastomotic sutures caused by normal bowel move-
ment (Fig.  1C). The bleeding test for confirmation 
of arterial perfusion was performed immediately at 
the edge of the resection margin (Fig.  1A, B). Avoid-
ing sharp edges and leaving fatty tissue around edges 
preserves microperfusion at the high-risk anastomotic 
zone. Impaired microperfusion leads to tissue necrosis 
and anastomotic leakage. For the colorectal or coloa-
nal anastomoses, a full mobilization of the splenic 
flexure up to the middle colic artery was performed 
(Fig. 2). For rectal cancer, after nerve preserving total 
mesorectal excision (TME), dissection was performed 
below the tumor at a level of 1–3  cm from the anal 
verge. When performing the anastomosis, the spine 
of the stapler was stuck out next to the staple line of 
the distal rectum (Fig.  3). Otherwise, overlapping of 
circular and straight stapling lines of the rectum over 
a long distance would increase the risk for vascular 
insufficiency. Additionally, this step prevents possible 
dislocation of metal staples in the anastomotic area, 
thus mitigating the risk of incomplete anastomotic clo-
sure. After joining proximal and distal resection mar-
gins, compression of the endings was essential for at 
least one minute before the release of stapling device, 
ensuring that the fatty tissue in between is flattened 
to a maximum for perfect seromuscular anastomosis. 
A partial mesorectal excision (PME) was performed 
for tumors of the sigmoid colon and upper rectum 
(12–16 cm from the anal verge). Furthermore, in some 
emergencies, a decision for a protective ileostomy was 
made due to an unprepared colon. Even after preop-
erative irrigation, the colon is usually not fully cleaned 
and leftovers are still in place. Besides preoperative 
bowel preparation, intraoperative colonic irrigation via 
the efferent loop of the ileostomy was performed with 
5L of saline for all patients with the need for a protec-
tive ileostomy. All patients with low rectal anastomo-
sis received protective ileostomy. In the case of a rectal 
resection, endoscopical control was performed on the 
fourth postoperative day to exclude the possibility of 
an occult anastomotic leakage.

A pelvic drain was placed around anastomosis that 
served to drain the pelvic abscess in case of AL. Fur-
thermore, this drainage tube serves as a marker for 
anastomotic insufficiency, when performing intra-
operative colonic irrigation with saline. Multivis-
ceral resections were defined as any further resection 
of the intestine or other organs apart from the main 
tumor resection. This ranged from concurrent 
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cholecystectomy, adrenalectomy, appendectomy, or 
resection of the urinary bladder dome up to major 
multivisceral resections including hepatic, pancreatic, 
and gastric resections.

Patients’ characteristics and definitions
We collected data about the patients’ demographics, body 
mass index (BMI), the American Society of Anesthesi-
ologists (ASA) classification of physical health, tumor 

Table 1  Protocol of multimodal fail-safe approach for colorectal resections in our study

Preoperative settings
  Bowel preparation (for right-, left-sided, and rectal resections) O

  Preoperative intravenous antibiotics O

Operative approach/technical aspects
  Experienced colorectal surgeon O

  Complete mobilization of the hemicolon for tension-free anastomosis O

  Bleeding/perfusion test at the edge of the resection margin O

  Side-to-side anastomosis

    - Continuous seromuscular suture O

    - Additional seams on the edges to relieve tension on the anastomosis O

  End-to-end anastomosis

    - Mesentery is in line with the resection margin O

    - Do not free endings from fatty tissue O

    - Avoid sharp-angled edges O

    - Stretching of the anal sphincteric muscle for three minutes O

    - Spine of the stapling device next to the stapled line O

    - After joining ends, compression for at least one minute before release O

    - Anastomotic assessment using sigmoidoscope (air test + intraluminal inspection) O

    - Diverting stoma for low rectal anastomosis O

    - On-table lavage over efferent loop of ileostomy with 5L of saline O

    - Placement of a drainage tube near the anastomosis O

Postoperative settings
    - A 3-day low-volume high-calorie nutrition (except patients with diverting stoma) O

    - Full meals from 4th postoperative day onwards O

    - Endoscopic control of colorectal-/coloanal anastomosis on 4th postoperative day O

    - In case of suspected anastomotic leakage, over-the-scope-clip application O

Fig. 1  A, B Blood perfusion testing at the edge of resection. Line marking resection margin. C Iso-peristaltic side-to-side anastomosis with 
additional seams on both edges ( +) for mechanical strain relief. Stapled endings are also oversewn (*)
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localization, surgical approach and procedure, length of 
hospital stay, complications according to Dindo-Clavien’s 
classification (Dindo et al. 2004) and mortality. Postoper-
ative morbidity was defined as a complication occurring 
within 90  days after surgery. A 90-day mortality rate is 
reported to depict the postoperative outcome in a proper 
way (Byrne et  al. 2013). Patients were staged according 
to the AJCC/UICC classification for colorectal cancer 
(Edge and Compton 2010). AL was defined as a defect 
of the intestinal wall integrity at the ileocolic, colorectal 
or coloanal anastomotic site including suture and staple 
lines of neorectal reservoirs leading to a communication 
between the intra- and extraluminal compartments (Par-
thasarathy et al. 2017). We used early endoscopy to detect 
AL and performed CT scan after endoscopy, if needed. A 
pelvic abscess close to the anastomosis was also consid-
ered as AL. Although there is no universal grading, leak-
ages were graded according to the system proposed by 
Rahbari et al. (Rahbari et al. 2010).

Statistical analysis and ethical approval
Statistical analyses were performed using IBM SPSS 
Statistics Version 25 (IBM Co., Armonk, NY, USA). All 
variables were listed as means with standard deviation. 
Categorical variables were arranged as numbers with 
percentages. The chi-square test was used to determine 
relationships between categorical variables and t-test was 
used to measure the probability of difference between 
two sets of data. In the multivariate analysis, we used 
logistic regression analysis for predicting AL in standard 
and fail-safe groups by controlling variables such as old 
age, days in hospitals, survival up to 90 days, and surgi-
cal site infection (SSI). Logistic regression was applied as 
dependent variable as a binary variable, valued as 1 for 
AL and 0 for non-leakage. A p-value less than or equal to 
0.01 and 0.05 was considered statistically significant.

This study was registered in the German Clinical Trial 
Register and conducted in accordance with the declara-
tion of Helsinki. As this is a retrospective anonymized 

Fig. 2  For the left-sided or rectal resections, complete mobilization of the colon up to the middle colic artery for tension-free anastomosis

Fig. 3  The rectal stump covered with fatty tissue. Spine of the stapler is piercing out of the rectal stump
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analysis, no additional written consent and ethical 
approval was needed.

