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Goals

-History of kids doing the darndest things

-Initial approach to the patient with suspected
iIngestion

-Management of Button Battery Ingestions



Nath, Critical Ingestions
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Nath-Critical Ingestions

Chevalier Jackson, 1865-1958

-Pennsylvania surgeon, innovator in flexible
bronchoscopy/laryngoscopy

-President of Women’s Medical College of
Pennsylvania

-Founding member of American College of Surgeons

-Removed at least 2374 foreign bodies from airway
and esophagus in children, pretty much kept all of
them (Mutter museum)

-Improved safety of tracheostomy

-Lobbied for passage of Federal Caustic Poison Act of
1927, which mandated labeling of poisonous
substances

© 2023 Inova. All rights reserved. 5
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Initial approach to the patient with suspected ingestion

-airway stabilization, assessment of breathing and circulation

-dyspnea, odynophagia, sialorrhea, hoarseness, and stridor portends airway
obstruction

-nausea or emesis, chest/abdominal pain - ?perforation

-early imaging should include chest film and KUB

-ABG is critical as may reflect evolving metabolic component

-pH <7.22, base excess <-12, WBC>20, CRP predict mortality and emergency
operation in adults

-Detailed history with container of ingested agent if possible

-Early involvement of consultants including surgery, gastroenterology,
otolaryngology, and toxicology

© 2023 Inova. All rights reserved. 9
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Caustic Ingestions

American Association of Poison Control:

60,000 cases of exposure to
corrosive agents

48,000 bleach
7500 acidic ingestions
4000 alkali ingestions

Children ( 2-6yrs) account for up to
80% of caustic ingestion cases

Clinical Presentation: dysphagia,
retrosternal pain, drooling, +/- airway
symptoms or oral burns

Clinical history detalls:

Type of chemical ingestion (Acidic or
Alkali)

Physical form of substance ( liquid,
gel, powder or solid)

Substance concentration ( diluted
substance)

Volume ( systemic effects)
Time of Ingestion

© 2023 Inova. All rights reserved. 10
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Bitter taste

Coagulation
Necrosis

Eschar
formation

Esophagus
Spared in
most
cases

Pylorospasm

Endoscope

Caustic Ingestion: Alkaline

Odorless
Tasteless

Liquefactive
Necrosis

Esophagus
damaged

© 2023 Inova. All rights reserved. 11



Nath-Critical Ingestions

< Inovar

Suspected ingestion of
a caustic substance*

Evaluation of a patient with suspected ingestion of caustic substances

v

v

v

= Ingestion: Questionable, or
of substance with low caustic
properties (eg, household bleach)

= Symptoms: None

= Oral burn: None

= Ingestion: Definite, with
caustic agent (eg, drain cleaner)

= Symptoms: None to moderate
= Oral burn: Present or absent

= Consider airway evaluation 1

= Ingestion: Definite
= Symptoms: Severe

= Airway evaluation 1

I
v v

Feed as tolerated

v

or if dysphagia at any time
= Dilatation as needed

Offer clear liquids; under Develops
observation for 2 to 4 hours symptoms
Discharge if remains Endoscopy within Endoscopy under general
asymptomatic ) 24 hours1 anesthesia within 24 hours 1
! g | 7 | )
UGI series if Mild esophageal burn Second-degree burn Sbe::nr: ;irrn'::f?;;?:;al
dysphagia develops (grade O or 1) (grade 2A or 2B)A (9 pl 3)
= UGI series in 2 to 3 weeks, | | * NG tube

= Antibiotics ¢

= Consider gastrostomy

UGI series if
dysphagia develops

= UGI series in 2 to 3 weeks,
or if dysphagia at any time
= Dilatation as needed

© 2023 Inova. All rights reserved. 12
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Damage from caustic
Ingestions occurs in stages

-Necrotic changes observed within 10
minutes after exposure to 10% NaOH

-4-7day, mucosal sloughing and
bacterial entry with creation of fibrin
and granulation

-Fibroblast remodeling, low tensile
strength as collagen deposition begins
in second week

-Scar retraction and stricture formation
begins at 37 week

-Liquid ingestions tend to cause more S
dISta| damage © 2023 Inova. All rights reserved. 13
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Late Complications of Critical Ingestions

Late complication of ingestion

Esophageal cancer
Squamous cell carcinoma & adenocarcinoma
Reported 1000-3000 times higher than the normal population
Time to presentation 10-30 years from ingestion

Most common location is area of stenosis

Role for long-term EGD monitoring

Surveillance 20 years post ingestion?

