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Caustic materials are useful but constitute a poten-
tial public health risk.  Legislation to limit the

concentrations of hazardous cleaners and to ensure

that containers are childproof has been advocated for
a long time.(1) Unfortunately, accidental ingestion
among children remains common.  The incidence of
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Background: Prediction of the severity of esophageal injury following ingestion of a caus-
tic substance is a challenging problem for clinicians. It was hoped that risk
factors for the early prediction of esophageal stricture in such patients could
be identified in this study.

Methods: This study comprises an evaluation of 32 children with esophageal injury
due to ingestion of caustic materials. Patients' signs and symptoms as well as
laboratory data including leukocyte counts and C-reactive protein level were
reviewed.

Results: Patients who presented with a greater number of symptoms and signs were
inclined to have more severe esophageal injury and stricture. The frequency
of symptoms and signs in patients with serious esophageal injury was higher
than that in patients with low-grade injury. Patients with severe injury were
more significantly associated with the occurrence of stricture. The character-
istic of caustic ingestion was associated with esophageal stricture, but not
esophageal injury. There was no statistically significant difference in leuko-
cyte counts relative to severity of esophageal injury. The mean of leukocyte
counts of patients with esophageal stricture was close to that of patients with-
out esophageal stricture. There was also no statistically significant difference
in C-reactive protein values between the 2 groups of patients.

Conclusions: Leukocyte counts and C-reactive protein are not useful parameters for pre-
dicting the severity of esophageal injury and occurrence of stricture follow-
ing injury to the esophagus by caustic materials. Alkali ingestion more prob-
ably leads to esophageal stricture than acid ingestion. After caustic ingestion,
the presence of a greater number of symptoms and signs suggests a more-
severe injury, which necessitates more-aggressive management.
(Chang Gung Med J 2003;26:233-9)
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these accidents was estimated to be as high as
15.8/100,000 per year.(2) Prediction of the presence
and severity of esophageal injury following ingestion
of a caustic substance is a challenging problem for
the clinician.  The use of initial symptoms and signs
to predict the outcome of esophageal injury is con-
troversial.(3-5) Furthermore, whether initial symptoms
and signs are useful in assessing the degree of
esophageal injury by endoscopy is still con-
tentious.(3,6) In this retrospective review, we evaluat-
ed the correlation between the initial clinical presen-
tations and the severity of esophageal injury and the
occurrence of stricture.

METHODS

From 1986 to 2000, 38 children with a history
of caustic ingestion who were admitted to our hospi-
tal were included.  There was no history of reflux
esophagitis in any of our patients.  Excluded from
evaluation were 6 patients who did not have
endoscopy, those with unstable vital signs, and those
for whom parental consent could not be obtained.
The patients' age, symptoms, the type and character
of the caustic agent, and prognosis were reviewed.
Inflammatory parameters such as leukocyte counts
and C-reactive protein (CRP) of the first blood sam-
ple after admission were also reviewed.  Also evalu-
ated were 6 common manifestations of caustic inges-
tion: fever, vomiting, oropharyngeal burn, drooling
or dysphagia, abdominal pain or refusal to eat, and
respiratory distress.(3,5) The amount of caustic materi-
al ingested was not reviewed because it was ambigu-
ously expressed (e.g., a sip, a gulp, a spoonful, or a
cup).

Endoscopy was performed between 12-48 hours
after ingestion of the caustic material.  The severity
of esophageal injury was classified as follows: grade
0, negative finding; grade 1, injury limited to erythe-
ma and edema; grade 2, ulcerations with necrotic tis-
sue and white plaque; and grade 3, injury involving
deep ulcerations, white plaque, and necrotic
changes.(7) Grade 0 and 1 esophageal injuries were
defined as low-grade injuries, while grade 2 and 3
esophageal injuries were defined as high-grade ones.
Esophageal stricture was defined as the presence of a
constant area of narrowing after contrast swallowing
or as stenosis viewed endoscopically.(8) Correlations
among signs and symptoms (S/S), inflammatory

parameters, the severity of esophageal lesions, and
the presence of esophageal stricture were analyzed.
We tested the presence of 3 or more signs and symp-
toms in predicting esophageal injury or stricture
because good positive and negative predictive values
have been reported.(3,5) Patients with alkali ingestion
and potential complications were also analyzed.

