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Definitions

…complication is defined as any deviation from the normal 
   postoperative course 

…sequela is an “after-effect” of surgery that is 
   inherent to the procedure 

Clavien et al. Ann Surg 2014



 Classification and Prevalence 

Risk factors for complications and sequelae ? 

Recognition and prevention ?



 Classification and Prevalence 



Clavien-Dindo Classification 



Intestinal complications

Mc Dermott et al. BJS 2015



Balla et al. Int J Colorect Dis  2018

- 3079 patients undergoing bowel surgery for DE (90.8% laparoscopy, 
7.9% laparotomy, 1.7% robotic), bowel diversion rate 15.3% 

- intraoperative complications 1%, postoperative complications 18.5% 
       rectovaginal fistula 2.4% 
       anastomotic leakage 2.2% 
       bleeding 1.1% 
       mortality 0.03% (pulmonary embolism) 



Bendifallah et al. JMIG 2020

- 17496 patients undergoing bowel surgery for DE (55.3% shaving, 8.6% 
disc excision, 36.1% segmental resection) 

-      rectovaginal fistula 1.5% (shaving 0.3%, DR 2.7%, SR 3.3%) 
       anastomotic leakage 1.2% (shaving 0.2%, DR 1%, SR 1.9%) 
       bleeding 0.7% (shaving 0.1%, DR 1.1%, SR 1.0%) 
       ureteral injury 0.1% (shaving 0.1%, DR 0.4%, SR 0.07%) 

- voiding dysfunction plus 30ds 2.6% (shaving 0.4%, DR 4.1%, SR 6.6%) 
       anastomotic stenosis 2.3% (shaving 0%, DR 0.3%, SR 5.2%) 
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Are there risk factors  
for complications and sequelae ? 



…Age, Smoking etc. 

…vaginal opening 

…technique - Shaving / DR/ SR - ileostomy ? 
                      

Risk factors ?



Roman et al. Hum Reprod 2018



Hudelist et al. AOGS 2018



  

Bokor & Hudelist et al. AOGS 2020
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Abstract
Introduction: There is increasing evidence that intermediate and long-term bowel 
dysfunction may occur as a consequence of radical surgery for rectal deep endome-
triosis (DE). Typical symptoms include constipation, feeling of incomplete evacuation, 
clustering of stools, and urgency. This is described in the colorectal surgical literature 
as low anterior resection syndrome (LARS). Within this, several studies suggested 
that differences regarding functional outcomes could be favourable to more conserv-
ative surgical approaches, that is, excision of endometriotic tissue with preservation 
of the luminal structure of the rectal wall when compared with classical segmental 
resection techniques for DE, especially when performed for low DE.
Material and methods: A total of 211 patients undergoing rectal surgery for low 
DE (≤7 cm from the anal verge) in three different tertiary referral centers between 
October 2009 and December 2018 were retrospectively reviewed regarding major 
complications and LARS. From the 211 eligible patients, six women were excluded be-
cause of loss to follow up. Finally, a total number of 205 patients were enrolled for the 
statistical analysis; 139 with nerve- and vessel-sparing segmental resection (NVSSR) 
and 66 operated for laparoscopic-transanal disk excision (LTADE) were included. 
Gastrointestinal functional outcomes of the two procedures were compared using 
the validated LARS questionnaire. The median follow-up time was 46 ±  11 months. 
As a secondary outcome, the surgical sequelae were examined.
Results: We found no statistically significant difference between the incidence of 
LARS (31.7% and 37.9%, respectively) among patients operated by LTADE when 
compared with NVSSR (P =  .4). The occurrence of LARS was positively associated 
with the use of protective ileostomy or colostomy (P =  .02). A higher rate of severe 
complications was observed in women undergoing LTADE (19.7%) when compared 
with patients with NVSSR (9.0%, P =  .029).
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well as more radical strategies like segmental bowel resection, which 
is also carried out for rectal cancer in a more extensive fashion.

Donnez et al recently reviewed the current evidence of the 
three surgical treatment options and suggested that conservative 
approaches must, whenever possible, be preferred to segmental re-
section because of the possible decrease in major complication rates, 
such as anastomotic leakage, rectovaginal fistula development, and 
long-term bladder catheterization.8 Within this, it should be noted 
that there is no consensus, nor is there any evidence on how to ideally 
perform segmental resection for rectal DE because adaptations such 
as autonomic nerve preservation28 and the preservation of nerves, 
mesorectal fat, and vessels12,13 have been described and may confer 
benefits regarding short- and long-term problems related to bowel 
surgery. As already mentioned, the only prospective randomized con-
trolled trial performed so far, by Roman et al,10 comparing full-thick-
ness discoid excision vs segmental resection in nodules infiltrating 
the rectum did not reveal a significant difference in major postoper-
ative complications and occurrence of bowel dysfunction when as-
sessed using standardized questionnaires. As the trial protocol had 
been written in 2009, the trial outcomes were not assessed using the 
LARS score, which was reported in the literature 3 years later.16