© 2023 Inova. All rights reserved. 15
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Mostafa, Mohamed, Darwish, Ahmed
Magnet ingestion in children and its implications: tertiary centre experience. PY - |
2021/07/01 10.1007/s00383-021-04889-z, Pediatric Surgery International © 2oanova, ATGNS reserved.
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Button batteries-a perfect danger

Ubiquitous in every home

Easily removed from devices

Sized perfectly to be trapped in the esophagus
Injury is enabled by electrolyte-rich fluid in saliva
Injury is rapid

Symptoms may be nonspecific, high index of suspicion
particularly if unwitnessed

In children <6y, 13% had severe complication after button
battery ingestion

Jatana, K.R., Rhoades, K., Milkovich, S. and Jacobs, I.N. (2017), Basic mechanism of
button battery ingestion injuries and novel mitigation strategies after diagnosis and
removal. The Laryngoscope, 127: 1276-1282. https://doi.org/10.1002/lary.26362

© 2023 Inova. All rights reserved. 19
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National Battery Ingestion Hotline

 Created in 1982

« Consumer safety product commission issued warning in 1983
- Seven fold increase in injury severity between 2010 and 2017
- 20mm lithium batteries account for majority of severe injuries

- Smaller 1.5v non lithium batteries also have caused severe injuries,
particularly in infants

- Major complications include perforation, tracheoesophageal fistula,
vascular fistula, strictures, vocal cord paralysis

Jatana, K.R., Rhoades, K., Milkovich, S. and Jacobs, I.N. (2017), Basic mechanism of
button battery ingestion injuries and novel mitigation strategies after diagnosis and
removal. The Laryngoscope, 127: 1276-1282. https://doi.org/10.1002/lary.26362

© 2023 Inova. All rights reserved. 20
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Incidence of o 500
iIngestion and severe
outcomes of battery
iIngestion Is

Increasing

* WWW.poison.org/battery Sstary

Ingestions/
Million
Population

1 4.50

+ 4.00

+ 3.50

3.00

% Moderate,
+ 2.50 Major
or Fatal

+ 2.00 Outcomes

T 1.50
1.00
+ 0.50

+ 0.00

e+ -0.50

. Battery Ingestions per Million Population e % Moderate,
------- Linear (% Moderate, Major or Fatal Qutcome) R?=0.8163

© 2023 Inova. All rights reserved. 23
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Prehospital Management

* Honey administration (10ml every 10 minutes, maximum of 6 times) if
battery ingestion is suspected less than 12 hours

- Coats battery and decreases current discharge

- Carafate (sucralfate) is an anti-ulcer medication which forms a barrier
over the mucosa, and can mitigate injury when administered prior to
endoscopy

* In porcine and in vitro trials, honey had significant protective effects

Schmidt YM, Muensterer O, Wendling-Keim D. The use of honey in button battery
ingestions: a systematic review. Front Pediatr. 2023 Sep 28;11:1259780. doi:
10.3389/fped.2023.1259780. PMID: 37842023; PMCID: PMC10569471.