The data is reported according to the STROCSS guide-
line (Agha et al. 2019).

Results
During the study period, 924 patients underwent colo-
rectal resections for UICC stage I–IV colorectal cancers 
and other malignancies from January 2013 to December 
2019. Of these, 228 patients did not have anastomosis 
due to certain reasons; infiltration of the sphincter mus-
cle, palliative resection, or immobilization. A detailed 
analysis of 696 patients who fulfilled our study criteria is 
shown in Table 2.

There were 375 (53.9%) men and 321 (46.1%) women 
with a mean age of 70.21 years. A maximum number of 
326 (46.8%) patients belonged to ASA 2, while the aver-
age BMI of patients in our series was 26.1  kg/m2. The 

data included 427 (61.4%) laparoscopic and 230 (33.0%) 
open  procedures, while 39 (5.6%) laparoscopic proce-
dures were converted to open surgeries. There were 186 
patients in the control group and 510 patients in the fail-
safe group; 572 (82.2%) colon cancers (186 left-sided and 
330 right-sided) and 124 (17.8%) rectal cancers. Apart 
from different surgical approaches, both groups showed 
no significant differences in their demographics.

In our study, the overall rate of AL in the fail-safe 
group (Table  3), including emergency surgeries and 
multivisceral resections, was 3.7% (n = 19). There was a 
significantly less incidence of AL in the left-sided than 
the right-sided colonic resections (n = 2/130 vs 4/56, 
p = 0.047) and lower rectal resections (n = 1/83 vs 15/41, 
p < 0.001). In the right-sided colonic resections, no sig-
nificant difference was found. We performed a subgroup 
analysis for colorectal and rectal resections showing a 
significant lower AL rate in rectal surgery (p < 0.001) and 

Table 2  Characteristics of the patients in our study with colorectal cancers (n = 696)

ASA American Society of Anesthesiologists, BMI Body mass index, UICC/AJCC The Union for International Cancer Control/The American Joint Committee on Cancer, NS 
Not significant

Total Control group
n = 186

Fail-safe group
n = 510

p-value

Age (mean), years 70.63 69.79 NS

Sex (%)

  Male 375 (53.9) 99 (53.2) 276 (54.1) NS

  Female 321 (46.1) 87 (46.8) 234 (45.9) NS

ASA classification (%)

  ASA 1 57 (8.2) 13 (7) 44 (8.6) NS

  ASA 2 326 (46.8) 82 (44.1) 244 (47.8) NS

  ASA 3 295 (42.4) 89 (47.8) 206 (40.4) NS

  ASA 4 18 (2.6) 2 (1.1) 16 (3.1) NS

BMI (mean), kg/m2 25.62 26.71 NS

Indication for surgery (%)

  Colon cancer 572 (82.2) 143 (76.9) 411 (80.6) NS

  Left side 186 (26.7) 56 (30.1) 130 (25.5) NS

  Right 330 (47.4) 77 (41.4) 253 (49.6) NS

  Other parts 56 (8.0) 12 (6.5) 44 (8.6) NS

  Rectal cancer 124 (17.8) 41 (22.0) 83 (16.3) NS

UICC/AJCC (%)

  0 9 (1.3) 1 (0.5) 8 (1.6)

  I 207 (29.7) 62 (33.3) 145 (28.4)

  II 217 (31.2) 45 (24.2) 172 (33.7)

  III 202 (29.0) 54 (29.1) 148 (29.0)

  IV 61 (8.8) 24 (12.9) 37 (7.3)

Surgical approach (%)  < 0.0001

  Open 230 (33) 96 (51.6) 134 (26.3)

  Laparoscopic 427 (61.4) 74 (39.8) 353 (69.2)

  Conversion 39 (5.6) 16 (8.6) 23 (4.5)

Protective ileostomy (%) 128 (18.4) 39 (21) 89 (17.5) NS

Multivisceral resection (%) 124 (17.8) 50 (26.9) 74 (14.5) NS
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an insignificant lower AL rate for colonic resections (4.4% 
vs. 4.9% in the control group, p = 0.814). The only AL fol-
lowing a rectal resection was diagnosed and treated by 
endoscopy.

In the fail-safe protocol, using the Dindo-Clavien’s clas-
sification, we found postoperative complications in 150 
patients (29.4%) with a major complication rate (Dindo-
Clavien ≥ 3b) of 9.8%; 360 (70.6%) patients did not have 
any complication, grade I: 52 (10.2%); grade II: 38 (7.5%); 
grade IIIa: 10 (2%); grade IIIb: 32 (6.3%); grade IV: 6 
(1.2%); and grade V: 12 (2.4%). Following the subgroup 
analysis for colorectal and rectal surgery, the major com-
plication rate could be reduced significantly using the 
fail-safe approach (colorectal surgery: p = 0.012; rectal 
surgery: p < 0.001). The mortality rate in our study was 
2.4% (n = 12) in the fail-safe group and 2.7% (n = 5) in the 
control group (p = 0.80).

Table 4 provides an overview of the causes of postop-
erative mortality. In our study, the average postoperative 
hospitalization time was 8.9 days.

The postoperative hospitalization time was signifi-
cantly shorter in the fail-safe group (control group 
18.9  days, p < 0.0001). The results of logistic regression 

analysis elicit significantly less leakage in a fail-safe group 
with p < 0.000 (Table 5). For the control variables, results 
showed that AL was significantly associated with longer 
hospital stay (p < 0.000), poor 90-day survival (p < 0.05), 
high surgical site infection (p < 0.000), and high re-oper-
ation rates (p < 0.000).

Discussion
Our study showed a significantly low rate of major com-
plications of 9.8% in colorectal resections  following the 
fail-safe approach. Additionally, the rate of AL, includ-
ing emergency surgeries and multivisceral resections, 
was as low as 3.7%, while AL was 1.2% for the planned 
low rectal resections (n = 1/83). There is often a debate 
about the accuracy of major surgical complications after 
colorectal resections as several studies exclude emer-
gency operations, low rectal resections with anastomo-
sis, and protective ileostomy or even include resections 

Table 3  Comparison of surgical outcomes between fail-safe and control groups within the first 90 days after surgery (n = 696)