The results of the present work are in line with these findings 
and tried to elucidate the role of LTADE and NVSSR in a selected 
patient population prone to complications due to a low anastomotic 
height. Our observations underline the risk of major complications 
in this patient group with an overall complication rate of 28.6%, 
which necessarily needs to be taken into account when embark-
ing on surgical treatment for low-lying rectovaginal DE. Although 
we observed no differences in occurrence of anastomotic leakage, 
patients undergoing LTADE exhibited significantly elevated rates of 
rectovaginal fistulae compared with NVSSR (10.6% vs 3.6%) with 
similar occurrence of concomitant vaginal resection in both groups. 

Nevertheless, because of the non-randomized and retrospective na-
ture of this study, these differences must be interpreted with cau-
tion. Furthermore, patients undergoing LTADE usually exhibit large 
rectal lesions (above 3 cm) and anastomotic heights between 4 and 
5 cm, which may further increase risk of fistula formation. Finally, 
we did not observe a difference in the occurrence of LARS between 
LTADE and NVSSR patients. One might postulate that the preser-
vational effect of LTADE and NVSSR regarding autonomic nerve 
supply and large- and small-vessel perfusion may be similar. When 
looking at LARS, it generally needs to be taken into account that 
digestive complaints may also be present presurgically in women 
with extensive rectal DE.20 Within this, large DE lesions affecting 
the parametrium may affect bladder and rectal function, through 
irritation of the inferior hypogastric plexus. According to Riiskjaer 
et al, a high number (73.5%) of the patients experienced symptoms 
equivalent to minor or major LARS after surgery; however, this was 
also the case before surgery.20

A recent study by Juul et al18 found that major LARS (scores 
>30) were common (9.9%-17.2%) in the general population, even 
in the 20-45 years age group of female patients. Hence, norma-
tive data for LARS should be taken into account when interpreting 
LARS score results in studies evaluating bowel function after rec-
tal surgery for DE.

One of the major limitations of our study is the lack of preoper-
ative assessment of the LARS in our cohort. Ideally, the evaluation 
of digestive complaints should have been recorded both pre- and 
post-surgery, which was not accomplished for our study with LARS 
scores being introduced 3 years after 2009.

The other obvious limitation is the retrospective nature of our 
study, which may be balanced by the fact that the electronic data-
bases that served as a basis of data collection were prospectively 
established.

TA B L E  3   Postoperative complications according to Clavien-Dindo

Clavien-Dindo complications

LTADE NVSSR

P valuea 

n % n %

66 32.2 139 67.8

Grade I 3 4.5 7 5.03 .098

Grade II

Bladder atony after 7 d requiring self-catheterization 11 16.7 9 6.49 .001

Grade III-IV

Rectovaginal fistula 7 10.6 5 3.6 .04

Stenosis of rectal lumen, requiring additional procedure 1 1.5 0 0 .14

Anastomosis leakage 0 0 2 1.4 .3

Pelvic abscess 6 9 3 2.1 .007

Pyosalpinx 0 0 1 0.7 .5

Stenosis of the ureteral anastomosis 0 0 1 0.7 .5

Ureteral fistula 0 0 1 0.7 .5

Abbreviations: LTADE, laparoscopic-transanal disk excision; NVSSR, nerve- and vessel-sparing segmental resection.
aComparison between the two surgical techniques using the Fisher exact test. 
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Whether LARS is directly associated with the application of pro-
tective stoma use as shown in the present work remains an open 
question. Changes in the intestinal microbiome in patients with endo-
metriosis have been described,29,30 and they may also occur because 
of the application of a diverting stoma. Whether this poses a risk for 
chronic bowel dysfunction needs to be elucidated in future studies.

Although colonic adaptation over a period of about 12 months 
may improve bowel function, a recent meta-analysis31 confirms that 

a significant population of patients continue to suffer into the mid 
and long term. According to Croese et al,31 the cause of LARS is 
complex and likely multifactorial. Impaired anal sphincter function 
has been identified in patients following low anterior resection, this 
could be a result of both direct injury to the anal sphincter as well as 
damage to its innervation. Further studies need to be conducted for 
follow-up LARS.

Very recently, Keane et al15 had a first attempt to define LARS 
using robust methodology that included multiple stakeholders, 
including patients. This novel approach has identified that both 
symptoms and consequences are important priorities in LARS. 
Acknowledging this by transforming these important priorities into 
a new tool to measure LARS may enable better identification of pa-
tients who experience bowel dysfunction and more precise assess-
ment of the severity of LARS in the future.

