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Abstract

Caustic ingestion with resultant esophagitis and gastritis is still an important social and
medical problem due to early and long-term complications. This injury is seen frequently
as an accidental event and may also lead to psychosocial impacts, including antisocial
behavior, suicide attempts, criminal incarceration, and educational delinquency. It often
occurs as a result of uncontrolled and unsafe storage of materials used in household
cleaning. Despite the various treatment proposals, optimal management of the patients
remains controversial. The presentation of the depth and extent of injury with endos-
copy plays a key role in treatment planning. In the absence of life-threatening complica-
tions, the general approach is conservative management in the acute period. The most
common complications are esophageal stricture and gastric outlet obstruction. Different
treatment methods such as bougienage, stent application, balloon dilation, or esophageal
replacement are used in the treatment of the caustic esophageal strictures. The decision
of the least invasive method for the treatment of complications will reduce the potential
hazardous results.

Keywords: caustic, esophagitis, esophageal stenosis, pyloric stenosis

1. Introduction

Caustic ingestion, which can cause severe morbidity and mortality, is still an important prob-
lem worldwide, especially in developing countries, which have an uncontrolled market sell-
ing cheap cleaning solutions of unknown composition. Despite several educational and public
health initiatives to prevent caustic ingestion in children, in the United States (US), an esti-
mated 5000-15,000 cases of caustic ingestion (incidence 1.08 per 100,000) occur each year [1].
Caustic ingestion also imposes a severe economic burden in terms of medical costs, as children
with caustic injuries incurred hospital charges greater than $22 million US dollars in 2009.
It is thought that the total costs exceed these amounts when indirect costs such as parental lost
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income or lodging for parents during hospitalization of children are factored in. These injuries
may also lead to psychosocial impacts, including antisocial behavior, suicide attempts, crimi-
nal incarceration, and educational delinquency, as well as domestic problems such as family
break-up, relocation, or loss of employment. De Jong et al. reported that 50% of children who
ingested a caustic substance developed behavioral or educational problems [2]. Moreover,
25% of the families of severely affected children developed domestic problems [2]. Caustic
injury may occur via accidental ingestion or as a suicide attempt. Caustic injury is usually
more serious inpatients who attempted suicide as compared with accidental ingestion [3].
These cases usually occur in low income and poorly educated families [4]. The age distribu-
tion of caustic injury shows a bimodal pattern [1]. The first peak is seen in children between
1 and 5 years of age. In this period, injuries always occur due to accidental ingestion. De Jong
et al. reported caustic injured patients aged as young as 1 month [2]. This usually occurs due
to incorrect preparation of baby food with a liquid caustic substance accidentally in infancy or
the neonatal period [2, 5]. The second peak of distribution is seen during and after the pubertal
period; the majority of the cases are suicide attempts [6]. The type of ingested substances var-
ies by geography. While alkaline ingestion is usually seen in more developed countries, acidic
ingestion is seen usually in developing countries.

2. Etiology and pathophysiology

Caustic ingestion often occurs as a result of uncontrolled and unsafe storage of materials used
in household cleaning. The extent and outcome of caustic ingestion depends on the identity of
the caustic substance, as well as the concentration, the pH, the duration of contact between the
substance and tissue, and the physical form of the substance. Increased free oxygen radical
production, which arises due to ischemia and direct injury, leads to excessive tissue damage
in addition to direct injury from the substance. Increased tissue or blood levels of free oxy-
gen radicals have been demonstrated in different experimental studies [7-9]. Ischemic injury
occurs during the first 1-4 days, which is defined as the acute necrotic phase. Severe inflam-
mation, necrosis, edema, and hemorrhage are observed during this period. The second period
is the subacute phase, usually observed between 4 and 15 days of injury. Mucosal sloughing,
bacterial invasion, mucosal ulcer with fibrin crusts and increased granulation tissue due to
fibroplasia and increased collagen deposition are the main findings in the second period.
Because the aforementioned healing tissue is quite fragile, esophageal perforation or compli-
cations of endoscopy may occur during this period. Thus, endoscopy is only recommended
in the first 24—48 hours or 2 weeks after the injury. The chronic or cicatrization phase begins at
the end of the second week and may continue for several months.

The majority of reported cases are alkaline ingestions. Alkaline ingestion causes liquefaction
necrosis, saponification of fats, penetration into the deeper layers, denaturation of proteins,
emulsification of cellular membranes, and thrombosis of blood vessels [10]. Because of the
greater viscosity of alkaline substances compared to acidic substances, prolonged contact with
the substance often occurs in alkaline ingestion. Traditionally, alkaline substances cause tis-
sue damage at pH levels higher than 11.5. It has been reported that a 30% solution of sodium
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hydroxide is able to induce a full thickness injury in 1 second. Additionally, caustic injury may
occur with a lower concentration but a longer contact time. Mattos et al. demonstrated that
the level of macroscopic and microscopic injury mainly depends on the concentration used as
the aggressiveness of injuries gradually increases. Even a caustic soda solution at a concen-
tration of 1.83% is able to induce epithelial necrosis in 1 hour [11]. However, they concluded
that solution concentration revealed to be most important determinant in injury. Acidic injury
causes coagulation necrosis; this results in the formation of an eschar, which limits the depth
of penetration and injury. Injury related to acidic ingestion usually occurs with substances
with a pH <2. Because of protective effects of eschar formation and rapid transit to the stom-
ach due to low viscosity, acidic ingestion results in more gastric injury than alkaline ingestion.
Commonly, gastric injury and complications occur in patients who have ingested an acidic
substance, while alkaline ingestion is associated with esophageal injury and complications.
Although Temiz et al. diagnosed severe gastric injury in 40.27% of acid-ingesting patients and
in 10.71% of alkaline-ingesting patients, there was no difference in the rate of esophageal stric-
ture development between these patients [5]. However, Ciftci et al. reported that the gastric
outlet obstruction rate is higher with alkaline ingestion than acidic ingestion [12].

Caustic ingestion may also cause airway injury, resulting in laryngeal and lower airway
edema and respiratory distress [5, 6]. Additionally, fibroblast proliferation occurs as a result
of caustic injury due to alkaline or acid ingestion, resulting in circular and longitudinal con-
traction in the submucosal and muscular layers. The clinical manifestations are esophageal
stricture, gastric outlet obstruction, gastroesophageal reflux, and hiatal hernia [10].

