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ABSTRACT

Background and study aims Perforations are a known

adverse event of endoscopy procedures; a proposal for ap-

propriate management should be available in each center

as recommended by the European Society of Gastrointesti-

nal Endoscopy. The objective of this study was to establish a

charter for the management of endoscopic perforations,

based on local evidence.

Patients and methods Patients were included if they ex-

perienced partial or complete perforation during an endo-

scopic procedure between 2008 and 2018 (retrospectively

until 2016, then prospectively). Perforations (size, location,

closure) and management (imagery, antibiotics, surgery)

were analyzed. Using these results, a panel of experts was

asked to propose a consensual management charter.

Results A total of 105 patients were included. Perforations

occurred mainly during therapeutic procedures (91,

86.7%). Of the perforations, 78 (74.3%) were diagnosed im-

mediately and managed during the procedure; 69 of 78

(88.5%) were successfully closed. Closures were more ef-

fective during therapeutic procedures (60 of 66, 90.9%)

than during diagnostic procedures (9 of 12, 75.0%, P=

0.06). Endoscopic closure was effective for 37 of 38 per-

forations (97.4%) <0.5 cm, and for 26 of 34 perforations

(76.5%) ≥0.5 cm (P <0.05). For perforations < 0.5 cm, sys-

tematic computed tomography (CT) scan, antibiotics, or

surgical evaluation did not improve the outcome. Four of

105 deaths (3.8%) occurred after perforation, one of which

was attributable to the perforation itself.

Conclusions Detection and closure of perforations during

endoscopic procedure had a better outcome compared to

delayed perforations; perforations < 0.5 cm had a very

good prognosis and CT scan, surgeon evaluation, or anti-

biotics are probably not necessary when the endoscopic

closure is confidently performed. This work led to proposal

of a local management charter.

Supplementary material is available under

https://doi.org/10.1055/a-1783-8424
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Introduction
A perforation is defined as partial or complete damage to the
muscular layer of the digestive wall that results immediately or
within a specified time, in communication between the diges-
tive lumen and the surrounding tissue. As use of therapeutic
endoscopy develops, the number of cases of perforation conse-
quently increases. Indeed, in recent studies, perforations has
been reported to occur during about 0.1% of all colonoscopies,
but this rate is variable, depending on the type of procedure,
and ranges between 0.05% for diagnostic colonoscopies to 2%
for therapeutic ones (for endoscopic mucosal resection [EMR]),
and can even reach up to 4.5% (for endoscopic mucosal dissec-
tion [ESD]); delayed perforation after therapeutic procedures
occurs in about 0.5% of cases [1–4]. Perforations are common
adverse events (AEs) in endoscopic procedures and have always
been a source of significant anxiety for endoscopists. They can
lead to serious complications and require prompt manage-
ment. Morbidity and mortality associated with a perforation
depend on its location, size, and management [5–7]. Thus, a
clear protocol regarding prevention and management of per-
foration should be implemented in each center and should be
shared with radiologists and surgeons, as recommended by Eu-
ropean Society of Gastrointestinal Endoscopy (ESGE) guidelines
[8].

In 2014, ESGE guidelines encouraged endoscopy units to
create a database to prospectively register AEs. In the hepato-
gastroenterology unit of Hôpital Edouard Herriot (Lyon,
France), such a database was implemented in 2016.

The primary objective of the present study was to establish a
charter and an algorithm for management of endoscopic per-
forations, as recommended by ESGE guidelines in 2014, based
on local evidence and expert advice. To this end, we aimed to
detail perforations (size, location, closure) that occurred during
the study period (2008–2018) and how they were managed
(imagery, antibiotics, surgery), and to identify characteristics
and situations for which the proportion of salvage surgery
would be the highest.

Patients and methods
Study design

The present study was a retrospective, single-center, descrip-
tive study about digestive perforation outcomes following
endoscopic procedures in the hepatogastroenterology unit of
the teaching hospitals in Lyon, France. Between January 2008
and December 2018, patients referred for diagnostic or thera-
peutic endoscopy who had experienced a partial or complete
perforation within 72 hours after the procedure were included
in the study. Patients were excluded if the digestive leakage was
due to a surgical fistula or if the perforation occurred sponta-
neously without being related to the endoscopic procedure
(occlusion, cancer, or ulcer). Because a local prospective data-
base recording AEs related to endoscopic perforations was im-
plemented in 2016, two periods of inclusion were considered,
i. e. before and after 2016. Based on these inclusion and exclu-
sion criteria, patients who underwent endoscopic perforation

were identified and included in the study either using the local
prospective database (perforations between 2016 and 2018) or
their medical records, when available (perforations between
2008 and 2015).

Data collection

A retrospective analysis of medical files was performed to re-
trieve and categorize the data of interest:

type of endoscopic procedure leading to the perforation,
classified as either a diagnostic (gastroscopy, endoscopic ultra-
sound [EUS], colonoscopy) or a therapeutic procedure (EMR),
ESD, polypectomy, dilations, stenting, endoscopic retrograde
cholangiopancreatography (ERCP); (2) characteristics of the tu-
mor in the case of endoscopic resections; (3) diagnosis of per-
foration, classified as either immediate or early (diagnosed dur-
ing the endoscopic procedure) or delayed (diagnosed after the
procedure); (4) location of the perforation; (5) size of perfora-
tion; (6) type of perforation according to the Sidney classifica-
tion proposed by Burgess in 2016 [9], which includes six de-
grees of perforation (0 submucosal, I of II intact muscularis pro-
pria with or without fibrosis, III target sign with muscularis pro-
pria injured, IV of V obvious transmural perforation without of
with contamination); (7) clinical outcome after endoscopy
(pain, fever, peritonitis, length of hospitalization, success or
failure of the endoscopic closure, rate of consecutive surgical
management, mortality); and (8) postoperative management
(imaging technique used, indication and type of surgery when
performed, follow-up characteristics).

Target sign (type III) was considered as a perforation
<0.5cm.

