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Definitions

Clavien et al. Ann Surg 2014

…complication is defined as any deviation from the normal
postoperative course
…sequela is an “after-effect” of surgery that is
inherent to the procedure

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)
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Are there risk factors
for complications and sequelae ?

Risk factors ?

…Age, Smoking etc.
…vaginal opening
…technique - Shaving / DR/ SR - ileostomy ?

Roman et al. Hum Reprod 2018

Hudelist et al. AOGS 2018
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Low anterior resection syndrome following different surgical
approaches for low rectal endometriosis: A retrospective
multicenter study
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Introduction: There is increasing evidence that intermediate and long-term bowel

Bokor & Hudelist et al. AOGS 2020

as low anterior resection syndrome (LARS). Within this, several studies suggested

that differences regarding
be favourable to more conservLTADE functional outcomes could
NVSSR
ative surgical approaches,
that is, %
excision of endometriotic
tissue
with preservation
n
n
%
of the luminal structure of the rectal wall when compared with classical segmental
66
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resection techniques for DE, especially when performed for low DE.
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Material and methods: A total of 211 patients undergoing rectal surgery for low
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As a secondary outcome, the surgical sequelae were examined.

No, never
LARS
scoreb

LARS (31.7% and 37.9%, respectively) among patients operated by LTADE when

Comparison between the two surgical techniques using the Fisher exact test.

compared with NVSSR (P = .4). The occurrence of LARS was positively associated

well as more radical strategies like segmental bowel
resection, which
Nevertheless,
because
of the non-randomized
retrospective
complications
was observed
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LTADE (19.7%)and
when
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Joint
first authors. leakage, rectovaginal fistula development, and

LTADE and NVSSR patients. One might postulate that the preser-

long-term bladder catheterization.8 Within this, it should be noted

vational effect of LTADE and NVSSR regarding autonomic nerve

that there is no consensus, nor is there any evidence on how to ideally

supply and large- and small-vessel perfusion may be similar. When

perform
resection
for rectal DE because adaptations such
Actasegmental
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as autonomic nerve preservation28 and the preservation of nerves,

digestive complaints may also be present presurgically in women
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mesorectal fat, and vessels12,13 have been described and may confer

with extensive rectal DE. 20 Within this, large DE lesions affecting

benefits regarding short- and long-term problems related to bowel

the parametrium may affect bladder and rectal function, through

surgery. As already mentioned, the only prospective randomized con-

irritation of the inferior hypogastric plexus. According to Riiskjaer
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Results: We found no statistically significant difference between the incidence of

with the use of protective ileostomy or colostomy (P = .02). A higher rate of severe
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statistical analysis; 139 with nerve- and vessel-sparing segmental resection (NVSSR)

the validated LARS questionnaire. The median follow-up time was 46 ± 11 months.
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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

McDermott et al. 2016

„…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"

Risk factors …
…age, smoking etc.
…vaginal opening
…resection technique, ileostomy
… height of anastomosis
above 8 cm 😀, below 8 cm ab ano

😕 below 5 cm

😢

Risk factors…

Boyce et al. Dis Colon Rectum 2017

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

Risk factors …

…Age, Smoking etc.
…vaginal opening
…technique - Shaving / DR/ SR - ileostomy ?
…height of anastomosis
…number of stapler magazines used

Braunschmid et al. Surg Endosc 2017

Braunschmid et al. Surg Endosc 2017

Risk factors …

…Age, Smoking etc.
…vaginal opening
…technique - Shaving / DR/ SR - ileostomy ?
…height of anastomosis
…number of stapler magazines used
….and finally - experience and caseload!

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
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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 …

… 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

Keckstein et al. AOGS 2021

Estimation of surgical risks …
Table 3. Positive and negative predictive values for the detection of endometriotic lesions in
Journal Pre-proof

different Enzian compartments and for the detection of specific lesion sizes by preoperative
transvaginal sonography.
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TVS – transvaginal sonography;
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PPV – positive predictive value;

predictive value; dUSLs – uterosacral ligaments.
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Recognition …
422

Improved diagnosis and treatment of anastomotic leakage after colorectal surgery
M. den Dulk a,b, S.L. Noter a,1, E.R. Hendriks a,2, M.A.M. Brouwers a, C.H. van der Vlies c,
R.J. Oostenbroek c, A.G. Menon a,3, W.H. Steup a,*, C.J.H. van de Velde b
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Aim: This study aimed at testing feasibility
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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
>38.0 C
1
August 2004 and August 2006, all operated
patients with a colorectal anastomosis (n ¼ 223) were prospectively subjected to this standardised surveillance.
>100/min
1
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%
>30/min
1 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.
<30 ml/h or 700
ml/day
1
Conclusion:
With non-standardised postoperative
monitoring, AL was associated with a high mortality rate. Patients were subjected to
several additional tests, which were not
Agitation or lethargic
2 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.
Deterioration ! 2008 Elsevier Ltd. All rights reserved.
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Items scored in the prospective study
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Table 2
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data ofdiet
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Anastomotic leakage (AL) is a feared complication after
colorectal surgery causing morbidity and mortality.1 Different percentages are published for the incidence of AL, varying between 1 and 25%, partly depending on the method of
2e5
AL does not
evaluation
and the level of the anastomosis.
5%
in leukocyte
1
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Increase of $
number or CRP
Abbreviations:
AL, anastomotic leakage; n.s., non-significant.
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0