3. Clinical presentation

Caustic ingestion is seen frequently as an accidental event in children, especially in low income
families. It usually occurs between 1 and 3 years of age [2]. The male/female ratio shows a male
predominance. Clinical presentations of caustic ingestion vary from no injury to fatal compli-
cations. The outcomes and clinical findings depend on the properties of the caustic substance
such as type, amount, physical form and depth, and extent of injury. Solid substances may
adhere to the mucosa and be difficult to swallow. Therefore, solid substances commonly cause
upper level damage, such as upper respiratory, oral cavity, or pharynx injury. Liquid sub-
stances may be swallowed easily. Thus, injury to the lower levels such as the esophagus or the
stomach occurs more frequently with liquid substances. In the early stage, patients may refer
with vomiting, excessive salivation, refusal to drink, apparent oral mucosal findings that vary
from mild hyperemia to severe edema and diffuse fibrin sheets on lips, oral, or oropharyngeal
mucosa [5, 13, 14]. Respiratory distress, stridor, hoarseness, aphonia, and dyspnea indicate
respiratory tract injury. Drooling, dysphagia, odynophagia, and chest or abdominal pain usu-
ally observed in severely injured patients. Nausea or hematemesis also may occur. Gaudreault
et al. reported severe esophageal burns in only 18-33% of patients with specific clinical signs
and symptoms of caustic injury [13]. They concluded that positive clinical signs or symptoms
cannot predict esophageal injury. Although they recommended endoscopic evaluation in
symptomatic patients, they did not suggest endoscopy for asymptomatic patients, especially
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those with a questionable history [13]. Temiz et al. reported severe esophageal injury in 19.3%
of patients with no symptoms whereas nearly 60% of their patients with significant physical
findings had no or mild esophageal injury [5]. Boskovic and Stankovic reported that 6.03% of
patients with normal clinical findings had severe esophageal injuries, whereas 66.6% of patients
with positive clinical findings had no or mild esophageal findings [15]. Additionally, severe
gastric injury was seen in 6.8% of caustic ingestion patients; 1.7% of them had no clinical signs
whereas 5.1% of them had positive clinical findings. These results show that the sensitivity and
specificity of clinical findings regarding esophageal injury are 74 and 73%, respectively, with a
positive predictive value of 0.33 and a negative predictive value of 0.66. They calculated these
values as sensitivity 75%, specificity 68%, positive predictive value 0.15, and negative predic-
tive value 0.97 for gastric injury [15]. Temiz et al. observed severe gastric injury in 18.5% of all
caustic ingestion patients; 3.9% of these patients had normal physical findings whereas 14.6%
of them had positive clinical findings [5]. Fifty percent of patients who developed gastric outlet
obstruction did not have physical findings [5]. They calculated the sensitivity and specificity of
clinical findings regarding severe esophageal injury as 80.6 and 32.8%, respectively. Also, they
reported the sensitivity and specificity of clinical findings regarding severe gastric injury as
75.7 and 29%, respectively. Severe complications, including severe esophageal or gastric injury
(especially transmural necrosis or perforation), should be considered in patients with abdomi-
nal/chest pain and hematemesis. More serious and fatal presentations secondary to caustic
ingestion, such as disseminate intravascular coagulation, tracheoesophageal fistula, brachioce-
phalic fistula, paralyzed vocal cords, and acute pancreatitis have been reported [16, 17].

Button battery ingestion seems to cause the most severe injuries. Button battery tends to
become lodged at areas of physiological narrowing in the gastrointestinal tract, such as
the pharyngoesophageal junction, gastroesophageal junction, pylorus, ligament of Treitz,
Meckel diverticulum or ileocecal valve (Figure 1a and b). Larger batteries usually tend to be
affixed in the esophagus, whereas smaller batteries pass into the stomach and intestine [18].
Especially, button batteries with a diameter of 20 mm or larger can become lodged in the
esophagus in children [19]. The complications associated with button battery ingestion are
the result of a combination of four mechanisms, including leakage of the alkaline substance,
absorption of the toxic substance, and necrosis secondary to either direct pressure from
the battery or electrical discharge [18]. Votteler et al. demonstrated that mucosal necrosis
occurred within 1 hour and ulceration within 2 hours of battery placement in an experimental
study [20]. Litovitz et al. reported that batteries become lodged within 4 hours of ingestion,
and esophageal perforation occurs 6 hours after ingestion [21]. These results are related to the
site at which the battery is lodged, the contact time and the possibility of heavy metal absorp-
tion [18, 20, 22]. The complications of esophageal impactions are more severe than those of
lower gastrointestinal impactions. The most dangerous complications, such as esophageal or
aortic perforation, trachea-esophageal fistula, hemorrhagic shock, severe esophageal bleed-
ing, and vocal cord paralysis, have been observed in patients with esophageal button battery
impactions [19]. Fatal aorto esophageal fistula and perforation of the brachiocephalic artery
secondary to button battery ingestion have been reported in children [23, 24].

The clinical complaints of late presenting patients are slightly different. Generally, after 3 weeks,
the patients may admit with dysphagia, vomiting, or respiratory problems [25]. These complaints
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Figure 1. Perforation of Meckel’s diverticulum by button battery (a) and caustic injury of adjacent intestinal segments (b).

indicate late complications such as esophageal stricture, gastric outlet obstruction, or gastroesopha-
geal reflux. Late complications especially esophageal strictures or gastric outlet obstructions cause
dysphagia, insufficient oral intake or vomiting. Malnutrition, growth retardation, feeding intoler-
ance, dehydration or liquid and electrolyte imbalance may develop secondary to these symptoms
and complications. Obstructive complications usually occur at the level of physiological narrow-
ing of the gastrointestinal tract, especially at three esophageal narrowing and the pylorus.

3.1. Staging

Staging is important to separate severely injured patients from mildly injured or healthy chil-
dren. The classification of patients allows for the identification of patients at risk of developing
early or late complications. Several different grading systems have been described and sug-
gested in previous studies [26, 27]. The modification of the method of Di Costanzo grading
system is summarized in Table 1 [5, 28]. All classifications based on endoscopic findings have
been prepared on the basis of mucosal findings, mucosal involvement, and the depth of injury.

