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Abstract

Introduction: Accidental ingestion of caustic agents poses a significant concern in pediatric emergency departments globally.
It is a growing public health concern in low-to-middle income countries, which often lack comprehensive data reporting. This
study examines high doses of corticosteroid treatment outcomes of caustic ingestion injuries in Syrian pediatric patients,
addressing clinical features, and associated variables.

Methods and materials: A retrospective observational study was conducted at University Pediatric Hospital from January
2016 to January 2019. Medical records were reviewed for patients aged <|0Oyears with esophagoscopy-confirmed grade lla,
IIb, or Il burns. Data collected included sociodemographics, esophagoscopy results, treatment details, and outcomes.
Results: Among |14 pediatric patients, 76 (67%) were males and 38 (33%) were females. Age groups included <Iyear
(11%), 1-3years (39%), 3-5years (29%), 5-7 years (11%), and >7years (I 1%). Alkaline burns accounted for 54% of injuries,
acidic for 32%, and other substances for 13%. Complications included bleeding (19%) and psychomotor disability (7%). The
most common burn site was the entire esophagus (62%), with 81% having grade Il burns. Healing was achieved in 71% of
patients with high doses of corticosteroids treatment, and 29% required dilation, with final 92% healing rate.

Conclusion: The use of corticosteroids for esophageal strictures remains inconclusive, demanding further robust research
with larger sample sizes and control groups. While our study revealed that high doses of corticosteroids treatment followed
by esophageal dilation had a 92% success rate. However, our study demonstrates promising results, methodological
limitations and absence of a control group underscore the need for more definitive evidence. Both alkali and acidic ingestion
contribute to stricture development.
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been employed, including esophageal stents, corticosteroid
medication, early dilatation prior to stricture development,
or a combination of these techniques, to prevent stricture for-
mation.”> However, the effectiveness of corticosteroids in
preventing corrosive-induced strictures remains a subject of
debate.'®'® Animal trials have shown that steroids signifi-
cantly reduce the incidence of strictures.'*!> Caustic inges-
tion poses a significant public health concern, especially in
low-to-middle income countries like Syria, where the inci-
dence is increasing and the data is scarce.*!*?* Given these
circumstances, it is crucial to evaluate treatment protocols
for individuals who have ingested corrosive substances and
their associated factors, with a specific focus on Syria, a
country facing an 1l1-year-long conflict that exacerbates
healthcare challenges. Following an extensive review of the
available literature, no studies were found that specifically
examined the outcomes of caustic ingestion high doses of
corticosteroids treatment in Syrian patients. However, the
data hold immense importance for the advancement of health
promotion and healthcare services in Syria. Therefore, the
objective of this study was to comprehensively analyze the
clinical features, treatment outcomes, and relevant variables
associated with caustic ingestion injuries in children receiv-
ing treatment at the University Pediatric Hospital.

Methods and materials

Study design, settings, and variables

Our study focuses on a retrospective observational study
conducted at University Pediatric Hospital, including
patients who were admitted to the emergency department
with caustic ingestion between January 2016 and January
2019. The University Pediatric Hospital is the largest pediat-
ric hospital in Syria and the only government hospital in
Damascus. Prior to data collection, Stemosis data collection
group underwent training sessions covering caustic ingestion
in pediatric patients and the specific information to be gath-
ered for the study. In March 2022, data were extracted from
the medical records stored in paper-based archives and sub-
sequently entered Excel spreadsheet. Due to paper-based
medical records in our study, parents were contacted via tel-
ephone to validate the data and provide any additional miss-
ing details, including sociodemographic characteristics.