DC Dindo-Clavien classification

Control group
n = 186

Fail-safe group
n = 510

p-value

Major complication DC ≥ 3b (%) 42 (22.6%) 50 (9.8%)  < 0.0001

Re-operation (%) 35 (18.8%) 31 (6.1%) < 0.0001

Pneumonia (%) 12 (6.5%) 13 (2.5%) 0.014

Wound infection (%) 34 (18.3%) 27 (5.3%)  < 0.0001

90-day mortality (%) 5 (2.7%) 12 (2.4%) 0.800

Anastomotic leakage (%) 22 (11.8%) 19 (3.7%)  < 0.0001

  Left colon resection 4 2 0.047

  Right colon resection 3 12 0.755

  Resection of other parts of the colon 0 4 0.278

  Low rectal resection 15 1  < 0.001

Table 4  Causes for postoperative mortality in our study (n = 696)

Control group 
(n = 186)

Fail-safe-
group 
(n = 510)

Surgical complication 0 2

Internal complication

  Heart failure 0 1

  Respiratory failure 0 3

  Stroke 1 0

  Sepsis 2 4

Unclear/other 2 2

Table 5  Logistic regression analysis of the anastomotic leakage 
with fail-safe and standard approaches and control variables 
(n = 696)

**p < 0.05

***p < 0.01

Variable Coeff S.E Wald Sig

Surgery type
  Fail-safe  − 1.299*** 0.330 15.468 0.000

  Standard  − 0.244 0.444 0.302 0.583

Control variables
  Old age  − 0.029 0.015 3.766 0.052

  Days in hospital 0.055*** 0.010 32.335 0.000

  90-day survival  − 1.149** 0.560 4.210 0.040

  Surgical site infection  − 1.244*** .137 82.873 0.000

  Re-operation  − 4.232*** .608 48.508 0.000

Constant 2.009*** .227 78.278 0.000
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without anastomosis. A range of AL rates from 1.6% to 
19.1% is reported in the literature (Hyman et  al. 2009). 
The reported rates of major complications after colo-
rectal resections with anastomosis range from 2.8% 
(Meylemans et  al. 2018) to 12.3% (Park et  al. 2016). In 
the forthcoming sections of the article, pursuing a mul-
timodal fail-safe approach, this article provides a step-
wise account of the protocol and justifications for each 
measure.

Preoperative settings
Literature has shown that a preoperative inflammatory 
event leads to a higher risk of postoperative infectious 
complications (De Magistris et  al. 2016). In our study, 
besides a preoperative mechanical bowel preparation, an 
intraoperative single shot-antibiotic, half an hour prior to 
incision was administered to all patients. Recent studies 
have even advocated a combination of preoperative oral 
antibiotics, mechanical bowel preparation, and intrave-
nous antibiotics at induction (Scarborough et  al. 2015). 
However, due to a low rate of postoperative infectious 
complications in our study, we did not find any benefit of 
adding an oral antibiotic prior to operation. Conversely, 
we performed an adequate preoperative bowel irrigation 
as the presence of stools causes intraluminal bacterial 
contamination, increased mechanical intraluminal pres-
sure, and shear stress on the anastomosis.

Surgical approach and technical aspects
Generally, the surgeon’s responsibility for postopera-
tive complications is often denied, and the responsibility 
is placed on patient-related risk factors, notably to male 
gender (Sciuto et  al. 2018), neoadjuvant (radio-)chemo-
therapy  (Swellengrebel et  al. 2011), lack of mechanical 
bowel preparation and decontamination (Murray and 
Kiran 2016), steroid use (Ostenfeld et al. 2015), NSAID-
use (Hakkarainen et al. 2015) as well as patient’s comor-
bidities. However, the surgeon’s experience plays a vital 
role in the surgical outcome (Marinello et  al. 2016). In 
our study, during all colorectal surgeries, an experienced 
surgeon (> 30 resections with anastomosis per year) was 
a member of the operating team and, we believe, that this 
pre-requisite had a major impact on successful surgical 
outcomes in our series.

Approximately 35% to 44% of all patients with a stoma 
will never get a chance for stoma reversal as they do not 
wish to be re-operated or due to their poor health con-
ditions (Maggard et  al. 2004). This fact makes a multi-
stage procedure less popular and, currently, colorectal 
surgeons prefer a multi-modal but single-stage colorectal 
resection with primary anastomosis (Awotar et al. 2017). 
As a part of a multi-modal single-stage procedure, the 
fecal-loaded colon is cleaned by intraoperative colonic or 

bowel lavage prior to primary anastomosis (Hong et  al. 
2017). In our multimodal fail-safe model, we performed 
on-table bowel irrigation through the efferent ileal loop 
after performing the anastomosis with saline in case of 
a rectal resection (Herzberg et  al. 2022) or emergency 
procedures.

Independent of location and its surgical technique, 
the anastomotic site should not have circulatory com-
promise, tension or intraluminal stress. Perioperatively 
a macroscopic perfusion test is commonly performed, 
however, a frequent mistake is often made due to periph-
eral perfusion testing. In our approach, we performed 
a bleeding test immediately at the edge of the resection 
margins. Generally, during end-to-end stapling anasto-
mosis, the proximal as well as the distal colon is often 
freed from fatty tissue. This could result in decreased per-
fusion of the anastomotic site (Shekarriz et al. 2015). We 
also avoided sharp-angled edges —so called dog-ears— of 
the remnant rectum that could lead to insufficient blood 
supply (Kuramoto et  al. 2017). Recently, indocyanine 
green (ICG) fluorescence imaging is introduced for 
potential of reducing AL due to insufficient blood supply. 
Current clinical non-randomized controlled trials have 
shown a reduction of the AL rate in colorectal surgery by 
using ICG (Blanco-Colino and Espin-Basany 2018).

For the ileocolic side-to-side anastomosis, we per-
formed continuous hand-sewn anastomoses with addi-
tional seams on the edges. These seams not only relieved 
tension on the anastomosis, but also provided a mechani-
cal strain relief on mobile intestine. The use of hand-
sewn anastomoses in right side resections might cause a 
higher rate of AL in this group, as there is an individual 
learning curve for each surgeon performing this anas-
tomosis. For the colorectal or coloanal anastomoses, a 
full mobilization of the splenic flexure up to the middle 
colic artery was performed. Anastomoses were always 
performed using a circular stapler, which was passed 
transanally. Before performing an end-to-end anasto-
mosis, the sphincteric muscle was stretched for at least 
3 min to reduce the risk for anal fissures. These steps lead 
to an early passage of stools and return of bowel activ-
ity and prevent an increased intraluminal pressure due to 
constipation of stool (Shigeta et al. 2016). Several studies 
including the German Guidelines for Colorectal cancer 
(Deutsche Krebsgesellschaft et  al. 2019) have recom-
mended the creation of a colonic pouch for functional 
optimization and to lower AL rates in colorectal resec-
tions (Pucciarelli et  al. 2019). However, we performed 
end-to-end anastomosis in colorectal resections, which 
led to fewer sutures or stapling lines needed for recon-
struction and, additionally, allowed the use of over-the-
scope-clip (OTSC) or endosponge® in the case of AL. 
This facilitated the reconstruction of the rectal wall. 
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Following the straight anastomosis in our cohort, we 
noticed a lower AL rate in comparison to the reported 
data in all non-straight reconstructions (Pucciarelli et al. 
2019). We can deduce that a comprehensive periopera-
tive protocol and rigorous surgical steps resulted in bet-
ter surgical outcomes in our study.

