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Abstract

Prevention has a paramount role in reducing the inci-
dence of corrosive ingestion especially in children, yet
this goal is far from being reached in developing coun-
tries, where such injuries are largely unreported and
their true prevalence simply cannot be extrapolated
from random articles or personal experience. The spe-
cific pathophysiologic mechanisms are becoming better
understood and may have a role in the future manage-
ment and prevention of long-term consequences, such
as esophageal strictures. Whereas the mainstay of di-
agnosis is considered upper gastrointestinal endoscopy,
computed tomography and ultrasound are gaining a
more significant role, especially in addressing the need
for emergency surgery, whose morbidity and mortal-
ity remains high even in the best hands. The need to
perform emergency surgery has a persistent long-term
negative impact both on survival and functional out-
come. Medical or endoscopic prevention of stricture is
debatable, yet esophageal stents, absorbable or not,
show promising data. Dilatation is the first therapeutic
option for strictures and bougies should be considered
especially for long, multiple and tortuous narrowing. It
is crucial to avoid malnutrition, especially in developing
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countries where management strategies are influenced
by malnutrition and poor clinical conditions. Late re-
constructive surgery, mainly using colon transposition,
offers the best results in referral centers, either in chil-
dren or adults, but such a difficult surgical procedure is
often unavailable in developing countries. Possible late
development of esophageal cancer, though probably
overemphasized, entails careful and long-term endo-
Scopic screening.

© 2013 Baishideng. All rights reserved.
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Core tip: The incidence of corrosive ingestion is high
and largely unreported in developing countries, where
prevention is lacking. Computed tomography and endo-
scopic ultrasound are gaining a more meaningful role in
addressing the need for emergency surgery. The need
to perform emergency surgery has a persistent long-
term negative impact both on survival and functional
outcome. Prevention of stricture is still a debatable
issue, yet esophageal stents may offer promising out-
comes. It is crucial to avoid malnutrition, especially in
developing countries where management strategies are
conditioned by poor clinical conditions. Late reconstruc-
tive surgery is often unavailable in developing countries.
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INTRODUCTION

Ingestion of corrosive substances remain an important
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public health issue in Western countries despite education
and regulatory efforts to reduce its occurrence. These in-

12 relat-

juries are still increasing in developing countries
ed to the social, economic, and educational variables and
B4, The problem is largely

unreported in these settings and its true prevalence sim-

mainly to a lack of prevention

ply cannot be extrapolated from the scarce papers or
personal experience. Data available are heavily skewed
towards well-resourced centers and do not mirror the full
reality of the condition. Moreover, in industrialized and
developing countries, the therapeutic approach and man-
agement strategies appear to be different, likely because
of technology and endoscopic expertise.

Two independent MEDLINE and EMBASE searches
from 1990-2012 were performed to identify relevant at-
ticles. The following medical subject headings terms were
used in the searches: caustic ingestion, caustic lesions,
corrosive injuries, esophagus, esophageal dilatation. Bibli-
ographies of retrieved studies were reviewed and general
medical and major gastroenterology journals manually
searched over the previous 5 years.

EPIDEMIOLOGY AND
PATHOPHYSIOLOGY

Worldwide, children represent 80% of the ingestion
injury population globally®™, primarily due to accidental

ingestion[(’]. In contrast, ingestion in adults is more often
suicidal in intent, and is frequently life-threatening.
Traditionally, ingested corrosive substances ate either
alkalis or acids (Table 1). Alkaline material accounts for
most caustic ingestions in Western countries whereas
injuries from acid ate more common in some developing
countties, like India, where hydrochlotic acid and sulfuric
acid are easily accessible!”. Acids and alkalis produce dif-
ferent types of tissue damage. Acids cause coagulation
necrosis, with eschar formation that may limit substance
penetration and injury depth[gl. Conversely, alkalis com-
bine with tissue proteins and cause liquefactive necrosis
and saponification, and penetrate deeper into tissues,
helped by a higher viscosity and a longer contact time
through the esophagus. Additionally, alkali absorption
leads to thrombosis in blood vessels, impeding blood
flow to already damaged tissue’. Injury occurs quickly,
depending on the agent’s concentration and time of
exposure (Figure DM with a 30% solution of sodium
hydroxide being able to produce full thickness injury
in 1" Accordingly, alkali ingestion may lead to more
serious injury and complications, but this distinction is
probably not clinically relevant in the setting of strong
acid or base ingestion, both being able to penetrate tis-
sues rapidly, potentially leading to full-thickness damage
of the esophageal/gastric wall. The conventional accep-
tance that acids preferentially damage the stomach, due
to the protective esophageal eschar, has recently been
questioned, with observation of extensive esophageal
damage and perforations after acid ingestionm. Likewise,
compared with alkali, ingestion of a strong acid may be
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Table 1 Most commonly ingested caustic substances