Grade Findings

0 Normal

1 Mucosal edema
Hyperemia

2a Hemorrhagic mucosa
Bullous mucosa
Exudates

Fibrinous membranes
Superficial ulceration

2b Circumferential ulceration (addition to the grade 2a)

3 Scattered small necrotic area
Hemorrhagic black or brown mucosa

Table 1. Modify Di Costanzo classification [5, 28].
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Most researchers make modifications to previously described grading systems [3, 28]. The most
preferred staging systems were Di Costanzo and Zargar grading system or their modifications
[3, 10, 26-29]. Additionally, Ryu et al. have described a classification according to computed
tomography findings. Computed tomography has been suggested to be more effective for the
evaluation of transmural injuries to esophagus and stomach as well as necrosis [30, 31]. In our
opinion, this type of imaging is advantageous in selected cases, especially in patients with necro-
sis or perforation, although the radiation effects of computed tomography must be considered.

3.2. Complications

The complications that develop secondary to caustic ingestion are divided into early and
long-term complications. Early complications are usually related to the acute effects of the
caustic substance, which generally manifest as tissue necrosis. Chemical pneumonitis, atel-
ectasis, aspiration pneumonia, and dysphagia are some of early complications due to the
acute effects of ingestion [2]. Tracheoesophageal fistula is another early stage complication.
Poley et al. detected severe systemic complications more frequently among patients who
ingested acidic substances than those who drank alkaline substances in their report on ado-
lescent and adult patients [28]. They reported renal insufficiently, hepatic dysfunction, dif-
fuse intravascular coagulation, and hemolysis as systemic complications [28]. These authors
reported 16% overall mortality. They showed a worse death rate with the ingestion of acidic
substances compared with alkaline substances (14 vs. 2%); 11% of overall mortality was
related to systemic complications [28]. Early complications may also have catastrophic con-
sequences, and some complications can result in death [23]. Ulceration, edema, gastrointes-
tinal hemorrhage, total loss of the vocal cord, vocal cord paresis, denuded epiglottis, aorta
esophageal fistula, esophageal perforation, perforation of Meckel’s diverticulum, and per-
foration of the brachiocephalic artery are early stage complications that have been reported
previously [18, 19, 24, 32-37]. Acute pancreatitis has been reported as an early complication
secondary to accidental caustic ingestion in a young adult [16]. Skin injuries are seen in some
cases (Figure 2a and b).

(b)

Figure 2. Injury of the neck (a) and back (b) resulting from casting onto the skin during caustic ingestion.



Caustic Ingestion 133
http://dx.doi.org/10.5772/67526

Long-term complications usually develop 3 weeks after the injury. Most commonly, stric-
tures occur due to increased fibrosis in the injured area. The esophagus is the most severely
affected gastrointestinal segment in most caustic ingestion patients. Therefore, the majority
of upper gastrointestinal strictures secondary to caustic ingestion develop in the esophagus.
Esophageal strictures may involve a short segment (usually accepted as shorter than two
vertebral bodies in length) or a long segment (described as more than two vertebral bodies
in length), or even the whole esophagus [38, 39] (Figure 3a—d). The rate of esophageal stric-
ture has been reported to be between 2 and 63% in different series [2, 13, 29, 40-42]. Baskin
et al. reported that 4.7% of grade-2a injured patients and 26% of grade 2b injured patients

(a) (b)

()

Figure 3. Barium meal studies reveal short segment (a and b) and long segment (c and d) stricture of esophagus in 7 years
old boy and 15 years old girl respectively.
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develop esophageal strictures [29]. Huang et al. reported that all grade 2 and 3 injured
patients develop esophageal strictures [40]. Temiz et al. showed an esophageal stricture
rate of 32.1 and 100%, respectively, in patients with grade 2b and 3 injuries [5]. The second
most common level of upper gastrointestinal stricture due to caustic ingestion is the pylorus
(Figure 4). This usually occurs due to accumulation of the ingested substance at the antrum
or pylorus level. Several studies have reported that the overall incidence of gastric outlet
obstruction is between 5 and 10% [12, 43—45]. Temiz et al. showed a pyloric obstruction rate
of 15.7% in patients with severe gastric injury [5]. Gastric outlet obstruction may present
with gastroesophageal reflux symptoms. The third long-term complication of caustic inges-
tion is gastroesophageal reflux and hiatal hernia (Figure 5). It occurs as a result of esopha-
geal shortening and retraction due to the inflammation and fibrosis that develop secondary
to the ingestion injury. Progressive inflammation and fibrosis may cause disruption of His’
angle and even a hiatal hernia. This clinical presentation may cause growth retardation or
the inability to eat. Also, gastroesophageal reflux may increase the rate of esophageal stric-
ture and influence the response to the treatment of esophageal stricture.

Esophageal carcinoma is another long-term complication [46—48]. This is usually squamous
cell carcinoma. Appelqvist and Salmo showed in patients that had ingested lye (the mean
age of patients at the time of lye ingestion was 6.2) that the mean latent period between
ingestion and esophageal carcinoma was 41 years [46]. Moreover, 84% of these patients
had squamous cell carcinoma at the middle part of esophagus. Kochhar et al. reported
two patients with esophageal carcinoma after acidic agent ingestion [49]. Patients with
esophageal strictures secondary to caustic ingestion have more than a 1000-fold risk of

Figure 4. Barium meal study reveals pyloric stenosis secondary to the acidic substance ingestion.
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TREN REFLU VAR

Figure 5. Gastroesophageal reflux and sliding type of hiatal hernia is presented by contrast study.

developing esophageal carcinoma [49]. Appelqvist et al. reviewed a total of 2414 patients
with esophageal carcinoma and found that 2.6% of them had a history of caustic injury of
the esophagus [46].

4. Diagnostic methods

Several techniques and methods, including laboratory tests, radiological studies, scintigra-
phy, and endoscopy, are used to determine the severity and depth of injury.