Management charter for endoscopic perforations

The 2014 ESGE guidelines recommended establishment of a
management charter for endoscopic perforations. To create
this charter, several questions were proposed to a panel of phy-
sicians in the hospital using a Google form (Google, California,
United States). Before responding to the questionnaire, each
physician received a version of the present manuscript that in-
cluded the study results and a discussion about these results in
context of the current literature. The panel was composed of 15
physicians from the facility, including five endoscopists (MP, JR,
TP, JCS, FR), five digestive surgeons (MR, OM, EP, GP, LG), two
gastrointestinal radiologists (PJV, HG), two anesthesiologists
(CB, YB), and one infectious disease specialist (AB).

The questions were chosen arbitrarily by the authors based
on their experience and preliminary data from the study. Preli-
minary results and the questions were submitted to a panel of
experts, who helped write the charter, and each expert could
also write a comment or not answer a question if he or she was
not concerned.

Statistical analysis

Variables were expressed as mean (± standard deviation, SD) or
count (percentage). Data were analyzed using the free software
BiostatTGV (INSERM U1036, Paris, France) and Excel (Microsoft,
Redmond, Washington, United States). The distribution of ca-
tegorical variables was compared using Fischer’s exact test. All
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reported P values were two-sided and regarded as significant if
less than 0.05.

Results
Patients

A total of 105 patients with digestive perforation were included
in the study; the mean (± SD) age was 65.3 (± 13.8) years and
52 were men (49.5%). The mean (± SD) ASA score was 2.3 (±
0.6) (▶Table 1). Between 2008 and 2015, data about 51 per-
forations were retrieved from medical records, and 54 were
prospectively recorded between 2016 and 2018. There were
some significant differences between both study periods (An-
nex 1); however, these differences were not relevant for the
purpose of the study and patients from both periods were con-
sidered as a single group.

Ninety-one of 105 perforations (86.7%) occurred during
therapeutic procedures. Fourteen of 105 perforations (13.3%)
occurred during a diagnostic procedure, of which eight (7.6%)
were during screening colonoscopies. Colon perforations were
the primary location of perforations (53 of 105, 50.5%) (▶Ta-
ble 1).

Overall, conservative non-surgical management of perfora-
tions was possible in 74 of 105 cases (70.5%). There were 27
delayed perforations detected after endoscopy and clinical
management without surgery was possible in five of 27 cases
(18.5%). Of these delayed perforations, two of 27 (7.4%) ap-
peared after diagnostic procedures and 25 of 27 (92.6%) after
therapeutic procedures (P<0.0001). Among all patients, 31 of
105 (29.5%) underwent salvage surgery, either due to delayed
perforation (22 of 105, 20.9%) or a failure of the endoscopic
perforation closure (9 of 105, 8.6%). Regarding mortality, four
of 105 patients (3.8%) died after an endoscopic perforation: in
one patient, death was due to a cerebral hemorrhage on day 3
after surgery for digestive perforation, one patient had an
acute chronic cerebral hematoma on day 30 after successful
endoscopic closure of the perforation, one had fatal evolution
of a metastatic cancer complicated by an aspiration pneumonia
on day 23 after endoscopy, and one had delayed digestive
bleeding on day 10 after surgery for a duodenal perforation fol-
lowing EMR (▶Table 1).

Management of perforations diagnosed early

Overall, 78 of 105 perforations (74.3%) were diagnosed early.
Endoscopic closure was always attempted when the perfora-
tion was diagnosed immediately (78 of 78, 100%) and was tech-
nically feasible in all cases, with successful closure and no need
for delayed surgery in 69 of 78 patients (88.5%). Immediate
surgery due to failure of the endoscopic closure was performed
in nine of 78 patients (11.5%). The endoscopic closures that
failed were three of 78 attempts (3.8%) to close large perfora-
tions (> 1 cm), one of 78 attempts (1.3%) in an area of previous
radiation therapy, two of 78 perforations (2.6%) after resection
of colorectal neoplasia invading deeply the appendix, one of 78
perforations (1.3%) after ESD of a cecal adenoma failed to be
closed by standard clips, and two of 78 duodenal perforations
(2.6%) (1 after papillectomy, one after ERCP).

Endoscopic closure was more frequently successful when
perforations occurred during a therapeutic procedure (60 of
66, 90.9%) than during a diagnostic procedure (9 of 12, 75.0%;
P=0.06) (▶Table 2). The proportion of perforations measuring
<0.5 cm was significantly higher for therapeutic procedures (36
of 66, 54.5%) than for diagnostic procedures (1 of 12, 8.3%; P=
0.003).

Regarding the size of the perforation, 37 of 38 closures
(97.4%) were clinically successful when the perforation was
<0.5 cm (▶Table 2). Of note, the surgery performed for a colo-
nic perforation <0.5 cm was due to concomitant presence of a
spleen decapsulation seen on CT scan and not because of the
perforation itself. When perforation was ≥0.5 cm, 26 of 34 clo-
sures (76.5%) were clinically successful; this proportion was
significantly lower than that for successful closures of perfora-
tions > 0.5 cm (P=0.01; ▶Table 2). The proportion of successful
endoscopic closures appeared lower in the small bowel (2 of 3,
66.7%), appendix (2 of 4, 50%), and duodenum (10 of 12,
83.3%), compared to the stomach (6 of 6, 100%), esophagus
(6 of 6, 100%), rectum (7 of 7, 100%), and colon (36 of 40,
90.0%,), although the small number of cases prevented signifi-
cant differences to be found. The mean (± SD) length of hospi-
tal stay was significantly shorter for patients with a successful
endoscopic closure (8.6 ±13.5 days) than those with closure
failure (15±10.8 days; P=0.02, ▶Table 2).

Early perforations detected and closed with endoscopy had a
better clinical outcome (9 of 78 vs 22 of 27 surgeries), corre-
sponded to shorter hospital stays (8.2 vs 16.3 days), and led to
less complications. The vast majority of endoscopic closures
during therapeutic procedures were performed by advanced
senior endoscopists because of the difficulty of the procedure.