Caustic substance Type

Commercially available form

Acids Sulfuric Batteries
Industrial cleaning agents
Metal plating
Oxalic Paint thinners, strippers
Metal cleaners
Hydrochloric Solvents
Metal cleaners
Toilet and drain cleaners
Antirust compounds
Phosphoric Toilet cleaners
Alkali Sodium hydroxide Drain cleaners
Home soap manufacturing
Potassium hydroxide ~ Oven cleaners

Washing powders

Soap manufacturing

Fruit drying on farms

Commercial ammonia  Household cleaners

Ammonium hydroxide Household cleaners

Detergents, bleach Sodium hypochlorite Household bleach, cleaners
Sodium polyphosphate Industrial detergents

Condy’s crystals Potassium permanganate Disinfectants, hair dyes

Sodium carbonate

Ammonia

associated with a higher incidence of systemic complica-
tions, such as renal failure, liver dysfunction, disseminated
intravascular coagulation and hemolysis'”.

Esophageal injury begins within minutes and may
persist for hours. Initially, tissue injury is marked by eo-
sinophilic necrosis with swelling and hemorrhagic con-
gestionm. Experimental findings suggest that arteriolar
and venular thrombosis with consequent ischemia may be
more important than inflammation in the pathogenesis
of acute corrosive injurym. Four to 7 d after ingestion,
mucosal sloughing and bacterial invasion are the main
findings. At this time granulation tissue appears, and
ulcers become covered by fibrin. Perforation may occur
during this period if ulceration exceeds the muscle plane.
Fibroblasts appear at the injury site around day 4, and
around day 5, an “esophageal mold” is formed, consisting
of dead cells and secretions. Esophageal repair usually
begins on the 10" day after ingestion, whereas esophageal
ulcerations begin to epithelialize approximately 1 mo af-
ter exposure. The tensile strength of the healing tissue is
low during the first 3 wk since collagen deposition may
not begin until the second week. Hence, endoscopy (and
of course dilatation) is preferably avoided 5-15 d after
ingestion". Scar retraction begins by the third week and
may continue for several months, resulting in stricture
formation and shortening of the involved segment of
the gastrointestinal tract. Additionally, lower esopha-
geal sphincter pressure becomes impaired, leading to
increased gastroesophageal reflux (GER), which in turn
accelerates stricture formation”. GER is indeed a likely
significant factor in persistent strictures not responding
to sequential esophageal dilatations. Esophageal motility
studies report low amplitude and nonperistaltic contrac-
tions, with a significantly higher exposure to pH below 4,
compared with control groups'”. Therefore, all caustic
esophageal burn patients should be screened for GER
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Figure 1 Murine esophagus exposed for 10 min to control (A) and 10%
NaOH (B). Reproduced from Osman et af"”.

periodically, and GER should be controlled aggressively.
Reactive oxygen species generation with subsequent
lipid peroxidation may contribute cither to the initial
esophageal injury, or to the subsequent stricture forma-
tion. Malondialdehyde, an end-product of lipid peroxida-
tion, was found at significantly higher levels than normal
in esophageal tissue exposed to sodium hydroxide, signi-
fying the presence of reactive oxygen species at 24 h post
exposure. These concentrations remained high for 72 h
after exposure compared with no injured controls. Fur-
thermore, significantly lower glutathione concentrations,
a known endogenous free-radical scavenger, were found
in the same tissues compared with controls, further sup-
porting the presence of reactive oxygen species and free-

radical damagem

CLINICAL PRESENTATION

Clinical features depend on the type of the substance,
amount, physical form and time of presentation (eatly
ot delayed). Crystals or solid patticles may adhere to the
mucosa of the mouth, making them difficult to swal-
low and thereby diminishing the injury produced to the
esophagus, but potentially increasing the damage to the
upper airway and pharynx. Conversely, liquids are easily
swallowed and are most likely to damage the esophagus

and stomach, the extent of injury correlating directly
with mortality and late sequelae'™"”. Patients with oro-
pharyngeal burns do not have significant damage to the
esophagus in up to 70%, hence their presence is not a
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reliable index of esophageal damage[zo]. Hoarseness and
stridor suggest laryngeal or epiglottic involvement; dys-
phagia and odynophagia imply esophageal damage while
epigastric pain and bleeding are more common in stom-
ach involvement. The absence of pain does not preclude
significant gastrointestinal damage. Later changes, such
as appearance ot worsening of abdominal or chest pain,
should be carefully monitored and promptly investigated,
since esophageal or gastric perforations can occur at any
time during the first 2 wk after ingestion®.