5  | CONCLUSION

Taken together, the results of the present work support the need for 
awareness of surgical risks and related complications in women un-
dergoing low rectal full-thickness resections by either conservative 
or segmental resection techniques. These procedures should only 
be performed in tertiary referral centers by well-trained multidisci-
plinary teams with extensive experience in surgery for DE and the 
management of postoperative complications. Occurrence of long-
term bowel dysfunction does not appear to be related to a specific 
surgical technique.
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TA B L E  4   Bowel function after laparoscopic-transanal disk 
excision and nerve- and vessel-sparing segmental resection

LTADE NVSSR

P 
valuea 

n % n %

66 32.2 139 67.8

Do you ever have occasions when you cannot control your flatus (wind)?

No, never 26 39.3 72 52.2 .056

Yes, less than once per week 18 27.2 30 21.5

Yes, at least once per week 22 33.3 37 26.6

Do you ever have any accidental leakage of liquid stool?

No, never 55 83.3 122 87.7 .118

Yes, less than once per week 8 12.1 12 8.6

Yes, at least once per week 3 4.6 5 3.7

How often do you open your bowels?

More than 7 times per day 
(24 h)

1 1.5 5 3.5 .23

4-7 times per day (24 h) 2 3 20 14.3

1-3 times per day (24 h) 31 46.9 67 48.2

Less than once per day (24 h) 32 48.4 47 33.8

Do you ever have to open your bowels again within 1 h of the last 
bowel opening?

No, never 30 45.4 39 28 .071

Yes, less than once per week 16 24.2 54 38.8

Yes, at least once per week 20 30.4 46 33.1

Do you ever have such a strong urge to open your bowels that you 
have to rush to the toilet?

No, never 33 50 57 41 .068

Yes, less than once per week 22 33.3 56 40.2

Yes, at least once per week 11 16.6 26 18.7

LARS scoreb 

No LARS 41 62.1 95 68.3 .6

Minor LARS 14 21.2 27 19.4

Major LARS 11 16.7 17 12.2

LARS score, median 19 20

Abbreviations: LARS, low anterior resection syndrome; LTADE, 
laparoscopic-transanal disk excision; NVSSR, nerve- and vessel-sparing 
segmental resection.
aComparison between the two surgical techniques using the Fisher's 
exact and Pearson chi-squared tests. 
bLARS score, range 0-42: 0-20, no LARS; 21-29, minor LARS; 30-42, 
major LARS. 
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- Shaving less associated with RV fistula versus DR (OR=0.19; 95% CI 
[0.10-0.36], p<0.00001) and SR (OR=0.26, 95% IC [0.15-0.44], p< 0.00001). 
No difference was found in the occurrence of rectovaginal fistula between DR 
and SR. 

- Shaving was less associated with leakage than DR (OR=0.22, 95% IC 
[0.06-0.73], p=0.01). No difference was found in the occurrence of leakage 
between rectal shaving and SR (OR=0.32, 95% IC [0.10-1.01], p=0.05 or 
between DR and SR (OR=0.32 95% IC [0.30-1.58], p=0.38). 

- DR was less associated with anastomotic stenosis than SR (OR=0.15, 95% IC 
[0.05-0.48], p=0.001). 

-      No statistical was found in the occurrence of voiding dysfunction  



„…use of a defunctioning stoma and/or an omentoplasty to  
isolate the anastomosis may reduce the adverse consequences  
of AL, but does not appear to reduce the likelihood of AL per se"  

McDermott et al. 2016



…age, smoking etc. 

…vaginal opening 

…resection technique, ileostomy 

… height of anastomosis 

   above 8 cm 😀, below 8 cm ab ano 😕  below 5 cm 😢 

Risk factors …



Risk factors…

Boyce et al. Dis Colon Rectum 2017

…(n=555) anastomosis below 5 cm ab ano 12.9% versus 2.3% 



…Age, Smoking etc. 

…vaginal opening 

…technique - Shaving / DR/ SR - ileostomy ? 

…height of anastomosis 

…number of stapler magazines used 
                      

Risk factors …



Braunschmid et al. Surg Endosc 2017



Braunschmid et al. Surg Endosc 2017



…Age, Smoking etc. 

…vaginal opening 

…technique - Shaving / DR/ SR - ileostomy ? 

…height of anastomosis 

…number of stapler magazines used 

….and finally - experience and caseload! 
                      

Risk factors …



Bendifallah et al. Surg Endosc 2017



Bendifallah et al. Surg Endosc 2017

….centers with more than 40 procedures per year RV fistula and AL rate         

      2.8% and 0.9%  

….centers with fewer than 10 procedures per year RV fistula and AL rate         

      5% and 2% 

….optimal cut-off value of 20 cases a year per centre and  

    7-13 procedures a year per surgeon for significant reduction  

    of grade III and IV complication rates  



Hudelist et al. SEF Meeting 2020
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Risk stratification, recognition & prevention 



Estimation of surgical risks …

Aas Eng K & Hudelist G et al. UOG 2020



Estimation of surgical risks …

Keckstein et al. AOGS 2021

… type and intensity of pain symptoms 

…operating time 

…Clavien-Dindo I/II versus III/IV complications  
   and disease extent by C compartment  

…postoperative voiding dysfunction and  
   disease extent by B compartment  

                      



Estimation of surgical risks …

Hudelist et al. JMIG 2021

… TVS and DE localisation and lesion size 
    in compartments A,C and FB, less accurate  
    in B compartment 
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Table 3. Positive and negative predictive values for the detection of endometriotic lesions in 

different Enzian compartments and for the detection of specific lesion sizes by preoperative 

transvaginal sonography. 