© 2023 Inova. All rights reserved. 24
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Acetic acid washing mitigates tissue Injury

« Mechanism of injury: water is hydrolyzed into
hydrogen gas an hydroxide (OH-) ions, creating
an alkaline environment

 Additional mechanisms include pressure
necrosis, leakage of battery fluids, and metal
toxicity

* Injury after 24 hours from CR2032 battery,
versus after irrigation with dilute acidic solution

- Has led to practice of immediate acetic acid
washing in operating room after endoscopic
removal

Jatana, K.R., Rhoades, K., Milkovich, S. and Jacobs, I.N. (2017), Basic mechanism of
button battery ingestion injuries and novel mitigation strategies after diagnosis and
removal. The Laryngoscope, 127: 1276-1282. https://doi.org/10.1002/lary.26362

© 2023 Inova. All rights reserved. 25
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Every Second Counts

 Children diagnosed at non-pediatric facilities have delay in removal

B EVERY SECOND COUNTS |

* Injury progresses rapidly over hours

* Further tissue injury can occur over days to weeks even after removal

CR2032 Alkallne LR44 , Sllver Ox1de

Jatana, K.R., Rhoades, K., Milkovich, S. and Jacobs, I.N. (2017), Basic mechanism of
button battery ingestion injuries and novel mitigation strategies after diagnosis and
removal. The Laryngoscope, 127: 1276-1282. https://doi.org/10.1002/lary.26362

© 2023 Inova. All rights reserved. 26
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Outside Hospital/Location (OSH): For suspected/confirmed battery or magnet ingestion arrange for transfer to ICH-ED for Level 1 emergency by calling
One-Call 1-877-900-9543 or 911 to arrange for OSH to ICH-ED transfer. Goal arrival to ICH ED < 90 min. Consider air transport to meet time goal.

ICH ED Protocol/Guideline

IMAGING
AP chest/abdomen and lateral neck
Lateral view of foreign body, if identified.
nclude size of FB, halo or step-off

Resuscitation Room
Impending/existing respiratory or
Circulatory failure

Triage and
Imaging

!

MD/APN Rapid

, . assessment and Suspect a magnet ingestion if
Suspect a battery ingestion if Obtain HISTORY: known magnet ingestion from history or unexplained Gl symptoms
1. "Coin” ingested: Carefully check AP x-ray for battery’s double- : . . . . .
th magnets in environment. Obtain abdominal x-ray. If magnets
rim or “halo” AND lateral view for step off. Use magnification. known magnet, w e ' v : e x=rey g

are present on flat plate, obtain lateral x-ray. Determine single vs

2. Symptomatic patient, no ingestion history: Consider battery sharps, or multiple magnet ingestion or single magnet and metallic object;
lpzers el el el er sl Bl e el battery obtain critical hx on whether ingestions were simultaneous or
Chest discomfort, Difficulty swallowing, decreased appetite, refusal . i din i
to eat, Coughing, choking, or gagging with eating or drinking. INgestion e
¥ L 4
Button Batteries Magnets: Single VS Multiple
- -

© 2023 Inova. All rights reserved. 27
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NPO if battery esophageal more than 12 hours. I1f less than 12 hours, patient able to
swallow, and =lyear of age, immediately give 10 ml PO of honey everyl0 minutes x 6
doses. If honey unavailable or patient less than 1 year of age, give sucralfate 10 ml PO of
1g/10ml every 10 minutes times 3 doses from the time of x-ray determination that a battery

1s lodged in the esophagus until sedation 1s given for endoscopy.

Consult National Battery Ingestion Hotline-—------———--—- --800-498-8666
Consult National Capital Poison Center----—————--- 202-625-3333 or 1-800-222-1222

Esophagus

r

Book case as Emergency
to OR within 60 minutes.
Do not wait for
symptoms to develop.
Do not delay for NPO
status.

Y

Otherwise stable,
Immediate
endoscopic removal

Y

Active bleeding or
clinically unstable: Less
than 60 minutes
to endoscopic removal
in OR with Peds Surgery
and/or CV surgery
present

Stomach or beyond

| IWIaGgIISLI.

SITIFIE ¥V IVIMILIPIE

L2

Single Magnet: Consult pediatric GI. consider removal vs serial
X-rays as outpatient. If sent home with ingested magnet,
educate parents on critical nature of further metallic or magnet
ingestion and the removal of any magnets, metallic buttons, or
other metal objects from the child’s environment. Consider

follow-up radiograph.

h 4

Multiple magnet or single magnet and metallic object;
obtain critical hx on whether ingestions were

Was Magnet co-
ingested?