Tube feeding/TPN

1/2

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

surveillance
AL was diagnosed in 7.0% of patients in the historical control
group
n ¼sepa1066
this period 6 patients underwent two resections during

only result in increased and serious morbidity and mortality,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 reported.8,12,13 In the evaluation of surgery, slowly, more attention 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 neg423
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 indicator of surgical care. Firstly, this study aimed at investigating the occurrence of AL and associated mortality in several
training hospitals in the Netherlands. Secondly, we hypothesised that the interval between first signs or symptoms and action on AL can influence the clinical outcome. As a result,
a standardised postoperative surveillance protocol was

0748-7983/$ - see front matter ! 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ejso.2008.04.009

n ¼ 223
progression
of the malignant disease (n ¼ 2). In all these

and
of patients
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rate9.4%
procedures.
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transferred to another
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AL was excluded as cause of death. Five patients
Male
509 all
pital and was lost to follow-up
and was excluded from
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analyses.
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details
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mortality decreased from 39% to 24%
Age
are shown in Table 2.
Twenty-one patients were diagnosed
years died postoperatively.
480Nine
with AL. In total 14 <70
patients
$ 70 years
586
patients died of causes not related to AL: respiratory compliPrimary disease*
cations (n ¼ 3), cardio-vascular
4) and
Malignancy complications (n ¼736

den Dulk et
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Benign disorder
Timing of procedure
Elective
al. EJCS
2008
Emergency
þ

115AL was diagnosed.
died after
108

Leakage-score
95
128

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

314

76

906
160

189
34

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

versus median 6 days after standardised surveillance,
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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.

CRP monitoring (mg/L)

250

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.

200

Methods C-reactive protein was routinely measured at

150

postoperative days 4, 5, and 6. Bowel fistula, pelvic abscess, and
pelvic infected haematoma were prospectively recorded.
Main outcome measures A receiver operating characteristic

100

(ROC) curve was built to assess the best cut off CRP value to
predict early septic complications.

50
0

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.

DAY 4

DAY 5

Early Fistula

182

216

Early Abscess

150

143

Other infec!on

65

60

No complica!on

43

27

Post opera!ve day
Early Fistula

Gynaecological surgery

Early Abscess

Other infec!on

Introduction

DAY 6

Surgical management 223
of deep infiltrating endometriosis
(DIE) may require excision of the posterior vagina when
infiltrated, as well as the
excision of bowel involvement by
118
conservative or radical procedures.1 Intraoperative opening
of the vagina or the bowel,
68 either voluntary or unintended,
may be followed by postoperative infectious complications,
22
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 colorectal cancer or inflammatory bowel diseases, and may lead to
reoperations, longer hospital stay, increased cost treatment,

No complica!on

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-reactive protein values for the prediction of septic pelvic complications secondary to laparoscopic bowel excision or
resection for endometriosis.

Figure 2. CRP monitoring mean level in early fistula group (blue, n = 6); early pelvic abscess group
(orange, n = 24); other infection group (grey,
1176
ª 2019 Royal College of Obstetricians and Gynaecologists
n = 31) and no complication group (yellow, n = 230).
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40,0
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Body
temperature
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5

postoperative day

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
Montanari et al..; submitted for publication
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Days from CT to reintervention, median (IQR)
0 (1)
0 (1)
CT computed tomography scan, ICU intensive care unit, IQR interquartile range
123
computedtest
tomography scan, ICU intensive care unit, IQR interquartile range
*CT
Chi-square

1 (2)