Medical management of perforations
CT scan

All 27 patients who had delayed perforations were evaluated
with CT scan. As for the 78 patients with early perforations, a
CT scan was systematically performed after the endoscopic
procedure in 45 of 78 patients (57.7%), eight of 78 patients
(10.3%) had a CT scan due to delayed symptoms, and 25 of 78
(32.0%) did not undergo any CT scan (▶Table 2).

Among the 45 asymptomatic patients with perforation diag-
nosed early who had a systematic CT evaluation, the clinical re-
mission rate was 87% (40 of 45), which was not significantly dif-
ferent from the clinical remission rate in the 25 patients who
had no imaging evaluation after endoscopy (100%, 25 of 25;
P =0.47). When requested systematically in the absence of
symptoms, CT scan results changed the management strategy
by indicating the need for delayed surgery in three of 45 (6.7%)
patients, two of whom had peritoneal liquid effusion and one of
whom had spleen decapsulation; and two other patients requir-
ed surgery but not because of the CT scan result. Conversely,
when a CT scan was requested based on symptoms, four of
eight patients (50.0%) ultimately underwent salvage surgery
(▶Table 2). Of the 38 patients with small (< 0.5 cm) perfora-
tions, CT scan was performed in 18 (47.4%) and led to a change
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▶Table 1 Characteristics of patients and perforations, overall data
(2008–2018).

Patients and perforations Total (n =105)

Male sex, n (%) 52 (49.5%)

Age, years, mean (± SD) 65.3 (± 13.8)

ASA score, mean (± SD) 2.3 (± 0.6)

▪ 1, n (%) 7 (6.7%)

▪ 2, n (%) 48 (45.7%)

▪ 3, n (%) 34 (32.4%)

▪ 4, n (%) 1 (0.9%)

▪ Not available, n (%) 15 (14.3%)

Diagnosis of perforation, n (%)

▪ Immediate 78 (74.3%)

▪ Delayed 27 (25.7%)

Type of procedure, n (%)

▪ Diagnosis 14 (13.3%)

▪ EUS 3 (2.9%)

▪ Colonoscopy 10 (9.5%)

▪ Duodenoscopy 1 (0.9%)

▪ Therapeutic 91 (86.7%)

▪ EMR 33 (31.4%)

▪ ESD 35 (33.3%)

▪ Enteroscopy 4 (3.8%)

▪ ERCP 3 (2.9%)

▪ Dilations 5 (4.7%)

▪ Stenting 1 (0.9%)

▪ Hemostasis 6 (5.7%)

▪ Diverticulotomy 1 (0.9%)

▪ Papillectomy 3 (2.9%)

Endoscopic resections (N= 70), n (%) 70 (66.7%)

▪ Serrated lesions 12 (17.1%)

▪ Adenomatous lesions 58 (82.9%)

Risk factors, n (%)

▪ Fibrosis 12 (11.4%)

▪ Radiation therapy 2 (1.9%)

▪ Appendix lesion 4 (3.8%)

Location, n (%)

▪ Esophagus 6 (5.7%)

▪ Stomach 6 (5.7%)

▪ Duodenum 26 (24.8%)

▪ Small bowel 6 (5.7%)

▪ Colon 53 (50.5%)

▶Table 1 (Continuation)

Patients and perforations Total (n =105)

▪ Rectum 8 (7.6%)

Size of perforation, n (%) (endoscopy and ima-
gery)

▪ <0.5 cm 42 (40.1%)

▪ 0.5–1 cm 20 (19.0%)

▪ >1 cm 23 (21.9%)

▪ Not described or not seen 20 (19.0%)

Sidney classification, n (%)

▪ Type 3 (Target Sign) 13 (12.4%)

▪ Type 4 61 (58.1%)

▪ Type 5 4 (3.8%)

▪ Unseen 27 (25.7%)

Management, n (%) (perforations detected per
endoscopy)

▪ Endoscopic successful closure 691 (65.7%)

▪ Clip 461 (43.8%)

▪ OVESCO clips 19 (18.1%)

▪ Stents 4 (3.8%)

▪ Salvage surgery following failure of endo-
scopic closure

9 (8.6%)

▪ Delayed perforations 5 (4.8%)

▪ Medical treatment 22 (20.9%)

▪ First-line salvage surgery

CT scan ( < 48h), n (%)

▪ Yes 74 (70.5%)

▪ No 31 (29.5%)

Death, n (%) 4 (3.8%)

Length of stay, days, mean (± SD) 10.8 (± 12.5)

Time of the procedure when the perforation
occurred, n (%)

▪ 8:00 AM 20 (19.0%)

▪ 9:00 AM 15 (14.3%)

▪ 10:00 AM 17 (16.2%)

▪ 11:00 AM 13 (12.4%)

▪ 12:00 PM 22 (20.9%)

▪ 1:00 PM 7 (6.7%)

▪ 2:00 PM 4 (3.8%)

SD, standard deviation; ASA, American Society of Anesthesiologists; CT,
computed tomography; EUS, endoscopic ultrasound; EMR, endoscopic mu-
cosal resection; ESD, endoscopic submucosal dissection; ERCP, endoscopic
retrograde cholangiopancreatography.
1 One patient underwent delayed surgery to resect the lesion despite a suc-
cessful closure.
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▶Table 2 Perforations with an attempt of endoscopic closure: success and failures.