NO

Are related s/s
present?

NO

= 15mm cell ingested
by a child < & years?

YES

YES

If battery in stomach,
remove endoscopically
from symptomatic
patient even if symptoms
appear minor. If battery
beyond reach of
endoscope, surgical
removal reserved for
unusual patients with
occult or visible bleeding,
persistent or severe
abdominal pain,
vomiting, signs of acute
abdomen and/or fever,
or profoundly decreased
appetite (unless
symptoms unrelated to

battery)

> simultaneous or separated in time
v vy v
Esophagus Gastric Beyond the stomach
A 4 Y A 4
Proximal Distal Emergent
Esophagus Esophagus .
endoscopic
Emergent Emergent g
, . removal, within
endoscopic endoscopic
| withi | within 2 2 hours. Do not
removal, within | removal, within delay for NPO
2 hours. hours. status. NPO and
Do not delay for Do not delay for IVF.
NPO status. NPO MPO status. NPO call Gl.

and IVF.
Call ENT or Peds

Surgery.

and IVF.
Call GI.

Manage patient at home (PMD or GI). Regular diet.

Encourage activity. Confirm battery passage by inspecting

stools. Consider x-ray to confirm passage if passage not
observed in 10-14 days

Upper endoscopy and/or imaging (such as esophagram) If
abnormal, admit for observation. If normal and able to PO, home
with X-ray 2-4 days post ingestion or sooner if s/s develop. If still

in stomach, remove endoscopically even if asymptomatic

kA

1. Immediate Gl & Gen
Surgery consult

2. Gl admission
(Surgery if concern for
perforation; Hospitalist
if medically complex)
3. AXRs g4-6h (non-
progression is g8-12h)
4. Non-progression by
12h may lead to
perforation/fistula

5. Expedite bowel
cleanout at admission

© 2023 Inova. All rights reserved. 28
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NPO if battery esophageal more than 12 hours. If less than 12 hours, patient able to
swallow, and =lyear of age, immediately give 10 ml PO of honey every1( minutes x 6
doses. If honey unavailable or patient less than | year of age, give sucralfate 10 ml PO of
1g/10ml every 10 minutes times 3 doses from the time of x-ray determination that a battery
is lodged in the esophagus until sedation 1s given for endoscopy.

Single Magnet: Consult pediatric Gl. consider removal vs serial
x-rays as outpatient. If sent home with ingested magnet,
educate parents on critical nature of further metallic or magnet
ingestion and the removal of any magnets, metallic buttons, or
other metal objects from the child’s environment. Consider

Consult National Battery Ingestion Hotline 800-498-8666
Consult National Capital Poison Center-----——-—- 202-625-3333 or 1-800-222-1222
Esophagus Stomach or beyond

!

Book case as Emergency

| I'I'IEIEII'EL-.}q- JIIIEI'E W ouf I'I'Il.vlll.llv.l'l'E

Y

follow-up radiograph.

A 4

Multiple magnet or single magnet and metallic object;
obtain critical hx on whether ingestions were
simultaneous or separated in time

YES

to OR within 60 minutes. Was Magnet co-

. i ?
Do not wait for Lo If battery in stomach,
symptoms to develop. remove endoscopically
Do not delay for NPO from symptomatic
status. patient even if symptoms
appear minor. If battery
| | VEC bevond reach of

y Y

| Esophagus | - Gastric | .BE‘]I'Dﬂd the stomach
Frosimed Distal Emergent
Esophagus Esophagus -
endoscopic
Fmargant Fmargant
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Immediate
endoscopic removal

Active bleeding or
clinically unstable: Less
than 60 minutes
to endoscopic removal
in OR with Peds Surgery
and/or CV surgery
present

NO

= 15mim cell ingested
by a child < & years?

h J

occult or visible bleeding,
persistent or severe
abdominal pain,
vomiting, signs of acute
abdomen and/or fever,
or profoundly decreased
appetite (unless
symptoms unrelated to
battery)

Do not delay for
NPO status. NPO
and IVF.