The two-tailed Mann-Whitney U test was used
to compare the frequency of the S/S in relation to the
severity of esophageal injury and stricture.  Two-
tailed Student t-tests were used to compare leukocyte
counts, CRP, and age relative to the range of
esophageal injury and stricture.  Fisher's exact test
was used to test for difference in proportions
between patients with and those without esophageal
stricture, as well as those with low-grade and high-
grade esophageal injury.  In multivariate analysis, a
forward stepwise logistic regression was performed
to assess the set of variables that were independent
predictors of esophageal injury or stricture.  A
p value of less than 0.05 was considered significant;
all data are presented as the mean standard error.
All statistical analyses were performed using the
Statistical Package for the Social Science for
Windows (vers. 10.0; SPSS, Chicago, IL, USA).

RESULTS

Of the 32 patients, 16 were boys and 16 girls.
Ages ranged from 1.7 to 16.3 (mean, 5.3) years.
Twenty-two patients (69%) were below 5 years of
age.  Alkali agents included lye in 6, sodium hydrate
solution or tablets in 3, ammonium bromide in 1,
caustic soda in 1, detergent in 6, desiccate in 2, and
other materials in 2. Acid agents included
hydrochloride in 6, acetic acid in 3, and industrial
agents in 2.  There were no cases of fatal ingestion in
this series.

The CRP was evaluated in 16 patients, and
leukocyte counts were checked in all patients.
Endoscopy showed negative findings in 6 cases,
grade 1 esophageal injury in 10, grade 2 in 12 and
grade 3 in 4.

Twenty-two patients presented with less than 3
S/S, while 10 patients had 3 or more.  Patients with 3
or more S/S tended to have severe esophageal injury
( p = 0.027) and esophageal stricture ( p = 0.05).

In Table 1, the frequency of the S/S of the
patients with high-grade injury (mean=2.38) was
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higher than that of patients with low-grade injury
(mean=1.19) ( p = 0.004).  The mean of leukocyte
counts of high-grade esophageal injury (16,287.5
1649.4/mm3) was higher than that of low-grade
esophageal injury (12,556.3 1332.3/mm3); howev-
er, it did not reach statistical significance ( p = 0.061).
Most patients with low-grade esophageal injury
healed without sequelae, except for 1 who developed
esophageal stricture.  Ten patients with high-grade
esophageal injury developed esophageal stricture.
Failure of dilatation by bouginage occurred in 6
patients; therefore esophageal reconstructions were
performed by colon interposition or ileocolic con-
duit.

As shown in Table 2, the mean leukocyte count
among the 11 patients with stricture (15,136.4
2089.6/mm3) was similar to that of the 21 patients
without esophageal stricture (15,245.5
6344.7/mm3).  Ten of 21 patients with alkali inges-
tion and 1 of 11 patients with acid ingestion devel-
oped esophageal stricture ( p = 0.049).  The frequency
of the S/S of the patients with stricture (mean= 2.73)
was higher than that of patients without stricture
(mean= 1.29) ( p = 0.002).

In patients with alkali ingestion (Table 3), the
frequency of S/S of the patients with high-grade
injury (mean= 2.55) was higher than that of patients

with low-grade injury (mean= 1.50) ( p = 0.032).  The
frequency of S/S of patients with stricture
(mean= 2.80) was higher than that of patients without
stricture (mean= 1.36) ( p = 0.005).  In patients who
had ingested alkali, subsequent esophageal stricture
was also associated with high-grade esophageal
injury ( p = 0.002).