Total Success of endoscopic

closure

P1 Failure of endoscopic

closure

P2

Number, n (%) 78 69 (88.5%) 9 (11.5%)

Age, years, mean (± SD) 67.0 (±12.3) 66.8 (± 12.5) 68.2 (± 11.4) 0.37

Size, n (%) 0.01

▪ <0.5 cm (and Target Sign) 38 37 (97.4%) 1 (2.6%)

▪ ≥0.5 cm 34 26 (76.5%) 8 (23.5%)

▪ Not described 6 6 (100%) 0 (0%)

Location, n (%) 0.69

▪ Esophagus 6 6 (100%) 0 (0%)

▪ Stomach 6 6 (100%) 0 (0%)

▪ Duodenum 12 10 (83.3%) 2 (16.7%)

▪ Small bowel 3 2 (66.7%) 1 (33.3%)

▪ Appendix 4 2 (50%) 2 (50%)

▪ Colon 40 36 (90%) 4 (10%)

▪ Rectum 7 7 (100%) 0 (0%)

Procedure, n (%) 0.06

▪ Diagnostic 12 9 (75%) 3 (25%)

▪ Therapeutic 66 60 (90.9%) 6 (9.1%)

▪ ESD 32 30 (93.8%) 2 (6.2%)

▪ EMR 24 22 (91.7%) 2 (8.3%)

▪ Enteroscopy 2 2 (100%) 0 (0%)

▪ ERCP 1 0 (0%) 1 (100%)

▪ Dilations 5 5 (100%) 0 (0%)

▪ Stenting 0 0 (0%) 0 (0%)

▪ Hemostasis 0 0 (0%) 0 (0%)

▪ Diverticulotomy 1 1 (100%) 0 (0%)

▪ Papillectomy 1 0 (0%) 1 (100%)

Antibiotics, n (%) 0.33

▪ Yes 56 48 (85.7%) 8 (14.3%)

▪ No 13 13 (100%) 0 (0%)

▪ Not reported 9 8 (88.9%) 1 (11.1%)

CT scan, n (%) 0.47

▪ Systematic 45 40 (88.9%) 5 (11.1%)

▪ If symptoms 8 4 (50.0%) 4 (50.0%)

▪ No scan 25 25 (100%) 0 (0%)

Surgeon evaluation, n (%) 0.003

▪ Yes 43 34 (79.1%) 9 (20.9%)

▪ No evaluation 35 35 (100%) 0 (0%)
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in management strategy for one of them (2.6%), which was due
to a concomitant spleen decapsulation.

Thirty-six of 78 patients were asymptomatic (46.2%). After
endoscopic treatment for perforation, CT images were indica-
tive of an abundant pneumoperitoneum in seven of them
(19.5%) who did not have delayed surgery, moderate pneumo-
peritoneum in 12 (33.3%) who did not have delayed surgery,
and small air bubbles in 17 (47.2%), including two that had de-
layed surgery.

Surgeon evaluation

A surgical opinion was systematically sought in 43 of 78 pa-
tients (55.1%) immediately after diagnosis of perforation, and
in 27 of 27 cases (100%) after the appearance of symptoms
from delayed perforations. Of the 43 patients with early per-
foration for which a surgeon was called, nine (20.9%) under-
went delayed surgery (1 spleen decapsulation, two liquid effu-
sions seen on CT scan, and six delayed abdominal guarding)
(▶Table 2). For patients with small perforations (< 0.5 cm), sur-
gical evaluation was sought in 14 of 38 cases (36.8%) and sal-
vage surgery was needed in one patient, due to spleen decap-
sulation.

Antibiotics and antifungal drugs

Most patients (78 of 105, 74.3%) received antibiotics for 3 to 5
days after the diagnosis of perforation; data were missing for
14 of 105 cases (13.3%).

Regarding the immediately diagnosed perforations with at-
tempt of endoscopic closure, 56 of 78 patients (71.8%) receiv-
ed antibiotics and data were missing for nine of 78 patients
(11.5%) (▶Table 2). Of the 13 of 78 patients (16.7%) who did
not receive antibiotics, 11 (84.6%) had small perforations
(< 0.5 cm) that were all successfully closed endoscopically with

hemoclips. The remaining two of 13 cases (15.4%) were one
significant perforation (> 1 cm) closed with Ovesco clip and
one with size not described but that was closed with hemoclips.
Among the patients who underwent an attempt at endoscopic
closure for immediately diagnosed perforations, clinical suc-
cess was obtained in 13 of 13 patients (100%) who did not re-
ceive antibiotics and in 46 of 56 patients (85.7%) who received
antibiotics (P=0.33) (▶Table 2). Antifungal drugs were admi-
nistered after perforations of the esophagus in four of six pa-
tients (66.7%), 14 of 26 with duodenal perforations (53.8%),
one of six patients (16.7%) with jejuno-ileal perforations, and
never after gastric (0 of 6) or colorectal perforations (0 of 61)
(▶Table 3). Among the 86 of 105 patients (81.9%) who did
not receive any antifungal drugs, no infection with fungi was di-
agnosed during follow-up.

Nasogastric tube and nil by mouth regimen

A nasogastric tube was used in 34 of 105 patients (29.5%) with
perforation, including seven of 61 (11.5%) with colonic perfora-
tion, one of six (16.7%) with esophageal perforation, three of
six (50%) with gastric perforation, 20 of 26 (76.9%) with duode-
nal perforation, and three of six (50%) with jejuno-ileal perfora-
tion (▶Table 3). The use of suction was reported in 17 of 34 pa-
tients (50%).

Among 59 patients with perforations diagnosed early with
attempted endoscopic closure, clinical success was obtained in
54 (91.5%) who did not have a nasogastric tube and 15 (78.9%)
who had a nasogastric tube, with no significant difference be-
tween these two groups (P=0.21) (▶Table 2).

All patients with perforations diagnosed early were not fed
orally during at least the first 24 hours after the perforations
occurred. A total of 95 of 105 patients (90.5%) were put on a
nil by mouth regimen; another four patients (3.8%) who were

▶Table 2 (Continuation)

Total Success of endoscopic

closure

P1 Failure of endoscopic

closure

P2

Antifungal treatment, n (%) 0.32

▪ Yes 10 8 (80.0%) 2 (20%)

▪ No 68 61 (89.7%) 7 (10.3%)

Nasogastric tube, n (%) 0.21

▪ Yes 19 15 (78.9%) 4 (21.1%)

▪ No 59 54 (91.5%) 5 (8.5%)

Salvage surgery, n (%) 9 0 (0%) 9 (100%) NA

Death, n (%) 3 23 (66.7%) 1 (33.3%) 0.23

Length of stay, days, mean (± SD) 9.2 (± 13.4) 8.6 (± 13.5) 15 (± 10.8) 0.02

SD, standard deviation; ESD, endoscopic submucosal dissection; EMR, endoscopic mucosal resection; ERCP, endoscopic retrograde cholangiopancreatography; CT,
computed tomography; NA, not available.
1 For each variable, comparison between modalities in case of success.
2 Comparison between success and failure.
3 Not related to perforation (1 cerebral hematoma acutization at day 30 and 1 terminal phase cancer at day 23)
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fed immediately after the procedure had delayed perforation.
Data regarding the regimen were missing for six of 105 patients
(5.7%).

