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ntroduction 

Characteristically, children unintentionally ingest objects or sub-

tances within reach, most commonly in the household. Both caus-

ic and foreign body (FB) ingestions result in significant morbidity,

ortality, and health care utilization. Up to 75% of the total in-

estions usually occur in children 5 years of age or younger, with

igher risks of complications and mortality. 

It is the responsibility of general pediatricians as well as pe-

iatric gastroenterologists to prevent and manage these ingestions.

espite its relevance in daily clinical practice, only a few guidelines

pecifically written for the pediatric setting have been published,

one of which from the Italian Society of Pediatric Gastroenterol-

gy, Hepatology and Nutrition (SIGENP). Despite the presence of

uropean recommendations on the most serious conditions (i.e.

utton battery ingestions or food bolus impactions), every coun-

ry has a different setting and management in the emergency de-

artment according to the local availability, regulation and exper-

ise. A recent survey published by the SIGENP has reported that al-

ost 1/3 of the total endoscopies in children is performed by adult

ndoscopists, especially where an emergency pediatric endoscopy

ervice is lacking (around 30% of sites) 1 . 

The present guideline aims to support pediatric and adult gas-

roenterologists in managing children with foreign body or caustic

ngestions. Apart from the necessity to develop a national guide-

ine, differently from the other published guidelines, the proposed

ne focuses on the role of the endoscopists (regardless of whether

hey are adult or pediatric gastroenterologists) in the diagnostic

rocess of children with foreign body and caustic ingestions. By

dentifying and describing the recommended interventions, these

ractice guidelines are not intended as fixed protocols or a substi-

ute for the advice of professional health care providers. 

ethods 

In May 2019 the SIGENP Endoscopy Working Group (WG) sup-

orted by the Italian Association of Hospital Gastroenterologists

nd Endoscopists (AIGO), appointed a panel of experts, with the

im to prepare a clinical practice guideline to support general pe-

iatricians and endoscopists in the management of children with

oreign body and caustic ingestions. 

The chair and secretary of the SIGENP Endoscopy WG (SO and

N) identified the following main tasks: 1) general consideration

nd equipment; 2) foreign bodies; 3) food impaction; 4) caustic

ngestions. The specific tasks carried out by the panel members are

eported in the Supplementary File 1 herewith provided. 

Key questions were developed following the PICO format 2 and

oted. A PubMed/EMBASE search for English-written articles, with

o time limits and using appropriate MeSH terms (Supplemen-

ary File 1) was performed. Regular conference calls, web-based
tions often requires different levels of expertise and competence. 

y but there is a high risk of misusing this tool with incorrect timing and

cal history frequently leaves clinicians uncertain about timing and nature

idelines regarding management of these ingestions in children have been

the Italian Society of Pediatric Gastroenterology, Hepatology and Nutrition

lian endoscopists was convened by the SIGENP Endoscopy Working Group

that outlines practical clinical approaches to the pediatric patient with

caustic ingestions. The Italian Association of Hospital Gastroenterologists

lso endorsed the project since many adult endoscopists usually manage

Differently from the other published guidelines, the proposed one focuses

 (regardless of whether they are adult or pediatric gastroenterologists) in

en with foreign body and caustic ingestions. 

troenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

xchanges and two intermediate meetings were scheduled. The

evels of evidence and recommendations were defined for ev-

ry part of the statement according to the GRADE system 

3 . The

orking parties then met twice in 2019 (Rome and Verona) to

evise and develop agreement with the statements. Each state-

ent was revised until consensus was reached. The panel then

oted on all recommendations and practice points, while adding

pecific comments using a web-based voting platform. The docu-

ent was revised again based on comments received. A second

ound of electronic voting and revisions was done. The Consen-

us Statement was reached at > 80% participant agreement. The

uideline includes not only recommendations but also “practice

oints” that reflect common practice wherein evidence is lacking.

eaker recommendations are indicated by phrases such as “we

uggest”, whereas stronger recommendations are typically stated

s “we recommend”. Recommendations are intended to be read in

ontext with the qualifying comments in the accompanying text.

ach working group provided a summary of written background

vidence for statements to draft the initial manuscript by SO. The

anuscript was circulated to the consensus group for revisions be-

ore submission for publication. 

. General considerations and equipment 

Q1: What are endoscopy urgency levels in children? 

Recommendation: 

.1. We recommend performing an endoscopy according to the 

ollowing urgency levels: 

- emergency ( < 4 hrs) 

- urgency ( < 24 hrs) 

- early elective ( < 48 hrs) 

- elective ( > 48 hrs) 

[strong recommendation, moderate quality of evidence] 

[Vote result: Strongly agree: 56%; agree: 44%, neutral: 0%, disagree:

0%, strongly disagree: 0%] 

Summary of evidence 

A pediatric endoscopic service with 24 hrs access is not avail-

ble everywhere in Italy 1 . Therefore, the access modality to an

mergency endoscopy (direct access, referral from another center)

nd consequently the timing of the procedure may vary. An ur-

ent endoscopy should be performed in an adequate setting, by

edicated and experienced personnel, and within a range of time

etween < 2 h and < 24 hrs from the acute event. Occasionally

ndoscopy can be performed after up to 48 h 

4 , 5 . A 24-hour on-

all service for emergency pediatric endoscopy reduces the waiting

ime and ensures higher efficacy with reduction of possible com-

lications 6 . The optimal timing of the endoscopic procedure might



1268 S. Oliva, C. Romano and P. De Angelis et al. / Digestive and Liver Disease 52 (2020) 1266–1281 

Table 1 

Suggested retrieval devices. 

Object type Appropriate retrieval devices 

Blunt objects Grasping forceps, retrieval graspers, 

polypectomy snare, basket, retrieval net 

Sharp-pointed objects Grasping forceps, polypectomy snare, basket, 

retrieval net 

Transparent cap, latex rubber hood 

Long objects Polypectomy snare, basket 

Food bolus Grasping forceps, retrieval graspers, 

polypectomy snare, basket, retrieval net 
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be influenced by numerous factors: 1) patient’s condition and sta-

bilization; 2) availability of the endoscopic or operating room 3)

availability of the anesthesiologist and endoscopic team; 4) trans-

fer time to a tertiary referral center. 

Considering all these features, we can define this intervention

timing 5 : emergency, urgency, early elective and elective. 

Q2: Which sedation protocol is most appropriate for an emergency

endoscopy? 

Recommendation: 

1.2. We recommend performing an emergency endoscopy under 

general anesthesia with airways protection, especially for foreign 

body ingestion and food bolus impaction 

[strong recommendation, moderate quality of evidence] 

[Vote result: Strongly agree: 56%; agree: 44%, neutral: 0%, disagree:

0%, strongly disagree: 0%] 

Summary of evidence 

Pediatric endoscopy always requires an adequate sedation pro-

vided by a dedicated staff. Smaller and more compliant airways

of children lead to a higher risk of obstruction during endoscopy.

General anesthesia with endotracheal intubation gives full airway

protection, which often represent the ideal in most emergency pro-

cedures in children. Since foreign body ingestions and food bolus

impactions are usually the more complicated and longer emergen-

cies, the choice of general anesthesia makes the procedure safer

for both patients and endoscopists 7 , 8 . 

Q3: How many staff units should be included in the emergency

endoscopy team? 

Recommendation: 

1.3. The emergency endoscopy team should include a trained 

endoscopist, a dedicated anesthetist, and one or more qualified nurses

[strong recommendation, moderate quality of evidence] 

[Vote result: Strongly agree: 76%; agree: 24%, neutral: 0%, disagree:

0%, strongly disagree: 0%] 

Summary of evidence 

Emergency endoscopy should be performed by a trained endo-

scopist, familiar with a wide range of tools for removing FBs 5 . 

At least one qualified nurse with one or more members of the

endoscopy team should assist the main operator. The nursing staff

need to have a specific set of pediatric skills 6 , 9 , 10 . 

Q4. Which are the minimal instrumentation and accessories neces-

sary in an emergency endoscopy service? 

Practice Point: 

At least two endoscopes ( < 6 mm and standard adult gastro-

scope ) of different diameters can represent the minimal instrumen-

tation for an emergency endoscopy service. Retrieval forceps, retrieval
ets, polypectomy snares, endoscopic baskets and overtubes might be

onsidered as possible useful accessories. 

Summary of evidence 

There are not enough data to determine the minimal instru-

entation needed by an emergency endoscopy service in children.

n adults, 1 gastroscope per 350 procedures/year is required. In pe-

iatric endoscopy at least two endoscopes with various insertion

iameters might be necessary for both infants and children 

10 . 

For children aged < 1 year or < 10 kg, a gastroscope < 6 mm is

referred, for children older than 1 year or weighing more than

0 kg a standard adult gastroscope can be used 

11 . There are no

tudies in children on the efficacy of different retrieval devices

r overtubes. Retrieval devices are usually selected based on the

hape and size of the foreign body’s or the endoscopists’ prefer-

nce ( Table 1 ). Devices might include alligator and rat-tooth for-

eps, retrieval nets, polypectomy snares, tripod forceps, and bas-

ets. Latex cones and overtubes are beneficial in case of sharp for-

ign bodies. Endoscopic baskets may be useful for round objects,

hereas retrieval nets can provide a safer grasp for coins, batter-

es, magnets or food boluses 7 , 12 , 13 . 

oreign body ingestions 

Foreign body ingestions in children are common, especially un-

er the age of 6 years. In 2015, the FBs ingestions rate was 17,9

ases per 10.0 0 0 children in the United States. Coins (61,7%) were

he most frequently ingested objects, followed by toys (10,3%), jew-

lry (7%) and batteries (6,8%) 14 . 

Although updated data are unavailable in Italy there might be a

omparable rate. 

Many FBs spontaneously pass through the gastrointestinal (GI)

ract, but an endoscopic removal may be necessary to prevent se-

ere complications. FB characteristics and location, timing of the

ngestion, and age are determining factors to assess the risk of

omplications 15 . 

Q1: What should be the initial assessment and management of a

hild with suspected foreign body ingestion in the Emergency Depart-

ent? 

Recommendation: 

2.1. A detailed medical history including type and size of the

bject, time since the ingestion, last meal and presence of pre-

xisting diseases should be obtained. Presence of symptoms, lo-

ation and type of foreign body determine the urgency level

hereas in case of complication signs at the physical examina-

ion (i.e. esophageal damage, occlusion and/or perforation) en-

oscopy is not indicated. 