TVSa PPVb NPVc 

Enzian FB (urinary bladder) 91% 98% 

Enzian A (vagina, rectovaginal septum) 91% 73% 

Enzian B (USLsd, parametria) 96% 56% 

Enzian C (rectum, sigmoid colon) 96% 89% 

   

Enzian A0 73% 91% 

Enzian A1 52% 87% 

Enzian A2 67% 84% 

Enzian A3 86% 93% 

Enzian B0 56% 96% 

Enzian B1 42% 94% 

Enzian B2 71% 69% 

Enzian B3 33% 81% 

Enzian C0 89% 96% 

Enzian C1 67% 96% 

Enzian C2 60% 93% 

Enzian C3 86% 87% 
aTVS – transvaginal sonography; bPPV – positive predictive value; cNPV – negative 

predictive value; dUSLs – uterosacral ligaments. 
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Abstract

Aim: This study aimed at testing feasibility of a standardised postoperative surveillance protocol to reduce delay in the diagnosis of anas-
tomotic leakage (AL) and, subsequently, mortality.
Material and methods: Patient files of patients operated between 1996 and 1999 were reviewed and used as historical controls (n ¼ 1066).
As a result, a protocol for standardised post-operative surveillance was designed using easily accessible, clinical parameters. Between
August 2004 and August 2006, all operated patients with a colorectal anastomosis (n ¼ 223) were prospectively subjected to this stand-
ardised surveillance.
Results: AL was diagnosed in 7.0% of patients in the historical control group and 9.4% of patients in the standardised surveillance group.
AL mortality decreased from 39% to 24% with standardised surveillance (n.s.). The delay in AL diagnosis was significantly reduced during
standardised surveillance (4 versus 1.5 days, p ¼ 0.01), which was confirmed in the multivariate analysis.
Conclusion: With non-standardised postoperative monitoring, AL was associated with a high mortality rate. Patients were subjected to
several additional tests, which were not primarily useful to diagnose AL. Standardised postoperative surveillance for AL was introduced
successfully and resulted in a shorter delay between the first signs and symptoms to the confirmation of AL.
! 2008 Elsevier Ltd. All rights reserved.
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Introduction

Anastomotic leakage (AL) is a feared complication after
colorectal surgery causing morbidity and mortality.1 Differ-
ent percentages are published for the incidence of AL, vary-
ing between 1 and 25%, partly depending on the method of
evaluation and the level of the anastomosis.2e5 AL does not

only result in increased and serious morbidity and mortal-
ity,6e9 but has also been associated with a higher local
recurrence rate after curative treatment of colorectal
malignancies.10,11

In literature, different mortality rates after AL are re-
ported.8,12,13 In the evaluation of surgery, slowly, more atten-
tion is focussed on adverse events such as postoperative
morbidity and mortality.14 AL can never be reduced to zero
and therefore it is of relevant importance to control the neg-
ative and sometimes fatal sequelae in case an AL occurs.
Consequently, not only the occurrence but also the clinical
outcome after AL might be considered as a performance in-
dicator of surgical care. Firstly, this study aimed at investigat-
ing the occurrence of AL and associated mortality in several
training hospitals in the Netherlands. Secondly, we hypothes-
ised that the interval between first signs or symptoms and ac-
tion on AL can influence the clinical outcome. As a result,
a standardised postoperative surveillance protocol was
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this period 6 patients underwent two resections during sepa-
rate procedures. One patient was transferred to another hos-
pital and was lost to follow-up and was excluded from all
analyses. Demographic details of the remaining 223 patients
are shown in Table 2. Twenty-one patients were diagnosed
with AL. In total 14 patients died postoperatively. Nine
patients died of causes not related to AL: respiratory compli-
cations (n ¼ 3), cardio-vascular complications (n ¼ 4) and

progression of the malignant disease (n ¼ 2). In all these
cases AL was excluded as cause of death. Five patients
died after AL was diagnosed.