The relationship between symptoms and severity of
injury is uncertain®!. Stridor and drooling were consid-
ered 100% specific for significant esophageal injury[22’23],
but no single symptom or symptom cluster can predict
the degree of esophageal damage'***,

The incidence of coexistent gastric injury in the
literature ranges from 20.0% to as high as 62.5%”%*"
extending from simple hyperemia/erosions to diffuse
transmural necrosis. Delayed gastric emptying with con-
sequent accumulation of food in the stomach (likely due
to the contraction of the antropyloric region) may affect
the severity of injuries. The most common presentation
of an acute corrosive gastric burn is abdominal pain,
vomiting, and hematemesis. Rarely, a full thickness burn
can cause an immediate gastric perforation, which tends
to present a few days after ingestion. Gastric perforation,
eatly or delayed, carries a significant mortality™, and is
more rarely reported in children. Clinical examination
and a careful follow-up with a computed tomography
(CT) scan are likely more useful than endoscopy in as-
sessing threatened or existing perforation™. Bleeding fol-
lowing corrosive ingestion is usually self-limiting: though
massive hemorrhage from the stomach or duodenum has
been reported a short time after corrosive ingestionm,
severe bleeding typically occurs at 2 wk after ingestion'™.

Respiratory complications from caustic ingestion may
result in laryngeal injury and upper airway edema, which
ultimately may require tracheotomy""!
pled with extensive esophageal damage. Laryngeal injuries
were diagnosed by flexible fiberoptic or rigid laryngos-
copy in 38% of patients after caustic ingestion, but only
few (8%) required immediate intubation and mechanical
ventilation for respiratory distress on admission". This
low rate of lower airway and pulmonary complications
suggests that the protective pharyngeal-glottic mechanism
is highly efficient in preventing the caustic substance to
reach the lower airway.

and is usually cou-

EVALUATION AND ASSESSMENT

Laboratory studies

Correlation between laboratory values and the severity/
outcome of injury is poor. A high white blood cell count
(> 20000 cells/mm?), elevated serum C-reactive protein,
age and the presence of an esophageal ulcer have been
considered predictors of mortality in adults”; an arterial
pH less than 7.22 or a base excess lower than -12 have
been considered indication of severe esophageal injury
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Figure 2 Endoscopic ultrasound showing involvement of the muscularis
propria of esophageal wall. Reproduced from Kamijo et af*".

and of emergency surgerym]. Essentially, laboratory stud-
ies are more useful in monitoring and guiding patient
management than in predicting morbidity or mortality[34].

Traditional radiology

Shortly after ingestion, a plain chest radiograph may
reveal air in the mediastinum suggesting esophageal pet-
foration, as well as free air under the diaphragm, indicat-
ing gastric perforation. If it is felt necessary to confirm
a clinically suspected perforation, a water-soluble agent,
such as Hypaque™ or Gastrografin™, and less irritant
than barium sulphate, should probably be used, though
both can be equally irritant™. Conversely, barium sulfate
should be the preferred contrast agent in late barium
swallowing, providing greater radiographic details than
water-soluble contrast agents

Ultrasounds

Evaluation of esophageal wall caustic damage by endo-
scopic ultrasound (EUS) using a miniprobe seems safe,
though prolongs examination time without showing any
difference with endoscopy in predicting early complica-
tions™. The destruction of the muscular layers of the
esophagus observed at EUS seems a reliable sign of
future stricture formation”"; furthermore, ultrasound
examination with a radial probe may predict the response
to dilatation, which usually requires more sessions when
the muscolaris propria is involved at EUS, as in Figure 2,
In spite of these encouraging reports, the role of US ex-
amination in caustic injuries is still under evaluation.

CT scan

A CT scan likely offers a more detailed evaluation than
early endoscopy about the transmural damage of esopha-
geal and gastric walls and the extent of necrosis”™. It is
more valuable than endoscopy in assessing threatened or
established stomach perforationlz()], and a CT grading sys-
tem (Table 2 and Figure 3) has been proposed to predict
esophageal stricture™*!!, With the advantage of not being
invasive, CT scan has a promising role in the early evalua-
tion of caustic injury damage.
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Table 2 Computed tomography grading system for caustic

lesions

Grade Features

Grade1 No definite swelling of esophageal wall

Grade2 Edematous wall thickening without periesophageal soft tissue
involvement

Grade3 Edematous wall thickening with periesophageal soft tissue
infiltration plus well-demarcated tissue interface

Grade4 Edematous wall thickening with periesophageal soft tissue
infiltration plus blurring of tissue interface or localized fluid
collection around the esophagus or descending aorta

Reproduced from Ryu et al*".

Endoscopy

Esophagogastroduodenoscopy is considered crucial and
usually recommended in the first 12-48 h after caustic in-
gestion, though it is safe and reliable up to 96 h after the
injurym’m; gentle insufflation and great caution are man-
datory during the procedure. Endoscopy and even dilata-
tion have been performed without consequences from
5 to 15 d after corrosive ingestionw, though potentially
hazardous due to tissue softening and friability during
the healing period. Adequate sedation (general anesthesia
in children) is compulsory, yet endotracheal intubation is
strictly required only for patients in respiratory distress.
The constraint to stop the endoscope in the presence of
a circumferential second or third degree esophageal burn
is not mandatorym’m.