[strong recommendation, high quality of evidence] 

[Vote result: Strongly agree: 72%; agree: 28%, neutral: 0%, disagree:

%, strongly disagree: 0%] 

Summary of evidence 

In emergency situations with compromised vital signs, an ABC

esuscitation must be applied before any other intervention 

15 . In

table patients, a detailed medical history should be collected (cir-

umstances and timing of ingestion, onset of symptoms, type and

ize of FB, pre-existing gastrointestinal medical conditions and tim-

ng of last meal) 11 , 15 . It is particularly important to define if the

ngestion has been witnessed or not 16 . 

Objects can be classified in: blunt foreign bodies (i.e. coins),

harp-pointed objects (i.e. pins, tacks, nails, toothpicks, hairpins),

oxic objects (i.e. batteries, lead containing objects, drug packets)

nd magnets 11 . 

Blunt FBs with diameter ≥ 2 cm in patients younger than 1 year

r ≥ 3 cm in children older than 1 year are unlikely to pass the

ylorus. The same applies for FBs > 6 cm in length that should be
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onsidered for removal 17 . All these data are necessary to establish

he need for a consultation with the on-call endoscopist. 

Symptoms are usually determined by FB type, size and location

long the GI tract. 

Dysphagia, odynophagia, drooling, retrosternal pain or retching

uggest an esophageal FB. Gastric FBs usually do not cause impor-

ant symptoms. Sharp objects and disk batteries may also cause

astrointestinal bleeding or perforation. Bulky FBs may lead to gas-

rointestinal obstruction 

16 . 

Physical examination is fundamental to look for complica-

ions requiring a surgical management (i.e. obstruction or perfo-

ation) 17 , 18 

Q2. What diagnostic imaging investigations should be performed

n a child with suspected foreign body ingestion in the Emergency De-

artment? 

Recommendation: 

2.2. Biplane radiographs are recommended in all patients

ith known or suspected foreign body ingestions, even in the

bsence of symptoms. Radiocontrast examination is suggested

or radiolucent bodies. Radiological examinations should not

elay an urgent endoscopy in any case. 

[moderate recommendation, high quality of evidence] 

[Vote result: Strongly agree: 48%; agree: 40%, neutral: 4%, disagree:

%, strongly disagree: 0%] 

Practice Points: 

- A twin object can be useful to measure the FB size and to test

its radiodensity. It is also useful to identify the best device for

endoscopic removal. 

- The X-ray examination should be performed 30 min before the

procedure. In case of postponed endoscopy, the X-ray exam

should be repeated to confirm that the FB is still removable by

endoscopy (not beyond the ligament of Treitz). 

Summary of evidence 

Radiopaque or unknown FBs should be initially investigated

ith a biplane radiography (including neck, chest, abdomen and

elvis) to assess their number, location, size, and shape 19 . Radiog-

aphy also allows to exclude complications (i.e. aspiration, perfora-

ion) 20 . 

The use of contrast agents is controversial in radiolucent FBs.

arium swallow is not recommended because it may interfere with

he endoscopic removal by coating FBs. A water-soluble radiocon-

rast (i.e. lopamidol) may be used, except in proximal esophageal

bstruction because of the aspiration risk. In any circumstances,

adiocontrast examinations should not delay an endoscopy 21 . 

CT scan can be considered for radiolucent FBs in selected cases

y balancing the risk of X-ray exposure and the exam necessity.

here is not sufficient evidence supporting the use of metal detec-

or, ultrasonography or magnetic resonance 12 . 

Q3. When should the E.R. doctor contact the on-call endoscopist? 

Recommendation: 

2.3.1. We recommend contacting the on-call endoscopist in

sophageal or symptomatic gastric foreign body retentions, and

n any case of sharp objects, disk batteries and multiple mag-

ets ingestion. 

[ strong recommendation , moderate quality of evidence ] 

[Vote result: Strongly agree: 60%; agree: 36%, neutral: 4%, disagree:

%, strongly disagree: 0%] 

2.3.2. We suggest discharging patients with asymptomatic

astric retention of non-sharp or non-disk battery foreign bod-

es, and to follow them up with serial X-Rays. 

[ strong recommendation , moderate quality of evidence ] 
[V ote result : S trongly agree : 64%; agree : 36%, neutral : 0%, dis-

gree : 0%, strongly disagree : 0%] 

Practice Point: 

- Emergency doctors may attempt to stimulate the passage to the

stomach for asymptomatic small blunt FB in the distal esoph-

agus, by asking to swallow water and monitoring patients for

up to 24 hrs in the ER before endoscopy. 

Summary of evidence: 

After detailed medical history, physical assessment and imaging

tudies patients can be referred to the on-call endoscopist ( Fig. 1 ).

sophageal disk battery represents a life-threatening condition and

bliges to an immediate consultation with endoscopists and sur-

eons 11 , 22–24 (see “Disk Batteries “section). 

FB location of sharp-pointed objects should be rapidly defined

y imaging. Complications seem more common in symptomatic

atients, while they are likely delayed in the asymptomatic ones.

n early consultation with the endoscopist is thus necessary 25 . A

ingle magnet is usually not harmful, while multiple ingestions or

ngestions of one magnet with other metallic FBs can lead to se-

ere complications by trapping portions of bowel wall 26 . 

Esophageal FBs almost always require an endoscopy 19 . Proximal

sophageal blunt FBs causing a near-complete esophageal obstruc-

ion and/or respiratory symptoms should be emergently consider-

ng the higher adverse events risk (i.e. aspiration). 

In clinically stable patients without symptoms of esophageal

bstruction, small blunt FBs (i.e. coins) in the distal esophagus may

ot require emergency endoscopy because they are likely to pass

pontaneously into the stomach 

17 . A spontaneous clearance can oc-

ur in approximately 30% to 60% of cases, more likely in the case

f coins stuck in the distal esophagus 27 , 28 . However, non-proximal

sophageal FBs should be removed within 24 hrs from the inges-

ion, as any delay decreases the likelihood of successful removal

nd increases the risk of adverse events (i.e. perforation). 

Once FBs passed the esophagus, most objects are expelled

ithin 4 weeks. In asymptomatic patients with blunt and small FBs

n the stomach (except batteries and magnets) an outpatient man-

gement is appropriate. Caregivers should be instructed to recog-

ize symptoms and signs of complications and monitor the stools

ntil FB passage 29–33 

Hospital admission and observation are recommended in case

f unclear medical histories or symptoms, in potentially harmful

adiopaque FB already located in the duodenum, or in radiolu-

ent potentially damaging objects not detected by the endoscopic

xam 

34 . 

Q4. In children with foreign body ingestion what should be the

ost appropriate timing for endoscopic removal? 

Recommendations: 

2.4.1 The following timing is recommended for foreign bod-

es in the ESOPHAGUS: 

emergency: 

- sharp-pointed foreign bodies 

- proximal blunt foreign bodies and food bolus causing com-

plete esophageal obstruction (i.e. inability to manage secre-

tions) and/or respiratory symptoms 

- disk batteries ( < 2 hrs; see specific section) 

urgency: 

- asymptomatic or mildly symptomatic blunt foreign bodies 

- food bolus without complete esophageal obstruction 

[strong recommendation, moderate quality of evidence] 

[Vote result: Strongly agree: 52%; agree: 44%, neutral: 4%, disagree:

%, strongly disagree: 0%] 
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Fig. 1. Initial management of a child with foreign body (FB) ingestion. 
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Practice Points 
2.4.2 The following timing is recommended for foreign bod-

ies in the STOMACH: 

emergency: 

- sharp-pointed foreign bodies 

- disk batteries in children < 5 years old 

urgency: 

- blunt foreign bodies causing symptoms 

- disk batteries in asymptomatic patients and/or in > 5years old

elective: 

- objects > 2.5 cm of diameter or > 6 cm in length in asymp-

tomatic patients 

- blunt foreign bodies failing to pass spontaneously after 4

weeks 

[low recommendation, low quality of evidence] 

[Vote result: Strongly agree: 36%; agree: 36%, neutral: 12%, dis-

agree: 16%, strongly disagree: 0%] 

2.4.3 The following timing is recommended for foreign bod-

ies in the DUODENUM: 

emergency: 
- sharp-pointed foreign bodies 

- blunt foreign bodies causing symptoms 

elective: 

- blunt foreign bodies failing to pass spontaneously after 4

weeks 

[strong recommendation, low quality of evidence] 

[Vote result: Strongly agree: 44%; agree: 48%, neutral: 4%, disagree:

%, strongly disagree: 0%] 

2.4.4 An ileocolonoscopy is recommended with the following

iming and indications: 

urgency: 

- retrogradely inserted blunt foreign bodies failing to pass spon-

taneously 

elective: 

- blunt foreign bodies failing to pass spontaneously the colon 

[strong recommendation, low quality of evidence] 

[Vote result: Strongly agree: 36%; agree: 60%, neutral: 4%, disagree:

%, strongly disagree: 0%] 
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Table 2 

Timing of endoscopy depending on location and type of the foreign body. 
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- Timing of FBs removal depends on type, size and location of FB

as well as on child’s clinical conditions (asymptomatic vs symp-

tomatic) 

Summary of evidence: 

A detailed description of endoscopy timing is reported in

able 2 . 

Endoscopy timing depends on clinical status, FB type (blunt

r sharp-pointed) and location, as well as the last mealtime.

sophageal disk batteries and sharp-pointed FBs are the most dan-

erous conditions and need an emergency removal 4 , 35 (see “But-

on batteries” section below). Sharp-pointed objects generally in-

lude nails, pins, toothbrushes or fish bones, but not plain glass

ragments. They should be timely removed if reachable by en-

oscopy to avoid distal migration and/or bowel perforation 

4 . Over-

ubes, transparent caps or latex rubber hoods are recommended to

rotect the mucosa from laceration during retrieval 24 . 

Blunt objects (mostly coins) require emergency removal in case

f complete proximal esophageal obstructions or severe symptoms

i.e. respiratory distress, inability to manage secretions, severe

ain). In asymptomatic or mildly symptomatic patients, esophageal

B should be removed within 24 hrs 4 . A confirmatory X-Ray before

erforming endoscopy is suggested to check if the FB has sponta-

eously passed thus avoiding unnecessary procedures. 
Asymptomatic FBs in stomach and duodenum should be elec-

ively removed only in the case of objects unable to pass (likely

ith diameter ≥ 2 cm in patients younger than 1 year, ≥ 3 cm in

lder children, or length > 6 cm) 36 . 

An endoscopic removal may be attempted in case of blunt FBs

ocated in the distal rectum. Potentially harmful FBs failing to pass

he rectum require surgery 11 . 

