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Abstract

Background/Objectives: Corrosive substance intake remains a significant public health
concern due to its potential for severe gastrointestinal (GI) injury and associated mor-
bidity. Early risk stratification is crucial for appropriate management, yet there is a lack
of reliable non-invasive predictors of injury severity. This study aimed to evaluate the
clinical characteristics of adult patients with corrosive ingestion and to investigate the
correlation between inflammatory markers and endoscopic injury severity. Methods: In
this retrospective study, 83 adult patients who underwent esophagogastroduodenoscopy
(EGD) following corrosive ingestion between January 2017 and January 2021 were analyzed.
Endoscopic injuries were graded using the Zargar classification and categorized as mild
(grades 0-2a) or severe (grades 2b—4). Demographic, clinical, endoscopic, and laboratory
data, including neutrophil-to-lymphocyte ratio (NLR) and C-reactive protein (CRP) levels,
were recorded. The correlation between inflammatory markers and injury severity was
assessed, and receiver operating characteristic (ROC) analysis was performed to determine
diagnostic accuracy. Results: Among the patients, 55.4% were female with a mean age
of 41.5 £ 17.3 years. Most ingestions were accidental (74.7%), with bleach being the most
common agent (41%). Endoscopic injury was detected in 55.4% of patients, predominantly
in the stomach and esophagus. Severe injuries were associated with longer intensive care
and hospital stays, increased complication rates, and more frequent organ involvement
(p < 0.001). A weak but statistically significant correlation was found between injury sever-
ity and both NLR (r = 0.357, p = 0.001) and CRP (r = 0.247, p = 0.024). ROC analysis revealed
an NLR cut-off of 2.95 (AUC = 0.804) and CRP cut-off of 2.5 (AUC = 0.706) for predicting
severe injury. Conclusions: Early endoscopic evaluation remains essential for assessing
corrosive injury severity. However, NLR and CRP may serve as useful, non-invasive indi-
cators in predicting injury severity, potentially aiding clinical decision-making, especially
in settings where endoscopy is not readily available or is contraindicated.

Keywords: corrosive ingestion; gastrointestinal injury; endoscopy; neutrophil-to-lymphocyte
ratio; C-reactive protein; Zargar classification; non-invasive markers
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1. Introduction

Corrosive substance ingestion and its long-term effects on the gastrointestinal (GI)
tract represent a significant global healthcare problem, with higher incidence rates reported
in developed countries [1,2]. Corrosive injuries are associated with considerable morbidity
and mortality, largely due to the challenges in initial evaluation and medical manage-
ment [3]. Household cleaning products containing various chemicals are the primary
source of both accidental and intentional ingestions across all age groups [4,5]. Despite
their widespread availability, regulatory control over these substances remains limited [1].

Corrosive ingestion can cause GI tract damage that may be classified as either acute
or chronic, depending on the clinical presentation [6,7]. The severity of tissue injury is
influenced by several factors, including the type, concentration, ingested volume, and
contact duration of the corrosive agent [6,8]. Prompt assessment is essential to prevent life-
threatening complications such as esophagogastric perforation or stricture formation [1].
Endoscopy plays a central role in diagnosis, prognosis, and subsequent management. In
the absence of suspected perforation, early endoscopic evaluation is recommended [9,10].

Although endoscopy remains the gold standard for assessing injury severity, there is
growing interest in the use of non-invasive laboratory parameters for risk stratification.
However, existing studies evaluating the utility of such markers are limited and yield
conflicting results [11-14].

The aim of this study was to describe the clinical characteristics of patients presenting
with corrosive substance ingestion and to investigate the correlation between non-invasive
inflammatory markers and the severity of endoscopic injury.

2. Methods

This retrospective single-center study evaluated consecutive patients presenting with
acute corrosive substance ingestion to the Gastroenterology Department of Ege University
Medical Faculty Hospital between January 2017 and January 2021. Of 108 initially screened
patients, we included 83 adults (age > 18 years) who underwent diagnostic esophagogastro-
duodenoscopy (EGD). Exclusion criteria comprised patient refusal of endoscopic evaluation
and incomplete medical records, totaling 25 excluded cases. Some asymptomatic patients
presented because the ingestion was witnessed or strongly suspected, and evaluation was
performed as a precaution.

2.1. Data Collection and Definitions

Endoscopic findings and complication data were retrieved from our prospectively
maintained electronic endoscopy database. We defined the following:

e  Early complications: Those occurring within 14 days post-ingestion.

e Late complications: Those developing after 14 days.

e  Total hospital stay: Combined duration of emergency department and intensive care
unit (ICU) admission.

