




awareness of the risk factors, 

prompt availability adequate radiological imaging, 
clinical, endoscopic & surgical
competence

relatively rare, not a completely unpredictable



1. the “EVENT”
2. the CLOSURE ATTEMPT & outcome

= better outcomes = guide to further interventions
if no / incomplete (medico-legal issues fears) = delay & worse outcome

3. COMMUNICATION, EARLY
between providers: DIRECT (no via physicians in training)
with the familiy and relatives: SINGLE DESIGNED PERSON 



presence of gas or luminal contents outside the GI tract

CLASSIFICATION
endo timing
intra early (<12-24h) Endo VISIBLE (most cases) 

endo closure
post delayed (>24h) CLINICO-RADIOLOGIC

surgery

size, cause ... definition not clinically relevant



1. Check Bowel prep or reschedule  
2. Remove fluids

• Suck & drying the operating field segment & upstream
and downstream segments, 

• move to non-dependent position (prevent fluid
escape) (conscious sedation helps!)

3. Use CO2
4. Achieve scope stability / good manouvrability
5. Review pt features (demographics, 

comorbidities, prior surgical procedures)
Iqbal CW, Arch Surg 2008

Byeon JS. Clin Endosc 2013
Raju GS, Saito Y, Matsuda T et al. GIE 2011



1. DO NOT PANIC! for faculty & trainees alike
2. TALK to NURSE
3. call “expert” operator

CLOSE wo delay
EFFICIENTLY as far as possible

• Administer anti-peristaltic drugs
• expose the base to allow for proper clip placement
• inspect, ensure it is tight

Byeon JS. Clin Endosc 2013
Raju GS, Saito Y, Matsuda T et al. GIE 2011



Clinical signs
• dyspnea / shoulder pain
• tympanic rigid abdomen
• hypovolemic shock (compressed vena cava) 
• jugular vein congestion

<20% can be managed non-surgically

• 16G-20G venous catheter (plastic
sheath)

• 2 cm below the umbilicus in the 
midline (through the linea alba) 

• 5 cm superior and medial to the 
anterior superior iliac spines

http://www.wikiradiography.com

Lin BW. J Emerg Med 2010;
Saito Y. Digestive Endoscopy 2007



• hospitalization nearly always
• antibiotics IV (1° line: ciprofloxacin and metronidazole)
• nothing by mouth,
• parenteral nutrition in undernourished pts or in well-

nourished pts with expected non-alimentation for ≥7 days
• DIVERT luminal contents from esoph, stomach, 

duodenum
– NOT IF CLOSURE HAS BEEN OBTAINED risk of dislodging clips 

(TTS)
– NOT BLINDLY, under control

• CLOSE  MULTIDISCIPLINARY MONITORING 



intraop. / early (within 12h... 24h)
• unusual abdominal
• abd. pain + distension, 
• chest pain, 
• subcutaneous air/crepitus (emphysema)
• shortness of breath, 
• hemodynamic instability (hypotension/tachycardia)

delayed (>24h)
• systemic inflammatory response, 
• acute abd pain (peritoneal irritation); back / flank pain
• hypotension, 
• mental confusion

high index of suspicion



WITH oral or rectal water-soluble contrast
NO IV contrast

Kowalczyk L. AJG 2011
Zissin R. Eur J Radiol 2008

Kim DH. Curr Probl Diagn Radiol 2008

TIMING intraop.: after endoscopy
postop./delayed: suggestive symptoms/signs

Volume non proportional to perforation (related to closure)
Site can dissect into distant spaces
Evolution pneumoperitoneum: 1 wk but up to several wks



Early surgery preferred if
• active leak (increasing volume) after closure
• free fluid
• contrast (water soluble)  extravasation

concomitant pathology
• large neoplasm likely to be a carcinoma, 
• unremitting colitis, 
• perforation complicating an obstructing colonic lesion
• EoE (surgical repair is require in 40% of cases - Runge TM, JCG 2017)



ESOPH STOMACH COLON



Size: Large
Mortality: high
Main risk: Billroth II gastrectomy

Avgerinos DV. Surg Endosc 2009



1329 g-ESDs
delayed perf 6 (0.45%)

upper third/ lesser curvature 5
emergency surgery 5 (83%)

probably due to:
1) Ischemic damage
2) increased thermic coagulation

PREVENTION? 
NGT for decompression (24 hrs)

Hanaoka N, et al. Endoscopy 2010



TTS clip
from 3 to 25 defects
limits: limited wingspan

fibrotic tissue
Qadeer MA. GIE 2007
Daram SR. Surg Endosc 2013

OTS clip 
<20 mm Esoph. 

5-20 mm  Stomach
up to 30 mm Colon 

Voermans RP. CGH 2012









Closure of perforation by OTSC

Location n. Successful
closure (%)

Esophagus 5 5 (100)
Stomach 6 6 (100)
Duodenum 12 9 (75)
Colon 13 12 (92)

Voermans RP, et al. CGH 2012



possibilities

• clips + assistance
• stents
• suturing devices



Otake Y, et al. GIE 2012










Zeng CY. Endoscopy 2015

Sakamoto N. Endoscopy 2008



Stent
e-perforations





• risk factor: procedure related
• experience: operator / center related



1-8% 0-6%



SCC by ESD in japan
156 neo in 147 pts
perforation in 9 (6%)

– 6 closed by clips
– 2 drainage of pleural effusions
– surgery 0

• size >75% circumf OR =7.37; P = 0.016
• Early treatment periods OR = 4.04; P < 0.01
• low volume institutions OR = 3.03; P  = 0.045