Our research methodology involved collecting pertinent
data from the patients’ medical records including sociodemo-
graphic characteristics, esophagoscopy results, feeding state,
complications, caustic substance type, physicians’ examina-
tion, and treatment course. Rigid esophagoscopy results was
performed under general anesthesia in all patients included in
the study within 24-48h of injury. The mouth, larynx, and
esophagus were assessed and the esophagus injury was clas-
sified according to Zargar classification as follows?':

e Grade I: Superficial injury: This grade represents the
mildest form of caustic injury. It is characterized by

superficial mucosal erythema or edema without ulcer-
ation or necrosis.

e Grade Ila: Deep injury without stricture: This grade
indicates a deeper injury involving the submucosal
layer but without the development of strictures. It
may present with ulceration, necrosis, or blisters.

e Grade IIb: Deep injury with stricture: In this grade,
there is a deep injury with the development of
strictures.

e Grade III: Perforation or complete destruction: This
grade represents the most severe form of caustic
injury. It involves full-thickness necrosis of the esoph-
ageal wall, leading to perforation or complete
destruction.

In the present study patients with endoscopic findings “nor-
mal or grade I” with no dysphagia are indicated as Healed
group and the patients with other classification in endoscopic
findings are indicated as Non-Healed group. Moreover,
using the endoscopic findings the site of the injured esopha-
gus was determined as upper, middle, lower, and whole
esophagus. The feeding state previous to the injury was con-
sidered as liquid state (breast-feeding, formula-feeding, or
both), solid state, and diversified nutrition. Complications
after the caustic ingestion found in our study are bleeding
and psychomotor development disability (disability in cog-
nitive process or physical activity). The type of caustic sub-
stances are acidic, alkaline, and other substances.

The treatment protocol, which is adopted from previous
study, where physicians gave patients Methylprednisolone
intravenously at high doses (1g/1.73m?/day) as a pro-
longed therapy along with antibiotics and PPIs,?>? involved
the administration of ceftriaxone (100 mg/kg/day) and
omeprazole (2 mg/kg/day) intravenously. In addition to the
administration of anti-reflux therapy to prevent any sec-
ondary damage caused by gastroesophageal reflux, which
significantly increases the risk of stricture formation
(Figure 1).24

Oral feeding was stopped, and total parenteral nutrition
was started. Methylprednisolone was given intravenously at
high doses (1 g/1.73m?/day), lasting 6 h per day for 10days.
On the 10th day, esophageal endoscopy was performed. If
the endoscopy showed a normal esophagus or a minor injury
(grade 1), the intravenous infusion was halted, and oral pred-
nisolone was initiated for a duration of 2 weeks, gradually
reducing the dosage. In cases where the endoscopy revealed
moderate (grade II) or severe (grade III) injuries, the intrave-
nous methylprednisolone infusion was continued for an
additional 5 days (days 10—15 post-injury). On the 15th day,
another endoscopy was performed. If the results indicated a
normal esophagus or grade I injury, the intravenous infusion
was stopped, and oral prednisolone was initiated for 2 weeks,
gradually reducing the dosage. If the injuries persisted on the
15th day, the intravenous infusion was continued until the
20th day when another endoscopy was conducted. If the
results were normal or showed grade I injury, the intravenous
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Figure |. Treatment protocol using high-dose steroids for pediatric caustic ingestions.

infusion was stopped, and oral prednisolone was adminis-
tered. However, if the injuries persisted on the 20th day, the
intravenous infusion was discontinued, and oral predniso-
lone was administered, gradually reducing the dosage. A
gastro-esophageal barium swallow was performed after
3 weeks to initiate dilatation.

Study sample size and participants

The research in question employs a retrospective study
design that is based on the comprehensive analysis of all
pediatric patients admitted to the University Pediatric
Hospital in Syria due to caustic ingestion during the speci-
fied study period. Since this study incorporates the entire
population that meets the defined criteria, formal sample size
calculation is not applicable and is unnecessary. But if we
use Cochran’s sample size formula with the assumption of
95.5% confidence level (Z=2), e is the margin of error which
is 10%, p is the (estimated) proportion of the population

which has the attribute in question, and it equals 50% (or
0.5),and g is 1—p.

e 2’pg _(2)°*0.5%0.5 _ 100
e’ (0.1)%

Therefore, with a confidence of 95.5 and an error ranging
from 5% to 10%, a sample size should not be less than 100
individuals. And we collected 114 participants.?

