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PERSPECTIVE —

Caustic or corrosive agents have the potential to cause tissue injury
on contact with mucosal surfaces. Agents capable of causing
chemical injury include alkaline and acidic corrosives. Alkalis
accept protons, resulting in the formation of conjugate acids and
free hydroxide ions. Lye is an example of an alkali caustic and
refers to both sodium hydroxide (NaOH) and potassium hydrox-
ide (KOH). Ammonia (NHj;) is another common alkaline corro-
sive. Acids are proton donors, as they dissociate into conjugate
bases and free hydrogen ions in solution. Acidic caustics include
hydrochloric acid (HCl) and sulfuric acid (H,SO,). The injury
from caustic agents typically increases with a pH below 3 or above
11. Other chemicals that have caustic properties include phenol,
formaldehyde, iodine, and concentrated hydrogen peroxide. This
chapter discusses oral exposure. Dermal and inhalational expo-
sures are discussed in Chapter 64 and Chapter 159, respectively.

Most caustic exposures are intentional for the purpose of self-
harm. About 75% of reported caustic ingestions are intentional.'
Accidental ingestions occur typically among the pediatric and
elderly populations. Transfer and storage of cleaners in alternative
containers that may not be “child proof,” such as soda bottles and
jars, contribute to unintentional ingestion. Intentional ingestions
may have a greater degree of oropharyngeal sparing because of
rapid swallowing but have a higher likelihood of serious injury.”
More than half of suicidal patients who ingest caustic agents have
a history of psychiatric illness.

Before 1950, strong lye with concentrations greater than 50%
made up a major portion of caustic ingestions in the United States,
leading to poor outcomes. To control the frequency of caustic
ingestions especially in children, the Federal Caustic Act was
passed in 1927, followed by the Federal Hazardous Substance
Labeling Act of 1960 and the Safe Packaging Act of 1970.° Still,
more than 40,000 exposures involving caustic agents occur in the
United States every year.'

Some household products, such as liquid drain cleaners, con-
tinue to have high concentrations of alkali (30% KOH) or acid
(93% H,SO,) (Table 153-1). These products often do not have
concentration or content information available on the label,
making it difficult for physicians to determine the severity of
exposure.! Commercial industries, farms (dairy pipeline cleaners
containing liquid NaOH and KOH in concentrations of 8-25%),
and swimming pool chemicals also contain caustics in high
concentrations.

Crystals and solid particles can have prolonged tissue adher-
ence, causing more severe burns. These ingestions are limited by
immediate oral pain, usually causing them to be spit out sooner
than a liquid agent. The ingestion of granular automatic dishwash-
ing detergents can be associated with devastating injuries. Crystal

1994

drain cleaners have lye concentration as high as 74% NaOH and
may cause proximal esophageal injury. Liquid dishwashing deter-
gents and laundry detergents have a pH higher than 12, but
because the titratable base content is significantly less, there is less
risk of injury after ingestion.

Liquid household bleach typically contains dilute (5.25%)
sodium hypochlorite (NaHCIO), and ingestion rarely causes con-
sequential injury. Industrial-strength bleach, however, contains
significantly higher concentrations of NaHCIO, which would
more likely cause esophageal necrosis. Toilet bowl cleaners contain
hydrochloric acid as high as 26% HCI. General-purpose anticor-
rosive cleaners, such as 31% muriatic acid (HCI), are sold in gallon
containers for home use and as swimming pool cleaners.

The alkali powder in air bags can cause ocular burns. Perfume
accidentally sprayed into the eyes can be caustic. Cement is alka-
line and causes topical burns, typically on the knees.” Although
hair relaxer creams contain NaOH and have a pH of 11.2 to 11.9,
injuries after ingestion are usually limited.’

Caustic ingestions may occur when methamphetamine is
produced from over-the-counter medications and household
chemicals. Sulfuric acid, hydrochloric acid, NaOH, ammonium
hydroxide, anhydrous ammonia, and metallic lithium are all used
in the clandestine production of methamphetamine.® Severe
caustic injuries in these situations can cause stricture formation,
esophageal resection, and the need for colonic interposition.

More than 70 different pills can cause damage when they come
in contact with esophageal mucus for prolonged periods. Patients
who take medications in the supine position or who take pills
without water are at higher risk. Pills most likely to adhere are
doxycycline, tetracycline, potassium chloride, and aspirin. Potas-
sium chloride is particularly dangerous and has caused perfora-
tion into the aorta, left atrium, and bronchial artery.”