Magnets 

Q5. In children with magnets ingestion what should be the most

ppropriate endoscopy timing for removal? 

Recommendation: 

2.4.5 An urgency removal of magnets is recommended if they

re multiple or were ingested with other metallic foreign bod-

es. 

[strong recommendation, low quality of evidence] 

[Vote result: Strongly agree: 44%; agree: 52%, neutral: 4%, disagree:

%, strongly disagree: 0%] 

Practice Point: 

- Particular attention to X-ray is recommended as multiple

magnets can appear as one 
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Summary of evidence 

The formidable attractive force of ingested magnets can cause

ischemia, perforation, fistula, volvulus on the bowel wall. Single

magnets should be considered like any other blunt FB 

11 . Multiple

magnets may stick together appearing as a single FB on X-ray, thus

a thorough radiological evaluation is mandatory to avoid misdiag-

nosis. In case of adherent magnets, recommendations for multiple

ingestion should be applied 

4 . Some authors suggest endoscopic re-

moval even in some single magnet ingestions to prevent complica-

tions 4 , 12 , 37 . 

Multiple magnets or ingestions of a single magnet with another

metallic foreign body mandate an urgengent endoscopic removal

either in the upper or the lower gastrointestinal tract. 

Magnets localized between the ligament of Treitz and the prox-

imal terminal ileum require a clinical and radiological follow-up.

The use of small bowel enteroscopy is controversial. 

An early consultation with pediatric surgeons is advisable, as

symptoms of complications may be subtle or unspecific. 

Disk Batteries (DB) 

Q6. In children with disk battery ingestions what should be the

most appropriate endoscopy management? 

Recommendations: 

2.4.6 We strongly recommend removing disk batteries from

the esophagus within 2 hrs. In case of alarm symptoms (par-

ticularly bleeding) or unstable patients the procedure must be

performed in operating room with the assistance of pediatric

and cardiovascular surgeons to prevent and timely manage life-

threatening complications. An early referral to a tertiary en-

doscopy center is recommended in case of unavailability of the

abovementioned setting for removal. 

[strong recommendation, moderate quality of evidence] 

[Vote result: Strongly agree: 68%; agree: 32%, neutral: 0%, disagree:

0%, strongly disagree: 0%] 

2.4.7 It is suggested to emergently remove disk batteries

from the stomach in symptomatic patients, in children < 5years,

in case of concomitant magnets or multiple DB ingestion. 

[strong recommendation, moderate quality of evidence] 

[Vote result: Strongly agree: 59%; agree: 38%, neutral: 0%, disagree:

3%, strongly disagree: 0%] 

Practice Points: 

- Most DB ingestions are asymptomatic at the time of presentation.

Despite a negative history of ingestion, pediatricians should

also maintain a high level of suspicion for an esophageal DB in

young children with abrupt onset of any one of the following:

refusal of oral intake, difficulty swallowing, upper GI bleeding,

chest pain, drooling, airway obstruction, or wheezing or stridor

without typical prodromal symptoms of viral illness. 

- DB ingestion should be suspected in every child with an ingestion

history of rounded FBs. Radiographic signs of DB ingestions ( i.e.

“step sign” or “double outline sign”) should be carefully checked

at X-ray. 

- Every emergency endoscopy service should implement a specific

work-up for DB ingestions with a team including anesthesiol-

ogists, radiologists, pediatric and vascular surgeons. In case of

unavailability of one or more specialists a referral plan to an-

other unit must be implemented with the emergency depart-

ment. 

- Asymptomatic, stable patients with acute battery ingestion ( i.e.

witnessed or likely to have occurred within 1 to 2 hrs) should

be fed honey or oral sucralfate until the battery is removed. 

- Symptomatic children with a delayed diagnosis of battery im-

paction ( i.e. uncertain timing of ingestion or symptoms of se-

rious esophageal injury or mediastinitis, such as fever or chest

pain) should have no oral intake prior to battery removal. 
- After 2 hrs from the ingestion or in uncertain ingestion timing,

a careful evaluation is required to determine the safest set-

ting for removal of esophageal disk batteries in asymptomatic

children. Emergent removal in the operating room with sur-

geons present and prepared to perform a thoracotomy repre-

sents the safest option. Several factors (longer time from the

ingestion, age < 5 years, impaction on the aortic arch, nega-

tive pole orientation, battery size > 12 mm ) can be associated

with higher risks of life-threating complications and likely re-

quire a surgery-assisted approach. The final choice should be

based upon the approach that can accomplish removal in the

timeliest and safest fashion according to local availability and

expertise. 

- In case of sentinel bleeding with a DB in stomach, possible vas-

cular anomalies or esophago-aortic fistulas should be excluded

by CT-angiography. 

- During endoscopy, it is important to note the battery orientation

in the esophagus, in particular if the negative pole (side with-

out the “+ ” and without the imprint) faces posteriorly, since

this seems to be more frequently associated with the risk of

esophageal-aortic fistula development. If possible, pushing an

esophageal battery into the stomach should be avoided as the

risk of esophageal perforation may increase. 

Summary of evidence 

A detailed description of the endoscopic management of DB is

eported in Fig. 2 (A-B). 

DB lodged in the esophagus may cause serious injuries within

 hrs, thus an extremely rapid referral to the emergency depart-

ent (ED) is mandatory 23 . 

The administration of 10 ml of honey every 10 min (for up to

 doses), while en route to the ED, may slow the occurrence of

sophageal lesions by coating the battery 35 . 

Once in the ED, bleeding symptoms and signs as well as hemo-

ynamic status should be rapidly evaluated. Both AP and lateral X-

ays must be immediately obtained to locate the battery and deter-

ine the negative pole orientation (smaller diameter side), usually

ausing more severe lesions. A multidisciplinary approach involv-

ng endoscopist, cardiac/vascular surgeon, pediatric surgeon, anes-

hetist and radiologist may be necessary 38 . Every emergency en-

oscopy service should implement a specific work-up for DB in-

estions by setting up a team including anesthesiologists, radiolo-

ists, pediatric and vascular surgeons. In case of unavailability of

ne or more specialists a referral plan to another unit must be im-

lemented with the emergency department ( Fig. 2 A). 

In presence of “sentinel” bleeding (previous hemateme-

is/melena, acute anemia, hemodynamic instability) in esophageal

B, or in active bleeding (regardless of DB location), patients

hould be evaluated in the operating room by endoscopists, pedi-

tric and vascular surgeons. An exploratory thoracotomy followed

y an intraoperative endoscopy is necessary to evaluate esophageal

esions before removing the DB 

38 , 39 ( Fig. 2 B). 

In patients with DB in the stomach and sentinel bleeding, a

T angiography is needed to assess the vascular involvement (i.e.

orto-esophageal fistula, presence of abnormal vessels, other), re-

uiring the same approach as esophageal DB. Once a vascular in-

olvement has been excluded, endoscopy can be performed to re-

ove the DB and assess the damage, but always in the operating

oom 

38 , 39 . A post-removal endoscopic and radiological follow-up is

ecessary to monitor the possible delayed complications. 

Esophageal DBs without alarm symptoms require an emergency

ndoscopy in the operating room. However, management of this

pecific condition has awakened a wide and earnest discussion

mong panel members, due to some deaths which occurred in Italy

ver the last years 40 . The discussion mainly focused on pediatric
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Fig. 2. Management algorithm for disk battery ingestion in children. Section A : Preliminary management; Section B : Endoscopic timing. 
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nd vascular surgeons’ presence in the operating room for stable

atients without symptoms 2 h after the ingestion. 

A careful literature review has been performed to find more ev-

dence, while international experts from other scientific societies

ave been consulted about this question. In the end, the panel

greed that there is no evidence as to whether performing an early
ndoscopy without surgeons’ assistance after the 2 recommended

ours could be more harmful than transferring patients to another

ospital with all facilities but at the cost of taking more time.

urely, having surgeons present and prepared to perform a tho-

acotomy represents the safest option. However, many small units

hroughout the country might be unprepared to quickly set up
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such a multidisciplinary approach in an emergency fashion. Several

factors should be considered according to local availability and ex-

pertise to make this choice. Longer or uncertain ingestion time, age

< 5 years, impaction on the aortic arch, negative pole orientation,

battery size > 12 mm appear to be associated with higher risks of

life-threatening complications and likely suggest a surgery-assisted

approach. The final choice should be based upon the approach that

can accomplish removal in the timeliest and safest fashion in each

unit. As for DB in esophagus causing symptoms, a fast-track refer-

ral to a specialized unit should be planned in advance in case of

unavailability of one or more required specialists. 

If deep ulcerations or bleeding are identified at endoscopy,

the battery should not be removed and a combined evaluation

with pediatric and vascular surgeons is required even in this

case 38 , 39 . On the contrary, in case of minimal esophageal lesions

or non-incarcerated batteries, an immediate removal with assess-

ment of esophageal and gastric burns is appropriate 38 , 39 . In the ab-

sence of perforation signs, an endoscopic irrigation of the injured

esophageal area with 150 ml of 0.25% acetic acid after battery re-

moval (to neutralize the battery’s alkaline pH) is suggested by Na-

tional Poison Centers 39 , 41 . A post-removal follow-up is necessary

afterwards. 

In symptomatic patients with DB in the stomach, an emergent

endoscopic removal with evaluation of esophageal and gastric le-

sions should be performed. In asymptomatic patients, a removal

within 24 hrs seems reasonable, except in cases of concomitant

magnets, multiple DB ingestions or children < 5 years old in which

case an emergency endoscopy is preferable. A CT angiography is

suggested to exclude a vascular involvement in case of esophageal

lesions 38 , 39 . The time limit to perform endoscopy in these cases is

unknown. However, considering the high risk of serious and evolv-

ing lesions, an endoscopy removal from the stomach within 24 hrs

appears to be the safest option 

38 , 39 . 

Endoscopically unreachable DBs in the small intestine necessi-

tate serial X-rays, every 4 and 10 days for battery size of > 15 mm

and < 15 mm, respectively. Once the battery has been excreted, pa-

tients can be discharged. Bleeding symptoms or signs demand a

surgical extraction 

38 , 39 . 

Q7. What is the post-removal management of disk battery inges-

tions? 

Recommendation: 

After disk battery removal, an inpatient observation and an

endoscopic and radiological follow-up are recommended, since

delayed complications may occur even in case of minimal le-

sions. 