Call ENT or Peds

Surgery.

TURARAN T

status. MPO and

Do not delay for IVF.
MPO status. NPO Call GI.
and IVF.
Call Gl.

1. Immediate Gl & Gen
Surgery consult

2. Gl admission
(Surgery if concern for
perforation; Hospitalist
it medically complex)
3. AXRs g4-6h (non-
progression is q8-12h)
4. Non-progression by

Manage patient at home (PMD or Gl). Regular diet.

Encourage activity. Confirm battery passage by inspecting
stools. Consider x-ray to confirm passage if passage not

observed in 10-14 days

Upper endoscopy and/or imaging (such as esophagram) If
abnormal, admit for observation. If normal and able to PO, home
with X-ray 2-4 days post ingestion or sooner if s/s develop. If still

in stomach, remove endoscopically even if asymptomatic

12h may lead to
perforation/fistula

5. Expedite bowel
cleanout at admission

© 2023 Inova. All rights reserved. 30
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Critical Ingestions Pathway: Addendum

Care of the patient with a critical ingestion is improved by excellent, highly reliable
communication between all members of the health care team

Care of the patient with a critical ingestion is anticipated to require multidisciplinary
participation

In cases where interventions from multiple specialties represent best practice, efforts should
be made to accommodate those interventions under a single anesthetic where possible and
where doing so does not result in any meaningful delay in care

For esophageal button battery ingestions, removal of the battery by pediatric surgery or
ENT with a rigid scope should be followed by flexible endoscopy by GlI, with acetic acid
wash and feeding tube placement. Wash with 50 to 150 ml of 0.25% sterile acetic acid.
Acetic acid wash should not be used if evidence of perforation is present. The expeditious
availability of acetic acid has been confirmed with hospital pharmacy

© 2023 Inova. All rights reserved. 31
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Critical Ingestions Pathway: Post-Procedural observation
Chest film in PACU
All patients should be admitted for observation.

ICU admission should be considered on a case by case basis.

Antibiotics should be considered post procedurally for all cases, but are required in cases of
full thickness injury or concern for perforation. Mucosal injury is known to progress.

Esophagram is recommended prior to feeding

In cases where the foreign body has passed beyond the stomach and can no longer be
retrieved by standard means:

Push enteroscopy may be available on a case-by-case basis and should be considered

Aggressive bowel cleanout with magnesium citrate or similar agent is preferred in the
patient with a benign abdominal examination

© 2023 Inova. All rights reserved. 32
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Surgical Management

These ingestions require overall management, and risk physiologic instability owing
to anatomic cause

Surgical management essentially falls into three stages:

(1) Early surgical management may be involved in setting of acute perforation,
mediastinitis, or need for gastric access

(2) Surgery for delayed complications including tracheoesophageal fistula,
aortoenteric fistula, esophageal stricture

(3) Ultimately esophageal replacement required depending on degree of injury

Jatana, K.R., Rhoades, K., Milkovich, S. and Jacobs, I.N. (2017), Basic mechanism of
button battery ingestion injuries and novel mitigation strategies after diagnosis and
removal. The Laryngoscope, 127: 1276-1282. https://doi.org/10.1002/lary.26362

© 2023 Inova. All rights reserved. 33
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Esophageal Replacement
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anastomosis
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Method

Advantages

Disadvantages

Gastric transposition

Gastric tube

Colon interposition

Jejunal interposition

Adequate length, easy to obtain
Excellent blood supply

Single anastomosis

Ease of procedure

Adequate length

Good blood supply

Size of conduit appropriate
Rapid transit

Adequate length

Reflux seldom occurs

Appropriate size

Retention of peristaltic activity

Loss of reservoir

Reflux common early on

Poor gastric emptying

Can affect pulmonary function
Long suture line

High incidence of leaks

High incidence of strictures
Significant reflux and risk of Barrett's
Precarious blood supply