4.1. Laboratory

White blood cell count, C-reactive protein, plasma creatinine level, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and blood gases are usually assessed in serious cases.
These tests can be used both in diagnosis and in management to define whether the patient
has developed complications. High white blood cell counts (>20,000 cells/mm?), low arterial
pH (<7.22), and low base excess (< —12) are considered signs of serious esophageal injury in
adults [50, 51]. However there is no clinical study that examined the relation of laboratory
findings and caustic injury level. Laboratory tests are also used for the detection and monitor-
ing of systemic and metabolic complications such as liver damage or renal insufficiency [28].
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4.2. Endoscopy

Several studies have indicated that clinical signs are not helpful in predicting the degree of
injury and late complications. However, the necessity for endoscopy has been discussed in the
literature previously; esophagogastroduodenoscopy is still the most preferred and effective
diagnostic practice and approach [4, 5, 28, 53] It is based on direct visualization and staging of
injury according to the grading system previously described. It can be performed using a rigid
or flexible endoscope. While only the esophagus can be seen by rigid endoscopes, both the
esophagus and the stomach can be seen with a flexible endoscope. It is recommended within
the first 24-48 hours after injury. The burned area of the esophagus is weakest between days
7 and 21 after injury [2]. Due to the high frequency of complications related with endoscopy,
such as fistulas, perforation or bleeding, it is not recommended in patients with high grade
injuries [2]. Moreover, it is usually recommended to stop endoscopy at the first severe cir-
cumferential burn because of the risk of complications [2, 52]. Poley et al. reported that the
esophagus was the most severely affected segment of the upper gastrointestinal tract in 79%
of their patients [28]. Injury to the stomach, especially the fundus and body, was relatively
common. They observed damage to the duodenum only in 6% of their patients [28]. Dogan
et al. observed gastric injury in 17.1% of patients [53]. Urganci et al. reported normal or mild
injury (57%), severe esophagitis (19.1%), erosive gastritis (4.3%), gastric necrosis (0.3%),
esophagogastritis (3.7%), and esophagogastroduodenitis (4%) in their series [4]. Temiz et al.
reported that 18.4% of patients with severe esophageal injury likewise had severe gastric
injury (Figure 6a—d). Also, 3.4% of their patients had more severe damage to the stomach than
to the esophagus [5]. They performed complete upper gastrointestinal endoscopy to avoid
overlooking a gastric injury, even in patients with severe esophageal damage. They reported
that there were no complications due to late or complete endoscopy, even in severely dam-
aged patients [5]. There are many articles about esophageal endoscopic findings, but there
are limited studies providing gastric findings after caustic ingestion in children [5, 28]. Poley
reported that normal findings or mild esophageal injury was found in 40% of patients, while
this value was 80% in a study by Boskovic [15, 28]. Dogan et al. reported normal or mild injury
in 47.5% of patients [53]. Temiz et al. reported that 43.2% of their patients had normal or mild
esophagitis demonstrated by endoscopy, while they all presented with positive clinical find-
ings [5]. In this way, unnecessary hospitalization was prevented by endoscopy [5, 15, 28].
Also, endoscopy can be used for planning the treatment of possible complications such as
early dilation of the esophagus in severely injured patients [5, 54]. Radiologically suspected
or proven gastrointestinal perforations, severe respiratory injury with distress, poor general
condition or metabolic imbalance are accepted as contraindications of endoscopy. However,
endoscopy can be performed under sedation within a short period of time. The rate of com-
plications related to endoscopy is very low. Bleeding, perforation, and mucosal tears are com-
plications of endoscopy. Igbal et al. reported a 0.06% rate of complications in all endoscopy
procedures, regardless of the indication [55]. Although Dogan et al. reported that esophageal
perforation occurred after endoscopy in one patient (0.21%), most of the articles which exam-
ined the results of endoscopy in caustic ingestion patients reported no complications [5, 15, 28,
53]. Although many articles have emphasized the importance of early endoscopy in planning
the treatment strategy, some centers do not offer early endoscopic examination, claiming that
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Figure 6. Endoscopy demonstrated the severe caustic injury in the esophagus (a) antrum and pylorus (b). Pylorus
narrowing was observed in the control endoscopy (c). A pint point appearance of pylorus in a patient admitted during
the past period (d).

endoscopic findings do not change treatment strategies [14, 42, 56]. Additionally, the risk of
general anesthesia and the complications of endoscopy are avoided using these protocols [42].
Lamireau et al. reported that the absence of symptoms was always associated with no or mini-
mal lesions in their patients. Therefore, they did not recommend endoscopy in asymptomatic
patients, especially in developed countries [14]. In the same way, Gupta et al. reported that all
patients with clinically significant injuries were symptomatic. Also, all asymptomatic patients
had normal findings on endoscopic examinations [56].

4.3. Scintigraphy

In the last two decades, clinical and experimental studies have been performed assess-
ing the value of scintigraphic evaluation and detection of caustic injury of the esophagus
[57, 58]. Millar et al. performed a prospective clinical study to assess whether sucralfate
has an affinity for the chemically injured esophagus and to assess the accuracy of radiola-
beled sucralfate as an indicator of the presence and extent of esophageal injury [57]. They
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found that technetium-99m scintigraphy is an accurate diagnostic method to assess caus-
tic esophageal injury [57]. Technetium-99m pyrophosphate scintigraphy has been used in
diagnostic studies on the detection of caustic esophageal injury [58, 59].

In the late period, scintigraphic studies may be used to evaluate esophageal transit time,
gastric emptying and gastroesophageal reflux, which are common complications [60].
Technetium-99m sulfur colloid in milk or formula is often used for gastrointestinal scinti-
graphic studies [61]. Kochhar et al. performed a study to assess esophageal motor dysfunction
in patients with corrosive esophageal stricture. They used segmental and total esophagus
transit time. They found that esophageal transit time is prolonged in one-third of patients
with corrosive injury-induced esophageal strictures despite adequate esophageal dilatation.
They also reported that these findings were correlated with the length of the stricture and the
severity of dysphagia [62].

4.4. Radiology

Several radiological modalities are used to define early and late complications. These stud-
ies vary from simple plain chest or abdominal X-ray to complex contrast studies such as cine
esophagography or computerized tomography.

4.4.1. Chest X-ray, erect abdominal X-ray

Pneumothorax, pneumomediastinum, or pneumoperitoneum, which are signs of esopha-
geal or gastric perforation, can be observed. These methods are often used in patients with
hematemesis.

4.4.2. Esophagogastrography

This is useful for the demonstration of early or late complications. Esophageal stenosis, hiatal
hernia, gastroesophageal reflux, pyloric stenosis, esophageal perforation, gastric perforation
or tracheoesophageal fistula can be demonstrated with contrast studies. Traditional esopha-
gography may not show pathology in some cases. In these situations, cine esophagography
may be helpful (Figure 7). In suspected patients, the uses of water-soluble substances, which
are less irritant than barium, are preferred for the demonstration of esophageal or gastric
perforation (Figure 8). However, more radiologic details with better images are obtained with
barium meal studies. Contrast studies are also used to determine the location and length of
the esophageal stricture (Figure 9a and b).