PRINCIPLES —

Factors that influence the extent of injury from a caustic exposure
include type of agent, concentration of solution, volume, viscosity,
duration of contact, pH, and presence or absence of food in the
stomach. The titratable alkaline reserve of an alkali or acid cor-
relates with the ability to produce tissue damage. Concentrated
forms of acids and bases generate heat, resulting in superimposed
thermal injury.®

Acidic compounds desiccate epithelial cells and cause coagula-
tion necrosis. An eschar is formed that limits further penetration.
Because acids tend to have a strong odor and cause immediate
pain on contact, the quantity ingested is usually limited. Because
of resistance of squamous epithelium to coagulation necrosis,
acids are thought to be less likely to cause esophageal and pharyn-
geal injury,’” although severe esophageal and laryngeal burns still



*‘ Household Cleaning Products That Contain
Table 153-1 Caustic Chemicals

APPLICATION PRODUCT (MANUFACTURER), CHEMICAL
Drain cleaner, liquid Heavy Duty Liquid Drain Opener (Share),
H,SO, 93%

Drain Out Extra (Iron Out), KOH 30%

Liquid-Plumr (Clorox), NaOH 0.5-2%,
NaOCl 5-10%

Maximum Strength Drain Opener
(Enforcer), KOH 1-10%, NaOCl <5%

Drain Care Professional Strength Drain
Opener, NaOH 5-15%

Drain cleaner, crystals Heavy Duty Crystal Drain Opener (Roebic),
NaOH 100%
Crystal Drain Opener (Rohyme), NaOH 74%
Crystal Drain Out (Iron Out), NaOH 30-
60%
Drano Pipe Cleaner (Johnson), NaOH 54%

Oven cleaner Easy-Off Heavy Duty Oven Cleaner (Reckitt),
NaOH 4-6%
Rust remover Rust Remover/Carpet Care (Johnson Wax

Professional), HCI 10%

Rust Stain Remover (Whink), hydrofluoric
acid 2.5-3%

Rust Stripper (Certified), NaOH 50-75%

Naval Jelly Rust Dissolver (Loctite),
phosphoric acid 25-30%

Toilet bowl cleaner Instant Power Toilet Bowl Cleaner (Scotch),

HCI 26%

Bowl and Porcelain Cleaner (Cleanline), HCI
0.10%

Bowl/Tile/Porcelain Cleaner (Share),
phosphoric acid 15-25%

Husky 303 Toilet Bowl Cleaner, HCI 23%

Misty Bolex Bowl Cleaner, HCI 26%

Swimming pool cleaner Muriatic acid, Aqua Chem (Recreational
Water), HCI 31%

occur. Acids can be absorbed systemically, causing metabolic aci-
dosis as well as damage to the spleen, liver, biliary tract, pancreas,
and kidneys from perforation and direct local contact.

Alkaline contact causes liquefaction necrosis, fat saponification,
and protein disruption, allowing further penetrance of the alka-
line substance into the tissue. The depth of the necrosis depends
on the concentration of the lye. A concentration of 30% NaOH in
contact with tissue for 1 second results in a full-thickness burn.
Alkalis are colorless and odorless, and unlike acids, they do not
cause immediate pain on contact. Alkaline ingestions typically
involve the squamous epithelial cells of the oropharynx, hypo-
pharynx, and esophagus. The narrow portions of the esophagus,
where pooling of secretions can occur, are also commonly involved.
Alkalis may also cause gastric necrosis (Figs. 153-1 and 153-2),
intestinal necrosis, and perforation. The esophagus can also be
injured (Fig. 153-3). Burns below the pylorus carry a 50% mortal-
ity compared with 9% for burns above the pylorus.'

Caustic damage occurs in four phases. Initially, necrosis occurs,
with invasion by bacteria and polymorphonuclear leukocytes.
Vascular thrombosis follows, increasing the damage. During the
next 2 to 5 days, superficial layers of injured tissue begin to slough.
The tensile strength of the healing tissue may be low for up to
3 weeks after the caustic exposure, greatly increasing the chance
of delayed perforation in some cases. Between 1 week and several
months, granulation tissue forms, collagen is deposited, and
reepithelialization occurs in the burn area. Esophageal stricture
may form during a period of weeks to years from contraction
of the scar.
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Figure 153-1. Gastric mucosa after ingestion of 35% potassium
hydroxide.

Figure 153-2. Gastric serosa after ingestion of 35% potassium
hydroxide.