Leakage-score

The leakage-score was determined daily for every patient.
The median score for patients diagnosed with and without

Table 1
Items scored in the prospective study

Item Normal value Score (points) Abnormal value Score (points)

General
Fever "38.0 #C 0 >38.0 #C 1
Heart rate "100/min 0 >100/min 1
Respiratory rate "30/min 0 >30/min 1
Urinary production $ 30 ml/h or 700 ml/day 0 <30 ml/h or 700 ml/day 1
Mental status Normal mental status 0 Agitation or lethargic 2
Clinical condition Stable or improving condition 0 Deterioration 2

Local physical examination
Signs of ileus No ileus 0 Ileus 2
Gastric retention No gastric retention 0 Gastric retention 2
Fascial dehiscence No fascial dehiscence 0 Fascial dehiscence 2
Abdominal pain, other than
wound pain

No pain other than wound pain 0 Pain other than wound pain 2

Laboratory investigation
Signs of infection No increase in leukocyte

number or CRP
0 Increase of $ 5% in leukocyte

number or CRP
1

Kidney function No increase in urea or creatinine 0 Increase of $ 5% in urea
or creatinine

1

Diet
Nutritional status Normal diet 0 Tube feeding/TPN 1/2

The leakage-score is the sum of all points. If a patient receives both tube feeding and TPN, only tube feeding is scored (1 point). CRP ¼ C-reactive protein,
TPN ¼ total parenteral nutrition.

Figure 1. Decision tree of the leakage-score indicating which actions should be taken with each score. Clinically proven AL (faeces in a drain or wound) was
treated identically as a positive CT-scan. AL ¼ anastomotic leakage.
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AL per day is shown in Fig. 2. A significant higher score for
patients with AL was found from day 5 to 9. When comparing
the median of the highest leakage-score for patients with and
without AL, this difference was significant: 7 points (range
0e13) versus 3 point (range 0e10), p < 0.001.

The effects of standardised surveillance on the
diagnosis of anastomotic leakage

In the period of standardised surveillance, three patients
were dismissed from the hospital without any signs or
symptoms on day 6, 7 and 17, respectively. These patients
were later readmitted and AL was diagnosed, of whom one
patient eventually died. As no information about delay is
available for these patients, these patients could not be con-
sidered in the analysis for delay. However, these patients
were included in all other analyses.

In Table 3 the univariate comparison is shown between pa-
tients subjected to standardised monitoring compared with
patients without standardised postoperative surveillance. If
the three patients who were discarded from hospital and read-
mitted before AL was diagnosed were included in the analy-
sis for the day of the diagnosis, no significant difference could
be found (median 8 days in the historical control group

versus median 6 days after standardised surveillance,
p ¼ 0.22). However, if these patients were excluded from
the analysis, as these patients were not monitored after dis-
charge, the difference was statistically significant (median
8 days versus 6 days, p ¼ 0.02). Nevertheless, the delay in
the diagnosis of AL was significantly shorter for patients
monitored with standardised postoperative surveillance (me-
dian 4.0 versus 1.5 days, p ¼ 0.01). If the analysis was per-
formed using the same definition of delay in the
standardised surveillance group as was used for the historical
controls (temperature above 38.0 "C, ileus after day 3 or leu-
kocytes blood count >12.0 # 109/l), the delay was still sig-
nificantly shorter (median delay 4.0 days (range 0e21) for
historical controls and 3.0 days (range 0e14) after standar-
dised surveillance, p ¼ 0.03). In the multivariate analysis,
in which patients from both periods are combined, the effects
of gender, age, primary disease, timing, procedure and hospi-
tal of treatment were not found to be significantly related to
delay (data not shown). Treatment during the period with
standardised postoperative surveillance was the only variable
that was independently associated with an earlier diagnosis
( p ¼ 0.03). If for the calculation of delay in the prospective
study a cut-off point of 4 leakage-points was used instead
of 1 point or if the definition of delay as used for the historical
controls was used for the group with standardised

Table 2
Demographic data of patients

Historical
controls

Patients with
standardised
surveillance

n ¼ 1066 n ¼ 223

Gender
Male 509 115
Female 557 108

Age
<70 years 480 95
$ 70 years 586 128

Primary disease*
Malignancy 736 147
Benign disorder 314 76

Timing of procedure
Elective 906 189
Emergency 160 34

Procedureþ

Right sided
resection

391 101

Left sided resection 643 106
Other procedure 32 16

Hospital
A 335
B 290
C 441 223

* Missing for 16 patients; þ Right side resection includes ileocecal resec-
tion, right sided hemicolectomy, transversectomy and removal of a stoma
in ascending or transverse colon; left sided resection includes left sided
hemicolectomy, sigmoid resection, low anterior resection, proctocolec-
tomy and removal of a stoma in descending colon or sigmoid; other pro-
cedure (such as subtotal colectomy) or unspecified for 32 patients
(historical controls) and 16 patients (standardised surveillance).

Figure 2. Median scores of patients with and without anastomotic leakage
per day. * indicates a significant difference between patients with and with-
out anastomotic leakage (ManneWhitney test).