Positioning of the stapler spine for circular stapling 
next to the linear stapler line to prevent long overlapping 
of both stapler lines is already well described as the so-
called double-stapling technique (Cohen et al. 1983).

Intraoperative sigmoidoscopy was performed routinely 
in our series for colorectal and coloanal anastomosis, 
with the advantages for identifying that the anastomo-
sis is complete, performing an air test, and identifying 
any bleeding from the anastomosis. In case of a leakage, 
oversewing of the anastomosis at the site of leakage is a 
common approach (Lanthaler et al. 2008); however, it is 
associated with higher postoperative leakage rates com-
pared with a new set up of the anastomosis (Ricciardi 
et al. 2009). Therefore, in case of any irregularity during 
intraoperative sigmoidoscopy, a new anastomosis must 
be set up. This occurred once during the study period.

Postoperative settings
Since the introduction of the “fast-track” concept by 
Kehlet et  al. in 1999, a multimodal rehabilitation pro-
gram has accelerated patients’ postoperative recovery 
(Kehlet and Mogensen 1999) and is still part of the mod-
ern Enhanced Recovery after Surgery (ERAS) protocols 
(Gustafsson et al. 2019). In this perspective, early nutri-
tional support is considered beneficial in reducing the 
incidence of serious postoperative infectious complica-
tions (Rana et  al. 1992). According to the ERAS guide-
lines, the positive effect of an early nutritional support is 
crucial for recovery. Sharma et al. have shown promising 
results with an additional oral nutritional supplementa-
tion after colorectal surgery (Sharma et al. 2013). Accord-
ing to commonly applied ERAS concepts, we believe that 
the positive effect of an early nutritional uptake is crucial 
for recovery. However, it is customary to understand that 
an anastomosis needs to heal uncomplicated. Therefore, 
intraluminal stress should be avoided as much as possi-
ble. In our series, we used a strictly low-volume high-cal-
orie diet for all patients during the postoperative period. 
Compared to the modern ERAS concepts, our study with 
this diet has shown promising results.

We routinely performed an early endoscopic anasto-
mosis assessment on 4th day after colorectal or coloa-
nal anastomosis. Although endoscopic assessment is 
risky for low anastomosis, various imaging studies have 
shown low sensitivity and high false negative rates for 
early detection of AL (Sparreboom et al. 2016). Histori-
cally, the treatment of choice for a leaking colorectal or 

coloanal anastomosis had been resection of the anasto-
mosis with a Hartmann’s procedure (Chereau et al. 2018). 
Pelvic abscesses had often to be drained percutaneously 
using a CT- or ultrasound-guided approach (Meylemans 
et  al. 2018). With the fail-safe approach, intraoperative 
positioning of a drainage tube near anastomosis, as well 
as on-table lavage over an efferent loop of the ileostomy 
prevented the development of a pelvic abscess. In the 
case of an AL after low colorectal anastomoses, vari-
ous management strategies are available (Blumetti and 
Abcarian 2015). We prefer an application of the OTSC 
rather than endoscopic stenting or Endosponge® therapy, 
which essentially enlarges the defect during its initial 
placement. Indications for use of the OTSC system are 
small defects less than 1.5 cm in size and an absence of 
pelvic collection (Arezzo et al. 2012). Therefore, an early 
endoscopic anastomosis assessment and early detec-
tion of AL is an essential component of treatment as the 
defect is more likely to close (van Koperen et  al. 2009). 
Using OTSC, rates of anastomotic healing from 86% 
(Arezzo et  al. 2012) to over 90% have been reported 
(Haito-Chavez et al. 2014). Even the mean length of hos-
pital stay was longer in the fail-safe model compared 
to the data reported by Arrick et  al.(Arrick et  al. 2019), 
the step towards this adoption might be justified by the 
reduced rate of AL in this fail-safe model.

Limitations
A major limitation of this study is being a single-center 
non-randomized retrospective cohort study. The data 
of the control group was collected retrospectively, while 
the data of the study group was collected prospectively. 
Due to the design of a cohort study, the size of the fail-
safe group is larger than the control group. Even if the 
population is comparable in terms of malignant diseases 
and demographics, the inclusion of right- and left-sided 
tumors and rectal cancers provides a group of diverse 
diseases with different surgical approaches. Comparing 
the results of the historical control group, it should be 
kept in mind that some of the positive trends observed 
in the study group were secured due to the technical 
innovations in laparoscopic surgery. The impact of each 
perioperative change adapted in the fail-safe model for 
the reduction of AL remains unclear. Further research is 
essential that can determine the efficacy of some contro-
versies including mechanical bowel irrigation.

Conclusion
Our study presents promising results of a multimodal 
fail-safe model for colorectal resections. The fail-safe 
approach comprehensively interlaces preoperative and 
postoperative settings with operative technical steps. 
Although not every single step is evidence-based, the 



Page 10 of 12Khadem et al. Perioperative Medicine            (2023) 12:5 

application of a standard protocol resulted in a reduc-
tion of colorectal surgical complications. The overall rate 
of AL, including emergencies and extended multivisceral 
resections was 3.7% (n = 19) and 1.2% for elective rectal 
resections (n = 1/83). Our multimodal fail-safe model 
offers a structured perioperative protocol with standard-
ized steps, even if some of these steps don’t corroborate 
with common surgical practice. Additionally, its applica-
tion in emergencies not only reduces surgical complica-
tion rates but might even improve short- and long-term 
oncological outcomes. However, further investigations 
including new technologies like ICG imaging must be 
undertaken for fail-safe colorectal surgeries.

Acknowledgements
Not applicable.

Authors’ contributions
SK developed the fail-safe concept and drafted the manuscript. JH collected 
and analyzed the data and drafted the manuscript. SK and JH contributed 
equally to this work as shared co-first-authors. HH reviewed the manuscript 
and made an impact on the discussion. RMJ collected the data and drafted 
the manuscript. SYG performed a scientific enrichment, linguistics manuscript 
drafting, and statistical analysis, and TS reviewed the manuscript and super-
vised the implementation of the new concept. All authors read and approved 
the final manuscript.

Funding
This research was conducted without any external funding.