Figure 153-3. Esophagus after ingestion of 35% potassium
hydroxide.
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Caustic injury is categorized as first, second, and third degree,
similar to a thermal burn, by appearance on endoscopy. The initial
depth of injury found on esophagoscopy correlates with the risk
of stricture formation. First-degree burns (also known as grade 1)
consist of edema and hyperemia. Second-degree burns (grade 2)
can be further divided into 2a, which are noncircumferential, and
2b, which are nearly circumferential. Overall, second-degree burns
are characterized by superficial ulcers, whitish membranes, exu-
dates, friability, and hemorrhage. Third-degree burns (grade 3) are
associated with transmural involvement with deep injury, necrotic
mucosa, or frank perforation of the stomach or esophagus.
Although grade 1 injuries do not progress to stricture, 15 to 30%
of all grade 2 burns and up to 75% of circumferential grade 2
injuries of the esophagus develop strictures. With full-thickness
third-degree burns (grade 3), up to 90% result in stricture;
however, the formation of strictures is decreasing for both second-
and third-degree burns, possibly because of the type and caustic
intensity of the substance ingested." Whether heat from the exo-
thermic reaction increases the injury has never been quantified,
but it has led to concerns about initial dilution or gastric lavage."

CLINICAL FEATURES —

Airway edema and esophageal and gastric perforation are the most
emergent issues. Laryngeal edema occurs in a matter of minutes
to hours. Systemic toxicity, hypovolemic shock, and hemodynamic
instability with hypotension, tachycardia, fever, and acidosis are
ominous findings. Small ingestions of potent substances can be as
serious as larger ingestions. More than 40% of patients reporting
to have “only taken a lick” have esophageal burns.” Patients
present with oral pain (41%), abdominal pain (34%), vomiting
(19%), and drooling (19%)."* Patients can have wheezing and
coughing, stridor, and dysphonia. Chest pain is common. Visible
burns to the face, lips, and oral cavity may be seen (Fig. 153-4).
Skin burns can occur from spillage or secondary contamination
after vomiting. Peritoneal signs suggest hollow viscus perforation
or contiguous extension of the burn injury to adjoining visceral
areas. Tracheal necrosis is one of the most frequent causes of death
after caustic ingestion."

Studies present conflicting data correlating clinical symptoms
with the severity of esophageal burns.'* Oropharyngeal burns
alone do not appear predictive of more distal injury, but pro-
longed drooling and dysphagia predict significant lesions with
100% sensitivity and 90% specificity.”” Vomiting and stridor also
suggest burn injury.

Dysphagia usually subsides in 3 to 4 days. Patients with signifi-
cant esophageal burns, particularly those that are circumferential,

Figure 153-4. Lip burn after exposure to 35% potassium hydroxide.
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may have esophageal stricture; 80% of strictures become apparent
in 2 to 8 weeks. Symptoms include dysphagia and food impac-
tions. Strictures that become symptomatic early are generally
more severe. In one study of 86 adults admitted to the hospital
after caustic ingestion, 18 had complications and 6 died.

Patients have an increase in esophageal cancer (1000-fold to
3000-fold increases) that develops 40 to 50 years after the caustic
ingestion. Long term, 1.8% of patients who ingest caustic soda
have esophageal cancer,' and nearly 3% of esophageal cancer
patients have a history of caustic ingestion.

Significant acid ingestions may be devastating and result in a
higher mortality rate than alkali ingestions. The fulminant course
of some acid ingestions may be due to systemic absorption of
the acid, resulting in metabolic acidosis (which may also be the
result of extensive tissue necrosis), hemolysis, and renal failure.
Ingestion of glacial acetic acid (80% acetic acid) is common
among certain ethnic populations as a suicidal gesture or acciden-
tal ingestion during food preparation, resulting in systemic com-
plications, including renal and hepatic insufficiency, hemolysis,
and disseminated intravascular coagulation."” Ingestion of sulfuric
and hydrochloric acid typically does not cause these systemic
complications.'®

DIAGNOSTIC STRATEGIES —

The goal is to identify the extent and severity of the burn. In
evaluation of a patient, the history should include the time,
amount, type of product ingested, and presence of suicidal
intent, if any. Patients who are suicidal may minimize their
symptoms or understate the trauma. Product labels are important
in confirming the concentration of the chemical. If a sample
is obtained, call the poison center for product information, look
up the contents, or test the pH with litmus paper. Early and
continuous hemodynamic monitoring is essential. The patient
should be examined for evidence of dermal and ocular caustic
exposures.

Patients with chest and abdominal pain should have a chest
radiograph and decubitus or upright abdominal studies to look
for peritoneal and mediastinal air, denoting perforation or pleural
effusion, and suggestion of abdominal involvement should prompt
abdominal computed tomography or ultrasonography. In the
suicidal patient, the physical examination and chest radiograph
do not “rule out” pneumoperitoneum. Radiographs have low
negative predictive values for detection of free air."’