Table 3
Univariate comparison between controls without standardised postopera-
tive surveillance and patients with standardised surveillance

Historical
controls

Standardised
surveillance

p-value

Time to diagnosis since
surgery (days)

0.22

Median 8.0 6.0
Range 1e58 4e47

Delay in the diagnosis of
AL (days)

0.01

Median 4.0 1.5
Range 0e21 0e21

Mortality rate of AL
diagnosed patients

29/75 5/21 0.21

AL ¼ anastomotic leakage.
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AL was diagnosed in 7.0% of patients in the historical control group  

and 9.4% of patients in the standardised surveillance group,  

mortality decreased from 39% to 24%

den Dulk et al. EJCS 2008
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Objective To assess the predictive value of C-reactive protein
(CRP) level for early septic complications after laparoscopic bowel
resection for endometriosis.

Design Retrospective study using data prospectively recorded in
the CIRENDO database.

Setting University tertiary referral centre.

Population Three hundred and three women managed by
segmental resection or disc excision for colorectal endometriosis
in 40 consecutive months.

Methods C-reactive protein was routinely measured at
postoperative days 4, 5, and 6. Bowel fistula, pelvic abscess, and
pelvic infected haematoma were prospectively recorded.

Main outcome measures A receiver operating characteristic
(ROC) curve was built to assess the best cut off CRP value to
predict early septic complications.

Results The incidence of bowel fistula and pelvic abscess/infected
hematoma were 2 and 7.9%, respectively. The CRP cut-off value
of 100 mg/l at postoperative day 4 predicts early septic pelvic
complications (sensitivity, specificity, positive and negative
predictive values of, respectively, 76, 83, 30.2, and 90.4%), and the
area under the curve was 0.85 (95% CI 0.78–0.92).

Conclusion Postoperative CRP monitoring is useful in the
prediction of early septic pelvic complications following bowel
endometriosis surgery, with possible impact on the management
of postoperative outcomes and hospitalisation stay.

Keywords Anastomotic leakage, bowel endometriosis, C-reactive
protein monitoring, pelvic abscess, rectovaginal fistula.

Tweetable abstract Levels of CRP ≥100 mg/l at day 4 after bowel
resection or excision for endometriosis are associated with early
septic pelvic complications.

Please cite this paper as: Scattarelli A, Carriou M, Boulet L, Chati R, Coget J, Bridoux V, Tuech J-J, Roman H. C-reactive protein assessment to predict early

septic complications after laparoscopic bowel resection for endometriosis: a diagnostic study. BJOG 2019;126:1176–1182.

Introduction

Surgical management of deep infiltrating endometriosis
(DIE) may require excision of the posterior vagina when
infiltrated, as well as the excision of bowel involvement by
conservative or radical procedures.1 Intraoperative opening
of the vagina or the bowel, either voluntary or unintended,
may be followed by postoperative infectious complications,
such as pelvic abscess, bowel suture leakage or rectovaginal
fistula.2,3 These complications routinely occur in patients
managed for other digestive tract diseases, such as colorec-
tal cancer or inflammatory bowel diseases, and may lead to
reoperations, longer hospital stay, increased cost treatment,

and psychological and physical pain.4,5 Early diagnosis of
these complications could prompt their management and
reduce the severity of outcomes. C-reactive protein (CRP)
is a sensitive, cost-effective, but non-specific serum marker
for inflammation. An increase in CRP level may precede
clinical manifestations of infections; accordingly, several
studies have noted C-reactive protein as an early predictor
of intra-abdominal septic complications following various
colorectal procedures.4–11

The aim of this study was to assess the value of C-reac-
tive protein values for the prediction of septic pelvic com-
plications secondary to laparoscopic bowel excision or
resection for endometriosis.
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Strengths and limitations
Our study presents several weaknesses. First, this is a retro-
spective study without a control group, which prevented us
from establishing that our strategy of CRP monitoring
leads to improvement in patient outcomes. However, it is
our opinion that early diagnosis of bowel fistula or pelvic
abscess provides an opportunity for improved management
and patient outcomes. Secondly, the main outcome of the
study focuses exclusively on the most severe early compli-
cations requiring secondary surgery (Clavien-Dindo 3b
complications),14 and does not include other infectious

complications that may also increase CRP level, such as
urinary or scar infections, which are usually classified as
Clavien-Dindo 1 and 2 complications. Finally, as the
majority of patients underwent second surgery on or before
day 5, predictive values of CRP level at days 5 and 6 could
not be fully assessed. No additional medico-economic anal-
ysis was performed. The cost of CRP testing is, however,
currently inexpensive (<1€ in France).10