[Vote result: Strongly agree: 53%; agree: 35%, neutral: 12%, dis-

agree: 0%, strongly disagree: 0%] 

Practice Point: 

- Esophagram, CT scan and MRI are useful tools to detect compli-

cations. 

- A surveillance imaging (esophagram, contrast CT or MRI) should

be considered up to several weeks after DB removal. 

Summary of evidence 

Despite DB removal, lesions may progress for days to weeks.

Acute and delayed complications may include perforations, aorto-

esophageal fistula, trachea-esophageal fistula, stenosis, mediastini-

tis, vocal cord paralysis, pneumothorax and spondylodiscitis 23 . 

Children should be managed as inpatients and monitored for

delayed complications onset. The length of the observation, the

fasting time, as well as the frequency of imaging and endoscopic

controls should be based on the severity and location of the in-

juries 23 . 
Esophagram, contrast CT, CT angiography, MRI and fecal oc-

ult blood are useful noninvasive studies for detecting complica-

ions 4 , 23 , 41 , 42 . 

Q8. Which is the best retrieval device for FB removal in children? 

Practice Points: 

- A variety of retrieval devices can be used for management of FBs,

including rat-tooth and alligator forceps, polypectomy snares,

multi-prong graspers, Dormia baskets, Roth retrieval nets, Foley

catheters, and variceal ligator caps. The choice depends largely

on the type of FB and endoscopist’s experience and preference. 

- Before endoscopy, it is helpful to practice grabbing an object sim-

ilar to the ingested FB to define the most suitable retrieval de-

vices and the best way to grasp it. 

- Multi-prong graspers are appropriate for soft objects. 

- Endoscopic baskets can be useful for rounded objects and re-

trieval nets or bags can provide a more stable grasp for par-

ticular FB (batteries, magnets, coins). 

- A latex protector hood, placed over and affixed to the tip of the

endoscope, could be used as an alternative to an overtube to

prevent mucosal damage during the extraction of sharp-pointed

objects. 

Q9. What is the management of unrecovered foreign bodies in chil-

ren? 

Practice Points: 

An inpatient observation is suggested in children with unclear his-

ory or unspecific symptoms, potentially harmful radiopaque FB be-

ond the duodenum and potentially harmful radiolucent objects not

etected by endoscopy. A CT scan might be a useful tool. 

Summary of evidence 

The majority of ingested FBs pass through the GI tract with-

ut complications. In rare cases, ulceration, perforation, bleeding

r stenosis may occur. 

A CT scan is useful in case of persistent symptoms associated

ith FB ingestion 

43 . In persistent symptoms and/or complications

obstruction, perforation, abscess), surgical removal is necessary if

he FB is not endoscopically reachable 7 . 

. Food bolus impaction 

Q1. What is the initial management of food bolus impactions in

hildren? 

3.1 All patients with a suspected food bolus impaction must

e evaluated with a detailed medical history for congenital

nd/or gastro-intestinal diseases, allergies, previous interven-

ions, eating disorders, mental retardation. 

[strong recommendation, moderate quality of evidence] 

[Vote result: Strongly agree: 60%; agree: 40%, neutral: 0%, disagree:

%, strongly disagree: 0%] 

3.2 We recommend collecting information on: timing, im-

action modality and any associated symptoms (number and

ype of vomiting, chest pain, drooling). 

[strong recommendation, moderate quality of evidence] 

[Vote result: Strongly agree: 52%; agree: 44%, neutral: 4%, disagree:

%, strongly disagree: 0%] 

3.3 We recommend examining any evidence of luminal ob-

truction or possible complications (i.e. perforation, mediastini-

is, et.) before doing an endoscopy. 

[strong recommendation, moderate quality of evidence] 
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[Vote result: Strongly agree: 72%; agree: 28%, neutral: 0%, disagree:

%, strongly disagree: 0%] 

3.4 We do not recommend inducing vomiting or blindly

anaging the bolus with a nasogastric tube, especially in symp-

omatic patients. 

[strong recommendation, moderate quality of evidence] 

[Vote result: Strongly agree: 72%; agree: 28%, neutral: 0%, disagree:

%, strongly disagree: 0%] 

3.5 We do not recommend performing a radiological evalua-

ion for children with non-bony food bolus impaction without

igns of complications. 

[low recommendation, moderate quality of evidence] 

[Vote result: Strongly agree: 36%; agree: 52%, neutral: 0%, disagree:

2%, strongly disagree: 0%] 

Summary of evidence 

Differently from adults 44 , data on food bolus impaction are

carce in children. In childhood, impactions are generally sec-

ndary to underlying esophageal pathology, such as eosinophilic

sophagitis (EoE), reflux esophagitis, post-anastomotic stricture, 

chalasia, and other motility disorders 44–47 . EoE is likely the most

ommon cause 48 . Esophageal perforation is a rare but serious EoE

omplication, occurring in ∼2% of cases. Most episodes are due to

ood bolus impaction or strictures. Suspected complications should

e excluded by X-ray examination before doing endoscopy. In-

ucing vomiting or a blinded management of the food bolus im-

actions are not recommended. Use of glucagon to relax the lower

sophageal sphincter and promote spontaneous clearance has gen-

rally not been recommended 

49 . 

Q2. When should the E.R. doctor contact the on-call endoscopist? 

3.6 In case of suspected food bolus impaction, an early eval-

ation by the endoscopist is recommended. 

[strong recommendation, low quality of evidence] 

[Vote result: Strongly agree: 52%; agree: 40%, neutral: 8%, disagree:

%, strongly disagree: 0%] 

Q3. What is the endoscopy timing for food bolus impaction in chil-

ren? 

3.7 An emergency endoscopy is recommended in patients

nable to manage oral secretions or in case of severe chest

ain and odynophagia. Otherwise, endoscopy can be performed

ithin 24 hrs from the onset of symptoms. 

[strong recommendation, high quality of evidence] 

[Vote result: Strongly agree: 60%; agree: 40%, neutral: 0%, disagree:

%, strongly disagree: 0%] 

Q4. What is the diagnostic work-up of patients after a food bolus

mpaction episode? 

3.8 An appropriate diagnostic work-up for organic or motil-

ty disorders is recommended in all patients after a food bolus

mpaction episode. 

[strong recommendation, moderate quality of evidence] 

[Vote result: Strongly agree: 60%; agree: 40%, neutral: 0%, disagree:

%, strongly disagree: 0%] 

Summary of evidence 

If a spontaneous clearance has not occurred, food bolus must

e endoscopically removed ( Fig. 3 ). Patients with severe symptoms

r showing signs of near-complete obstruction of the esophagus

eg, drooling, neck pain) require emergency endoscopy to relieve

he obstruction, while in children managing secretions endoscopic

emoval may be delayed up to 24 hrs. This will allow time to coor-

inate and perform the procedure in a controlled environment, as

ell as provide additional time for spontaneous clearance. 
l  
In the pediatric population as in adults, the technique of re-

oval can include piece-meal extraction (pull technique), suction,

nd/or gentle pushing of the bolus down into the stomach, al-

hough visualization of the distal esophagus is necessary to en-

ure that there are no distal strictures. Accessories used with the

ull technique included Roth nets, polypectomy snares, banding

evices, grasping, and alligator forceps 12 , 50 . 

We therefore recommend that all children with esophageal food

mpaction have mucosal biopsies at the time of endoscopic re-

oval with appropriate diagnosis and follow-up of the underlying

tiology. When the bolus impaction is caused by a visible lesion,

he histological diagnosis may be easily achieved. In absence of a

acroscopic lesions, multiple biopsies (at least 6) must be taken

o rule out EoE, which presents normal mucosa in almost 15% of

ases 51 . A motility study is advisable when other causes have been

xcluded. 

. Caustic ingestion 

Caustic ingestion is a rare but potentially devastating endo-

copic emergency. The real incidence is unknown, as the ingestion

f corrosive agents is probably largely underreported 

52 , 53 . Caustic

gents are chemicals able to induce tissue injury on direct contact

anging from alkaline bases with pH up to 12 to acidic substances

ith a pH as low as 2. Household, industrial, and farm products

epresent the most frequently ingested agents in children. Differ-

ntly from adults, ingestion of caustics in children is usually acci-

ental, with severe injuries being uncommon 

11 , 54–58 . 

Initial assessment 

Q1. What are the first steps in suspected caustic ingestions? 

Recommendations: 

4.1. We strongly recommend identifying the nature,

he physical form (i.e. pH, viscosity), and the quantity

f the ingested agent as well as the ingestion pattern

accidental/voluntary/pseudo-voluntary) as first steps in the 

anagement of caustic ingestions in children. 

[ strong recommendation , moderate quality of evidence ] 

[V ote result : S trongly agree : 72%; agree : 28%, neutral : 0%, dis-

gree : 0%, strongly disagree : 0%] 

4.2. We strongly recommend consulting Poison Control Cen-

ers to evaluate the systemic toxicity of the ingested agents and

tratify the risk of lesions. 

[ strong recommendation , moderate quality of evidence ] 

[V ote result : S trongly agree : 68%; agree : 28%, neutral : 4%, dis-

gree : 0%, strongly disagree : 0%] 

Q2. What are the appropriate maneuvers to be performed in chil-

ren with a suspect caustic ingestion? 

Recommendation 

4.3 Maneuvers liable to induce repeat esophageal passage,

isks of aspiration of the caustic agents, or attempts to neutral-

ze the pH with other solutions are not recommended. 

[ strong recommendation , moderate quality of evidence ] 

[V ote result : S trongly agree : 68%; agree : 32%, neutral : 4%, dis-

gree : 0%, strongly disagree : 0%] 

Summary of evidence: 

The extent and the severity of the esophageal damage are

irectly correlated to the nature and the concentration of the

ngested agent, as well as to the duration of the contact and

he quantity ingested. Indeed, alkalis produce colliquative necro-

is with deep ulcerations and a consequent risk of stricture and/or

erforation, while acids usually cause coagulation necrosis with

imited tissue penetration 

59–61 . Thus, when receiving a child with
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a suspected caustic ingestion, the first effort s must be to promptly

identify the nature, the physical form and the quantity of the in-

gested agent. To clarify the nature of the substance, contacting a

Poison Control Center may be very helpful 53 , 57 , 58 . If the ingested

product is available, the use of litmus paper in the emergency

department may be useful to identify its pH 

54 . In addition, the

accidental-voluntary ingestion pattern is an essential cornerstone

for caustic ingestion management. To this regards, it is important

to recall whether the agent was stored in non-original containers,

as this may lead to the ingestion of higher volumes of corrosive

agent, the so-called “accidental-deliberate” ingestion 

54 , 57 . Once the

agent has been identified, performing any maneuver to reduce the

exposure or neutralize the substance is discouraged 

53 , 57 , 58 . Indeed,

to induce vomiting may cause a further increase of the injury, Sim-

ilarly, trying to dilute the corrosive agent can lead to an exces-

sive production of gastric juices, leading to vomit 62 , 63 . At the same

time, an attempt of neutralization of an alkali with an acid and

vice versa may result in an exothermic reaction with worsening of

the lesions 53 , 57 . 