Arterial blood gas analysis may be useful after significant acid
ingestions to monitor systemic metabolic acidosis. In cases of
intentional overdose, coingestants should be considered.

Hydrofluoric acid exposures, whether by inhalation, ingestion,
or dermal contact (hand size or larger), are notorious for the effect
of absorbed fluoride and require immediate cardiac monitoring
to assess for QTc prolongation, torsades de pointes, or other ven-
tricular dysrhythmias. Rapid cardiac deterioration can occur in
these unusual cases.”” Serum calcium and magnesium levels
should also be determined.

The depth of burns cannot be predicted on the basis of signs
or symptoms. Noninvasive techniques (barium swallow) do not
gauge the depth of burn injury. Patients with signs and symptoms
(vomiting, drooling, stridor, or dyspnea) of intentional ingestion
should undergo endoscopy within 12 to 24 hours to define the
extent of the disease, but endoscopy is contraindicated in patients
with possible or known perforation. Endoscopy performed too
early may miss the extent or depth of tissue injury. Wound soften-
ing in the subacute phase when the likelihood of perforation is
greatest makes late endoscopy (after 24 hours) more hazardous.
Flexible endoscopy is safer than the older rigid instruments, with
fewer perforation complications. However, the endoscopy should
terminate at the level of the most proximal circumferential burn.*



A soft feeding tube or silk string can be placed in the esophagus,
when burns are present, for future dilation.

MANAGEMENT —

After a caustic ingestion, little can be done to attenuate the severity
of the tissue injury. Early endotracheal intubation or upper airway
endoscopic examination is warranted when there are indications
of upper airway injury: hoarseness or muffling of the voice, ody-
nophagia, drooling, or tongue or pharyngeal edema. If significant
exposure has occurred, intubation is undertaken early in the
course of evaluation, before edema and secretions both threaten
the airway and make intubation difficult or impossible. Blind
nasotracheal intubation is contraindicated. When oral intubation
is anticipated to be difficult or impossible because of edema and
anatomic distortion, awake fiberoptic or video intubation or
primary surgical cricothyrotomy may be necessary.

Hypoxia and an increased arterial-alveolar gradient warrant
early bronchoscopy. Patients should have vigorous intravenous
fluid resuscitation. In alert patients who are not vomiting and can
tolerate liquids, small volumes (1-2 cups) of water or milk can be
considered within the first few minutes after ingestion. Because
injuries occur almost immediately, later dilution is not warranted.
Forcing of fluids is never indicated. Attempts to neutralize the
ingested corrosive with weak acids or alkalis can cause possible
thermal reactions and worsen the injury.

Induction of emesis, administration of activated charcoal, and
performance of gastric lavage are not indicated. Careful nasogas-
tric aspiration may decrease the amount of acid absorbed and be
useful in the setting of significant acid ingestions presenting
immediately after the event, given the ominous natural history of
many of these cases and the lower risk of esophageal perforation
compared with alkali ingestion.

In the acute phase, barium swallow is of little use because it
delays and obscures endoscopy and does not reveal first- or
second-degree mucosal burns.”’ Thoracoabdominal computed
tomography can be useful in assessing the degree of esophageal
damage after caustic ingestions.”

Surgical exploration is indicated for free air, peritonitis, increas-
ing and severe chest and abdominal pain, and hypotension. Con-
taminated clothing should be treated as hazardous waste and
disposed of with proper precautions.

Different treatment modalities in stricture prevention have
been discussed, including antibiotics, corticosteroids, total paren-
teral nutrition, nasogastric tube, and antacids, but none has been
proved to be effective, and optimal management remains contro-
versial.>>** Although the use of systemic corticosteroids has been
recommended in the past, it has not statistically significantly
decreased stricture after grade 2 esophageal burns.”> Moreover,
steroid therapy in grade 2 and grade 3 burns includes the risk for
brain abscess, hemorrhage, pneumonia, severe esophagogastric
necrosis, osteoporosis, and prepyloric ulcer formation.”® Steroids
can also mask early signs of inflammation and inhibit resistance
to infection. Prophylactic antibiotics may potentially mask evi-
dence of impending perforation.