Graft necrosis

High incidence of leaks

High incidence of strictures
Involves three anastomoses
Redundancy over long term
Slow transit of food
Precarious blood supply
Length can be a problem
Involves three anastomoses
Graft necrosis

Microvascular anastomosis
Prolonged operating room time

© 2023 Inova. All rights reserved. 35
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- - - R Contents lists available at ScienceDirect
Gastric Transposition

Journal homepage: www.elsevier.com/locate/sempedsurg

Esophageal replacement @Dmm
Shaun M. Kunisaki, MD, MSc®, Arnold G. Coran, MD

Section of Pediatric Surgery, Department of Surgery, C.5. Mott Children's Hospital, University of Michigan Medical School. 1540 E. Hospital Dr, SPC 4211,
Ann Arbor. Mich

» Gastric transposition is the most widely performed

procedure

* Intrathoracic stomach most often functions as
conduit rather than reservoir

» High incidence of restricted pulmonary function
(99%) with 68% predicted FCV

* Leak rate can be 40% though often resolve without
further procedure

* In setting of caustic injury, stricture rate can be as
high as 50%

- Posterior mediastinal dissection can be performed
without requiring thoracotomy

© 2023 Inova. All rights reserved. 36



Nath-Critical Ingestions <~ lInovar

Gastric Tube

Tubularized segment of stomach
dependent on gastroepiploic pedicle

Recent series of 50 patients with 10%
mortality, 44% leak rate, and 36%
stricture

Strictures and leaks are common, In
recent series no leaks at suture line

Tube does not generally retain
peristalsis and empties by gravity

Section of antrum is brought close to p—— =
pharynx’ and hence aCid - R —— s
reflux/nighttime cough can be quite P

h | g h © 2023 Inova. All rights reserved. 37
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Colonic Interposition
» Technically less arduous than jejunal interposition

» Colon may be mobilized on vascular pedicle to
reach high into neck (without free graft)

* Interposed colonic segment is usually aperistaltic

- Strictures common particularly in cervical region,
usually respond to dilations

* One series of 32 patients noted abnormal lung
function in 58%, feeding diificulties in 50%,
nutritional deficiency in 25%

* With time, interposed colon can develop
redundancy and worsening stasis %‘* s et gy

journal homapage: www.elsevier.com/locate/sampedsurg

Esophageal replacement @cmsmn

Shaun M. Kunisaki, MD, MSc®, Arnold G. Coran, MD
f:m:[n‘mg:xmmmmmm of Surgery, C5. Mott Children's Hospital, Uiniversity of Michigan Medicat Schoal, 1540 . Hospital Dr, SPC 4211, © 2023 Inova. A" rlghts reserved_ 38
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Jejunal Interposition
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Jejunal Interpostt
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Summary

Kids do the darndest things
Every second counts
Prehospital management is critical to mitigate injury

Conseqguences of critical ingestions can be fatal or
lead to lifelong consequences

Your role iIs vital
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simply stated, the great efficacy of the Federal Caunstic Poison
Law derives from the obvious fact that no mother would put a
can of poison in her kitchen now that she can just as easily get
from the grocer a package of a harmless powerful grease-cutting
solvent that is even more powerful than lye.

In submitting this report upon this picee of public health
legislation your Committee wishes to call attention to the fact
that its enactment was due to the mitial foresight of the Section
on Laryngology, Otology and Rhinology and to the powerful
prestige of the American Medical Association. Your Committes
encountered everywhere, prompt recognition of the fact that the
Association’s sole interest in this legislation was that of public
health.

Though your Committee does not arrogate to itself any of
the credit for driving household lye out of the kitchsn and re-
placing il with harmless detergents more powerful grease-cutters
than soap, vour Committee does believe that there remains
no.hing for it to do to protect little children from the dangers
of lye burns, and therefore it asks to be discharged.

Respectfully submitted,
(Signed) Chevalier Jackson, Chairman.

After the reading of the foregoing Report, the Commitiee on
Lye Legislation was discharged with a vote of thanks,

CHEVALIER Jacksom, M.D,
1901 Walnut 5t.

Philadelphia 3
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Thank you
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