Establishment of the charter of good practice for
perforation management

Using those results and a questionnaire, a panel of 15 local ex-
perts (5 endoscopic gastroenterologists, five digestive sur-
geons, two digestive radiologists, two endoscopic anesthesiol-
ogist, and one infectious disease specialist) were asked 23
questions. Their answers (▶Table 4) were the basis for a char-
ter describing best practices (Annexes 2–5, ▶Fig. 1 included,
document and algorithms).

Discussion
Between the two periods studied, before and after the publica-
tion and application of ESGE guidelines [8], the proportion of
perforations due to diagnostic procedures dramatically de-
creased from one-quarter to less than 5%. This reduction in

proportion can be partly due to improved knowledge about
perforation risks during diagnostic procedures (diverticula)
and also to a recent increase in the number of therapeutic tech-
niques, such as ESD procedures, associated with a higher risk of
perforation [10–12]. The increasing number of perforations
from the first to the second study periods is also probably due
to the creation of the database, and the fact that there are no
missing data during the second period (prospective collection),
while there were probably some during the first period (retro-
spective collection).

In the present study, perforations during therapeutic proce-
dures were successfully closed in most cases (90%), whereas
the post-diagnostic endoscopy perforations required salvage
surgeries in one-quarter of patients. There was a difference in
clinical outcomes among patients who had early vs delayed per-
forations. The success rate may also depend on the experience
of the endoscopist. Similarly, outcomes after therapeutic per-
forations have been described as less complicated than after di-
agnostic ones [13] with fewer salvage surgeries, fewer stomas,
and less morbidity.

▶Table 3 Medical management of the upper digestive tract perforations.

Nasogastric tube

Yes No

Antifungal treatment

Yes No

Death, n

Esophagus (6 cases), n (%)

▪ Endoscopic closure 1 (16.7%) 5 (83.3%) 4 (66.7%) 2 (33.3%) 11

▪ Surgery for closure failure 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0

▪ Medical treatment 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0

▪ 1st line delayed surgery 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0

Stomach (6 cases), n (%)

▪ Endoscopic closure 3 (50%) 3 (50%) 0 (0%) 6 (100%) 0

▪ Surgery for closure failure 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0

▪ Medical treatment 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0

▪ 1st line delayed surgery 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0

Duodenum (26 cases), n (%)

▪ Endoscopic closure 8 (80%) 2 (20%) 4 (40%) 6 (60%) 0

▪ Surgery for closure failure 2 (100%) 0 (0%) 2 (100%) 0 (0%) 0

▪ Medical treatment 4 (100%) 0 (0%) 2 (50%) 2 (50%) 0

▪ 1st line delayed surgery 6 (60%) 4 (40%) 6 (60%) 4 (40%) 12

Jejunum and ileum (6 cases), n (%)

▪ Endoscopic closure 1 (50%) 1 (50%) 0 (0%) 2 (100%) 0

▪ Surgery for closure failure 1 (100%) 0 (0%) 0 (0%) 1 (100%) 13

▪ Medical treatment 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0

▪ 1st line delayed surgery 1 (33.3%) 2 (66.7%) 1 (33.3%) 2 (66.7%) 0

1 Death on day 23 not directly related to the perforation that was successfully closed but patient was undernourished and had terminal, metastatic cancer.
2 Death on day 10 from digestive bleeding and multivisceral failure (cardiac arrest).
3 Death on day 3 not related to the perforation; caused by cerebral bleeding.
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▶Table 4 Opinion of the panel of local experts using results from the present study (4 pages).

Questions asked Answers Total physi-

cians

15 (%)

Gastroenter-

ologists

5 (%)

Surgeons

5 (%)

Radiolo-

gists

2 (%)

Anesthe-

siologists

2 ph., n (%)

Infectious

disease

specialist

1 (%)

Decision

1) Systematic CT scan
for perforations
< 0.5 cm closed endo-
scopically?

Yes  21 (13.3%) 0 (0%) 21 (40%) 0 (0%) 0 (0%) 0 (0%) NO

No 13 (86.7%) 5 (100%) 3 (60%) 2(100%) 2 (100%) 1 (100%)

2) Surgeon evaluation
for perforations
< 0.5 cm closed endo-
scopically?

Yes  1 (6.7 %) 0 (0%) 1 (20%) 0 (0%) 0 (0%) 0 (0%) NO

No 14 (93.3%) 5 (100%) 4 (80%) 2 (100%) 2 (100%) 1 (100%)

3) Surveillance in a
medical unit for per-
forations < 0.5 cm
closed endoscopically?

Yes 13 (92.9%) 5 (100%) 3 (75%) 2 (100%) 2 (100%) 1 (100%) YES

No  1 (7.1 %) 0 (0%) 1 (25%) 0 (0%) 0 (0%) 0 (0%)

NA  1 0 1 0 0 0

4) Systematic CT scan
for unseen perforations
if alarming symptoms?

Yes 14 (100%) 5 (100%) 5 (100%) 1 (100%) 2 (100%) 1 (100%) YES

No  0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

NA  1 0 0 1 0 0

5) Systematic surveil-
lance in surgical unit for
unseen perforation
(confirmed by CTscan)?

Yes 12 (85.7%) 5(100%) 4 (80%) 1 (100%) 1 (50%) 1 (100%) YES

No  2 (14.3%) 0 (0%) 1 (20%) 0 (0%) 1 (50%) 0 (0%)

NA  1 0 0 1 0 0

6) If surgery, less inva-
sive surgery as possible,
such as suture and
drainage?