Availability of data and materials
The datasets generated and analyzed during the current study are not pub-
licly available but are available from the corresponding author on reasonable 
request.

Declarations

Ethics approval and consent to participate
As this is a retrospective anonymized analysis, no additional written consent 
and ethical approval was needed in accordance with the local ethical 
committee.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Surgery, Krankenhaus Reinbek St. Adolf-Stift, Hamburger 
Strasse 41, 21465 Reinbek, Germany. 2 Clinical Sciences Department, College 
of Medicine, University of Sharjah, P. O. Box 27272, Sharjah, United Arab 
Emirates. 

Received: 23 March 2021   Accepted: 7 February 2023

References
Agha R, Abdall-Razak A, Crossley E, Dowlut N, Iosifidis C, Mathew G, et al. 

STROCSS 2019 Guideline: Strengthening the reporting of cohort studies 
in surgery. Int J Surg. 2019;72:156–65. Available from: (http://​www.​ncbi.​
nlm.​nih.​gov/​pubmed/​31704​426). [cited 2020 Jun 16].

Arezzo A, Verra M, Reddavid R, Cravero F, Bonino MA, Morino M. Efficacy of the 
over-the-scope clip (OTSC) for treatment of colorectal postsurgical leaks 

and fistulas. Surg Endosc. 2012;26(11):3330–3. Available from: (http://​
www.​ncbi.​nlm.​nih.​gov/​pubmed/​22580​885). [cited 2020 Jun 6].

Arrick L, Mayson K, Hong T, Warnock G. Enhanced recovery after surgery in 
colorectal surgery: Impact of protocol adherence on patient outcomes. J 
Clin Anesth. 2019;55:7–12. Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​30583​114). [cited 2020 Jun 6].

Awotar GK, Guan G, Sun W, Yu H, Zhu M, Cui X, et al. Reviewing the Manage-
ment of Obstructive Left Colon Cancer: Assessing the Feasibility of the 
One-stage Resection and Anastomosis After Intraoperative Colonic Irriga-
tion. Clin Colorectal Cancer. 2017;16(2):e89-103 (United States).

Blanco-Colino R, Espin-Basany E. Intraoperative use of ICG fluorescence imag-
ing to reduce the risk of anastomotic leakage in colorectal surgery: a 
systematic review and meta-analysis. Tech Coloproctol. 2018;22(1):15–23. 
Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​29230​591). [cited 
2020 Mar 20].

Blumetti J, Abcarian H. Management of low colorectal anastomotic leak: 
Preserving the anastomosis. World J Gastrointest Surg. 2015;7(12):378–83. 
Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​26730​283). [cited 
2020 Jun 6].

Byrne BE, Mamidanna R, Vincent CA, Faiz O. Population-based cohort study 
comparing 30- and 90-day institutional mortality rates after colorectal 
surgery. Br J Surg. 2013;100(13):1810–7. Available from: (http://​www.​ncbi.​
nlm.​nih.​gov/​pubmed/​24227​369). [cited 2021 Dec 2].

Chereau N, Lefevre JH, Chafai N, Hor T, Debove C, Tiret E, et al. Hartmann’s 
reversal after colonic perforation or anastomosis leakage, is it the same 
procedure? A retrospective study of 150 patients. Langenbecks Arch 
Surg. 2018;403(4):435–41. Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​29671​066). [cited 2020 Jun 6].

Cohen Z, Myers E, Langer B, Taylor B, Railton RH, Jamieson C. Double stapling 
technique for low anterior resection. Dis Colon Rectum. 1983;26(4):231–5. 
Available from: (http://​journ​als.​lww.​com/​00003​453-​19832​6040-​00005). 
[cited 2020 Nov 13].

De Magistris L, Paquette B, Orry D, Facy O, Di Giacomo G, Rat P, et al. Pre-
operative inflammation increases the risk of infection after elective 
colorectal surgery: results from a prospective cohort. Int J Colorectal Dis. 
2016;31(9):1611–7. Available from: (http://​link.​sprin​ger.​com/​10.​1007/​
s00384-​016-​2620-8). [cited 2020 Jun 6].

Deutsche Krebsgesellschaft, Deutsche Krebshilfe, AWMF. German Guideline for 
Colorectal Cancer. 2019 (cited 2020 Sep 29). Available from: https://​www.​
awmf.​org/​uploa​ds/​tx_​szlei​tlini​en/​021-​007OLl_​S3_​Kolor​ektal​es-​Karzi​nom-​
KRK_​2019-​01.​pdf

Dindo D, Demartines N, Clavien P-A. Classification of surgical complications: a 
new proposal with evaluation in a cohort of 6336 patients and results of 
a survey. Ann Surg. 2004;240(2):205–13. Available from: (https://​insig​hts.​
ovid.​com/​cross​ref?​an=​00000​658-​20040​8000-​00003). [cited 2019 Dec 29].

Edge SB, Compton CC. The American Joint Committee on Cancer: the 7th edi-
tion of the AJCC cancer staging manual and the future of TNM. Ann Surg 
Oncol. 2010;17(6):1471–4. Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​20180​029). [cited 2020 Jun 6].

Forgione A, Guraya S. The cutting-edge training modalities and educational 
platforms for accredited surgical training: A systematic review. J Res Med 
Sci. 2017;22(1):51. Available from: (http://​www.​jmsjo​urnal.​net/​text.​asp?​
2017/​22/1/​51/​205241). [cited 2020 May 2].

Grant MC, Yang D, Wu CL, Makary MA, Wick EC. Impact of Enhanced Recovery 
After Surgery and Fast Track Surgery Pathways on Healthcare-associated 
Infections: Results From a Systematic Review and Meta-analysis. Ann 
Surg. 2017;265(1):68–79. Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​28009​729). [cited 2020 Jun 6].

Guraya SY. Optimum level of inferior mesenteric artery ligation for the left-
sided colorectal cancer. Systematic review for high and low ligation 
continuum. Saudi Med J. 2016;37(7):731–6. Available from: (http://​www.​
ncbi.​nlm.​nih.​gov/​pubmed/​27381​531). [cited 2020 Jun 6].

Guraya SY, Murshid KR. Malignant duodenocolic fistula. Various therapeutic 
surgical modalities. Saudi Med J. 2004;25(8):1111–4. Available from: 
(http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​15322​610). [cited 2020 May 2].

Guraya SY, Khairy GA, Ghallab A, Al-Saigh A. Carcinoid tumors of the appendix. 
Our experience in a university hospital. Saudi Med J. 2005;26(3):434–7 
(Saudi Arabia).