Diagnostic management 

Q3. Is endoscopy necessary in patients with suspected caustic in-

gestion, without signs/symptoms? 
Recommendation: 

4.4 In asymptomatic children with suspected caustic inges-

ion, an urgent endoscopy is not recommended. An adequate

ollow-up must be assured, but the decision should be carefully

ade case by case. 

[ strong recommendation , moderate quality of evidence ] 

[V ote result : S trongly agree : 40%; agree : 56%, neutral : 0%, dis-

gree : 4%, strongly disagree : 0%] 

Q4. When indicated, which is the most appropriate endoscopy tim-

ng following the ingestion? 

Recommendation: 

4.5 In symptomatic children, or in those with a documented

ngestion of corrosive substances (regardless of the presence

f symptoms), performing endoscopy within 24 hrs is recom-

ended to properly establish therapies based on the lesions. 

[ strong recommendation , high quality of evidence ] 

[V ote result : S trongly agree : 56%; agree : 44%, neutral : 0%, dis-

gree : 4%, strongly disagree : 0%] 

Q5. Is endoscopy indicated in a patient hemodynamically unstable

ith a suspected perforation? 
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4

Recommendation: 

4.6. Endoscopy is not recommended in case of hemodynam-

cally unstable patients, suspected perforations, or severe respi-

atory distress with compromised upper airway. 

[ strong recommendation , low quality of evidence ] 

[V ote result : S trongly agree : 56%; agree : 40%, neutral : 4%, dis-

gree : 4%, strongly disagree : 0%] 

Q6. Can CT replace endoscopy in damage assessment? 

Recommendation: 

4.7. Using CT in place of endoscopy in mucosal damage as-

essment is not recommended. 

[strong recommendation, low quality of evidence] 

[Vote result: Strongly agree: 44%; agree: 56%, neutral: 0%, disagree:

%, strongly disagree: 0%] 

Summary of evidence 

Endoscopy is essential in establishing the severity and the ex-

ent of the damage caused by caustic ingestion, thus allowing to

lan the most appropriate treatment and follow-up. Whether all

hildren should undergo endoscopy, when to perform it and how

o assess the severity of damage are still debated 

11 , 64 . The pres-

nce of symptoms such as drooling, oral burns, pain, swallowing

ifficulties, and bleeding may help guiding the management, being

sually more frequent in high-grade injury. However, none of these

ymptoms is completely predictive of esophageal injury and pa-

ients may be even asymptomatic 54 , 62 , 65–68 . No biochemical mark-

rs can predict injury with certainty, although neutrophilic leuko-

ytosis and metabolic acidosis represent the most reliable signs of

evere involvement 69-73 . Each child with a suspected caustic in-

estion and the presence of symptoms/signs should receive an ur-

ent endoscopy, while it remains unclear whether asymptomatic

atients should or not undergo endoscopy if the ingestion is not

ertain. Recently, a retrospective study evaluated the safety of a

ess aggressive protocol in children considered at low risk of in-

estion, demonstrating that an oral intake test after 6 hrs followed

y discharge might be safe in asymptomatic patients 74 . 

In agreement with these data and according to the European

ediatric guidelines 11 , a more conservative attitude with a watch-

ul waiting approach appears the most appropriate in asymp-

omatic children, thus allowing to evaluate the effective need for

ndoscopy case by case ( Fig. 4 ). When indicated, endoscopy should

ake place between 12 and 24 hrs after the ingestion 

11 , 53 , 64 . The

ame approach should be recommended irrespective of the cor-

osive agents’ acid or alkaline nature 11 , 54 , 75 . Indeed, delaying en-

oscopy > 48 hrs may increase the risk of perforation 

75 . On the

ontrary, in case of unstable conditions, respiratory distress symp-

oms or if a perforation is suspected, endoscopy has to be post-

oned 

11 , 54 , 75 . 

Although endoscopy is still considered the gold standard for

valuating caustic ingestion injuries, recent adult experiences sug-

est that CT scan can be considered when endoscopy is not an

ption, such as in the presence of perforation, supraglottic or

piglottic burn with edema or third degree burns in the hypophar-

nx 70 , 76 , 77 . A combination of both techniques may be used to rule

ut the need for surgical intervention, especially in case with III b

rade lesions 52 , 78 . Endoscopic ultrasonography (EUS) has recently

een suggested due to its ability to evaluate all esophageal lay-

rs 79 , but its use has not been standardized yet. 

Endoscopic procedure 

Q7. Is it necessary to perform endoscopy in operating room in pa-

ients with caustic ingestion? 

Recommendation 

4.8 We suggest performing endoscopy for caustic ingestion

n the operating room if available. 
[ strong recommendation , low quality of evidence ] 

[V ote result : S trongly agree : 28%; agree : 64%, neutral : 4%, dis-

gree : 4%, strongly disagree : 0%] 

Q8. Should endoscopy be completed in the presence of II or III-

egree lesions? 

Recommendation 

4.9 Unless the esophageal burns are very severe raising con-

erns about perforation, we suggest passing the endoscope be-

ond the first burn and into the stomach, to fully evaluate the

xtent of injury. 

[strong recommendation, low quality of evidence] 

[Vote result: Strongly agree: 44%; agree: 52%, neutral: 4%, disagree:

%, strongly disagree: 0%] 

Q9. What is the correct endoscopic report for caustic injuries? 

Recommendation 

4.10 We recommend grading lesions with validated scores

nd stratify therapy accordingly. 

[strong recommendation, high quality of evidence] 

[Vote result: Strongly agree: 72%; agree: 28%, neutral: 0%, disagree:

%, strongly disagree: 0%] 

Summary of evidence: 

Diagnostic endoscopy should be performed in the operating

oom 

80 . The endoscopic report should include the classification of

njuries 53 . Zargar classification is the most widely accepted and

ot only helps setting up the appropriate medical therapy, but is

lso predictive of complications such as strictures, mortality, nutri-

ional autonomy, and long-term survival 81–83 . In case of massive

ngestions, the esophageal wall may be particularly injured, and

iagnostic endoscopy itself may be related to the risk of perfo-

ation 

53 . Therefore, the use of carbon dioxide insufflation is ad-

isable, to prevent tension-pneumothorax, tension pneumomedi-

stinum, or tension-pneumopericardium 

84 . The introduction of the

ndoscope should always be made by direct visualization of the

piglottis and the endoscopist should report any oral and pharyn-

eal lesion, which may influence pharyngolaryngeal medium- and

ong-term complications 85 . To fully evaluate the extent of the dam-

ge OGD should be completed, unless a high perforation risk is

erceived 

53 . 

Therapeutic management 

Q.10 What is the recommended therapeutic management to pre-

ent acute complications? 

4.11 To prevent infectious complications and decrease the

isk of developing subsequent stricture antibiotic therapy with

mpicillin (50–100 mg/kg/Q.D. x 10 days) is suggested starting

rom grade 2 lesions. 

[weak recommendation, very low quality of evidence] 

[Vote result: Strongly agree: 61,8%; agree: 11,8%, neutral: 26,5%, dis-

gree: 0%, strongly disagree: 0%] 

Practice Point: 

4- Therapy with Proton Pump Inhibitors (PPI) (0.7–3.5 mg/kg/die x 2–

3 weeks) and 72 h semi-liquid diet are suggested to reduce the

risk of acute complications. 

Q.11 Is corticosteroid therapy effective in preventing esophageal

tenosis in children with severe esophageal lesions after caustic in-

estions? 

Recommendation 

4.12 High doses of intravenous dexamethasone (1 g/1.73m2

er day) for a short period (3 days) are recommended in grade

Ib esophagitis. 

[moderate recommendation, low quality of evidence] 

[Vote result: Strongly agree: 40%; agree: 48%, neutral: 8%, disagree:

%, strongly disagree: 0%] 
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Fig. 4. Management algorithm for caustic ingestions in children. 
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Practice Point: 

4- Despite there being no evidence of benefit, it is reasonable to con-

sider using intravenous dexamethasone even in grade III esophagi-

tis. 

Summary of evidence: 

The therapeutic management for esophageal lesions consequent

o caustic ingestion in childhood is variable according to differ-

nt degrees of esophagitis 86 , 87 ( Fig. 4 ). For grade 1 esophagitis

ithout deglutition involvement, no therapy is needed, and re-

limentation is started after endoscopy. In grade 2 and 3 lesions,

 therapy with Proton Pump Inhibitors (PPI) (0.7–3.5 mg/kg/die)

nd a 72 hrs semi-liquid diet appears to be effective in reduc-

ng the risk of complications 66 , 88 . Antibiotics have been shown to

arkedly reduce the incidence of stricture formation. They are fre-

uently used if a patient has evidence of deep ulcerations, necrosis,

igns/symptoms of infection. Ampicillin (dose 50–100 mg/kg/Q.D. x

0 days) is the most used 

66 , 88 . Corticosteroids have been used to

revent stricture formation via reduction of fibroblast proliferation

fter caustic ingestion in patients with grade 2 or 3 injuries. Ac-

ording to a single pediatric randomized controlled trial, in grade

Ib esophageal burns, the stricture development rate was signifi-

antly lower in patients treated with high doses of methylpred-

isolone (1 g/1.73 m 

2 /day) 89 . Therefore, European pediatric guide-

ines only recommend high doses of intravenous dexamethasone

1 g/1.73m 

2 per day) for 3 days in IIb esophagitis 11 . There is no

vidence of benefit from the use of corticosteroids in the other

rades of esophagitis. However, it is reasonable to consider using

ntravenous dexamethasone from grade IIb and above. 

Short and long-term complications 

Q12. What types of examinations are needed to rule out acute

omplications after caustic ingestions in children? 

Recommendation 

4.13 Performing X-Ray or CT to exclude acute complications

s recommended after caustic ingestion. 

[moderate recommendation, low quality of evidence] 

[Vote result: Strongly agree: 40%; agree: 44%, neutral: 12%, dis-

gree: 4%, strongly disagree: 0%] 

Q13. What types of examinations are needed to rule out chronic

omplications after caustic ingestions in children? 