Conclusions Delayed reintervention after false-negative
Abstract
CT scanning is associated with a high mortality rate and a
Background Early detection Table
of anastomotic
leakage (AL) specificity,
2 Sensitivity,
outcome
No anastomotic leakage
Results (95% CI)
significant increase CT
in length
of hospital stay. Anastomotic leakage
after colorectal surgery followed by timely reintervention
positive
and
negative
predictive
Table
is of crucial importance. The
aim of 2thisSensitivity,
study was to specificity,
CT
outcome
Anastomotic
leakage
No
anastomotic
leakage
Results (95% CI)
investigate the accuracy of value
computed
(CT) leakage
Keywords Colorectal surgery ! Computed tomography !
fortomography
anastomotic
positive
and
negative
predictive
Positive
24
8
Sensitivity 0.69 (0.51–0.83)
Anastomotic leakage ! Oncology
imaging for AL and the effects of delay in reintervention
value for anastomotic leakage
after a false-negative CT.
Positive
24
8
Sensitivity 0.91
0.69 (0.83–0.96)
(0.51–0.83)
Specificity
Methods All files from patients who had colorectal surgery
Specificity
0.91 (0.83–0.96)
Negative
11
79
PPV
0.75 (0.56–0.87)
with primary anastomoses between 2009 and 2014 were
Introduction
reviewed. The predictive value of CT scanning for AL was
Negative
11
79
PPV 0.88
0.75 (0.79–0.94)
(0.56–0.87)
NPV
determined and correlated with short-term postoperative
Anastomotic leakage (AL) is a life-threatening complication
patient outcomes. In addition, factors predictive of falseafter colorectal surgery [1]. In the literature, mortality rates
NPV 0.88 (0.79–0.94)
Patients
with
grade
anastomotic leak were excluded
negative scans were assessed.
after AL vary from 15
to 33%. Early
detection
of ALAfollowed
Results Six hundred and twenty-eight patient files were
by timely reintervention decreases mortality rates. In daily
Patients
with
grade
A
anastomotic
leak were excluded
Values computed
are given
as number
reviewed. In total, a CT scan was performed in 127
clinical practice, abdominal
tomography
(CT) of patients (n). Sensitivity, specificity, PPV and NPV are given with 95% CI
patients. Overall, leakage was seen in 49 patients (7.8%).
scanning is most frequently
used
to
diagnose
or
exclude
AL
Values
are given
as numberPPV
of patients
Sensitivity,
specificity,
PPV and
NPV are
given with 95% CI
CT
computed
tomography,
positive(n).
predictive
value,
NPV negative
predictive
value
The positive and negative predictive values were 78 and
after colorectal surgery [2–4]. Compared to water-soluble
88%, respectively. Sensitivity was 73% and specificity
contrast enema and plain
CT scan is more
sensitive and PPV positive predictive value, NPV negative predictive value
CTX-ray,
computed
tomography,
91%. In patients with a true-positive CT (n = 24), reinis able to detect other complications such as bleeding, perfotervention followed after a median interval of 0 days (IQR
ration or abscess. At the same time, it can be used to guide
1), whereas this was 1 day (IQR 2) in the false-negative
therapeutic percutaneous drainage of abscesses.
group (n = 11) (p \ 0.05). Table
This was3associated
withoutcome
a
Considering
how commonly
CT is performed
in postClinical
of anastomotic
leakage
in patients
with grade B and C leakage (n = 35)
significantly increased mortality rate (1/24 = 4.2% vs
operative colorectal patients, the literature on the accuracy
Table
3
Clinical
outcome
of
anastomotic
leakage
in
patients
with grade B and C leakage (n = 35)
5/11 = 45.5%) (p \ 0.005), an increased length of hospital
of CT scanning in patients with AL is scarce.
The N
only
Overall
= 35
True-positive CT N = 24
False-negative CT N = 11
p value
stay [median 28 days (IQR 26) vs 54 days (IQR 20)
systematic review, performed by Kornmann et al. [5],
N = 35
True-positive CT N = 24
False-negative CT N = 11
p value
(p \ 0.05)].
included a total of only 221 abdominal CT Overall
scans from eight
Mortality (%)
6 (17.1%)
1 (4.2%)
5 (45.5%)
.003*
different studies. This review showed a relatively
low
sensitivity of 68%, with a large range reported from these
Mortality
6 of(17.1%)
(4.2%)
(45.5%)
.003*
Length
of (%)
hospital stay,small,
median
(IQR)
281 (26)
545 (20)
.014**
retrospective
studies. The technical 30.5
quality (31)
the CT
& C. C. M. Marres
scan
was often(IQR)
suboptimal (10-mm sections,
no enteral
or
Length
of
hospital
stay,
median
30.5
(31)
28
(26)
54
(20)
.014**
Days
in
ICU,
median
(IQR)
3
(10)
3
(10)
2
(14)
.094**
cmarres@gmail.com
intravenous contrast), and the definition of AL was
1
inconsistent.
Previous
studies
suggested
that
false-negative
Days
in
ICU,
median
(IQR)
3
(10)
3
(10)
2
(14)
.094**
operation
to CT, median (IQR)
7 (5)
7 (4)
4 (4)
.121**
Department of Surgery, FlevoDays
Hospital, from
Hospitaalweg
1,
CT outcome may delay reintervention [6, 7], but the clin1315 RA Almere, The Netherlands
Days
from
operation
toicalCT,
median
(5) only
(4)
(4)
.121**
Days
from
CT
to reintervention,
median
(IQR) CT scan07were
(1)
07 (1)
14 (2)
.011**
2
consequences
of(IQR)
a false-negative
Department of Surgery, Academical
Medical
Center,
described in one study [8].
Amsterdam, The Netherlands

* Chi-square
test U test
**
Mann–Whitney
** Mann–Whitney U test
Table 4 Parameters predicting accuracy of CT scanning for anastomotic leakage

.011**

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.