Guraya SY, Forgione A, Sampogna G, Pugliese R. The mapping of preferred 
resources for surgical education: Perceptions of surgical trainees at the 
Advanced International Minimally Invasive Surgery Academy (AIMS), 

http://www.ncbi.nlm.nih.gov/pubmed/31704426
http://www.ncbi.nlm.nih.gov/pubmed/31704426
http://www.ncbi.nlm.nih.gov/pubmed/22580885
http://www.ncbi.nlm.nih.gov/pubmed/22580885
http://www.ncbi.nlm.nih.gov/pubmed/30583114
http://www.ncbi.nlm.nih.gov/pubmed/30583114
http://www.ncbi.nlm.nih.gov/pubmed/29230591
http://www.ncbi.nlm.nih.gov/pubmed/26730283
http://www.ncbi.nlm.nih.gov/pubmed/24227369
http://www.ncbi.nlm.nih.gov/pubmed/24227369
http://www.ncbi.nlm.nih.gov/pubmed/29671066
http://www.ncbi.nlm.nih.gov/pubmed/29671066
http://journals.lww.com/00003453-198326040-00005
http://link.springer.com/10.1007/s00384-016-2620-8
http://link.springer.com/10.1007/s00384-016-2620-8
https://www.awmf.org/uploads/tx_szleitlinien/021-007OLl_S3_Kolorektales-Karzinom-KRK_2019-01.pdf
https://www.awmf.org/uploads/tx_szleitlinien/021-007OLl_S3_Kolorektales-Karzinom-KRK_2019-01.pdf
https://www.awmf.org/uploads/tx_szleitlinien/021-007OLl_S3_Kolorektales-Karzinom-KRK_2019-01.pdf
https://insights.ovid.com/crossref?an=00000658-200408000-00003
https://insights.ovid.com/crossref?an=00000658-200408000-00003
http://www.ncbi.nlm.nih.gov/pubmed/20180029
http://www.ncbi.nlm.nih.gov/pubmed/20180029
http://www.jmsjournal.net/text.asp?2017/22/1/51/205241
http://www.jmsjournal.net/text.asp?2017/22/1/51/205241
http://www.ncbi.nlm.nih.gov/pubmed/28009729
http://www.ncbi.nlm.nih.gov/pubmed/28009729
http://www.ncbi.nlm.nih.gov/pubmed/27381531
http://www.ncbi.nlm.nih.gov/pubmed/27381531
http://www.ncbi.nlm.nih.gov/pubmed/15322610


Page 11 of 12Khadem et al. Perioperative Medicine            (2023) 12:5 	

Milan. Italy J Taibah Univ Med Sci. 2015;10(4):396–404. Available from: 
(http://​creat​iveco​mmons.​org/​licen​ses/​by-​nc-​nd/4.​0/). [cited 2020 Jun 6].

Gustafsson UO, Oppelstrup H, Thorell A, Nygren J, Ljungqvist O. Adherence to 
the ERAS protocol is Associated with 5-Year Survival After Colorectal Can-
cer Surgery: A Retrospective Cohort Study. World J Surg. 2016;40(7):1741–
7. Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​26913​728). 
[cited 2020 Jun 6].

Gustafsson UO, Scott MJ, Hubner M, Nygren J, Demartines N, Francis N, et al. 
Guidelines for Perioperative Care in Elective Colorectal Surgery: Enhanced 
Recovery After Surgery (ERAS®) Society Recommendations: 2018. World 
J Surg. 2019;43(3):659–95. Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​30426​190). [cited 2020 Jun 6].

Haito-Chavez Y, Law JK, Kratt T, Arezzo A, Verra M, Morino M, et al. Interna-
tional multicenter experience with an over-the-scope clipping device 
for endoscopic management of GI defects (with video). Gastrointest 
Endosc. 2014;80(4):610–22. Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​24908​191). [cited 2020 Jun 6].

Hakkarainen TW, Steele SR, Bastaworous A, Dellinger EP, Farrokhi E, Farjah F, et al. 
Nonsteroidal anti-inflammatory drugs and the risk for anastomotic failure: 
a report from Washington State’s Surgical Care and Outcomes Assessment 
Program (SCOAP). JAMA Surg. 2015;150(3):223–8. Available from: (http://​
www.​ncbi.​nlm.​nih.​gov/​pubmed/​25607​250). [cited 2020 Jun 6].

Herzberg J, Khadem S, Guraya SY, Strate T, Honarpisheh H. Intraoperative 
colonic irrigation for low rectal resections with primary anastomosis: a 
fail-safe surgical model. Front Surg. 2022;9:821827. https://​doi.​org/​10.​
3389/​fsurg.​2022.​821827.

Hong Y, Nam S, Kang JG. The Usefulness of Intraoperative Colonic Irrigation 
and Primary Anastomosis in Patients Requiring a Left Colon Resec-
tion. Ann Coloproctol. 2017;33(3):106–11. Available from: (http://​colop​
roctol.​org/​journ​al/​view.​php?​doi=​10.​3393/​ac.​2017.​33.3.​106). [cited 
2020 May 2].

Hyman NH, Osler T, Cataldo P, Burns EH, Shackford SR. Anastomotic leaks after 
bowel resection: what does peer review teach us about the relationship 
to postoperative mortality? J Am Coll Surg. 2009;208(1):48–52. Available 
from: (http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​19228​502). [cited 2020 Jun 
6].

Kazaryan AM, Røsok BI, Edwin B. Morbidity assessment in surgery: refinement 
proposal based on a concept of perioperative adverse events. ISRN 
Surg. 2013;2013:625093. Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​23762​627). [cited 2020 Jun 6].

Kehlet H, Mogensen T. Hospital stay of 2 days after open sigmoidec-
tomy with a multimodal rehabilitation programme. Br J Surg. 
1999;86(2):227–30. Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​10100​792). [cited 2020 Jun 6].

Kirchhoff P, Clavien P-A, Hahnloser D. Complications in colorectal surgery: risk 
factors and preventive strategies. Patient Saf Surg. 2010;4(1):5. Available 
from: (http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​20338​045). [cited 2020 Jun 
6].

Kristjansson SR, Nesbakken A, Jordhøy MS, Skovlund E, Audisio RA, Johan-
nessen H-O, et al. Comprehensive geriatric assessment can predict 
complications in elderly patients after elective surgery for colorectal 
cancer: a prospective observational cohort study. Crit Rev Oncol Hema-
tol. 2010;76(3):208–17. Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​20005​123). [cited 2020 Jun 6].