The eligibility criteria for patient enrollment in this study
comprised the following conditions:

1. Patients’ age below 10years.

Arrived to the hospital within 48 h of injury and had
esophagoscopy within 24—48h of injury.

3. Had grade Ila, IIb, or IIl esophageal burns due to
ingestion of caustic substances according to Zargar
classification. Initially, a total 119 patients were
included in the study.
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However, we excluded three patients due to the inability to
establish communication with their parents via phone calls
or due to incomplete medical records. Additionally, two
patients known to swallowed household bleach (sodium
hypochlorite) were excluded from the study since this sub-
stance known to cause only superficial injury of the mucosa
and no reported results causing strictures in pediatric
patients.?

Consequently, the final analysis included 114 patients.
Our research adhered to the ethical standards outlined in the
Declaration of Helsinki and was carried out on human sub-
jects. Approval for the study was obtained from the Ethical
Committee at Damascus University’s Faculty of Medicine
(ID: 14152). Written Informed consent was obtained from all
the legally authorized representatives of the subjects prior to
study.

Statistical analysis

The data analysis was conducted using IBM SPSS version
25 for data analysis. Categorical variables describing demo-
graphic characteristics were presented using frequency and
percentage. Although continuous variables describing the
characteristics were presented using mean and standard
deviation. To compare categorical variables, The chi-square
test was employed. Statistical significance was based on a
value of p-value less than 0.01.

Results

We reviewed the medical records of 114 pediatric patients
admitted University Pediatric Hospital’s emergency depart-
ment between January 2016 and January 2019. The study
included 76 males (67%) and 38 females (33%) across dif-
ferent age groups. The patients were categorized as follows:
13 (11%) were under 1 year old, 44 (39%) were between 1
and 3 years old, 33 (29%) were between 3 and 5 years old, 12
(11%) were between 5 and 7years old, and 12 (11%) were
above 7years old (Table 1). The average age of the patients
was 3.9 &= 2.7 years. Most esophageal caustic ingestion burns
(54%) were caused by alkaline substances, whereas 37
(32%) and 15 (13%) patients had burns caused by acidic and
other substances, respectively. Only 22 (19%) patients expe-
rienced accompanying bleeding, and 8 (7%) had psychomo-
tor disability. Before the incident, approximately half of the
patients (51%) had a diverse type of nutrition, including lig-
uid nutrition such as breast-feeding or formula-feeding (8%)
and a combination of diversified and liquid nutrition (42%)
(Figure 2).

Regarding the burn sites, more than half of the patients
(62%) had burns throughout the entire esophagus, which was
the most common location. Other burn sites were distributed
as follows: 26 (23%) in the middle, 15 (13%) in the lower,
and 11 (10%) in the upper regions. Most patients (81%) had
second-degree burns, with 43 classifieds as grade Ila and 49

as grade IIb, whereas 22 (19%) patients had grade III burns.
Our study did not document any early complications such as
mediastinitis, pneumonia, or perforation (Figure 2).

Among the 114 patients, 81 (71%) achieved healing after
corticosteroid treatment, whereas 33 (29%) patients with
strictures required dilation. Following dilation, only 9
(7.89%) patients had persistent strictures requiring further
management, which was beyond the scope of our study. The
treatment plan yielded a remarkable healing rate of approxi-
mately 92%. A flow diagram illustrating the patient treat-
ment plan is presented in Figure 3.

According to Table 1 and Figure 2, the patient’s gender
did not have a statistically significant impact between the
two groups as both male and female patients exhibited simi-
lar outcomes. Likewise, the different age groups did not
show variations as well. Other variables, including the type
of caustic substance, presence of bleeding with the burn,
psychomotor disability, and type of nutrition, did not statisti-
cally differ between the two groups. Furthermore, patients
with different burn sites and varying burn grades exhibited
similar results.

Discussion

Caustic ingestion in pediatric patients is a significant
medical and social problem,'®!"?” with potential severe
consequences, including stenosis, dysphagia, pain, and
malnutrition.'