When lip and oropharyngeal injuries are the main
clinical findings, esophageal or gastric injuries are general-
ly no greater than grade 119, Although severe esophageal
injuries have been reported in 12.0%"" and 19.3%" of
asymptomatic children, significant lesions at endoscopy
are not usually observed when symptoms are absent after
unintentional ingestion of less aggressive substances™ ",
thus making routine post-ingestion endoscopy question-
able in this group of patients. All adult patients must
undergo endoscopy after suicidal ingestion, because of
the larger amount of more corrosive agents swallowed
compared with unintentional injuries, where early esoph-
agoscopy has been questionedm]. Ultimately, though
endoscopy is considered by most a cornerstone in the
diagnosis of corrosive ingestions, which patients would
clearly benefit from it is still debated. Considering that
10%-30% of caustic ingestions globally do not show any
upper gastrointestinal injurym’su, the indication for early
endoscopy should be made on a case-by-case basis, with
consideration of symptoms, otorhinolaryngeal injuries,
and the amount and nature of the ingested substance.

Contraindications to endoscopy are a radiologic sus-
picion of perforation or supraglottic or epiglottic burns
with edema, which may be a harbinger of airway obstruc-
tion, therefore indicating endotracheal intubation or tra-
cheostomy. A third degree burn of the hypopharynx is a

further contraindication for endoscopymj.
Endoscopic classification™ is important for prognosis

and management (Table 3). Generally, grade 0 and 1 le-
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Table 3 Endoscopic classification of caustic injuries

Grade Features

Grade 0 Normal

Grade 1 Superficial mucosal edema and erythema
Grade 2 Mucosal and submucosal ulcerations
Grade 2A Superficial ulcerations, erosions, exudates
Grade 2B Deep discrete or circumferential ulcerations
Grade 3 Transmural ulcerations with necrosis
Grade 3A Focal necrosis

Grade 3B Extensive necrosis

Grade 4 Perforations

Reproduced from Zargar et al™.

sions do not develop delayed sequels, such as esophageal
strictures or gastric outlet obstruction, whose incidence
increases with the sevetity of the lesion. Additionally, the
degree of esophageal injury at endoscopy is an accurate
predictor of systemic complications and death, with each
increased injury grade correlated with a 9-fold increase
in morbidity and mortality"*. Emergency surgery can be
planned according to the endoscopic degree of burn,
though an isolated black eschar does not always indicate
full-thickness injury and the need for immediate surgical
treatment: such patients may deserve further evaluation
and careful observation. Recently, some concerns have
been raised about the correlation between endoscopic
findings and the extent of necrosis”™: gastrectomy was
considered unnecessary at laparotomy in 12% of patients
with gastric injuries staged 3b at endoscopy, while the
decision to perform esophagectomy based exclusively on
endoscopic findings led to unnecessary esophagectomy

in 15% of cases™, suggesting the need for better criteria
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Figure 3 Computed tomography grading of
esophageal caustic injuries. A: Grade 1; B:
Grade 2; C: Grade 3; D: Grade 4. Reproduced
from Ryu et a*”. Arrows show the esophageal
wall.

to improve patient selection for emergency surgery.

MANAGEMENT

Acute management
Immediate treatment is usually conservative, as the de-
finitive extent of the injury is determined within minutes
after ingestion. Hemodynamic stabilization and adequacy
of the patient’s airway ate priorities. If the airway is un-
stable, fiberoptic laryngoscopy allows intubation under
direct visualization, avoiding “blind” intubation with the
risk of bleeding and additional injuries. In challenging
patients, a surgical airway may be required. Gastric lavage
and induced emesis are contraindicated for the risk of re-
exposute to the corrosive agent and additional injury to
the esophagus. The effectiveness of milk and water either
as antidotes or to dilute the corrosive agents has never
been proven. pH neutralization, with either a weak acid
or base, is not recommended for fear of an exothermic
reaction, which may increase the damage. Milk and acti-
vated charcoal are contraindicated because may obscure
subsequent endoscopy. Nasogastric tubes may be applied
to prevent vomiting and as stent in sevete circumferential
burns, but their validity has never be proven. In any case
they should not be placed blindly because of the risk of
esophageal perforation™

To date, the efficacy of proton-pump inhibitors and
H: blockers in minimizing esophageal injury by suppress-
ing acid reflux has not been proven, though an impressive
endoscopic healing after 7» omeprazole infusion has been
observed in a small prospective study”".

The utility of corticosteroid is controversial. A meta-
analysis of studies between 1991 and 2004, and an ad-
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ditional analysis of the literature over a longer period
from 1956 to 2006 did not find any benefit of steroid
administration in terms of stricture prevention. Steroids
are usually reserved for patients with symptoms involving
the airway”>".

The administration of broad-spectrum antibiotics is
usually advised mainly if corticosteroids are initiated, as
well as if lung involvement is identified™".