Recommendation 

4.14 Endoscopy is recommended to diagnose and eventually

reat late sequelae after caustic ingestions. 

[strong recommendation, low quality of evidence] 

[Vote result: Strongly agree: 60%; agree: 40%, neutral: 0%, disagree:

%, strongly disagree: 0%] 

Q15. Is medical treatment effective in treating Gastro-Esophageal

eflux Disease (GERD) in children after caustic ingestion? 

Recommendation 

4.15 Anti-reflux medications are suggested in case of sus-

ected GERD development. In case of strictures, PPI are rec-

mmended as the first line therapy, as soon as the esophageal

tricture is diagnosed. 

[strong recommendation, low quality of evidence] 

[Vote result: Strongly agree: 48%; agree: 52%, neutral: 0%, disagree:

%, strongly disagree: 0%] 

Summary of evidence: 

Complications after caustic ingestions can be classified in early

r late and in local or systemic. Among early complications, lo-

al problems include gastrointestinal bleeding, tracheoesophageal

stula, intestinal perforation, pneumo-mediastinum, pneumoperi- 

oneum, mediastinitis, and peritonitis 90–92 . Systemic early compli-

ations may include shock, sepsis, aspiration pneumonia, acute re-

al failure, hemorrhage, hemolysis, acute hepatic necrosis, dissem-
nated intravascular coagulation and late respiratory failure 90–92 .

iagnosis of acute complication after caustic ingestion is clinical,

adiological and endoscopic 11 , 87 , 91 , 92 . To exclude perforation, imag-

ng including X-Ray or CT should be performed 

11 , 53 . Urgent surgery

s quite exceptional in the pediatric population. 

Among late esophageal complications, stricture is the most fre-

uent, being reported in between 2% and 63% of cases, depend-

ng on Zargar grade 66 , 68 , 93 , 94 . endoscopy with dilation remains the

ain diagnostic and therapeutic tool as first-line treatment 11 , 53 .

ilation should be avoided from 7 to 21 days after ingestion for

erforation risks, thus it is usually done 3 weeks after caustic in-

estion to avoid fibrotic exacerbation of stenosis 53 , 88 , 91 , 95 . The dis-

dvantages of endoscopic dilatation include need of repeated pro-

edures, failure to achieve target dilatation, refractory strictures,

oor quality of life and cost 11 , 53 . Using alternatives strategies such

s intralesional steroids, mitomycin C and stent placement, posi-

ive results have been reported mainly in adults 96–99 . Some pa-

ients with severe esophageal lesions develop gastro-esophageal

eflux disease (GERD), due to the shortening of the esophagus and

otility changes 11 , 87 , 92 . GERD occurs particularly in the presence

f strictures and it may contribute to persistent dysphagia, de-

pite apparently successful dilatations 92 . PPIs represent the first

ine therapy in children 

11 . Indications to surgery for GERD after

austic ingestion do not differ from those for the general pediatric

opulation 

11 . 

onflict of Interest 

The authors have no conflicts of interest to disclose. 

unding Source 

No funding was secured for this study. 

inancial Disclosure 

The authors have no financial relationships relevant to this ar-

icle to disclose. 

upplementary materials 

Supplementary material associated with this article can be

ound, in the online version, at doi:10.1016/j.dld.2020.07.016 . 

eferences 

[1] Deganello Saccomani M , Norsa L , Oliva S , Endoscopy Working Group SIGENP .

The pediatric endoscopy practice in Italy: a nationwide survey on behalf
of the Italian society of pediatric gastroenterology, hepatology and nutrition

(SIGENP). Dig Liver Dis 2019;51(8):1203–6 . 
[2] Bergus GR . Does the Structure of Clinical Questions Affect the Out-

come of Curbside Consultations With Specialty Colleagues? Arch Fam Med

20 0 0;9(6):541–7 . 
[3] Atkins D , Best D , Briss PA , et al. Grading quality of evidence and strength of

recommendations. BMJ 2004;328(7454):1490 . 
[4] Kramer RE , Lerner DG , Lin T , et al. Management of ingested foreign bodies in

children: a clinical report of the NASPGHAN Endoscopy Committee. J Pediatr
Gastroenterol Nutr 2015;60(4):562–74 . 

[5] Tringali A , Thomson M , Dumonceau J-M , et al. Pediatric gastrointestinal en-

doscopy: european Society of Gastrointestinal Endoscopy (ESGE) and European
Society for Paediatric Gastroenterology Hepatology and Nutrition (ESPGHAN)

Guideline Executive summary. Endoscopy 2017;49(1):83–91 . 
[6] Pall H , Lerner D , Khlevner J , et al. Developing the Pediatric Gastrointestinal En-

doscopy Unit: a Clinical Report by the Endoscopy and Procedures Committee.
J Pediatr Gastroenterol Nutr 2016;63(2):295–306 . 

[7] Fung BM , Sweetser S , Wong Kee Song LM , Tabibian JH . Foreign object ingestion
and esophageal food impaction: an update and review on endoscopic manage-

ment. World J Gastrointest Endosc 2019;11(3):174–92 . 

[8] Sugawa C , Ono H , Taleb M , Lucas CE . Endoscopic management of foreign bod-
ies in the upper gastrointestinal tract: a review. World J Gastrointest Endosc

2014;6(10):475–81 . 
[9] SGNA position statement on minimal registered nurse staffing for patient care

in the gastrointestinal endoscopy unit. Gastroenterol Nurs 2002;25(6):269–70 . 

https://doi.org/10.1016/j.dld.2020.07.016
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0001
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0001
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0001
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0001
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0001
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0002
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0002
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0003
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0003
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0003
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0003
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0003
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0004
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0004
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0004
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0004
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0004
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0005
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0005
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0005
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0005
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0005
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0006
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0006
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0006
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0006
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0006
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0007
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0007
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0007
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0007
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0007
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0008
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0008
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0008
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0008
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0008
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0009


1280 S. Oliva, C. Romano and P. De Angelis et al. / Digestive and Liver Disease 52 (2020) 1266–1281 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[10] Lerner DG , Pall H . Setting up the Pediatric Endoscopy Unit. Gastrointest Endosc
Clin N Am 2016;26(1):1–12 . 

[11] Thomson M , Tringali A , Dumonceau J-M , et al. Paediatric Gastrointestinal En-
doscopy: european Society for Paediatric Gastroenterology Hepatology and Nu-

trition and European Society of Gastrointestinal Endoscopy Guidelines. J Pedi-
atr Gastroenterol Nutr 2017;64(1):133–53 . 

[12] Birk M , Bauerfeind P , Deprez PH , et al. Removal of foreign bodies in the upper
gastrointestinal tract in adults: european Society of Gastrointestinal Endoscopy

(ESGE) Clinical Guideline. Endoscopy 2016;4 8(5):4 89–96 . 

[13] DL Diehl , Adler DG , et al. , Asge Technology Committee Endoscopic retrieval
devices. Gastrointest Endosc 20 09;69(6):997–10 03 . 

[14] Orsagh-Yentis D , McAdams RJ , Roberts KJ , McKenzie LB . Foreign-Body Inges-
tions of Young Children Treated in US Emergency Departments: 1995-2015.

Pediatrics 2019;143(5) . 
[15] Passali D , Gregori D , Lorenzoni G , et al. Foreign body injuries in children: a

review. Acta Otorhinolaryngol Ital 2015;35(4):265–71 . 

[16] Lee JH . Foreign Body Ingestion in Children. Clin Endosc 2018;51(2):129–36 . 
[17] Ikenberry SO , Jue TL , et al. , ASGE Standards of Practice Committee Manage-

ment of ingested foreign bodies and food impactions. Gastrointest Endosc
2011;73(6):1085–91 . 

[18] Jayachandra S , Eslick GD . A systematic review of paediatric foreign body in-
gestion: presentation, complications, and management. Int J Pediatr Otorhino-

laryngol 2013;77(3):311–17 . 

[19] Arana A , Hauser B , Hachimi-Idrissi S , Vandenplas Y . Management of in-
gested foreign bodies in childhood and review of the literature. Eur J Pediatr

2001;160(8):468–72 . 
[20] Guelfguat M , Kaplinskiy V , Reddy SH , DiPoce J , DiPoce CJ . Clinical guide-

lines for imaging and reporting ingested foreign bodies. AJR Am J Roentgenol
2014;203(1):37–53 . 

[21] Wright CC , Closson FT . Updates in pediatric gastrointestinal foreign bodies. Pe-

diatr Clin North Am 2013;60(5):1221–39 . 
[22] Gummin DD , Mowry JB , Spyker DA , Brooks DE , Fraser MO , Banner W . 2016

Annual Report of the American Association of Poison Control Centers’ Na-
tional Poison Data System (NPDS): 34th Annual Report. Clin Toxicol (Phila)

2017;55(10):1072–252 . 
[23] Litovitz T , Whitaker N , Clark L , White NC , Marsolek M . Emerging battery-inges-

tion hazard: clinical implications. Pediatrics 2010;125(6):1168–77 . 

[24] Litovitz T , Whitaker N , Clark L . Preventing battery ingestions: an analysis of
8648 cases. Pediatrics 2010;125(6):1178–83 . 

[25] Honda S , Shinkai M , Usui Y , et al. Severe gastric damage caused by button
battery ingestion in a 3-month-old infant. J Pediatr Surg 2010;45(9):e23–6 . 

[26] Brumbaugh DE , Colson SB , Sandoval JA , et al. Management of but-
ton battery-induced hemorrhage in children. J Pediatr Gastroenterol Nutr

2011;52(5):585–9 . 

[27] Waltzman ML , Baskin M , Wypij D , Mooney D , Jones D , Fleisher G . A random-
ized clinical trial of the management of esophageal coins in children. Pediatrics

2005;116(3):614–19 . 
[28] Tander B , Yazici M , Rizalar R , Ariturk E , Ayyildiz SH , Bernay F . Coin inges-

tion in children: which size is more risky? J Laparoendosc Adv Surg Tech A
2009;19(2):241–3 . 

[29] Reilly BK , Stool D , Chen X , Rider G , Stool SE , Reilly JS . Foreign body injury in
children in the twentieth century: a modern comparison to the Jackson collec-

tion. Int J Pediatr Otorhinolaryngol 2003;67(Suppl 1):S171–4 . 