Kuramoto M, Ikeshima S, Yamamoto K, Morita K, Uchihara T, Itouyama R, et al. 
The intentional oblique transection double stapling technique in anterior 
resection for rectal cancer. Surg Today. 2017;47(4):525–8. Available from: 
(http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​27416​774). [cited 2020 Jun 6]

Lanthaler M, Biebl M, Mittermair R, Ofner D, Nehoda H. Intraoperative 
colonoscopy for anastomosis assessment in laparoscopically assisted 
left-sided colon resection: is it worthwhile? J Laparoendosc Adv Surg 
Tech A. 2008;18(1):27–31. Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​18266​570). [cited 2020 Jun 6]

Maggard MA, Zingmond D, O’Connell JB, Ko CY. What proportion of 
patients with an ostomy (for diverticulitis) get reversed? Am Surg. 
2004;70(10):928–31 (United States).

Marinello FG, Baguena G, Lucas E, Frasson M, Hervás D, Flor-Lorente B, et al. 
Anastomotic leakage after colon cancer resection: does the individual 
surgeon matter? Color Dis. 2016;18(6):562–9. Available from: (http://​www.​
ncbi.​nlm.​nih.​gov/​pubmed/​26558​741). [cited 2019 Dec 29].

Meylemans DVG, Oostenbrug LE, Bakker CM, Sosef MN, Stoot JHMB, Belgers 
HJ. Endoscopic ultrasound guided versus surgical transrectal drainage 
of pelvic abscesses. Acta Chir Belg. 2018;118(3):181–7. Available from: 
(http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​29207​920). [cited 2020 Jun 6].

Murray ACA, Kiran RP. Benefit of mechanical bowel preparation prior to 
elective colorectal surgery: current insights. Langenbeck’s Arch Surg. 
2016;401(5):573–80. Available from: (http://​link.​sprin​ger.​com/​10.​1007/​
s00423-​016-​1461-9). [cited 2019 Dec 29].

Ostenfeld EB, Erichsen R, Baron JA, Thorlacius-Ussing O, Iversen LH, Riis AH, 
et al. Preadmission glucocorticoid use and anastomotic leakage after 
colon and rectal cancer resections: a Danish cohort study. BMJ Open. 
2015;5(9):e008045. Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​pub-
med/​26408​282). [cited 2020 Jun 6].

Park JS, Huh JW, Park YA, Cho YB, Yun SH, Kim HC, et al. Risk Factors of Anasto-
motic Leakage and Long-Term Survival After Colorectal Surgery. Medicine 
(Baltimore). 2016;95(8):e2890. Available from: (http://​www.​ncbi.​nlm.​nih.​
gov/​pubmed/​26937​928). [cited 2020 Jun 6].

Parthasarathy M, Greensmith M, Bowers D, Groot-Wassink T. Risk factors for 
anastomotic leakage after colorectal resection: a retrospective analysis of 
17 518 patients. Colorectal Dis. 2017;19(3):288–98. Available from: (http://​
www.​ncbi.​nlm.​nih.​gov/​pubmed/​27474​844). [cited 2020 Jun 6].

Pucciarelli S, Del Bianco P, Pace U, Bianco F, Restivo A, Maretto I, et al. Multi-
centre randomized clinical trial of colonic J pouch or straight stapled 
colorectal reconstruction after low anterior resection for rectal cancer. Br 
J Surg. 2019;106(9):1147–55. Available from: (http://​www.​ncbi.​nlm.​nih.​
gov/​pubmed/​31233​220). [cited 2020 Jun 6].

Rahbari NN, Weitz J, Hohenberger W, Heald RJ, Moran B, Ulrich A, et al. Defini-
tion and grading of anastomotic leakage following anterior resection of 
the rectum: a proposal by the International Study Group of Rectal Cancer. 
Surgery. 2010;147(3):339–51. Available from: (https://​linki​nghub.​elsev​ier.​
com/​retri​eve/​pii/​S0039​60600​90062​29). [cited 2019 Dec 29].

Rana SK, Bray J, Menzies-Gow N, Jameson J, Payne James JJ, Frost P, et al. Short 
term benefits of post-operative oral dietary supplements in surgical 
patients. Clin Nutr. 1992;11(6):337–44. Available from: (http://​www.​ncbi.​
nlm.​nih.​gov/​pubmed/​16840​018). [cited 2020 Jun 6].

Ricciardi R, Roberts PL, Marcello PW, Hall JF, Read TE, Schoetz DJ. Anasto-
motic leak testing after colorectal resection: what are the data. Arch 
Surg. 2009;144(5):407–11. Available from: (http://​www.​ncbi.​nlm.​nih.​
gov/​pubmed/​19451​481). discussion 411-2. [cited 2020 Jun 6].

Scarborough JE, Mantyh CR, Sun Z, Migaly J. Combined Mechanical and Oral 
Antibiotic Bowel Preparation Reduces Incisional Surgical Site Infection 
and Anastomotic Leak Rates After Elective Colorectal Resection: An 
Analysis of Colectomy-Targeted ACS NSQIP. Ann Surg. 2015;262(2):331–7. 
Available from: (http://​conte​nt.​wkhea​lth.​com/​linkb​ack/​openu​rl?​sid=​
WKPTLP:​landi​ngpag​e&​an=​00000​658-​20150​8000-​00021). [cited 2020 May 
2].

Sciuto A, Merola G, De Palma GD, Sodo M, Pirozzi F, Bracale UM, et al. Predictive 
factors for anastomotic leakage after laparoscopic colorectal surgery. 
World J Gastroenterol. 2018;24(21):2247–60. Available from: (http://​www.​
ncbi.​nlm.​nih.​gov/​pubmed/​29881​234). [cited 2020 Mar 20].

Sharma M, Wahed S, O’Dair G, Gemmell L, Hainsworth P, Horgan AF. A rand-
omized controlled trial comparing a standard postoperative diet with 
low-volume high-calorie oral supplements following colorectal surgery. 
Colorectal Dis. 2013;15(7):885–91. Available from: (http://​www.​ncbi.​nlm.​
nih.​gov/​pubmed/​23398​636). [cited 2020 Jun 6].

Shekarriz H, Eigenwald J, Shekarriz B, Upadhyay J, Shekarriz J, Zoubie D, et al. 
Anastomotic leak in colorectal surgery: are 75 % preventable? Int J Colo-
rectal Dis. 2015;30(11):1525–31. Available from: (http://​www.​ncbi.​nlm.​nih.​
gov/​pubmed/​26319​887). [cited 2020 Jun 6].

Shigeta K, Okabayashi K, Baba H, Hasegawa H, Tsuruta M, Yamafuji K, et al. A 
meta-analysis of the use of a transanal drainage tube to prevent anas-
tomotic leakage after anterior resection by double-stapling technique 
for rectal cancer. Surg Endosc. 2016;30(2):543–50. Available from: (http://​
www.​ncbi.​nlm.​nih.​gov/​pubmed/​26091​985). [cited 2020 Jun 6].