Patients whose injuries are graded 1 and 2A are per-
mitted oral intake and discharged within days with antacid
therapy. In more severe cases (grade 2 or 3), observation
in an intensive care unit and adequate nutritional support
1s required.

Early surgery

Patients with clinical or radiological evidence of perfo-
ration require immediate laparotomy, usually followed
by esophagectomy, cervical esophagostomy, frequently
concomitant gastrectomy and even mote extensive re-
sections, and jejunostomy feeding[ssfém. Some patients
without features of perforation at admission may later
develop necrosis, perforation and massive bleeding with
disastrous results. Indications for emergency surgery
rely more often on clinical grounds than on radiological
findings; in the presence of doubtful clinical features a
decision to perform laparotomy is likely more advanta-
geous for patients than a conservative attitude especially
in patients who ingested large amounts of corrosive sub-
stances'"”,

Laboratory and endoscopic criteria for emergency
surgery have been suggested, including disseminated in-
travascular coagulation, renal failure, acidosis and third
degree esophageal burns”™*. Unfortunately, these are of-
ten late findings and surgery may improve mortality and
morbidity in grade 3A injuries only"*.

Severe injuries of the stomach at endoscopy require
careful monitoring with a low threshold for laparotomy.
At surgery, a gastrotomy allows an accurate evaluation of
the extent of damage, since mucosal (and transmural) ne-
crosis may be more extensive than what is apparent from
the serosal side. There is no role for procedures such as
closure of a perforation. Conservative management of
severe gastric injuries at laparotomy, with partial or total
conservation of the stomach, has been recently advocat-
ed by some in the absence of clinical and biological signs
of severity™.

The need to perform surgery for caustic injuries has
a persistent long-term negative impact both on survival
and functional outcome. Moreover, esophageal resection
per se, is an independent negative predictor of survival
after emergency surgery'™”,

Laparoscopy has been proposed when gastric perfora-
tion is highly suspectedm, but the mini-invasive approach
has two caveats: unless in very expert hands, it is not a
substitute for a comprehensive abdominal exploration,
particularly in the posterior aspects of the stomach and
duodenum, and it can extend the operative time exces-
sively in a situation where time is a major determinant of
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outcome. However, it might be considered a useful tool
when the stomach cannot be evaluated by endoscopy.
Some authors have proposed routine laparoscopic exami-
nation in all injuries of second degree or greater[63’64] but
the experience is still limited and laparoscopy may be nei-
ther feasible nor helpful in such dramatic circumstances.

All injured organs must be resected, if possible, dut-
ing the first operation. Minimal resection followed by a
planned second-look procedure is not recommended.
However, secondary extension of caustic burns is unpre-
dictable and re-exploration is indicated when in doubt.
An extended resection to adjacent abdominal organs,
even the pancreas, does not necessarily carry a prohibitive
risk of death in referral centers®”, but an extensive colon
resection may compromise future reconstruction and re-
quire vascular surgery for atypical transplants. A massive
intestinal necrotic injury represents a reasonable limit for
resection.

Emergency surgery may be required in the case of
severe, uncontrolled late gastric bleeding, usually 1-2 wk
after ingestion. Total gastrectomy may be necessary. In
duodenal hemorrhages, under-running of the bleeding
vessel through a duodenotomy is advised™.

Acute surgery is quite exceptional in the pediatric
population and most authors recommend exhausting all
resources to try to preserve the child’s native esophagus[zs]

Late sequelae

Following a grade 2B and a grade 3 esophageal burn,
stricture incidence may be 71%"" and 100%, respec-
tively™! Strictures usually develop within 8 wk after the
ingestion in 80% of patients, but it can happen as early as
after 3 wk or as late as after 1 year. Obviously, ingestion
of powerful caustic substances (e.g., sodium hydroxide) is
followed by severe, long-standing strictures and dramati-
cally altered esophageal motility®.

Late sequelae of corrosive gastric injury include in-
tractable pain, gastric outlet obstruction, late achlorhydria,
protein-losing gastroenteropathy, mucosal metaplasia and
development of carcinoma™. Gastric outlet obstruction
has an incidence of 5%, mainly in the prepyloric area,
where prolonged contact with the antral mucosa due to
pyloric spasms and to resulting pooling of the caustic
agent in this region[ssl usually results in stricture in more
than 60% of patients[()gl. When the volume of the cor-
rosive substance ingested is large, the entire stomach is
scarred leading to a diffusely contracted stomach.

Stricture prevention

Steroids: Systemic administration of steroids seems inef-
fective in preventing strictures”™™, especially in patients
with 3" degree esophageal burns. Intralesional triam-
cinolone injections have been proposed to prevent stric-
tures’®”, but optimal dose, frequency, and best application
techniques are still to be defined””.