2.2. Injury Classification

Corrosive injuries were classified according to the Zargar endoscopic grading sys-
tem [15]. For analytical purposes, we stratified patients into the following:

o Group A (Mild injury): Grades 0, 1, and 2a.
e  Group B (Severe injury): Grades 2b, 3a, 3b, and 4.

2.3. Data Extraction
We systematically collected the following variables from medical records:

1. Demographic characteristics: Age, sex.
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2. Exposure details:

O  Corrosive substance type (classified as alkali, acidic, neutral, or other).
O  Intent (accidental vs. intentional).
O  Ingestion-to-endoscopy interval.

3. Clinical presentation:

O  Admission symptoms.
O  Physical examination findings.

4.  Outcome measures:

O  ICU and total hospital stay duration.
O  Systemic complications.
O  Laboratory parameters (neutrophil-to-lymphocyte ratio [NLR], C-reactive pro-
tein [CRP]).
5. Psychiatric comorbidities: Documented diagnoses. Psychiatric comorbidity was defined
as a previously established psychiatric disorder documented in the patient’s medical
records or confirmed by psychiatric consultation at the time of admission.

2.4. Substance Classification
We categorized ingested substances as follows:

o  Alkali: Bleach and cleaning agents containing sodium hypochlorite, ammonium hy-
droxide, or sodium hydroxide.

e  Acidic: Decalcifiers and cleaners with hydrochloric acid, ammonium sulfate, hydrogen
peroxide, or acetic acid.

e  Neutral: Thinners and potassium permanganate.

e  Other: Substances with unknown composition.

All patients provided written informed consent prior to undergoing esophagogas-
troduodenoscopy (EGD). Procedural preparation included pharyngeal anesthesia with
10% lidocaine spray (Xylocaine® 10%, AstraZeneca, Sweden) followed by intravenous
sedation using midazolam (Dormicum®, Roche, Switzerland) and/or propofol (Propofol
1% Fresenius®, Fresenius Kabi, Austria).

All endoscopic procedures were performed using a high-definition video gastroscope
(Olympus GIF-HQ190, Tokyo, Japan) under one of the following conditions:

1.  Performed directly by a board-certified gastroenterologist.
2. Conducted by a gastroenterology fellow under the direct supervision of an attending
gastroenterologist.

All procedures were assisted by a dedicated endoscopy nurse to ensure patient safety
and procedural efficiency.

Ethical approval for this study was obtained from the Ege University Faculty of
Medicine Clinical Research Ethics Committee (approval no: 21-2.1T/51).

Statistical analyses were conducted using SPSS version 22 (IBM Corp., Armonk, NY,
USA). Descriptive statistics for numerical variables were expressed as mean =+ standard de-
viation (SD), median (minimum-maximum), while categorical variables were summarized
as frequencies and percentages. The Kolmogorov—-Smirnov test was employed to assess
data normality.

For intergroup comparisons, the Kruskal-Wallis test (non-parametric numerical
variables) and chi-square test (categorical variables) were applied. Post hoc pairwise
comparisons were performed using the Mann-Whitney U test (numerical variables)
or chi-square/Fisher’s exact test (categorical variables), with Bonferroni correction for
multiple comparisons.
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Spearman’s rank correlation test was used to evaluate the association between serum
NLR/CRP levels and the severity of corrosive substance injury. To assess the diagnostic
utility of NLR and CRP in predicting injury severity, receiver operating characteristic (ROC)
curve analysis was performed, with optimal cutoff values determined by maximizing the
Youden index. Corresponding sensitivity, specificity, and area under the curve (AUC)
were reported.

A two-tailed alpha level of 0.05 was set as the threshold for statistical significance.