This study has several strengths. In particular it involves
a large series of patients prospectively enrolled in an
endometriosis database, managed by a dedicated clinical
researcher, and thus a very low rate of patients were lost to
follow up. Once implemented, the policy of CRP monitor-
ing at days 4 to 6 was rigorously followed by the whole
surgical team, with no loss of data. The centre specialises
in the management of endometriosis, which allows a high
number of patients with colorectal surgical procedures to
be reported on in a short period of time, with homoge-
neous data concerning disease and surgical management.
Although previous studies have assessed the CRP predictive
value for postoperative complications, these have generally
focused on patients managed by open surgery, where the
risk of postoperative septic complications may be different
compared with that associated with laparoscopic proce-
dures. One valuable study reported on the association
between CRP values at postoperative days 1–3, but such
early CRP monitoring would fail to detect septic complica-
tions occurring later, at days 4–6.6

Interpretation
In our series, the rate of early leakage of bowel suture (2%)
is comparable to those reported.1 Furthermore, it is likely
that the rate of rectovaginal fistula could be impacted by
the frequency of adjacent vaginal excision, which may vary

DAY 4 DAY 5 DAY 6
Early Fistula 182 216 223
Early Abscess 150 143 118
Other infec!on 65 60 68
No complica!on 43 27 22
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Figure 2. CRP monitoring mean level in early fistula group (blue, n = 6); early pelvic abscess group (orange, n = 24); other infection group (grey,
n = 31) and no complication group (yellow, n = 230).

Figure 3. The ROC curve of early septic complications prediction based
on CRP level at post-operative day 4.
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303 patients 
7.9% AL/pelvic abscess; 2% RVF 

cut off value 100 mg/l day 4 -  
PPV, NPV: 30.2% and 90.4% 
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183 patients: 2.7% AL, 1.1% RVF 
Cut off value 100 mg/l day 4 (AUC 0.94, CI 0.88-1.0)  

PPV, NPV: 31.8% and 99.3% 
decrease in CRP from day 1-3 not specific 

  

0

5

10

15

20

25

30

35

40

45

50

pre-OP 1 2 3 4 5 6 7 8 9

[m
g/

dl
]

postoperative day

CRP

3

6

9

12

15

18

21

pre-OP 1 2 3 4 5 6 7 8 9

[G
/l]

postoperative day

White blood
cell count

36,0

36,5

37,0

37,5

38,0

38,5

39,0

39,5

40,0

pre-OP 1 2 3 4 5 6 7 8 9

[°
C

]

postoperative day

Body 
temperature

Montanari et al..; submitted for publication



ORIGINAL ARTICLE

Colorectal anastomotic leak: delay in reintervention after false-
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Abstract
Background Early detection of anastomotic leakage (AL)

after colorectal surgery followed by timely reintervention

is of crucial importance. The aim of this study was to
investigate the accuracy of computed tomography (CT)

imaging for AL and the effects of delay in reintervention

after a false-negative CT.
Methods All files from patients who had colorectal surgery

with primary anastomoses between 2009 and 2014 were

reviewed. The predictive value of CT scanning for AL was
determined and correlated with short-term postoperative

patient outcomes. In addition, factors predictive of false-

negative scans were assessed.
Results Six hundred and twenty-eight patient files were

reviewed. In total, a CT scan was performed in 127

patients. Overall, leakage was seen in 49 patients (7.8%).
The positive and negative predictive values were 78 and

88%, respectively. Sensitivity was 73% and specificity

91%. In patients with a true-positive CT (n = 24), rein-
tervention followed after a median interval of 0 days (IQR

1), whereas this was 1 day (IQR 2) in the false-negative
group (n = 11) (p\ 0.05). This was associated with a

significantly increased mortality rate (1/24 = 4.2% vs

5/11 = 45.5%) (p\ 0.005), an increased length of hospital
stay [median 28 days (IQR 26) vs 54 days (IQR 20)

(p\ 0.05)].

Conclusions Delayed reintervention after false-negative
CT scanning is associated with a high mortality rate and a

significant increase in length of hospital stay.

Keywords Colorectal surgery ! Computed tomography !
Anastomotic leakage ! Oncology

Introduction

Anastomotic leakage (AL) is a life-threatening complication
after colorectal surgery [1]. In the literature, mortality rates

after AL vary from15 to 33%. Early detection ofAL followed

by timely reintervention decreases mortality rates. In daily
clinical practice, abdominal computed tomography (CT)

scanning is most frequently used to diagnose or exclude AL

after colorectal surgery [2–4]. Compared to water-soluble
contrast enema and plain X-ray, CT scan ismore sensitive and

is able to detect other complications such as bleeding, perfo-

ration or abscess. At the same time, it can be used to guide
therapeutic percutaneous drainage of abscesses.