Sparreboom CL, Wu Z-Q, Ji J-F, Lange JF. Integrated approach to colorectal 
anastomotic leakage: Communication, infection and healing distur-
bances. World J Gastroenterol. 2016;22(32):7226–35. Available from: 
(http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​27621​570). [cited 2020 Jun 6].

Strasberg SM, Linehan DC, Hawkins WG. The accordion severity grading sys-
tem of surgical complications. Ann Surg. 2009;250(2):177–86. Available 

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.ncbi.nlm.nih.gov/pubmed/26913728
http://www.ncbi.nlm.nih.gov/pubmed/30426190
http://www.ncbi.nlm.nih.gov/pubmed/30426190
http://www.ncbi.nlm.nih.gov/pubmed/24908191
http://www.ncbi.nlm.nih.gov/pubmed/24908191
http://www.ncbi.nlm.nih.gov/pubmed/25607250
http://www.ncbi.nlm.nih.gov/pubmed/25607250
https://doi.org/10.3389/fsurg.2022.821827
https://doi.org/10.3389/fsurg.2022.821827
http://coloproctol.org/journal/view.php?doi=10.3393/ac.2017.33.3.106
http://coloproctol.org/journal/view.php?doi=10.3393/ac.2017.33.3.106
http://www.ncbi.nlm.nih.gov/pubmed/19228502
http://www.ncbi.nlm.nih.gov/pubmed/23762627
http://www.ncbi.nlm.nih.gov/pubmed/23762627
http://www.ncbi.nlm.nih.gov/pubmed/10100792
http://www.ncbi.nlm.nih.gov/pubmed/10100792
http://www.ncbi.nlm.nih.gov/pubmed/20338045
http://www.ncbi.nlm.nih.gov/pubmed/20005123
http://www.ncbi.nlm.nih.gov/pubmed/20005123
http://www.ncbi.nlm.nih.gov/pubmed/27416774
http://www.ncbi.nlm.nih.gov/pubmed/18266570
http://www.ncbi.nlm.nih.gov/pubmed/18266570
http://www.ncbi.nlm.nih.gov/pubmed/26558741
http://www.ncbi.nlm.nih.gov/pubmed/26558741
http://www.ncbi.nlm.nih.gov/pubmed/29207920
http://link.springer.com/10.1007/s00423-016-1461-9
http://link.springer.com/10.1007/s00423-016-1461-9
http://www.ncbi.nlm.nih.gov/pubmed/26408282
http://www.ncbi.nlm.nih.gov/pubmed/26408282
http://www.ncbi.nlm.nih.gov/pubmed/26937928
http://www.ncbi.nlm.nih.gov/pubmed/26937928
http://www.ncbi.nlm.nih.gov/pubmed/27474844
http://www.ncbi.nlm.nih.gov/pubmed/27474844
http://www.ncbi.nlm.nih.gov/pubmed/31233220
http://www.ncbi.nlm.nih.gov/pubmed/31233220
https://linkinghub.elsevier.com/retrieve/pii/S0039606009006229
https://linkinghub.elsevier.com/retrieve/pii/S0039606009006229
http://www.ncbi.nlm.nih.gov/pubmed/16840018
http://www.ncbi.nlm.nih.gov/pubmed/16840018
http://www.ncbi.nlm.nih.gov/pubmed/19451481
http://www.ncbi.nlm.nih.gov/pubmed/19451481
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00000658-201508000-00021
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00000658-201508000-00021
http://www.ncbi.nlm.nih.gov/pubmed/29881234
http://www.ncbi.nlm.nih.gov/pubmed/29881234
http://www.ncbi.nlm.nih.gov/pubmed/23398636
http://www.ncbi.nlm.nih.gov/pubmed/23398636
http://www.ncbi.nlm.nih.gov/pubmed/26319887
http://www.ncbi.nlm.nih.gov/pubmed/26319887
http://www.ncbi.nlm.nih.gov/pubmed/26091985
http://www.ncbi.nlm.nih.gov/pubmed/26091985
http://www.ncbi.nlm.nih.gov/pubmed/27621570


Page 12 of 12Khadem et al. Perioperative Medicine            (2023) 12:5 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

from: (http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​19638​919). [cited 2020 
Jun 6].

Swellengrebel HAM, Marijnen CAM, Verwaal VJ, Vincent A, Heuff G, Gerhards 
MF, et al. Toxicity and complications of preoperative chemoradiotherapy 
for locally advanced rectal cancer. Br J Surg. 2011;98(3):418–26. Available 
from: (http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​21254​020). [cited 2019 Dec 
29].

van Koperen PJ, van Berge Henegouwen MI, Rosman C, Bakker CM, Heres P, 
Slors JFM, et al. The Dutch multicenter experience of the endo-sponge 
treatment for anastomotic leakage after colorectal surgery. Surg Endosc. 
2009;23(6):1379–83. Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​19037​698). [cited 2020 Jun 6].

Vather R, Josephson R, Jaung R, Robertson J, Bissett I. Development of a risk 
stratification system for the occurrence of prolonged postoperative 
ileus after colorectal surgery: a prospective risk factor analysis. Surgery. 
2015;157(4):764–73. Available from: (http://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​25724​094). [cited 2020 Jun 6].

Veldkamp R, Kuhry E, Hop WCJ, Jeekel J, Kazemier G, Bonjer HJ, et al. Lapa-
roscopic surgery versus open surgery for colon cancer: short-term 
outcomes of a randomised trial. Lancet Oncol. 2005;6(7):477–84. Avail-
able from: (http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​15992​696). [cited 2020 
Jun 6].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.ncbi.nlm.nih.gov/pubmed/19638919
http://www.ncbi.nlm.nih.gov/pubmed/21254020
http://www.ncbi.nlm.nih.gov/pubmed/19037698
http://www.ncbi.nlm.nih.gov/pubmed/19037698
http://www.ncbi.nlm.nih.gov/pubmed/25724094
http://www.ncbi.nlm.nih.gov/pubmed/25724094
http://www.ncbi.nlm.nih.gov/pubmed/15992696

	Safety profile of a multimodal fail-safe model to minimize postoperative complications in oncologic colorectal resections—a cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Methods
	Control group
	Fail-safe group
	Surgical approach and technical steps in the fail-safe group
	Patients’ characteristics and definitions
	Statistical analysis and ethical approval

	Results
	Discussion
	Preoperative settings
	Surgical approach and technical aspects
	Postoperative settings
	Limitations

	Conclusion
	Acknowledgements
	References