Antibiotics: Though an old study reports a marked de-
crease in stricture formation with the use of antibiotics' ",
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Figure 4 Significantly higher hazard of re-dilatation in patients submitted
to late dilatation. P = 0.0008. Reproduced from Contini et af".

no prospective trial evaluated their utility, and their value
in the setting of caustic ingestion, in the absence of con-
comitant infection, is unknown!". There is a consensus
that patients treated with steroids should also be treated
with antibiotics, but prophylactic antibiotics to prevent
strictures, in the absence of steroid therapy, has not been
advocated””.

Nasogastric tube: Though a nasogastric tube may be
helpful to ensure patency of the esophageal lumen, the
tube itself can contribute to the development of long
strictures and routine use is not uniformly recommend-
ed™. Any esophageal catheterization may be a nidus for
infection and nasogastric placement may worsen gastro-
esophageal reflux in this patient population, with a con-
sequent delay in mucosal healing. However, enteral nutri-
tion through a nasogastric tube has been demonstrated
to be as effective as jejunostomy feeding in maintaining
nutrition in such patients, with a similar rate of stricture
development™. Moreover, positioning a nasogastric tube
has the advantage of providing a lumen for dilatation
should a tight stricture develops. Therefore, after caustic
injuries the placement of a nasogastric tube may be con-
sidered, but the decision should be made with caution
and done on a case-by-case basis.

Mitomycin C: Mitomycin C, a chemotherapeutic agent
with DNA crosslinking activity, when injected or applied
topically to the esophageal mucosa, may be valuable in
preventing strictures, but this drug has deleterious ad-
verse effects, especially if systemic absorption occurs

74] . .
"™ A recent systematic review

across the intact mucosa
indicated encouraging results in the long term!” but
prospective studies are clearly mandatory to determine
the most effective concentration, duration and frequency
of applicationm. The theoretical risk of secondary long-

term malignancy should also be taken into account’ .

(4 9

Boishidengs  WIG | www.wjgnet.com

Intraluminal stent: Specially designed silicone rubber™
or, more recently, polyflex stents'” have been found help-
ful in preventing stricture formation but the efficacy is
less than 50%, with a high migration rate (25%). Patient
selection remains a challenge and the development of
hyperplastic tissue is a concern. Home-made polytetra-
fluoroethylene stents have shown promising results with
a 72% efﬁcacym at 9-14 mo, similar to home-made sili-
cone stents positioned by endoscopy[sﬂ or through lapa-
rotomy™ for 4-6 mo. Biodegradable stents (poly-L-lactide
or polydioxanone) are under evaluation for benign stric-

83,84
tures[ 44

, with a 45% success rate at 53 mo in a patient
population with only two caustic strictures, a migration
rate of around 10%, and a significant hyperplastic tissue
response. Experimentally, biodegradable stents were not
able to prevent strictures in pigs after circumferential sub-
mucosal resection™. Moreover, cost and minimal experi-
ence in caustic strictures make the use of biodegradable

devices questionable, especially in developing countries.

Other modalities for stricture prevention under eval-
uation: Intraperitoneal injection of 5-fluorouracil has
been effective in preventing strictures experimentally™.
Anti-oxidant treatment (vitamin E, Hi blocker, mast
cell[;té]l)ilizer, methylprednisolone) and phosphatidylco-
line™”

tion by decreasing tissue hydroxyproline, the ultimate

inhibit collagen production and stricture forma-

product of collagen degradation, but no human study
is available. Octreotide and interferon-alfa-2b have been
shown in animals to depress the fibrotic activity in the
second phase of wound healing of the esophageal wall
after a corrosive burn®™. Cytokines have also been used
experimentally with success to prevent stricture forma-
tion”™. Until now, none of the above approaches, albeit
appealing, has been tested in humans.

Stricture management

Endoscopic dilatation: Timely evaluation and dilatation
of the stricture play a central role in achieving a good
outcome”". Late management is usually associated with
marked esophageal wall fibrosis and collagen deposi-
tion", which makes dilatation more complex. Maximal
esophageal wall thickness, observed at CT scan, was as-
sociated with a higher number of sessions required for
adequate dilatation™, and recurrent strictures were sig-
nificantly more frequent after delayed dilatation (Figure
H Moreover, delayed presentation and treatment
have been found to be strong predictors of future esoph-
ageal replacement[%]. This issue, which may entail differ-
ent management strategies[3] for eatly or late patients, may
be crucial in developing countries, where late presenta-
tions are more than 50% "%,