DISPOSITION —

Surgical intervention is required in cases of hollow viscus perfora-
tion; early exploration may also be warranted in cases of suggested
full-thickness burns. Asymptomatic patients can undergo endos-
copy in the emergency department or be discharged home with
close follow-up monitoring. Children with a questionable history
of ingestion should be observed even if they are asymptomatic and
have no oropharyngeal burns. They can have a liquid diet. Symp-
tomatic patients, particularly those with potential for airway com-
promise, require admission to the intensive care unit. If endoscopy
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is unavailable, the patient should be transferred to a facility where
it can be performed. Psychiatric evaluation is indicated in patients
with intentional or possibly intentional ingestion.
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SPECIAL CASES —

Ocular alkali exposures are true ophthalmologic emergencies.
Immediate and aggressive lavage with at least 2 L of normal
saline per eye is indicated in almost all cases except frank perfora-
tion. Management is described in Chapter 71.

Dermal caustic exposures can also result in significant burn
injuries (see Chapter 64). Clothing removal, copious irrigation,
and local wound débridement are the most important initial treat-
ment measures. Hydrofluoric acid burns warrant special attention.
Although this is a relatively weak acid compared with HCI or
H,SO,, the dissociated fluoride anion is a problem because of its
extreme electronegativity. Deaths from hydrofluoric acid exposure
have occurred after ingestion; after skin contact in areas as small
as 1% of the body surface area, the size of the palm of the hand,
with concentrated hydrofluoric acid; and after inhalation of
hydrofluoric acid vapor.” Systemic toxicity is characterized by
profound hypocalcemia and dysrhythmias; cardiac monitoring
and serum calcium and magnesium monitoring are warranted
in all but the most limited fingertip exposures.”® Sudden fatal
deterioration can occur despite an initially normal serum calcium
level, but oral treatment of hydrofluoric acid ingestion with
CaCl, and MgSO, has not increased survival.”’ Empirical inter-
vention with high-dose intravenous calcium chloride or magne-
sium sulfate should be administered for QTc prolongation and
life-threatening dysrhythmias and with serum hypocalcemia
and hypomagnesemia. Further management is discussed in
Chapter 64.

Povidone-iodine (Betadine) is used as a surgical scrub and is
not a caustic agent, but ingestion of tincture of iodine can cause
severe gastrointestinal injury and is potentially life-threatening.
Gastric irrigation with starch or milk in these cases may convert
iodine to the much less toxic iodide.

Ingestion of phenol or formaldehyde can also cause severe
caustic injury to the gastrointestinal tract. Both phenol and
formaldehyde are general protoplasmic poisons and can cause
protein denaturation and coagulation necrosis. Systemic symp-
toms, including dysrhythmias, hypotension, seizures, and coma,
may also result from phenol ingestion. Acidosis may be prominent
after formaldehyde ingestion because of its metabolism to formic
acid. Phenol is well absorbed through the skin, and dermal expo-
sure may result in burns and systemic toxicity. Although dermal
decontamination of phenol exposures with low-molecular-weight
polyethylene glycol has been suggested, irrigation with water may
prove just as useful.

Ingestion of concentrated hydrogen peroxide (H,O,) may cause
gastrointestinal burn injury and the formation of gas emboli.
Radiographic evaluation for the presence of gas in the chest or
abdominal cavities, including the portal system, should be per-
formed in symptomatic patients or those who ingest concentrated
H,0,. Hyperbaric oxygen has been used successfully to treat gas
emboli from H,0, ingestion.

Button (disk) batteries and conventional alkaline cylindrical
batteries pose potential obstructive and chemical hazards if they
are ingested. Ingestion of large 25-mm wafer-sized button batter-
ies was a common problem in the past, but the smaller button
batteries of today are less likely to cause esophageal obstruction.
Button batteries are usually made of a metallic salt (lithium,
mercury, nickel, zinc, cadmium, or silver) bathed in NaOH or
KOH. Obstruction can cause pressure necrosis, caustic injury due
to leakage of alkaline medium, or electrical injury. Ulceration,
perforation, and possible fistula formation occur but are uncom-
mon. Heavy-metal toxicity in this setting has not been reported.”
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Evaluation of button battery ingestions includes radiography The references for this chapter can be found online by
to assess the position of the foreign body. Batteries lodged in  accessing the accompanying Expert Consult website.
the airway or esophagus require expeditious removal. Gastric or
intestinal batteries can be treated with watchful waiting.” Check-
ing the stool for passage of the batteries is reccommended. Follow-
up radiographs should be obtained in 1 week if the battery has
not passed.

B All symptomatic patients should undergo endoscopy and be
considered for admission.

B Asymptomatic patients can undergo endoscopy in the
emergency department or be discharged with close follow-up
monitoring.

B Gastric emptying or decontamination is not indicated for
caustic ingestion.
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