[30] Paul RI , Christoffel KK , Binns HJ , Jaffe DM . Foreign body ingestions in children:
risk of complication varies with site of initial health care contact. Pediatric

Practice Research Group. Pediatrics 1993;91(1):121–7 . 
[31] Gregori D , Scarinzi C , Morra B , et al. Ingested foreign bodies causing compli-

cations and requiring hospitalization in European children: results from the
ESFBI study. Pediatr Int 2010;52(1):26–32 . 

[32] Palta R , Sahota A , Bemarki A , Salama P , Simpson N , Laine L . Foreign-body

ingestion: characteristics and outcomes in a lower socioeconomic population
with predominantly intentional ingestion. Gastrointest Endosc 2009;69(3 Pt

1):426–33 . 
[33] Braumann C , Goette O , Menenakos C , Ordemann J , Jacobi CA . Laparoscopic re-

moval of ingested pin penetrating the gastric wall in an immunosuppressed
patient. Surg Endosc 2004;18(5):870 . 

[34] Kay M , Wyllie R . Pediatric foreign bodies and their management. Curr Gas-

troenterol Rep 2005;7(3):212–18 . 
[35] Anfang RR , Jatana KR , Linn RL , Rhoades K , Fry J , Jacobs IN . pH-neutralizing

esophageal irrigations as a novel mitigation strategy for button battery injury.
Laryngoscope 2019;129(1):49–57 . 

[36] Al Lawati TT , Al Marhoobi RM . Timing of Button Battery Removal From the
Upper Gastrointestinal System in Children. Pediatr Emerg Care 2018 . 

[37] Hussain SZ , Bousvaros A , Gilger M , et al. Management of ingested magnets in

children. J Pediatr Gastroenterol Nutr 2012;55(3):239–42 . 
[38] Di Pietro P , Vignola S , Renna S , Piccotti E , Barabino AV . Disk battery ingestion:

high clinic risk. Ital J Pediatr 2015;41(S2):A27 1824-7288-41-S2-A27 . 
[39] National Capital Poison Center button battery ingestion triage and treatment

guideline https://www.poison.org/battery/guideline . 
[40] Barabino AV , Gandullia P , Vignola S , Arrigo S , Zannini L , Di Pietro P . Lithium

battery lodged in the oesophagus: a report of three paediatric cases. Dig Liver

Dis 2015;47(11):984–6 . 
[41] Jatana KR , Rhoades K , Milkovich S , Jacobs IN . Basic mechanism of button bat-

tery ingestion injuries and novel mitigation strategies after diagnosis and re-
moval. Laryngoscope 2017;127(6):1276–82 . 

[42] Pugmire BS , Lin TK , Pentiuk S , de Alarcon A , Hart CK , Trout AT . Imaging button
battery ingestions and insertions in children: a 15-year single-center review.
Pediatr Radiol 2017;47(2):178–85 . 

[43] Luk W-H , Fan WC , Chan RYY , Chan SWW , Tse KH , Chan JCS . Foreign body in-
gestion: comparison of diagnostic accuracy of computed tomography versus

endoscopy. J Laryngol Otol 2009;123(5):535–40 . 
44] Longstreth GF , Longstreth KJ , Yao JF . Esophageal food impaction: epidemi-

ology and therapy. A retrospective, observational study. Gastrointest Endosc
2001;53(2):193–8 . 

[45] Byrne KR , Panagiotakis PH , Hilden K , Thomas KL , Peterson KA , Fang JC . Retro-

spective analysis of esophageal food impaction: differences in etiology by age
and gender. Dig Dis Sci 2007;52(3):717–21 . 

[46] Cheung KM , Oliver MR , Cameron DJS , Catto-Smith AG , Chow CW . Esophageal
eosinophilia in children with dysphagia. J Pediatr Gastroenterol Nutr

2003;37(4):498–503 . 
[47] Lao J , Bostwick HE , Berezin S , Halata MS , Newman LJ , Medow MS .

Esophageal food impaction in children. Pediatr Emerg Care 2003;19(6):402–

407 . 
[48] Sharma A , Philpott H . Food Bolus Impaction in the Era of Increased EoE Recog-

nition: push and Pull, Biopsy and Dilate Before It Is Too Late. Dig Dis Sci
2018;63(6):1371–3 . 

[49] Hardman J , Sharma N , Smith J , Nankivell P . Conservative management of
oesophageal soft food bolus impaction. Cochrane Database Syst Rev 2020;5

CD007352 . 

[50] Kim HP , Vance RB , Shaheen NJ , Dellon ES . The prevalence and diagnostic utility
of endoscopic features of eosinophilic esophagitis: a meta-analysis. Clin Gas-

troenterol Hepatol 2012;10(9):988–96 e5 . 
[51] Lucendo AJ , Molina-Infante J , Á Arias , et al. Guidelines on eosinophilic

esophagitis: evidence-based statements and recommendations for diagnosis
and management in children and adults. United European Gastroenterol J

2017;5(3):335–58 . 

[52] Chirica M , Bonavina L , Kelly MD , Sarfati E , Cattan P . Caustic ingestion. Lancet
2017;389(10083):2041–52 . 

[53] Chirica M , Kelly MD , Siboni S , et al. Esophageal emergencies: WSES guidelines.
World J Emerg Surg 2019;14:26 . 

[54] Betalli P , Falchetti D , Giuliani S , et al. Caustic ingestion in children: is en-
doscopy always indicated? The results of an Italian multicenter observational

study. Gastrointest Endosc 2008;68(3):434–9 . 

[55] Contini S , Swarray-Deen A , Scarpignato C . Oesophageal corrosive injuries in
children: a forgotten social and health challenge in developing countries. Bull

World Health Organ 2009;87(12):950–4 . 
[56] Riffat F , Cheng A . Pediatric caustic ingestion: 50 consecutive cases and a re-

view of the literature. Dis Esophagus 2009;22(1):89–94 . 
[57] Betalli P , Rossi A , Bini M , et al. Update on management of caustic and foreign

body ingestion in children. Diagn Ther Endosc 20 09;20 09:969868 . 

[58] Uygun I . Caustic oesophagitis in children: prevalence, the corrosive agents in-
volved, and management from primary care through to surgery. Curr Opin

Otolaryngol Head Neck Surg 2015;23(6):423–32 . 
[59] Park KS . Evaluation and management of caustic injuries from ingestion of Acid

or alkaline substances. Clin Endosc 2014;47(4):301–7 . 
[60] Lee HJ , Lee JH , Seo JM , Lee SK , Choe YH . A single center experience of self-

-bougienage on stricture recurrence after surgery for corrosive esophageal
strictures in children. Yonsei Med J 2010;51(2):202–5 . 

[61] Karagiozoglou-Lampoudi T , Agakidis CH , Chryssostomidou S , Arvanitidis K ,

Tsepis K . Conservative management of caustic substance ingestion in a pedi-
atric department setting, short-term and long-term outcome. Dis Esophagus

2011;24(2):86–91 . 
[62] Gupta SK , Croffie JM , Fitzgerald JF . Is esophagogastroduodenoscopy neces-

sary in all caustic ingestions? J Pediatr Gastroenterol Nutr 2001;32(1):50–
53 . 

[63] Poley J-W , Steyerberg EW , Kuipers EJ , et al. Ingestion of acid and alkaline

agents: outcome and prognostic value of early upper endoscopy. Gastrointest
Endosc 2004;60(3):372–7 . 

[64] Bird JH , Kumar S , Paul C , Ramsden JD . Controversies in the manage-
ment of caustic ingestion injury: an evidence-based review. Clin Otolaryngol

2017;42(3):701–8 . 
[65] Lamireau T , Rebouissoux L , Denis D , Lancelin F , Vergnes P , Fayon M . Accidental

caustic ingestion in children: is endoscopy always mandatory? J Pediatr Gas-

troenterol Nutr 2001;33(1):81–4 . 
[66] Baskin D , Urganci N , Abbaso ̆glu L , et al. A standardised protocol for the

acute management of corrosive ingestion in children. Pediatr Surg Int
2004;20(11–12):824–8 . 

[67] Havanond C , Havanond P . Initial signs and symptoms as prognostic indicators
of severe gastrointestinal tract injury due to corrosive ingestion. J Emerg Med

2007;33(4):349–53 . 

[68] Temiz A , Oguzkurt P , Ezer SS , Ince E , Hicsonmez A . Predictability of outcome
of caustic ingestion by esophagogastroduodenoscopy in children. World J Gas-

troenterol 2012;18(10):1098–103 . 
[69] Zerbib P , Voisin B , Truant S , et al. The conservative management of severe

caustic gastric injuries. Ann Surg 2011;253(4):684–8 . 
[70] Chirica M , Resche-Rigon M , Pariente B , et al. Computed tomography evaluation

of high-grade esophageal necrosis after corrosive ingestion to avoid unneces-

sary esophagectomy. Surg Endosc 2015;29(6):1452–61 . 
[71] Chou S-H , Chang Y-T , Li H-P , Huang M-F , Lee C-H , Lee K-W . Factors pre-

dicting the hospital mortality of patients with corrosive gastrointestinal
injuries receiving esophagogastrectomy in the acute stage. World J Surg

2010;34(10):2383–8 . 