Dilatation can be carried out with balloon or bou-
gles (usually Savary) without a clear advantage for each
method™”. However, the failure rate after pneumatic
dilatation is higher in caustic ingestion-related strictures
than in other benign strictures””; Savary bougies are
considered more reliable than balloon dilators in consoli-
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dated and fibrotic strictures such as old caustic stenosis
OO0 “and may offer the
operator the advantage of feeling the dilatation occurring
under his hands"". Dilatation should be avoided from 7
to 21 d after ingestion for the risk of perforation, though
early, prophylactic dilatation with bougienage has been
reported to be safe and effective even in this periodml.
The perforation rate after dilatation of benign esophageal
strictures varies between 0.1% and 0.4%"", but for caus-
tic strictures it fluctuates from 0.4% to 32.0%, dropping
from 17.6% to 4.5% with increased experience[ml. The
5%-8% perforation rate after balloon dilatation"™ may
be as high as 32% in caustic strictures' ™. Indeed, radio-

logical intramural and well-contained transmural esopha-

or in long, tortuous strictures

geal ruptures were observed in 30% of balloon dilatation
proceduresmﬁ]. In addition, balloon inflation may cause
either extrinsic mechanical compression of the trachea
or obstruction at the endotracheal tube tip[mn. Therefore,
the use of the balloon catheter in children entails care-
ful intraoperative monitoring and likely requires greater
endoscopic skill and experience than for Savary bougies.
If these requirements are not met, as is often the case in
developing countries, pneumatic dilatations will carry a
considerable risk and then require extra caution, so that
bougie dilatation is preferred.

The interval between dilatations vaties from less than
1 to 2-3 wk and usually 3-4 sessions are considered suf-
ficient for durable results, although the number of dilata-
tions required may be unpredictable and quite high[mﬂ.
In challenging strictures, a nylon thread left between the
nose and the gastrostomy maintains luminal access and
facilitates further dilatations when an expert endoscopist
is not available!"™'". A cut-off value for unsuccessful dil-
atation treatment may be difficult to define, especially in
developing countries, where alternative surgical options
are not widely available.

A good nutritional state is crucial for a successful out-
come, especially in children, and both an improvement
in nutritional status and sustained esophageal patency
should be considered reference points for a successful
dilatation”. Changes in feeding practices may be required
in order to maintain an adequate nutritional status" . In
developing countries, delayed presentation and severity of
strictures due to the more corrosive substances usually in-
gested, together with poor nursing and surgical care make
this target quite challenging. In such a scenario, feeding
by nasogastric tube for long periods may be tolerated
with difficulty and a gastrostomy is more effective and
often necessary to attain an acceptable nutritional state.
Moreover, gastrostomy allows a retrograde approach for
dilatation, which is usually easier and safer """,

RISK OF CANCER

Esophageal neoplasms (both adenocarcinoma and squa-
mous cell carcinoma) may develop as a late complication
of caustic injury at a rate 1000-3000 times higher than
expected in patients of a similar age[m] and have actually
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been reported only 1 year after ingestion”m. The reported
incidence ranges from 2% to 30%, with an interval from 1
to 3 decades after ingestion[53]. Cancer is most commonly
observed at the areas of anatomic narrowing, and may
be related to increased exposure to the caustic substance.
Esophageal bypass surgery does not prevent the develop-
ment of esophageal cancer following caustic ingestion[s‘ﬂ
The problem may be overestimated, in accordance with
the low number of esophageal cancer reported in a large
B0 vet endoscopic
screening is still recommended for patients following caus-

series with long-term follow-up

tic ingestion. Moreover, the role of other confounding
factors, such as alcohol abuse or smoking habit, should be
considered™.

DISMOTILITY

Orocecal transit time is prolonged mainly in patients with

lower third esophageal involvement of the burn®, prob-
ably related to autovagotomy due to vagal entrapment
in the cicatrization process involving the lower third of
the esophagus. Moreover, impaired vagal cholinergic
transmission, possibly due to the same mechanism!"”
can explain the increased fasting gallbladder volume and
decreased gallbladder emptying found in patients after
lower esophageal damage.

Gastric emptying time of liquids after caustic inges-
tion, was found to be significantly prolonged in patients
with lower esophageal strictures, but not in upper-middle
esophageal strictures, even in the absence of symptoms
suggestive of gastric outlet obstruction or gastroparesisms].

Late surgery

Surgery for non-responding esophageal strictures:
When esophageal dilatation is not possible or fails to
provide an adequate esophageal caliber in the long-term,
esophageal replacement by retrosternal stomach or, pref-
erably, right colonic interposition should be considered.
Mortality and morbidity are low in expert hands""™""",
The more demanding pharyngoesophageal strictures may
be treated with acceptable results, provided considerable
expertise is available!”", The native esophagus can be left
or removed. Though resection of the scarred esopha-
gus may be performed without a substantial increase in
morbidity and mortality compared to by—pass“zo], a 13%
incidence of esophageal cancer after by—passm], the risk
of infected esophageal mucocele in 50% of the patients
after 5 years”™ and the impossibility of endoscopic fol-
low-up for cancer are all arguments favoring esophageal
resection. Removal of the native esophagus seems advis-
able in children because of the risk of cancer in a long
life period. Conversely, the doubled mortality rate (11.0%
s 5.9%) of resection us by—pass”zzl, the possible damage
to the trachea and laryngeal nerve, and the low reported
incidence (3.2%) of esophageal malignancy, could sup-
port a conservative strategy. In children, reconstruction
with gastroplasty seems easier, and more functional fail-
ures can be expected with coloplasty[m’izsl. In developing
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countries, experienced pediatric surgical centers are not
widely available and this should be considered before
abandoning the conservative approach of dilatation.