Clinicians have commonly used steroids as a treatment to
prevent the formation of stenosis and strictures. However,
the effectiveness of this treatment remains uncertain due to
limited studies and inadequate statistical power.?%?

A previous study recommended the use of corticosteroids
for second- and third-degree cases.'® Therefore, our retro-
spective study aimed to evaluate the use of steroids in pedi-
atric patients with caustic ingestion and second and
third-degree injuries. In 1950, Spain et al. first assessed the
effect of steroids on the inflammatory response in mice, and
subsequent studies have investigated their impact on esopha-
geal stricture formation.”’ Povilavicius et al. conducted a
study where all patients underwent endoscopic dilation
alone, with satisfactory outcomes achieved after an average
of 15 dilation procedures.?*

In a study by Usta et al.,'® which focused on grade IIb
esophageal burns only, the stricture development rate was
significantly lower in the patients treated with high doses of
methylprednisolone (1g/1.73m? per day for 3days), with
ceftriaxone and ranitidine than in those who did not receive
this treatment modality, with 3.53 times greater stricture
formation in the control group compared to the study group.
The positive effect of methylprednisolone was also noted in
a study by Boukthir et al.?* and in a study from Tunisia.’° In
addition, for the study by Usta et al.'® The novel methodol-
ogy employed in this study indicates that patients with grade
2B injuries, who exhibit both an elevated risk of stricture
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Table I. Comparison of variables between healed and non-healed groups.

Patients groups Total n=114 (%)* p-Value*
Characteristics Healing n=105 (%)* (%)° Non healing n=9 (%)* (%)°
Gender
Male 71 (62%) (67.6%) 5 (4%) (55.5%) 76 (67%) 0.01 <0.46
Female 34 (30%) (32.3%) 4 (4%) (44.4%) 38 (33%)
Total 105 (92%) (100%) 9 (8%) (100%) 114 (100%)
Age categories
(O 10 (9%) (9.5%) 3 (3%) (33.3%) 13 (11%) 0.01 <0.25
1-3 41 (36%) (39%) 3 (3%) (33.3%) 44 (39%)
3-5 31 (27%) (29.5%) 2 (2%) (22.2%) 33 (29%)
5-7 Il (10%) (10.4%) I (1%) (11.1%) 12 (11%)
+7 12 (11%) (11.4%) 0 (0%) (0%) 12 (11%)
Total 105 (92%) (100%) 9 (8%) (100%) 114 (100%)
Type of caustic substances
Acidic substances 33 (29%) (31.4%) 4 (4%) (44.5%) 37 (32%) 0.01 <0.42
Alkaline substances 57 (50%) (54.2%) 5 (4%) (55.5%) 62 (54%)
Other substances 15 (13%) (14.2%) 0 (0%) (0%) 15 (13%)
Total 105 (92%) (100%) 9 (8%) (100%) 114 (100%)
Bleeding accompanying the burn
Yes 19 (17%) (18.1%) 3 (3%) (33.3%) 22 (19%) 0.01 <0.27
No 86 (75%) (81.9%) 6 (5%) (66.6%) 92 (81%)
Total 105 (92%) (100%) 9 (8%) (100%) 114 (100%)
Disability according to psychomotor development
Yes 8 (7%) (7.6%) 0 (0%) (0%) 8 (7%) 0.01 <0.39
No 97 (85%) (92.4%) 9 (8%) (100%) 106 (93%)
Total 105 (92%) (100%) 9 (8%) (100%) 114 (100%)
Type of nutrition in patients
Diversified 56 (49%) (53.3%) 2 (2%) (22.2%) 58 (51%) 0.01 <0.07
Liquid 8 (7%) (7.6%) 0 (0%) (0%) 8 (7%)
Both 41 (36%) (39%) 7 (6%) (77.7%) 48 (42%)
Total 105 (92%) (100%) 9 (8%) (100%) 114 (100%)
Site of the burn
Upper 10 (9%) (9.6%) I (1%) (11.1%) Il (10%) 0.01 <0.66
Middle 24 (21%) (22.8%) 2 (2%) (22.2%) 26 (23%)
Lower 15 (13%) (14.3%) 0 (0%) (0%) 15 (13%)
Whole 56 (49%) (53.3%) 6 (5%) (66.6%) 62 (54%)
Total 105 (92%) (100%) 9 (8%) (100%) 114 (100%)
Type and degree of the burn
Grade lla 38 (33%) (36.1%) 5 (4%) (55.5%) 43 (38%) 0.01 <0.34
Grade IlIb 47 (41%) (44.7%) 2 (2%) (22.2%) 49 (43%)
Grade llI 20 (18%) (19%) 2 (2%) (22.2%) 22 (19%)
Total 105 (92%) (100%) 9 (8%) (100%) 114 (100%)