Yes (based on
surgeon eval-
uation)

12 (92.3%) 5 (100%) 3 (75%) 2 (100%) 2 (100%) 0 YES

No  12 (7.7%) 0 (0%) 12(25%) 0 (0%) 0 (0%) 0

NA  2 0 1 0 0 1

7) Systematic surgical
evaluation for colic
perforation≥0.5 cm,
closed endoscopically?

Systematic 11 (78.6%) 5 (100%) 3 (60%) 1 (100%) 1 (50%) 1 (100%) YES, sys-
tematic

Only if alarm-
ing symp-
toms

 3 (21.4%) 0 (0%) 2 (40%) 0 (0%) 1 (50%) 0 (0%)

NA  1 0 0 1 0 0

8) Systematic CT scan
for colic perforation
≥0.5 cm, closed endo-
scopically?

Systematic 103 (66.7%) 2 (40%) 5 (100%) 1 (50%) 13 (50%) 1 (100%) YES, sys-
tematic

Only if alarm-
ing symp-
toms

 5 (33.3%) 3 (60%) 0 (0%) 1 (50%) 1 (50%) 0 (0%)

9) Surveillance if no
symptoms, for colic
perforation≥0.5 cm,
closed endoscopically?

Medical unit  6 (54.5%) 1 (20%) 3 (75%) 1 (100%) 1 (100%) 0 Medical
unit, but
surgical
unit possi-
ble

Surgical unit  5 (45.5%) 4 (80%) 1 (25%) 0 (0%) 0 (0%) 0

IC Unit  0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0

NA  4 0 1 1 1 1

10) Systematic intrave-
nous antibiotic prophy-
laxis targeting digestive
germs if perforation,
whatever the size?

Yes 11 (100%) 5 (100%) 4 (100%) 0 1 (100%) 1 (100%) YES

No  0 (0%) 0 (0%) 0 (0%) 0 0 (0%) 0 (0%)

NA  4 0 1 2 1 0
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▶Table 4 (Continuation)

Questions asked Answers Total physi-

cians

15 (%)

Gastroenter-

ologists

5 (%)

Surgeons

5 (%)

Radiolo-

gists

2 (%)

Anesthe-

siologists

2 ph., n (%)

Infectious

disease

specialist

1 (%)

Decision

11) Systematic intrave-
nous antibiotics target-
ing digestive germs
during 3 to 5 days if
perforation, whatever
the size?

Yes, whatever
the size

 7 (58.3%) 3 (60%) 3 (60%) 0 1 (100%) 0 (0%) YES, sys-
tematic,
but only
if≥0.5 cm
can be dis-
cussed

Only if
≥0.5 cm or
not closed
with confi-
dence

 5 (41.7%) 2 (40%) 2 (40%) 0 0 (0%) 1 (100%)

No, never  0 (0%) 0 (0%) 0 (0%) 0 0 (0%) 0 (0%)

NA  3 0 0 2 1 0

11b Systematic intrave-
nous antifungal treat-
ment during 3 to 5 days
if perforation, whatever
the size?

Esophagus 10 (83.3%) 3 (75%) 5 (100%) 0 1 (50%) 1 (100%) YES, in up-
per diges-
tive tract
perfora-
tion:
esopha-
gus, duo-
denum,
stomach

Stomach  7 (58.3%) 1 (25%) 5 (100%) 0 1 (50%) 0 (0%)

Duodenum  9 (75%) 2 (50%) 5 (100%) 0 1 (50%) 1 (100%)

Small bowel  1 (8.3 %) 1 (25%) 0 (0%) 0 0 (0%) 0 (0%)

Colorectal  0 (0%) 0 (0%) 0 (0%) 0 0 (0%) 0 (0%)

No, never  24 (16.7%) 1 (25%) 0 (0%) 0 14 (50%) 0 (0%)

NA  3 1 0 2 0 0

12) Systematic naso-
gastric tube for upper
digestive perforation
(regarding endoscopic
closure: confidence or
not)?

Esophagus: YES, sys-
tematic in
duode-
num and
small
bowel,
and if not
confident
in closure
in esopha-
gus and
stomach
(but can
be discus-
sed sys-
tematic)

▪ whatever  3 (25%) 0 (0%) 3 (60%) 0 (0%) 0 (0%) 0

▪ not confi-
dence

 4 (33.3%) 2 (40%) 1 (20%) 1 (100%) 0 (0%) 0

Stomach:

▪ whatever  5 (41.7%) 0 (0%) 4 (80%) 1 (100%) 0 (0%) 0

▪ not confi-
dence

 6 (50%) 5 (100%) 1 (20%) 0 (0%) 0 (0%) 0

Duodenum:

▪ whatever  9 (75%) 3 (60%) 5 (100%) 1 (100%) 0 (0%) 0

▪ not confi-
dence

 2 (16.7%) 2 (40%) 0 (0%) 0 (0%) 0 (0%) 0

Small Bowell:

▪ whatever  7 (58.3%) 3 (60%) 3 (60%) 1 (100%) 0 (0%) 0

▪ not confi-
dence

 2 (16.7%) 1 (20%) 1 (20%) 0 (0%) 0 (0%) 0

No, never  1 (8.3 %) 0 (0%) 0 (0%) 0 (0%) 1 (100%) 0

NA  3 0 0 1 1 1

13) Systematic nil by
mouth regimen for at
least 24 hours if per-
foration, whatever the
size?

Yes, always 12 (85.7%) 5 (100%) 5 (100%) 1 (50%) 0 (0%) 1 (100%) YES, al-
ways

Upper tract  2 (14.3%) 0 (0%) 0 (0%) 1 (50%) 1 (100%) 0 (0%)

Lower tract  0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

No, never  0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

NA  1 0 0 0 1 0
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▶Table 4 (Continuation)

Questions asked Answers Total physi-

cians

15 (%)

Gastroenter-

ologists

5 (%)

Surgeons

5 (%)

Radiolo-

gists

2 (%)

Anesthe-

siologists

2 ph., n (%)

Infectious

disease

specialist

1 (%)

Decision

14) Systematic attempt
of endoscopic closure
when perforation seen
whatever the size and
the site?