4.4.3. Ultrasonography (US)

There have been some studies that focused on the utility of endoscopic esophageal or gastric
miniprobe US to predict of outcomes of caustic injury [63-66]. The basis for this method is to
evaluate the integrity of the mucosa and deeper muscle layers or to assess gastric wall thick-
ness. Endoscopic ultrasonographic findings are classified as grade-1 when involving only the
mucosal edema and grade-2 and grade-3 with destruction of the muscular layers. Grades 2
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Figure 7. Tracheoesophageal fistula was described by cine esophagography.

09
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Figure 8. Contrast meal study revealed esophageal perforation after dilatation session.
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(a)

FRAME= 14

Figure 9. (a) and (b) Multiple and long segment strictures of esophagus were showed by esophagography.

and 3 are associated with the development of future esophageal or gastric strictures [63-66].
However, Chiu et al. reported that US does not increase the accuracy of predicting early or
late complications when used in conjunction with conventional endoscopic observation [66].

4.4.4. Computerized tomography (CT)

CT is usually used to define transmural injury and the extent of necrosis in patients with
complications such as esophageal or gastric perforations due to caustic ingestion. Ryu et al.
recently described a grading system to predict late complications after caustic ingestion [30].

5. Treatment

The treatment approach to caustic ingestion can be divided into two stages: acute manage-
ment and the treatment of complications.

5.1. Acute management

The acute management of caustic ingestion is based on the general principles of acute trauma
life support guidelines. The aim of this approach is the stabilization of vital functions. This
includes continuity of the airway and respiratory function and controlling the circulation.
Hemodynamic and respiratory stabilization should be priority aims. Endotracheal intuba-
tion may be necessary in patients with severe airway caustic injury. Intubation can be dif-
ficult in patients with a severely affected airway. Fiber optic laryngoscopy may provide direct
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visualization and safe intubation. Thus, the complications that occur secondary to blind
intubation may be prevented [6, 10]. Oral feeding is discontinued and adequate intravenous
fluid replacement should be provided [10, 31]. A detailed history and identification and mea-
surement of the pH level of the ingested caustic substance will provide information about
the severity of the injury. Chest and erect abdominal X-ray should be performed to look for
pneumomediastinum, pneumothorax, and pneumoperitoneum, which indicate esophageal or
gastric perforation. pH neutralization is not recommended, because it can increase damage
by direct effects on the mucosa. This may also cause emesis and vomiting, which may cause
recurrent injury to the esophagus [10]. Nasogastric decompression is recommended to pre-
vent vomiting and to provide gastric decompression. However, the benefits have not been
conclusively shown. It may be used as a stent in severe circumferential injury. The placement
of nasogastric tubes is recommended under endoscopic visualization to prevent esophageal
perforation. Oral feeding is still controversial. The authors who believe in the necessity of
endoscopy recommend feeding after endoscopy if the findings are normal or mild [5, 53].
In patients with severe esophagitis, enteral nutrition may be applied via a nasogastric tube.
However, some authors prefer enteral nutrition without endoscopy for patients who are
able to swallow their saliva easily [42]. They perform barium contrast esophagography after
3 weeks. In cases of esophageal or gastric stricture, endoscopy and dilatation are performed
[42]. Total parenteral nutrition is preferred in patients with severe gastric injury or who are
intolerant to enteral nutrition with normal gastroscopic findings [5, 42]. Proton pump inhibi-
tors or H, antagonists are usually recommended to prevent possible gastroesophageal injury
or stress ulcers [25, 29, 31]. However, the beneficial effects of agents that reduce gastric pH
levels remain unclear. Broad spectrum antibiotics are preferred by many authors, especially
in patients with airway injury [5, 6, 25]. However, there is no evidence that antibiotics reduce
infections of the injured area or the rate of stricture formation. The benefits of corticosteroids
are still controversial. Two different studies that presented a meta-analysis of the literature
regarding the use of corticosteroids in caustic injury showed that steroids do not have ben-
eficial effects [67, 68]. Anderson et al. found that there is no benefit from the use of steroids
in caustic injured patients regarding the rate of stricture formation [69]. However, there are
also studies presenting the opposite opinion. Mamede et al. found that antibiotics combined
with corticosteroids reduced the incidence of stenosis [70]. These authors reported infection
and gastrointestinal bleeding as side effects of corticosteroids, especially in patients who had
ingested large amounts of a caustic substance. Bautista et al. also reported that dexamethasone
had better effects than prednisone [71]. Usta et al. investigated the effects of a high dose meth-
ylprednisolone (1 g/1.73 m?) on caustic esophageal burns [72]. They found that the stricture
development rate and the duration of total parenteral nutrition were statistically significantly
low in the methylprednisolone group [72]. Boukthir et al. reported that high dose methyl-
prednisolone seems to improve the prognosis and prevent stricture formation in grade-2b
injured patients [73]. Another situation is the treatment of metabolic complications of caustic
injury including renal insufficiency, hepatic dysfunction, diffuse intravascular coagulation,
and hemolysis or acute pancreatitis. Supportive care and medication are important [28]. Blood
and blood product replacement, hemodialysis and other medications are arranged depending
on the clinical and laboratory findings of the patient.
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5.2. Treatment of complications
5.2.1. Acute complications

The most severe acute complications are esophageal and gastric perforations. These compli-
cations are diagnosed by regular chest or abdominal X-ray. Esophageal perforation is com-
monly described in adult patients. Aggressive surgical interventions such as esophagectomy
or esophagostomy are recommended in adults with esophageal perforation [74, 75]. It is
known that more conservative treatment modalities are preferred in several diseases in chil-
dren. Tube thoracostomy into the pleural space or mediastinum may be performed. However,
gastric perforation due to caustic ingestion is more often reported than esophageal perfora-
tion in children [76-78]. It is diagnosed by a pneumoperitoneum under the diaphragm and
requires immediate surgery. Partial or total gastrectomy with roux-n-y gastrojejunostomy or
esophagojejunostomy or different gastrointestinal reconstruction procedures may required.