*Percentage of total rounding to the nearest one.

®Percentage of patients groups rounding to the nearest |0th.
*Pearson Chi-square.

formation and a negligible risk of perforation, may derive
the greatest therapeutic benefit and suffer the least potential
harm from the wound-softening effects of glucocorticoid
treatment.® However, Anderson et al.?® concluded that stric-
ture formation is related only to the severity of the corrosive
injury. In their study, 21 of 31 patients who received steroids
and 18 of 29 controls did not have strictures (p > 0.05). It is

worth noting that the control group had 13 patients with
first-degree burns compared to only 6 in the steroid group
and 5 patients with second-degree burns in the control
group compared to 15 in the steroid group.?® Another point
is that recent pediatric guidelines have added Usta’s proto-
col for the management of grade IIb injuries to their
recommendations.®3!
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Figure 3. lllustrating the treatment protocol reaching the healed
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In our study, the use of corticosteroids resulted in 71%
satisfactory results, and when followed by a single endo-
scopic dilation procedure, a total of 92% satisfaction was
achieved. This suggests that using corticosteroids followed
by dilation, when necessary, can yield satisfactory outcomes
with fewer invasive procedures required.

Howell et al.'® reported that patients with first-degree
burns showed complete healing without strictures and had a
favorable prognosis. Consequently, the use of corticosteroids

is not recommended for these patients. However, patients
with second and third-degree burns are at risk of developing
esophageal strictures. Howell et al.'® found that the use of
steroids in these patients demonstrated statistical signifi-
cance compared to patients who did not receive steroid treat-
ment. Furthermore, a previous review highlighted that the
available evidence does not support the use of corticoster-
oids due to methodological weaknesses and small sample
sizes in the primary studies."”

Therefore, further studies with a control group and a sig-
nificant sample size are needed to obtain more definitive
results.

The extent and circumference of the injury play a signifi-
cant role in the development of esophageal strictures.”*
Acidic substances primarily cause coagulative necrosis at
the superficial layer, whereas alkaline substances result in
deeper injuries, reaching the muscles with liquefaction
necrosis. Hence, alkali ingestion, particularly lye, is associ-
ated with more severe esophageal lesions.?* Both acidic and
alkaline substances have been linked to the development of
strictures, as demonstrated in our study.’!

In our study, the ratio of males to females was similar to a
previous study by Usta et al.,'® where 54.2% were boys and
45.8% were girls. This aligns with another study that indi-
cated a male-to-female ratio of 2:1.32

The predominance of male patients was also observed in
a systematic review by Rafeey et al.,** emphasizing the need
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for increased attention and care by parents toward young
boys to prevent such ingestion incidents. Most patients in
our study were between 1 and 3years old, and 79% of
patients were under 5 years old, which is older than in other
studies where 85% of patients were under 3 years old.** This
pattern may be attributed to children’s curiosity and eager-
ness to explore new things.>> Although our study did not find
statistically significant differences in gender, age category,
feeding state, and other variables, this may be due to the
small sample size. This further emphasizes the need for more
studies to assess various variables that impact the treatment
of pediatric patients with caustic ingestion.

The most common symptoms observed in patients who
experienced caustic ingestion were related to the digestive
system, respiratory system, and ear, nose, and throat region.>
However, the relationship between the severity of the injury
and the presence of symptoms remains uncertain.?’