Differences in CRP values as related to the
severity of esophageal injury and stricture were also
analyzed.  There was no statistically significant dif-
ference between the 7 patients with high-grade
esophageal injury (28.7 17.6 mg/l) and the 9
patients with low-grade injury (21.4 16.6 mg/l)
( p = 0.299).  There was also no statistically signifi-
cant difference between the 5 patients with
esophageal stricture (38.6 23.7 mg/l) and the 11
patients without esophageal stricture (27.7 23.3
mg/l) ( p = 0.276).

According to multivariate analysis, vomiting
( p = 0.016) and frequency of S/S ( p = 0.011) were
independent factors for a high degree of esophageal
injury, while other variables had no statistical signifi-
cance (Table1).  Drooling or dysphagia ( p = 0.031)
and frequency of S/S ( p = 0.007) were independent
factors for esophageal stricture, while other variables
had no statistical significance (Table 2).

Table 1. Data and Prognosis of Patients with Different Degrees of Esophageal Injury

Severity of esophageal injury, n (%) Logistic regression

Low grade High grade p p
N = 16 N = 16

Gender (male: female) 7 : 9 9 : 7 0.724 0.541
Age (month) 58.1 15.8 70.1 13.5 0.559 0.892
Caustic agents (alkali: acid) 10: 6 11: 5 1.000 0.811
Fever 3 (19%) 5 (31%) 0.685 0.311
Vomiting 3 (19%) 10 (63%) 0.029 0.016
Oropharyngeal burn 9 (75%) 12 (75%) 0.458 0.284
Drooling or dysphagia 1 (  6%) 6 (38%) 0.083 0.052
Abdominal pain or refusal to eat 1 (  6%) 3 (19%) 0.600 0.631
Respiratory distress 2 (13%) 2 (13%) 1.000 0.837
Frequency of symptoms and/or signs* 1.19 2.38 0.004 0.011
Leukocyte count (/mm3) 12556.3 1332.3 16287.5 1649.4 0.061 0.209
Esophageal stricture, n (%) 1 (6.25%) 10 (62.5%) 0.005
Surgery, n (%) 1 (6.25%) 6 (37.5%) 0.041
Mortality, n (%) 0 (0%) 0 (0%)

*The mean frequency of 6 common symptoms and signs of caustic ingestion.
Data are presented as the mean SE for age and leukocyte count.
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DISCUSSION

Unlike adults, most children swallow caustic
materials by accident, and usually they stop as soon
as they feel uncomfortable;(9) however, it is almost
always too late to avoid resultant esophageal injury.(1)

Rapid assessment of the severity of the injury is very
important because the prognosis depends on early
application of appropriate treatment.(10) Previous
studies arrived at different conclusions about the
indications for esophagoscopy with ingestion of cor-
rosive materials.(11-13) In 1991, Ashbaugh reported
that the risk of instrumental perforation of the esoph-
agus and/or stomach following ingestion was the
principal determination for the routine use of early
endoscopy.(11) Ciftci, in 1999, reported that the risk
of perforation was theoretically much reduced after
the introduction of fiberoptic endoscopes.(12) In 1985,
Wasserman reported that the presence of significant
posterior pharyngeal burns with edema is a con-

traindication to early esophagoscopy because of the
risk of airway obstruction and the necessity of hospi-
talization for observation.(14) However, some sub-
stances like ammonia and bleaches produce marked
mucosal edema and rarely penetrate deeply enough
to injure the submucosa or muscularis propria.(15)

Harley also reported in 1997 that fiberoptic examina-
tion of the pharynx and larynx can be safely carried
out in such cases.(16) In the current study, we evaluat-
ed whether the prognosis was associated with the
severity of clinical presentations.  If patients present-
ed with more than 3 S/S after ingestion of even a
small amount of a caustic material, an endoscopic
examination after 12-24 hours appeared helpful and
safe for assessing the severity of mucosal inflamma-
tion.  Patients with a higher degree of esophageal
injury had the risk of subsequent esophageal stric-
ture.