5.2.2. Esophageal stricture

Esophageal stricture is most serious complication of caustic ingestion. It usually occurs in
patients with grade 2a and more severe injury. Various treatment approaches ranging from
minimally invasive methods such as balloon dilatation to aggressive surgery such as colonic
transposition have been described.

5.2.2.1. Dilatation

Bougienage has traditionally been used as a first step in the treatment of esophageal stric-
ture. Bougienage can be performed both antegradely by using Savary-Gilliard dilatators over
a guide wire and retrogradely via gastrostomy. Balloon dilatation has recently become the
most common and preferred method of dilatation [38, 79-81]. The dilatation force is applied
equally and radially at the esophageal wall with balloon dilatation; rigid dilatators induce
axial, radial, and shearing force [80, 82 ]. Balloon dilation can be performed easily with low
complication rates in experienced hands. Esophageal perforation is the most serious compli-
cation of esophageal balloon dilatation and has been reported to occur in 0.33-45% of balloon
dilatation sessions in previous studies [38, 80, 83, 84]. Esophageal perforations usually occur
in patients with delayed treatment or with long segment strictures that have become fibrotic.
Esophageal perforations that occur secondary to dilatation are almost always treated with
a conservative approach [38, 76, 79]. Respiratory distress, fever, or severe chest pain could
cause a perforation after dilatation. Chest X-ray may reveal pneumothorax or pneumome-
diastinum. Treatment with broad spectrum antibiotics and the interruption of feeding are
the initial treatment steps. Chest tube insertion may be required in respiratory distress or
in the presence of pleural effusion. However, complication rates can be reduced by using
a staged dilatation, i.e., gradually increasing the diameter over consecutive sessions to the
required balloon diameter with experienced hands [38, 79]. It is known as remodeling time;
stabilization of the esophageal stricture requires between 6 months and 3 years. In light of
this information, long-term dilatation may be required in severe cases [38, 85]. Giindogdu
et al. reported that the success rate of conservative approach was higher in patients younger
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than 8 years of age, and in strictures due to caustics other than lye involving upper third
portion and less than 5 cm of length [85]. Repeated hospitalization and general anesthesia
are accepted as disadvantages of long-term dilatation. Doo et al. reported a 91% technical
success rate and a 64% clinical success rate [84]. Kim et al. obtained a 100% technical suc-
cess rate and a 46% clinical success rate in their patients [39]. However, Alshammari et al.
reported a 33% failure rates for balloon dilatation of caustic esophageal strictures [86]. Temiz
et al. reported the results of long-term dilatation up to 4 years; full recovery occurred with
long-term dilatation [38]. The author suggested that balloon dilatation is a safe and effec-
tive method and that the dilatation program should be carried out for at least 2 years before
deciding that dilatation has failed [38]. Tiryaki et al. reported their experience with early pro-
phylactic bougienage methods. They found that the strictures had resolved after 6 months
of dilatation in patients initially treated prophylactically with early bougienage, whereas
stricture resolution did not occur for more than 1 year in patients in whom dilatation began
after stricture development [54]. Uygun et al. evaluated their early and late dilatation results
in patients with short and long segments caustic esophageal strictures [79]. They reported
a 100% success rate. Also, they reported that treatment with early balloon dilatation was
significantly faster and shorter than that in the late dilatation group, and short stricture treat-
ment was also of significantly shorter duration than long stricture treatment [79]. However,
there are no controlled data to support the use of early dilatation, which could increase the
risk of perforation [87].

Balloon dilatation is usually performed as one dilatation every 3 weeks for the first 3 months
with subsequent modifications as required thereafter [88]. However, the patient’s complaints
and clinical condition are the most influential factor on the frequency of sessions. Temiz et al.
reported that dilatations were performed weekly initially [38]. Eventually, balloon dilatation
will be accepted as a safe and effective treatment modality with a low rate of complications
for caustic esophageal strictures [38, 42, 79, 89].

5.2.2.1.1. Balloon dilatation technique

This operation is performed under general anesthesia. The radiopaque guide wire is intro-
duced fluoroscopically or endoscopically to the stomach. The balloon catheter is pushed over
the wire and placed in the stricture. Then, the balloon is inflated with radiocontrast solution.
The balloon is inflated until a flattening of the hourglass deformity of the stricture observed
for 2-4 minutes [38, 42] (Figure 10a—c). The same procedure is applied at each location for
multiple or long segment strictures. The first dilatation starts with the smallest balloon even
4 or 6 mm diameter. The balloon sizes are increased to the appropriate diameter equal to the
patient’s esophageal diameter, defined by the thumb rule, i.e., the esophageal diameter is
equal to the diameter of the patient’s own thumb [42, 90].

5.2.2.2. Stenting

Intraluminal esophageal stenting is an option in cases of intractable strictures. It should be men-
tioned that stenting should be continued until complete esophageal healing. Therefore, stenting
is a long-term treatment strategy. Mutaf reported outcomes with polytetrafluorethylene stents
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(c)

Figure 10. (a)—(c) The balloon catheter is pushed over the wire and placed in the stricture. Then, the balloon is inflated
with radiocontrast solution until a flattening of the hourglass deformity.

5 mm in diameter or larger [88]. The stent was replaced with a 1 mm larger stent every third
week, and was left in place for 1 year after a stent diameter of 10 mm was reached. However,
stent placement is usually applied after dilatation session in different series [91-93]. Using
this method, a success rate of 68% was reported. Atabek et al. also reported that 72.7% of their
patients resumed normal feeding after 9-14 months of stenting. So, long-term stenting is an
effective method to reduce the necessity for major surgical intervention for recalcitrant esoph-
ageal strictures [91]. Foschia et al. reported an 86.6% success rate with dynamic stents. They
claimed that stenting reduces the necessity of dilatation sessions [92]. Gastroesophageal reflux
and poor patient compliance are the most commonly encountered causes of stenting failure [88].
However, stents can worsen esophagitis by increasing reflux. The migration of stents, sialor-
rhea, retching, esophageal subclavian fistula, stent dislocation and perforation, soft plate injury,
swallowing difficulties, chest pain, and vomiting are the reported complications [88, 91, 93].
Zhang et al. reported complete improvement in all their limited number of patients with self-
expanding stents without serious complications [94]. Recently, self-expandable, biodegradable
stents have become available and usable for the treatment of esophageal strictures. Stent integ-



Caustic Ingestion
http://dx.doi.org/10.5772/67526

rity and a radial force that continues for 6-8 weeks are seen as the advantages of the approach
[87]. However, there have been no controlled trials yet on these stents.