Yes, systema-
tic

13 (100%) 5 (100%) 4 (100%) 1 (100%) 2 (100%) 1 (100%) YES, sys-
tematic

No  0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

NA  2 0 1 1 0 0

15) Systematic CT scan
if endoscopic closure
not possible whatever
the size and the site?

Yes, systema-
tic

14 (93.3%) 5 (100%) 5 (100%) 1 (50%) 2 (100%) 1 (100%) YES, sys-
tematic
after pro-
cedure (to
have a
baseline
CT scan)

Only if symp-
toms

 1 (6.7 %) 0 (0%) 0 (0%) 1 (50%) 0 (0%) 0 (0%)

No  0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

16) Systematic surgical
evaluation and transfer
in surgical unit if endo-
scopic closure not pos-
sible whatever the size
and the site?

Evaluation
and transfer

 6 (50%) 5 (100%) 1 (25%) 0 (0%) 0 (0%) 0 YES, sys-
tematic
evaluation
and trans-
fer (which
can be dis-
cussed)

Evaluation,
no transfer

 3 (25%) 0 (0%) 1 (25%) 1 (100%) 1 (50%) 0

No, if symp-
toms

 3 (25%) 0 (0%) 2 (50%) 0 (0%) 1 (50%) 0

NA  3 0 1 1 0 1

17) Systematic opacifi-
cation if perforation
and CTscan performed?

Yes, systema-
tic

 3 (23.1%) 1 (33.3%) 1 (20%) 0 (0%) 0 (0%) 1 (100%) NO, only if
doubt on
site in CT
scanUpper tract  1 (7.7 %) 1 (33.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Lower tract  0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Only if doubt
on site in CT
scan

 75 (53.8%) 1(33.3%) 25 (40%) 2 (100%) 2 (100%) 0 (0%)

No, never  2 (15.4%) 0 (0%) 2 (40%) 0 (0%) 0 (0%) 0 (0%)

NA  2 2 0 0 0 0

18) Systematic new
radiologic exam before
reseeding the patient if
nil by mouth regimen?

Yes, systema-
tic

 1 (8.3 %) 0 (0%) 1 (25%) 0 (0%) 0 (0%) 0 NO, only if
symptoms
(of fistula
or incom-
plete clo-
sure for in-
stance)

If symptoms 116 (91.7%) 56(100%) 3 (75%) 2 (100%) 1 (100%) 0

No, never  0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0

NA  3 0 1 0 1 1

19) Temporary surveil-
lance in surgical unit or
intensive care unit if
surgery for perforation?

Yes 15 (100%) 5 (100%) 5 (100%) 2 (100%) 2 (100%) 1 (100%) YES

No  0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

20) Isolated pneumo-
peritoneum should lead
to surgery (if CT scan
performed)?

No 15 (100%) 5 (100%) 5 (100%) 2 (100%) 2 (100%) 1 (100% NO

Yes  0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
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▶Table 4 (Continuation)

Questions asked Answers Total physi-

cians

15 (%)

Gastroenter-

ologists

5 (%)

Surgeons

5 (%)

Radiolo-

gists

2 (%)

Anesthe-

siologists

2 ph., n (%)

Infectious

disease

specialist

1 (%)

Decision

21) Radiologic features
that should lead to sur-
gery if perforation (and
CT scan performed)?

Small liquid  0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) Presence
of massive
liquid, col-
lection > 5
cm and
massive
tissue in-
filtration
close to
perfora-
tion
should
lead to
surgery

Massive liquid 13 (100%) 4 (100%) 5 (100%) 2 (100%) 1 (100%) 1 (100%)

Collection
> 5 cm

13 (100%) 4 (100%) 5 (100%) 2 (100%) 1 (100%) 1 (100%)

Massive tis-
sue infiltra-
tion

 7 (53.8%) 1 (25%) 4 (80%) 1 (50%) 0 (0%) 1 (100%)

NA  2 1 0 0 1 0

22) Clinical signs of se-
verity for new surgical
evaluation if surveil-
lance in medical unit?

Fever
> 38.5 °C

14 (93.3%) 4 (80%) 5 (100%) 2 (100%) 2 (100%) 1 (100%) Fever >
38.5 °C,
tachycar-
dia ( > 100
of min),
polypnea (
> 20 of
min),
massive
abdominal
pain
should
lead to a
new surgi-
cal evalua-
tion7

Tachycardia 14 (93.3%) 5 (100%) 5 (100%) 1 (50%) 2 (100%) 1 (100%)

Polypnea 14 (93.3%) 5 (100%) 5 (100%) 1 (50%) 2 (100%) 1 (100%)

Massive ab-
dominal pain

15 (100%) 5 (100%) 5 (100%) 2 (100%) 2 (100%) 1 (100%)

23) Symptoms for sur-
gical evaluation in
emergency?

Fever
> 38.5 °C

13 (86.7%) 4 (80%) 4 (80%) 2 (100%) 2 (100%) 1 (100%) Fever >
38.5 °C,
tachycar-
dia ( > 100
of min),
polypnea (
> 20 of
min), ma-
jor ab-
dominal
pain and
moderate
pain > 1
hour (to 3
hours)
should
lead to
surgical
evaluation
in emer-
gency7

Major pain 15 (100%) 5 (100%) 5 (100%) 2 (100%) 2 (100%) 1 (100%)

Tachycardia 14 (93.3%) 5 (100%) 5 (100%) 1 (50%) 2 (100%) 1 (100%)

Polypnea 14 (93.3%) 5 (100%) 5 (100%) 1 (50%) 2 (100%) 1 (100%)

Moderate
pain

▪ > 1 hour  7 (50%) 3 (60%) 1 (20%) 1 (50%) 1 (50%) 1 (100%)

▪ > 3 hours  3 (21.4%) 1 (20%) 1 (20%) 0 (0%) 1 (50%) 0 (0%)

▪ > 6 hours  4 (28.6%) 1 (20%) 2 (40%) 1 (50%) 0 (0%) 0 (0%)

NA  1 0 1 0 0 0

not answered; CT, computed tomography; SIRS, systemic inflammatory response syndrome; NB, NA answers were disregarded for the calculation of percentages;
CRP, C-reactive protein.