In the analysis conducted by Casasnovas et al.,** no sig-
nificant predictive relationship was found between esopha-
geal burns and the presence of symptoms or signs.

In our study, no early complications such as mediastinitis,
pneumonia, or perforation were documented. However, in
terms of bleeding, which are more commonly associated
with stomach involvement, we found that 22 children had
burns in the esophagus accompanied by active bleeding,
accounting for 19% of the cases. This is in contrast to the
study conducted by Usta et al.,'® where no evidence of early
complications, including mediastinitis, pneumonia, upper
gastrointestinal bleeding, or perforation, was reported. It is
worth noting that bleeding following corrosive ingestion
typically resolves on its own and is self-limiting.2 Moreover,
when examining the condition at discharge, there were no
significant differences between those who experienced
bleeding and those who did not. This could be attributed to
the low occurrence of non-healing cases compared to cases
that had already healed.

Our study was constrained by several limitations, pri-
marily related to its retrospective design and small sample
size. In our study, although we achieved a 92% success rate
when using steroids followed by esophageal dilation, if nec-
essary, we did not include a control group. This study pri-
marily focused on early treatment outcome of the patients,
and no late follow-up were done due to the war and resulting
circumstances such as difficulty in transportation in Syria,
our study included only patients who treated with steroids
with no control group to further assess the benefit of this
treatment.

Conclusion

Caustic substance ingestions persist as a substantial public
health burden globally, with considerable associated morbid-
ity and mortality. The use of corticosteroids for esophageal
strictures remains inconclusive, demanding further robust
research. The research addressed a critical gap in the existing

literature by specifically examining the outcomes of caustic
ingestion in the context of an 11-year-long conflict in Syria,
underscoring the importance of effective treatment strategies.
The employed treatment protocol, including high doses of
corticosteroids, intravenous ceftriaxone, omeprazole, and
esophageal dilation, if necessary, demonstrated a commend-
able success rate of 92% in preventing esophageal
strictures.

Although the study primarily focused on immediate treat-
ment outcomes, the findings lay the groundwork for future
research endeavors, especially concerning the long-term
impact of high doses of corticosteroid treatment. The extent
and type of injury were also found to play a significant role
in the development of esophageal strictures. Finally, this
study highlights the pressing need for more comprehensive
research to conclusively determine the efficacy of high-dose
corticosteroid treatment, particularly in the unique health-
care context of low-income or stricken countries.

Limitations

The study faced several challenges and limitations:

First, it is important to acknowledge the unique context in
which this research was conducted. Syria’s ongoing conflict
and related challenges, including difficulty in transportation
and data collection, presented significant obstacles to con-
ducting comprehensive long-term follow-up studies.

Second, the retrospective study design employed in this
research comes with inherent limitations that must be
acknowledged. the study focuses on a specific hospital’s
patient population during a defined period, potentially differ-
ing from cases treated elsewhere or those not admitted.
Incomplete or missing data from medical records and the
exclusion of certain patients due to unavailable information
introduce further limitations.

Third, the study focuses on a specific hospital’s patient
population during a defined period, potentially differing
from cases treated elsewhere or those not admitted. The
exclusion of certain patients due to unavailable information
introduce further limitations.

In our study, although we achieved a 92% success rate
when using steroids followed by esophageal dilation, if nec-
essary, we did not include a control group. Furthermore, a
previous review highlighted that the available evidence does
not support the use of corticosteroids due to methodological
weaknesses and small sample sizes in the primary studies.?®
However, despite these limitations, retrospective studies
serve as valuable tools for hypothesis generation and initial
exploration of associations, particularly when prospective
research is unfeasible or unethical. Acknowledging these
constraints is crucial for interpreting the findings appropri-
ately and provides a basis for designing future research to
offer more robust evidence on the subject.

However, acknowledging these constraints is crucial for
interpreting the findings appropriately and provides a basis
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for designing future research to offer more robust evidence
on the subject.
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