5.2.2.3. Topical mitomycin C and steroid treatment

These options are based on their antifibroblastic properties, with a preventive effect on col-
lagen synthesis and chronic scarring [42, 95-97]. El-Asmar et al. performed a double-blinded,
randomized, placebo-controlled trial on the effects of topical mitomycin C application in
patients with caustic esophageal strictures [98]. They found that topical mitomycin C appli-
cation statistically significantly reduced the number of dilatation sessions. Mitomycin C is
usually recommended at a dose of 0.4 mg/ml, which is applied with cotton or a pledget via
a rigid endoscope [98, 99]. Additionally, submucosal application of triamcinolone acetonide,
a member of the steroid family, has been used in patients with refractory caustic strictures.
It can be applied together with endoscopic dilation [42, 97]. In the treatment approach, 2 ml
(40 mg/ml) of triamcinolone acetonide is injected into quadrant 3 or 4 of the esophageal stric-
ture at intervals of 2 or 3 weeks until full recovery [42].

5.2.2.4. Surgery

It is well established that the child’s own esophagus is the ideal option and the esophagus
should be preserved without any replacement for native esophagus [100-103]. The ideal organ
to be used for replacement is expected to deliver food efficiently from the mouth to the intes-
tinal system, to be resistant to stomach acid, grow parallel to the child, preserving cardiac and
respiratory functions [101, 102]. The indication of esophageal replacement in patients with
caustic stricture is failure of normal swallowing [100] (Figure 11a and b). Although multiple
strictures, longer than 5-cm stricture and tortuous strictures, which do not allow to passage
of the guidewire are the contraindications of esophageal dilatation, it is still controversial

Figure 11. Complete obstruction of the cervical esophagus prevents oral feeding. Posterior-anterior (a) and lateral
(b) frame of obstruction.
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[38, 100]. Psychological problems may also occur secondary to prolonged dilatation, which
required repeated anesthesia are other indications for esophageal replacement [100]. Spitz
reported that necessity of regular dilatation for 6-12 months following the ingestion consti-
tuted an indication for esophageal replacement in caustic esophageal injury [104]. Gundogdu
et al. suggested that difficulty to swallow saliva, total or nearly total obliteration of the lumen
involving more than 3 cm of an esophagus at admittance, difficulty in swallowing within
one-month period following the recent dilation after completion of one-year dilation program
were the main indications of esophageal replacement [105]. Social and psychological prob-
lems due to the lack of normal feeding or swallow, interrupted schooling and domestic family
problems secondary to prolonged and multiple hospital admissions may be also considered
other reasons of esophageal substations [102].

Surgical techniques include resection and end-to-end anastomosis, colonic or jejunal inter-
position, reversed gastric tube, or gastric transposition have been described for esophageal
replacement in patients with resistant strictures [100, 104, 106]. Although the colon is the
most commonly used intestinal component, progressively increased gastric transposition
has been reported in recent years. Colonic interposition can be performed in the posterior
mediastinum with transhiatal esophagectomy. It can be also done retrosternally by leaving
the native esophagus.

Various segments of the colon can be used depending on the discretion of the surgeon
[107, 108]. Ergiin et al. used the left colon in 75% of their patients, while Bothereau et al.
performed right colonic interposition in 87% of their patients [107, 108]. However, the lat-
ter authors reported no statistically significant difference in the complication rates [108].
Complications of colonic transposition are also frequently seen. Hamza et al. reported 1%
mortality due to postoperative respiratory problems or sepsis [100]. Bothereau et al. reported
4% mortality secondary to complications [108]. Complications are classified under three
main titles as early, late, and long-term complications. Early complications are defined as
those occurred within the first month of surgery, while late complications are those occurred
between 1 month and 1 year after surgery. Complications are described as long-term, while
occurring more than 1 year after operation [109]. Complications of colonic interposition are
summarized in Table 2 [100, 107-112]. Cervical anastomotic leakage, adhesive intestinal
obstructions, coloesophageal stricture, redundancy, gastrocolic reflux, and graft necrosis
are the most common complications (Figures 12 and 13a and b). Furthermore, several sug-
gestions have been made to reduce the rate of complications. Ergiin et al. reported that the
incidence of cervical anastomotic stricture was significantly lower by two-stage procedure.
Bothereau et al. showed the upper thoracic inlet enlargement by resection of manubrium
and tip of left clavicle to reduce the rate of complications in colonic interposition [108]. Also,
Chirica et al. reported that the absence of thoracic inlet enlargement, delayed reconstruction
were associated with an increased risk of early and late complications in adults [113].

Gastric transposition is another choice of surgical treatment. The method popularized by
Spitz et al. which is the largest-scale study, has been increasingly utilized in recent years
[103]. It is based on the good blood supply of the stomach. The right gastric and gastro-
epiploic vessels are preserved, and the left gastric and left gastroepiploic vessels are ligated.
After the stomach is fully mobilized and passed transhiatal, posterior mediastinally, fundus
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Intraoperative complication

Early complications

Late complications

Long-term complication

Pneumothorax

Tracheal injury

Major bleeding

Recurrent laryngeal injury
Death

Greft necrosis

Respiratory failure
Gstrocolic reflux

Sepsis

Fistula

Cervical anastomotic stricture
Cologastric anastomosis stricture
Dehiscence of colocolic anastomosis

Dehiscence of cologastric anastomosis

Dumping syndrome
Intussusception
Enterocutaneous fistula
Biliary reflux
Anastomotic stricture
Reflux

Redundancy

Ulceration

Greft hernia into the pleura
Intestinal obstruction
Aspiration pneumonia
Incisional hernia
Postprandial neck bulge
Relux