Considering how commonly CT is performed in post-

operative colorectal patients, the literature on the accuracy
of CT scanning in patients with AL is scarce. The only

systematic review, performed by Kornmann et al. [5],
included a total of only 221 abdominal CT scans from eight

different studies. This review showed a relatively low

sensitivity of 68%, with a large range reported from these
small, retrospective studies. The technical quality of the CT

scan was often suboptimal (10-mm sections, no enteral or

intravenous contrast), and the definition of AL was
inconsistent. Previous studies suggested that false-negative

CT outcome may delay reintervention [6, 7], but the clin-

ical consequences of a false-negative CT scan were only
described in one study [8].
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significantly increased length of hospital stay [median of

28 days (IQR 26) vs 54 days (IQR 20) (p\ 0.05)]. The

median length of stay in the ICU was 3 days (IQR 10) for
patients with a true-positive CT scan versus 2 days (IQR

14) in patients with a false-negative scan (Table 3).

To identify predictive factors influencing CT accuracy,
the following variables were analysed: anatomical site of

the anastomosis, emergency surgery, whether enteral con-
trast was given and if the contrast had reached the anas-

tomosis on CT scan.

There were no statistically significant differences found
in these variables between patients with a true-positive and

a false-negative scan. It is noteworthy, however, that the

contrast reached the level of the anastomosis in only 66.6%
in the false-negative group, but in 85.0% in the true-posi-

tive group (Table 4).

Discussion

This study demonstrated an 84% accuracy of CT scan for

AL after colorectal surgery. A leak was missed in 11/39
patients resulting in a mediocre sensitivity of 72%. False-

negative CT was associated with a significantly higher

mortality.
The sensitivity and specificity of CT scanning found in

this study are in line with the results of the systematic

review of Kornmann et al. [5] and with three studies on
sensitivity of CT scanning [8–10].

Previous studies also showed that false-negative CT

scan causes delay in reintervention after AL, but numbers
of patients are small in these reports. Kornmann et al. [8]

reported that mortality increased to 63% after delayed

diagnosis compared to 7% in patients with a true-positive

Table 2 Sensitivity, specificity,
positive and negative predictive
value for anastomotic leakage

CT outcome Anastomotic leakage No anastomotic leakage Results (95% CI)

Positive 24 8 Sensitivity 0.69 (0.51–0.83)

Specificity 0.91 (0.83–0.96)

Negative 11 79 PPV 0.75 (0.56–0.87)

NPV 0.88 (0.79–0.94)

Patients with grade A anastomotic leak were excluded

Values are given as number of patients (n). Sensitivity, specificity, PPV and NPV are given with 95% CI

CT computed tomography, PPV positive predictive value, NPV negative predictive value

Table 3 Clinical outcome of anastomotic leakage in patients with grade B and C leakage (n= 35)

Overall N = 35 True-positive CT N = 24 False-negative CT N = 11 p value

Mortality (%) 6 (17.1%) 1 (4.2%) 5 (45.5%) .003*

Length of hospital stay, median (IQR) 30.5 (31) 28 (26) 54 (20) .014**

Days in ICU, median (IQR) 3 (10) 3 (10) 2 (14) .094**

Days from operation to CT, median (IQR) 7 (5) 7 (4) 4 (4) .121**

Days from CT to reintervention, median (IQR) 0 (1) 0 (1) 1 (2) .011**

CT computed tomography scan, ICU intensive care unit, IQR interquartile range

* Chi-square test

** Mann–Whitney U test

Table 4 Parameters predicting accuracy of CT scanning for anastomotic leakage

Overall N = 35 True-positive CT N = 24 False-negative CT N = 11 p value

Emergency surgery 11 (31.4%) 7 (41.2%) 4 (36.4%) .670*

Rectal anastomosis 12 (34.2%) 9 (37.5%) 3 (27.2%) .554*

Rectal contrast 29 (82.9%) 20 (83.2%) 9 (81.8%) .466*

Contrast reached anastomosis 23 (79.3%) 17 (85.0%) 6 (66.6%) .874*

CT computed tomography

* Chi-square test
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* Chi-square test

** Mann–Whitney U test

Table 4 Parameters predicting accuracy of CT scanning for anastomotic leakage

Overall N = 35 True-positive CT N = 24 False-negative CT N = 11 p value

Emergency surgery 11 (31.4%) 7 (41.2%) 4 (36.4%) .670*

Rectal anastomosis 12 (34.2%) 9 (37.5%) 3 (27.2%) .554*

Rectal contrast 29 (82.9%) 20 (83.2%) 9 (81.8%) .466*

Contrast reached anastomosis 23 (79.3%) 17 (85.0%) 6 (66.6%) .874*

CT computed tomography

* Chi-square test
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Recognition  



Prevention…

… SDD (selective decontamination digestive tract) 
   (leak rate 5.7% to 2.8%) with oral aminoglycosides 

…stratification of „high risk“ and „low risk“ patients 

….standardized surveillance postoperatively 

…the right patient at the right time treated by the right surgeon 
   
   
  



 Classification and Prevalence 

Are there risk factors for complications ? 

Recognition and prevention ?



When things go wrong, it is     
usually because a series of      
failures conspires to produce 
disaster.                                              