In young children, an accurate assessment of the
history and symptoms of caustic ingestion is often

Table 2. Demographic and Clinic Data of Patients with or Those without Esophageal Stricture

Presence of esophageal stricture, n (%) Logistic regression

No Yes p p
N = 21 N = 11

Gender (male: female) 10 : 11 6 : 5 1.000 0.829
Age (month) 55.3 17.1 61.3 14.6 0.800 0.600
Caustic agents (alkali: acid) 11 : 10 10 : 1 0.049 0.061
Fever 3 (14%) 5 (45%) 0.088 0.111
Vomiting 6 (29%) 7 (64%) 0.072 0.094
Oropharyngeal burn 12 (57%) 9 (82%) 0.248 0.170
Drooling or dysphagia 2 (10%) 5 (45%) 0.032 0.031
Abdominal pain or refusal to eat 1 (5%) 3 (27%) 0.106 0.053
Respiratory distress 3 (14%) 1 (9%) 1.000 0.592
Frequency of symptoms and/or signs* 1.29 2.73 0.002 0.007
Leukocyte count (/mm3) 15245.5 6344.7 15136.4 2089.6 0.972 0.975

*The mean frequency of 6 common symptoms and signs of caustic ingestion.
Data are presented as the mean SE for age and leukocyte count.

Table 3. Clinical Manifestations and Prognosis in Patients with Ingestion of Alkali

Esophageal injury, n (%) p Esophageal stricture, n (%) p

Low grade High grade No Yes
N = 10 N = 11 N = 11 N = 10

Frequency of symptoms and/or signs* 1.5 2.55 0.032 1.36 2.8 0.005
Esophageal stricture, n (%) 1 (10%) 9 (82%) 0.002

*The mean frequency of 6 common symptoms and signs of caustic ingestion.
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difficult. Some studies proposed that initial signs and
symptoms were not useful predictors for the severity
of esophageal injury and subsequent complica-
tions.(3,4) On the other hand, some studies suggested
that children with an uncertain history of ingestion
and with no symptoms or signs need not be treated.(17)

Gaudreault, in 1983, described how outcomes could
be predicted based on initial symptoms/signs.(4) In
this study, patients with a high degree of esophageal
injury or esophageal stricture had a greater number
of S/S, especially for those presenting with 3 or more
S/S.  Therefore, endoscopy for these patients after
ingestion of caustic agents is a requisite evaluation
modality, and intensive care is necessary.

After ingestion of a caustic material, initial
inflammatory changes in the esophagus of erythema,
edema, and ulceration appear within the first few
days. Formation of granulation tissue and ultimate
stricture develop later.  The pH, concentration, and
duration of contact of the caustic material with the
mucosa determine the severity of esophageal
injury.(18) Alkali materials tend to injury the esopha-
gus through liquefactive necrosis and penetration,
while acid ingestion tends to spare the esophagus
because acids rapidly pass through the esophagus
with lower degrees of penetration.(12,18) Therefore,
alkali ingestion leads to a greater incidence of
esophageal stricture than does acid ingestion.

Serum CRP and leukocyte count levels are 2
useful parameters for monitoring inflammation.(19,20)

After the onset of acute tissue injury, serum CRP
increased within 4 to 6 hours and peaked at 24 to 48
hours.(19) These values are always used in the evalua-
tion of the severity of tissue injury and were found to
be proportional to the degree of damage.(21)

However, in our cases, leukocyte counts were useful
in evaluating the severity of esophageal injury but
were not a valuable indicator for esophageal stric-
ture.  There was also no statistical significant correla-
tion between CRP and the severity of esophageal
injury.

In conclusion, there is an association with a
higher degree of esophageal injury and stricture in
patients who present with 3 or more of S/S after
ingesting caustic agents.  The alkali character of
caustic materials is associated with esophageal stric-
ture.  There is a strong correlation between a higher
degree of esophageal injury and subsequent
esophageal stricture.  For such patients, panen-

doscopy and intensive follow-up are critical.  Serum
CRP and leukocyte counts cannot accurately predict
the severity of esophageal injury or subsequent
esophageal stricture.
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