Tsujii. Endoscopy 2015



Ohta T, et al. 
GIE 2012

16%

0.5%

adj-OR P OR P
Location: upper area 2.4 .006 7.1 .005
Ulcer / fibrosis 1.1 .86 2.6 .023
Tumor > 20 mm 1.9 .04 n.s.
Op.-time >2 hrs n.a. 4.0 .020

retrospective
single center
n. ESDs 1795
Perforation 3%

EMR (Kojima T. GIE 1998) 0.5%
ESD (Minami S. GIE 2006) 5%

retrospective
single center
n. ESDs 823
Perforation 10%

Yoo JH, et al. 
Surg Endosc 2012



Predicted 
non-curability 
rates



Longcroft-Wheaton G. DCR 2013 – lesions: n. ; size >20 mm 
* Sansone S. DLD 2017 – lesions: n. ...; size

SMSA 2+3
(score 6-12)

%

SMSA 4
(score >12)

%

p

complete initial resection 92* - 98 83* - 87 0.009
residual/recurrence at 1st FU 98 79 0.001
perforation & bleeding 0 - 4.5* 9 - 10* 0.007
post polypectomy syndrome 2.5 2.9 n.s.
cancer 11 9 n.s

Ferlitsch M. ESGE Guidelines 
Endoscopy 2017



Parameters OR (95% CI)
1. difficult lifting 11.0 (2.7-45.3)
2. size ≥40 mm 3.3 (1.4-7.9)
3. expert endoscopist 0.1 (0.04-0.42)
4. flat/LST morphology 2.6 (1.2-5.5)

Tavakkoli A. DDS 2017

retrospective, 10 year period
neoplasms: n. 269; size >10 mm

Expert definition: 
• who receive tertiary referrals for difficult

cases, 
• >20 cases >10 mm within the study period

individual parameters

combined parameters





Morphology

Experience 

Scar negative Scar positive

LST-G Sessile LST-NG LST-G Sessile LST-NG

≤90 <0.7 <2.3 <19.7* <7.8 <22.8* <47.0*

91-120 <0.2 <0.6 <1.9 <2.3 <7.5 <19.6*

>120 <0.1 <0.4 <1.3 <1.6 <5.3 <14.3

*, variable with size

Endosc Int Open 2017

Difficulty Assessment Chart
probabilities of difficult colon ESD 



dental floss & clip: esoph & stomach
pocket creation method: colon

faster easier safer (also for trainees)
RCT
• gastric (310 pts/group): CONNECT-G study. Yoshida M. GIE 2018

• esoph (117 pts /group): CONNECT-E study. Yoshida M. GIE 2019

• colon (42 pts /group) Yamasaki Y. Dig Endosc 2018

• colon (PCM) (45 pts/group): Harada H. GIE 2019





0 I

II

III IV (V with fluid leak)

MP on histol specimen in 8%



target III-IV-V
adj OR

prox colon 1
transverse 3.55 (1.2-11.0)
distal 2.03 (0.8-5.5)
HGD / T1 3.0 (1.3-7.1)
en bloc if >25 mm 3.8 (1.5-9.8)

Burgess NG. Gut 2016



Fujishiro M. Endoscopy 2006








Lee EJ.
Surg Endosc 2013

Single center

Saito Y.
Gut Liver 2013
Single center

Iacopini F
Fismad 2014
Single center

Seoul, Korea NCCH, Tokyo Albano L, Roma

Endoscopist Expert Expert Intermediate

n. ESD 1000 806 129

Incidence 53 (5%) 23 (3%) 7 (5%)

Intra/early 7 (100%)

Conservative ther
by clip closure

50 (94%) 21 (91%) 4 (57%)

Surgery 3 (6%) 2 (9%) 3 (43%)



Tashima T. Endoscopy 2018



Tashima T. Endoscopy 2018

prospective
50 superficial nonampullary duodenal neoplasms
size 25 mm +/- 9 mm
R0 88%

OTSC misplacement



Guidelines. Yamamoto Y. Dig Endosc 2019

size risk
<1/2 no
50mm; <2/3 33%
>3/4 >90%

size risk
>3/4 from 90 to 60%
increased perforation
risk of EBD

Refractory stricture
>3/4 - >5/6
additional oral steroids
to reduce n. EBD



polyglycholic acid (PGA) sheet
biodegradable suture-reinforcing material, minimized scar
contraction

Stricture
Sakaguchi Y (Endoscopy 2015, AJG 2016) 7.7% (1/13) 

– synergic effect + steroids inj. if >3/4 11.1% (1/9)

Iizuka T. Endoscopy 2015 37.5% (3/8),

Chai NL. WJG 2018 21% (+stent) 
vs. 47% stent only 
(P = 0.02)



648 stricture dilations in 76 pts (78 neo) 
single center 
retrospective

• median 5 dilations over 3 months
• Initial dilation after 14 days
• Perforations in 7 (1%)

RISK FACTORS
 multiple dilations (OR 1.2; P=0.012), 
 lower third (OR 12.8; P=0.043).

Takahashi H. Endoscopy  2011

293 dilations in 161 pts

• deep mucosal tear in 10% (n. 30), 
• conservative therapy in all

RISK FACTORS severe complications
 upper third OR, 5.62; (P < .001) 
 middle third OR, 4.93 (P < .005) 
 stricture unable to be traversed

(OR, 2.48 (P = .037), 
 Savary dilator (OR, 2.63 (P = .018)

Jung KW. GIE 2011



Guidelines. Yamamoto Y. Dig Endosc 2019



Hayashi T. 
GIE 2017

Abe S
GIE 2016

822 pts, 
912 lesions

363 pts, 
370 lesions

site CR Rectum
size 80 mm (47-150)
stricture % 0.5% (4/912) 0.02% (1/370)
circumf defect 90%-<100% 11% (2/18) -

100% 50% (2/4) -



ASGE lexicon GIE 2011 
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