Surgery for stomach injuries: The timing and type
of elective surgery for gastric outlet obstruction is still
controversial. Eatly surgery has been advised to decrease
mortality and morbidityw’lzﬂ. Conversely, elective surgery
eatlier than 3 mo has been considered risky because of
poor nutritional state and the presence of adhesions and
the edematous gastric wall®”. Moreover, assessment of
the limits of the gastric resection may be difficult, due to
ongoing fibrosis. Endoscopic balloon dilatation and/or
intralesional steroid injection have been proposed as
alternatives”""*. However, endoscopic gastric dilata-
tion should be considered a temporary substitute for
surgical resection because gastric wall fibrosis usually
diminishes the long-term functional result™™”"". More-
over, although dilatation averts surgery in less than 50%
of patients“m, perforation can occur in strictures longer
than 15 mm!"". Pyloroplasty has been recommended for
moderate strictures”” but progressive fibrosis causing re-
current stricture occurs frequently. Gastrojejunostomy is
a safer alternative to gastric resection in the presence of
extensive perigastric adhesion, an unhealthy duodenum,
and poor general condition; marginal ulceration is rarely
reportedm’m] possibly due to physiologic antrectomy
resulting from mucosal damagem. Partial gastric resec-
tion is preferred by many[m’mj for the long-term risk of
malignant transformation, though the need for gastric re-
section as prophylaxis against future malignancy has been
overstated in the literature™. Previous reports of gastric
carcinomas after acid ingestion are usually old and lim-
ited!™>", Regular follow-up and surveillance endoscopy
is a more reliable approach.

Late reconstructive surgery after emergency esopha-
gectomy: When the stomach has been removed or
shows chronic injuries, the use of a gastric tube for
esophageal reconstruction is obviously precluded. Recon-
struction is probably advisable at the end of the evolving
scarring process, usually after 6 mo, although the optimal
timing of reconstruction has been reported from 2 mo
to years”*""""* The functional success rate after colon
reconstruction at 5 years is 77% and the severity of the
initial insult or a delay more than 6 mo, may strongly
influence the outcome”. Coloplasty dysfunction is re-
sponsible for half of the failures, with an overall 70%
success rate after revision surgery in expert hands. An
emergency tracheostomy may have an adverse impact on
the outcome of a colopharyngoplastyﬂm. Secondary eso-
phagocoloplasty should be considered with good results
if intraoperative colon necrosis occurs at the time of pri-

. [140]
mary reconstructlon[ ].

CONCLUSION

Ingestion of corrosive substances is increasingly reported
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in developing countries, due to lack of education and
prevention. The relationship between symptoms and
severity of injury may be vague, and patients should be
carefully monitored, since esophageal or gastric perfora-
tions can occur at any time during the first 2 wk after
ingestion. Endoscopy is considered a cornerstone in the
diagnosis of corrosive ingestions, yet the indication for
carly endoscopy should likely be made on a case-by-case
basis. Reported discrepancies between endoscopic find-
ings and the extent of necrosis found at surgery suggest
the need for better criteria to improve patient selection
for emergency surgery. A CT scan may offer a promising
role in assessing the evolution of the injury and impend-
ing perforations. In suicide attempts, mortality is still high
and the need to perform emergency surgery for caustic
injuries has a persistent long-term negative impact both
on survival and functional outcome. However, timely
and early surgery may be the only hope for patients with
severe injuries, and a rather aggressive attitude should be
considered in such patients.

Main late sequelae include esophageal strictures, often
accompanied by undernourishment, especially in develop-
ing countries. The likelihood of a gastric outlet obstruc-
tion should always be kept in mind. The presence of se-
vere GER and of esophageal dysmotility may worsen the
prognosis. Stricture prevention by stents seems promising
but the experience s still limited. Systemic corticosteroids
offer no role. Endoscopic dilatation is usually successful
in achieving a patent esophageal lumen, but in complex
strictures several attempts must be carried out, and in
such patients bougies may be preferred to balloon dilata-
tion. A cut-off value for unsuccessful dilatation treatment
may be difficult to define, especially in developing coun-
tries, where alternative surgical options are not widely
available. Both an improvement in nutritional status and a
sustained esophageal patency should be considered refer-
ence points for a successful dilatation. Gastrostomy may
be lifesaving in this perspective. Mortality and morbidity
of esophageal replacement in patients not responding
to dilatation are low in expert hands. The preservation
of the native esophagus is still debated. When late re-
constructive surgery is carried out after early emergency
surgical treatment, the outcome is strongly influenced
by coloplasty dysfunction, responsible for half of the
failures. Risk of esophageal cancer after caustic ingestion
might be overestimated, yet endoscopic screening is still
recommended.
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