http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0010
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0010
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0010
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0011
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0011
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0011
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0011
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0011
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0012
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0012
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0012
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0012
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0012
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0013
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0013
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0013
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0013
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0014
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0014
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0014
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0014
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0014
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0015
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0015
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0015
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0015
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0015
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0016
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0016
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0017
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0017
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0017
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0017
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0018
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0018
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0018
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0019
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0019
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0019
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0019
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0019
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0020
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0020
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0020
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0020
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0020
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0020
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0021
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0021
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0021
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0022
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0022
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0022
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0022
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0022
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0022
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0022
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0023
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0023
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0023
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0023
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0023
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0023
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0024
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0024
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0024
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0024
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0025
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0025
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0025
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0025
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0025
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0026
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0026
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0026
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0026
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0026
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0027
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0027
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0027
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0027
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0027
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0027
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0027
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0028
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0028
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0028
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0028
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0028
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0028
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0028
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0029
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0029
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0029
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0029
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0029
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0029
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0029
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0030
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0030
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0030
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0030
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0030
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0031
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0031
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0031
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0031
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0031
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0032
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0032
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0032
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0032
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0032
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0032
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0032
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0033
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0033
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0033
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0033
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0033
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0033
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0034
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0034
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0034
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0035
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0035
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0035
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0035
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0035
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0035
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0035
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0036
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0036
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0036
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0037
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0037
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0037
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0037
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0037
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0038
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0038
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0038
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0038
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0038
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0038
https://www.poison.org/battery/guideline
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0040
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0040
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0040
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0040
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0040
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0040
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0040
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0041
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0041
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0041
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0041
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0041
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0042
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0042
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0042
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0042
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0042
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0042
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0042
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0042
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0043
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0043
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0043
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0043
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0043
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0043
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0043
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0044
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0044
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0044
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0044
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0045
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0045
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0045
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0045
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0045
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0045
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0045
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0046
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0046
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0046
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0046
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0046
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0046
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0047
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0047
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0047
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0047
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0047
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0047
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0047
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0048
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0048
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0048
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0049
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0049
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0049
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0049
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0049
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0050
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0050
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0050
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0050
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0050
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0051
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0051
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0051
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0051
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0051
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0052
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0052
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0052
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0052
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0052
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0052
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0053
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0053
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0053
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0053
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0053
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0054
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0054
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0054
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0054
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0054
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0055
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0055
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0055
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0055
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0056
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0056
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0056
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0057
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0057
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0057
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0057
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0057
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0058
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0058
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0059
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0059
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0060
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0060
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0060
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0060
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0060
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0060
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0061
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0061
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0061
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0061
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0061
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0061
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0062
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0062
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0062
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0062
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0063
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0063
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0063
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0063
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0063
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0064
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0064
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0064
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0064
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0064
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0065
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0065
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0065
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0065
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0065
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0065
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0065
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0066
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0066
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0066
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0066
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0066
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0067
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0067
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0067
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0068
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0068
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0068
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0068
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0068
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0068
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0069
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0069
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0069
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0069
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0069
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0070
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0070
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0070
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0070
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0070
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0071
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0071
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0071
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0071
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0071
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0071
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0071


S. Oliva, C. Romano and P. De Angelis et al. / Digestive and Liver Disease 52 (2020) 1266–1281 1281 

 

 

 

 

 

 

 

 

[  

 

 

 

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

 

[  

 

[  

 

[  

[  

 

[  

[  

[  

 

 

[  

[  

[  

[  

[  

 

 

 

 

[  

 

[  

 

[72] Chirica M , Resche-Rigon M , Zagdanski AM , et al. Computed Tomography
Evaluation of Esophagogastric Necrosis After Caustic Ingestion. Ann Surg

2016;264(1):107–13 . 
[73] Di Nardo G , Betalli P , Illiceto MT , et al. Caustic Ingestion in Chil-

dren: one Year Experience in Three Italian Referral Centers [published
online ahead of print, 2020 Mar 5]. J Pediatr Gastroenterol Nutr 2020

10.1097/MPG.0 0 0 0 0 0 0 0 0 0 0 02685 . 
[74] Ripoll Trujillo N , Martínez Sánchez L , Habimana Jordana A , Trenchs Sainz de

La Maza V , Vila Miravet V , Luaces Cubells C . [Ingestion of caustic substances:

an analysis of the safety and benefit of a less aggressive protocol]. An Pediatr
(Barc) 2019;90(4):207–12 . 

75] Kluger Y , Ishay OB , Sartelli M , et al. Caustic ingestion management: world soci-
ety of emergency surgery preliminary survey of expert opinion. World J Emerg

Surg 2015;10:48 . 
[76] Ryu HH , Jeung KW , Lee BK , et al. Caustic injury: can CT grading system enable

prediction of esophageal stricture? Clin Toxicol (Phila) 2010;48(2):137–42 . 

[77] Lurie Y , Slotky M , Fischer D , Shreter R , Bentur Y . The role of chest and abdom-
inal computed tomography in assessing the severity of acute corrosive inges-

tion. Clin Toxicol (Phila) 2013;51(9):834–7 . 
78] Bonnici KS , Wood DM , Dargan PI . Should computerised tomography replace

endoscopy in the evaluation of symptomatic ingestion of corrosive substances?
Clin Toxicol (Phila) 2014;52(9):911–25 . 

79] Kamijo Y , Kondo I , Kokuto M , Kataoka Y , Soma K . Miniprobe ultrasonogra-

phy for determining prognosis in corrosive esophagitis. Am J Gastroenterol
2004;99(5):851–4 . 

80] Lightdale JR , Goldmann DA , Feldman HA , Newburg AR , DiNardo JA , Fox VL .
Microstream capnography improves patient monitoring during moderate se-

dation: a randomized, controlled trial. Pediatrics 2006;117(6):e1170–8 . 
81] Zargar SA , Kochhar R , Mehta S , Mehta SK . The role of fiberoptic endoscopy in

the management of corrosive ingestion and modified endoscopic classification

of burns. Gastrointest Endosc 1991;37(2):165–9 . 
82] Cheng H-T , Cheng C-L , Lin C-H , et al. Caustic ingestion in adults: the role of

endoscopic classification in predicting outcome. BMC Gastroenterol 2008;8:31 .
83] Lu Ll-S , Tai W-C , Hu M-L , Wu K-L , Chiu Y-C . Predicting the progress of

caustic injury to complicated gastric outlet obstruction and esophageal stric-
ture, using modified endoscopic mucosal injury grading scale. Biomed Res Int

2014;2014:919870 . 

84] Paspatis GA , Dumonceau J-M , Barthet M , et al. Diagnosis and management of
iatrogenic endoscopic perforations: european Society of Gastrointestinal En-

doscopy (ESGE) Position Statement. Endoscopy 2014;46(8):693–711 . 
85] Berlucchi M , Barbieri D , Garofolo S , Stefini S , Peretti G . Case report: pharyn-
golaryngeal stenosis in a child due to caustic ingestion treated with transoral

CO2 laser microsurgery. Ann Otol Rhinol Laryngol 2014;123(12):847–51 . 
86] Do ̆gan Y , Erkan T , Coku ̆gra ̧s FC , Kutlu T . Caustic gastroesophageal lesions in

childhood: an analysis of 473 cases. Clin Pediatr (Phila) 2006;45(5):435–8 . 
87] Bicakci U , Tander B , Deveci G , Rizalar R , Ariturk E , Bernay F . Minimally invasive

management of children with caustic ingestion: less pain for patients. Pediatr
Surg Int 2010;26(3):251–5 . 

88] Kurowski JA , Kay M . Caustic Ingestions and Foreign Bodies Ingestions in Pedi-

atric Patients. Pediatr Clin North Am 2017;64(3):507–24 . 
89] Usta M , Erkan T , Cokugras FC , et al. High doses of methylprednisolone in the

management of caustic esophageal burns. Pediatrics 2014;133(6):E1518–24 . 
90] Abbas A , Brar TS , Zori A , Estores DS . Role of early endoscopic evaluation in de-

creasing morbidity, mortality, and cost after caustic ingestion: a retrospective
nationwide database analysis. Dis Esophagus 2017;30(6):1–11 . 

[91] Contini S , Scarpignato C . Caustic injury of the upper gastrointestinal tract: a

comprehensive review. World J Gastroenterol 2013;19(25):3918–30 . 
92] Arnold M , Numanoglu A . Caustic ingestion in children-A review. Semin Pediatr

Surg 2017;26(2):95–104 . 
93] de Jong AL , Macdonald R , Ein S , Forte V , Turner A . Corrosive esophagitis in

children: a 30-year review. Int J Pediatr Otorhinolaryngol 2001;57(3):203–11 . 
94] Huang Y-C , Ni Y-H , Lai H-S , Chang M-H . Corrosive esophagitis in children. Pe-

diatr Surg Int 2004;20(3):207–10 . 

95] Methasate A , Lohsiriwat V . Role of endoscopy in caustic injury of the esopha-
gus. World J Gastrointest Endosc 2018;10(10):274–82 . 

96] Nijhawan S , Udawat HP , Nagar P . Aggressive bougie dilatation and intralesional
steroids is effective in refractory benign esophageal strictures secondary to

corrosive ingestion. Dis Esophagus 2016;29(8):1027–31 . 
[97] El-Asmar KM , Hassan MA , Abdelkader HM , Hamza AF . Topical mitomycin C

application is effective in management of localized caustic esophageal stric-

ture: a double-blinded, randomized, placebo-controlled trial. J Pediatr Surg
2013;48(7):1621–7 . 

98] Bartel MJ , Seeger K , Jeffers K , et al. Topical Mitomycin C application in the
treatment of refractory benign esophageal strictures in adults and comprehen-

sive literature review. Dig Liver Dis 2016;48(9):1058–65 . 
99] Repici A , Small AJ , Mendelson A , et al. Natural history and management of

refractory benign esophageal strictures. Gastrointest Endosc 2016;84(2):222–8 .

http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0072
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0072
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0072
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0072
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0072
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0073
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0073
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0073
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0073
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0073
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0074
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0074
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0074
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0074
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0074
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0074
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0074
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0075
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0075
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0075
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0075
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0075
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0076
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0076
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0076
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0076
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0076
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0077
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0077
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0077
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0077
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0077
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0077
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0078
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0078
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0078
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0078
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0079
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0079
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0079
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0079
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0079
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0079
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0080
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0080
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0080
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0080
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0080
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0080
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0080
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0081
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0081
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0081
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0081
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0081
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0082
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0082
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0082
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0082
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0082
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0083
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0083
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0083
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0083
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0083
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0083
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0084
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0084
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0084
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0084
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0084
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0085
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0085
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0085
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0085
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0085
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0085
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0086
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0086
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0086
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0086
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0086
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0087
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0087
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0087
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0087
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0087
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0087
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0087
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0088
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0088
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0088
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0089
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0089
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0089
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0089
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0089
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0090
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0090
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0090
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0090
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0090
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0091
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0091
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0091
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0092
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0092
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0092
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0093
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0093
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0093
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0093
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0093
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0093
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0094
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0094
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0094
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0094
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0094
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0095
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0095
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0095
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0096
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0096
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0096
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0096
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0097
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0097
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0097
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0097
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0097
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0098
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0098
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0098
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0098
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0098
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0099
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0099
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0099
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0099
http://refhub.elsevier.com/S1590-8658(20)30374-1/sbref0099

	Foreign body and caustic ingestions in children: A clinical practice guideline
	Introduction
	Methods
	1 General considerations and equipment
	1.1 We recommend performing an endoscopy according to the following urgency levels:
	1.2 We recommend performing an emergency endoscopy under general anesthesia with airways protection, especially for foreign body ingestion and food bolus impaction
	1.3 The emergency endoscopy team should include a trained endoscopist, a dedicated anesthetist, and one or more qualified nurses

	Foreign body ingestions
	3 Food bolus impaction
	4 Caustic ingestion
	Conflict of Interest
	Funding Source
	Financial Disclosure
	Supplementary materials
	References