Dysphagia

Pain

Nocturnal regurgitation
Redundancy
Anastomotic stricture
Ulceration

Scoliosis

Malnutrition

Table 2. Complications of colonic interposition [100, 107-112].
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Figure 13. Colonic redundancy after coloesophagoplasty. Thoracic (a) and abdominal (b) appearance.
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is pulled up from the cervical incision. Anastomosis between the stomach and esophagus
is performed between the gastric fundus, which is easily mobilized and has a good blood
supply and the cervical esophagus. Pyloroplasty or pyloromyotomy is carried out with the
aim of facilitating gastric emptying [101, 102, 104]. Gastric transposition can usually be per-
formed without thoracotomy. Spitz et al. performed thoracotomy in selected patients, due
to dense fibrous tissues [114]. The most common complications of total gastric transposi-
tion up are the anastomotic leakage, stenosis, swallowing disorders, delayed gastric empty-
ing, and mortality [101, 103, 114, 115]. Anastomotic leakage usually resolves spontaneously,
while it requires surgical correction in a few cases [114, 115]. Stenosis usually improves with
anumber of dilatation sessions [114, 115]. Spitz reported that 94% of patients with swallowing
difficulties experienced major swallowing problems before the gastric transposition. Severe
gastric emptying problem may require converting to the pyloroplasty or Roux-en-Y gastro-
jejunostomy [103]. Spitz found the result of gastric transpositions to be good to excellent in
terms of absence of swallowing difficulties or other gastrointestinal symptoms in 90% of their
patients [114]. In another study, Marujo reported excellent and good results in 85 and 15%
of patients, respectively [115]. In addition, Angotti et al. reported that all patients had gain
weight and height postoperatively [101]. Davenport et al. also reported the long-term results
of gastric transposition and showed that gastric transposition allowed satisfactory growth
and nutrition for the majority of children [116]. The authors also observed respiratory symp-
toms in a number of patients and suggested that respiratory symptoms were related to small
lung volume, rather than an increased airway resistance. In another study, Tannuri et al.
compared esophagocoloplasty and gastric transposition in terms of early complications and
mortality [117]. The authors reported that minor complications were statistically significantly
higher in colonic transposition, while the rate of major complications was statistically signifi-
cantly higher in gastric transposition. However, they found no significant difference in the
mortality rates between the groups. Hence, they recommended esophagocoloplasty based on
their experiences.

5.2.3. Gastric outlet obstruction

Gastric injury is less encountered than esophageal injury in caustic ingestion. Gastric outlet
obstruction may develop as early as 3 weeks or as late as 10 weeks [118]. Endoscopy is rec-
ommended to diagnose the gastric injury and to tailor the treatment modality. There are two
different approaches including minimal invasive technique, endoscopic balloon dilatation of
the obstruction, and surgical intervention to resolve the obstructions [43, 45, 119, 120].

5.2.3.1. Endoscopic dilatation

On the other hand, there is limited experience on endoscopic treatment of gastric outlet obstruc-
tion secondary to the caustic ingestion in children. Treem et al. reported successful treatment
outcomes of pyloric obstruction secondary to caustic ingestion with endoscopy-guided balloon
dilatation before three decades. Nasr et al. also reported two patients who underwent endo-
scopic dilatation; one of them improved only with dilatation. Dehghani et al. reported a patient
with pyloric stenosis treated with balloon dilatation [118]. The authors achieved normal pyloric
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canal after four dilatation sessions. In another study, Temiz et al. attempted endoscopic dilatation
in seven patients with corrosive stricture, and performed successful dilatation in five of them
[119]. However, symptoms of pyloric obstruction recurred in three patients. Due to the inability
to pass the guidewire through the pylorus, they were unable to reperform dilatation. Despite
low successful rates, the authors recommended endoscopic balloon dilatation before a surgical
intervention.

5.2.3.2. Technique of balloon dilatation

Endoscopy is performed under general anesthesia. After focusing on the pylorus, aradiopaque
guidewire is inserted through the pylorus under the guidance of endoscopy. A balloon cath-
eter is passed over the guidewire and through the pylorus. The location of the balloon is
monitored endoscopically. Then, the balloon is inflated with a radiopaque solution under
fluoroscopic guidance. Inflation is performed for at least 2 minutes after the expansion of
hourglass deformity of the obstruction [119] (Figure 14a—c).

5.2.3.3. Surgical options

To date, several surgical techniques including Heicke-Mikulicz pyloroplasty, Finney pyloro-
plasty, Jabulay pyloroplasty, gastrojejunostomy, and Billroth-I procedure have been described
for the treatment of acquired gastric outlet obstructions [12, 119, 120]. The preference may
vary depending on the discretion of the surgeon. Ozcan et al. performed retrocolic gastrojeju-
nostomy in all patients, while Ozokutan et al. performed gastroduodenostomy and Billroth-I
procedure [45, 120]. However, the timing of surgery is of utmost importance for the method
to be selected. Surgical intervention is recommended at the end of cicatrization period of
caustic injury [44, 119, 121]. Due to anastomotic stricture, secondary to the progressive inflam-
matory process may develop in early operated patients. Temiz et al. reported anastomotic
stricture in a case that underwent gastrojejunostomy after 6 weeks of injury. Endoscopic dila-
tation may help to solve this problem [119] (Figure 15a and b). Dumping syndrome is another
postoperative clinical condition. Ozcan suggested an anastomosis not exceeding 2 cm to pre-
vent postoperative dumping syndrome [45].

(<)

Figure 14. (a)—(c) After placement of guide wire under endoscopic guidance through the pyloric stenosis, a balloon
catheter is passed over the guidewire and inflated with radiocontrast solution until a flattening of the hourglass deformity.
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Figure 15. Anastomotic stricture was revealed by gstrography (a), after ballon dilatation easy flow from gastrojejunostomy
is seen (b).

5.2.4. Gastroesophageal reflux

Caustic esophageal injury results with narrowed and also shortened esophagus [122].
This process alters the lower esophageal sphincter function, which leads to gastroesopha-
geal reflux. As a consequence, reflux can adversely affect the development of stenosis and
response to treatment of the stenosis. Mutaf et al. recommended that patients with caus-
tic esophageal burn should be screened for gastroesophageal reflux during the treatment
period [122]. The most preferred surgical procedures for gastroesophageal reflux disease
include the Nissen, Thal, and BoixOchoa procedures. However, all these procedures have a
significant recurrence rate in the patients, particularly with a shortened esophagus. In addi-
tion, Collis gastroplasty with partial or complete fundoplication can be used as alternative
surgical techniques in the treatment of a shortened esophagus (Figure 16a and b).

TRENDELEN REFEUNSR &
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Figure 16. The sliding type of hiatal hernia (a) was ameliorated with Collis gatsroplasty (b).
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