1 Not systematic but depends on the location.
2 Depends on histology and location of perforation; goal is to avoid digestive stoma.
3 One physician answered: yes, but not immediately (within 24–48 hours or before if symptoms).
4 One physician answered: not immediately, only if fungi found in liquid on surgery or if no surgery and discuss treatment on day 7.
5 One physician answered: case by case.
6 One physician answered: depends on size, type of closure, confidence in the quality of endoscopic closure and baseline CT scan; not systematic.
7 Others proposals: every organ failure, guarding, contracture, every symptom of SIRS (blood CRP and white cells, platelets, fibrinogen).
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Several explanations could be proposed to explain this dif-
ference. First, endoscopists who perform therapeutic proce-
dures may have more experience in therapeutic endoscopy
and in perforation management than those who perform only
diagnostic procedures [14]; furthermore, diagnostic perfora-
tions are usually larger (> 1 cm), especially when associated
with the passage of the scope through the digestive wall.
Thus, reducing the risk of diagnostic procedures (caution in di-
verticular areas, prudent use of linear EUS scope) appears im-
portant to avoid perforations. Conversely, most therapeutic
perforations were <0.5 cm, leading to a higher proportion of ef-
fective closures, which has also been reported in the literature
[15, 16].

There was no significant difference in the number of per-
forations depending on the time when the procedure was per-
formed; however, one can imagine risky procedures should be
performed when endoscopists are less tired and can concen-
trate more. Therefore, they should not be scheduled at the
end of a shift.

Data regarding colonic preparation were lacking in a signifi-
cant number of cases, mostly because the preparation was
done at home in most cases (data not shown). However, a lack
of preparation leads to more severe perforations, with a risk of
peritonitis.

There was an important difference between perforations di-
agnosed early and delayed perforations, usually diagnosed
within days as a result of a patient’s symptoms (pain, fever, ab-
dominal guarding) [17]. When diagnosed during the endos-

copy, perforations were successfully closed in most cases
(90%), as previously described [18–20], whereas delayed per-
forations led to surgery in most cases. In the present study,
that included perforations that occurred in a tertiary care cen-
ter specializing in therapeutic endoscopy, where three-quarters
of the perforations were diagnosed during the procedure,
whereas only 13% of colonic perforations were detected during
the procedure in the British national register for current colo-
noscopy practice [13]. Thus, particular attention should be
paid to the digestive wall to detect muscle injury, especially
after endoscopic resection. In parallel, dedicated training ses-
sions could be proposed to teach how to detect perforations
and how to close them efficiently, especially for target signs
(type III according to Sydney classification) and small perfora-
tions (< 0.5 cm). We chose this limit in size based on our own ex-
perience (data not shown). Indeed, those injuries were almost
always closed successfully when detected, as previously de-
scribed [21, 22].

Endoscopic closure was effective even if concomitant medi-
cal management was associated (antibiotics, CT scan, surgeon
evaluation). Thus, systematically requesting a CT scan or sur-
geon evaluation is probably not useful, but on the other hand,
detecting early symptoms of leakage (pain, fever, abdominal
guarding) could result in fewer surgeries. In fact, in the present
study, the proportion of successful endoscopic closures was
significantly lower when surgeon evaluation was performed,
thus, some of those surgeries might have been avoided by sim-
ply proposing medical management [23]. It is also possible that

▶ Fig. 1 Examples of perforation and management a target sign, b large perforation, c ovesco clip, d closure with hemoclips, e large perforation
in the fat tissue, f failure of endoscopic closure leading to surgery.
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surgeon evaluation was required when there was a doubt about
the quality of the closure. Asking the endoscopist about his or
her confidence regarding closure quality would have helped ad-
dress this hypothesis. Confidence about quality of closure is
probably an important point for the management algorithm
and should be described in the endoscopy report. In parallel,
the presence of a pneumoperitoneum on CT scan was not a
risk factor for delayed surgery, underscoring the fact that such
radiologic criteria, when isolated, should not be considered to
indicate surgery, as previously described in the literature [24–
28].

Although retrospective, the results of the present study led a
panel of local experts to unanimously adopt a local charter for
management that outlined some major points. For example, it
was agreed that antibiotics, surgeon evaluation, or CT scan
should not be proposed systematically for perforations
< 0.5 cm when closed endoscopically with confidence by the
endoscopist. On the contrary, CT scan or surgeon evaluation
should be proposed in case of symptoms or appearance sug-
gestive of delayed leakage, which is usually done [29].

The present study suffered from several limitations, the
main one being the amount of missing data related to perfora-
tions reported before 2016, because of the retrospective de-
sign, particularly concerning medical management following
perforation closure. However, because perforations occurred
rarely, a prospective study may be difficult to undertake to ob-
tain high-quality data. Nevertheless, the present study included
is among those with the largest number of perforations and
demonstrated good prognosis for small perforations when
endoscopic closure was performed. The study population was
inhomogeneous, but perforations constitute an event difficult
to describe because of their rareness. It is true that one cannot
expect the same outcome while dealing with a perforation in
the duodenum and in the colon, which is why we chose a pre-
cise algorithm and charter for each of the locations. That
helped the study center adopt a local management charter
that resulted in conservative management of such perfora-
tions, which is in keeping with the recent update to European
recommendations [30]. Because the charter proposed herein
is not exhaustive, the recently published recommendations
should be followed as a complement to the charter. Because
readers in other centers may not agree entirely with the gener-
alizability of the charter and algorithm, the authors acknowl-
edge that they are are intended for local use only.

Conclusions
In conclusion, detection and closure of perforations during
endoscopy procedures were more successful than those asso-
ciated with delayed perforations. Small perforations < 0.5 cm
had a very good prognosis and CT scan, surgeon evaluation, or
antibiotics are probably not necessary when an endoscopic clo-
sure is confidently performed. The present study led to an ex-
ample of local management charter as recommended by ESGE
guidelines. The proposed charter and algorithm are intended
for local use only because as specified in the ESGE guidelines,
each center should have its own policy.
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