3. Results

Among the 83 patients included in the study, 46 (55.4%) were women, and the mean
age was 41.5 £ 17.3 years (range: 17-84 years). Sixty-two patients (74.7%) had ingested
the corrosive substance accidentally, with bleach being the most commonly ingested agent,
reported in 34 patients (41%). The volume of ingested substance was 0-50 mL in 53 patients
(63.9%), 50-100 mL in 24 patients (28.9%), and more than 100 mL in 6 patients (7.2%).
Thirty-three patients (39.8%) were asymptomatic at presentation, while the most common
presenting symptom was sore throat, observed in 18 patients (21.7%). Physical examination
was unremarkable in 50 patients (60.2%), with oropharyngeal hyperemia being the most
frequent pathologic physical examination finding (26.5%). Endoscopy was performed
within the first 24 h of presentation in 77 patients (92.8%). Seventeen patients (20.5%)
required hospitalization. The median duration of total hospital stay was 1 day (range:
1-28 days), and the median duration of ICU stay was 0 days (range: 0-25 days). No systemic
complications or mortality were observed. Conservative treatment was administered to
98.8% of the patients. Early complications, defined as adverse events occurring within
14 days after ingestion, were observed in four patients: two cases of perforation and two
cases of bleeding. Both perforations developed after the initial endoscopic assessment, and
no grade-4 (perforation at the time of endoscopy) injuries were observed. Both patients with
perforation required surgical intervention and subsequently recovered without mortality.
Demographic and clinical characteristics are presented in Table 1.

Table 1. Demographic and Clinical Characteristics of Patients with Corrosive Ingestion.

Mean + SD

Median (Range) n (%)
415+173
Age (years) 40 (17-84)
Hospitalization Duration
1.8 £0.6
ICU stay (days) 0 (0-25)
Total hospital stay (days) 219(1{:2%)7
Laboratory Markers
57+ 11
CRP (mg/L) 2 (0-58)
35+45
NLR 2.3 (1.1-36)
Gender (female) 46 (55.4)
Psychiatric comorbidity 15 (18.1)

Ingestion Characteristics Intent;
Accidental [f/m] 62 (74.7) [35/27]
Suicidal [f/m] 21 (25.3) [11/10]
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Table 1. Cont.

Mean + SD (%)
Median (Range) ’
Corrosive substance:
Bleach 34 (41)
Decalcifier 10 (12.1)
Muriatic acid 9 (10.8)
Thinner 4 (4.8)
Detergent 3(3.6)
Disinfectant 2(24)
Other 2 21 (25.3)
Substance type
Alkali 37 (44.6)
Acid 20 (24.1)
Neutral 8 (9.6)
Other 18 (21.7)
Amount of substance ingested
0-50 cc 53 (63.9)
50-100 cc 24 (28.9)
Above 100 cc 6 (7.2)
Clinical presentation
Symptoms at presentation
No symptoms 33 (39.8)
Sore throat 18 (21.7)
Abdominal pain 4 (4.8)
Retrosternal burning 4 (4.8)
Vomiting 3(3.6)
Chest pain 3(3.6)
More than one symptom 14 (16.9)
Other © 448
Physical examination signs
Normal 50 (60.2)
Oropharyngeal hyperemia 22 (26.5)
Epigastric tenderness 2(2.4)
Roughness in lung sounds 1(1.2)
More than one sign 8(9.7)
Time of endoscopy
0-24h 77 (92.8)
24-48 h 5(6)
Over 48 h 1(1.2)
Outcome
Discharged' from the 65 (78.3)
emergency unit
Hospitalization 17 (20.5)
Discharged voluntarily 1(1.2)
Early complications
None 79 (95.2)
Perforation 2(24)
Bleeding 2(2.4)
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Table 1. Cont.

Mean + SD (%)
Median (Range) ’
Late complications
None 40 (48.2)
Esophageal stricture 2(2.4)
Gastric stricture 3 (3.6)
Unknown 38 (45.8)

SD: standard deviation; CRP: C-reactive protein (mg/L), NLR: neutrophil-to-lymphocyte ratio, f/m: female/male
ratio; ?: solvent, machine oil, spirit vinegar, potassium permanganate, peroxide, sodium hydroxide, oil solvent,
feeding bottle cleaning solution, FX35 car wash solution, ammonium sulphate; °: coughing, respiratory distress,
diarrhea, epigastric burning.

Endoscopic examination revealed no injury in 37 patients (44.6%), while 46 patients
(55.4%) had gastrointestinal tract injuries. As expected, the esophagus and the stomach were
the most commonly affected sites of injury. The distribution of injuries in the esophagus,
stomach, and duodenum according to the Zargar classification is shown in Table 2.

Table 2. Organ Involvement and Endoscopic Injury Grading in Corrosive Ingestion.

Characteristic n (%) Additional Details

Organ involvement

None 37 (44.6)
Esophagus 9(10.8)
Stomach 15 (18.1)
Duodenum 0(0)
Esophagus + stomach 15 (18.1)
Stomach + duodenum 1(1.2)
Esophagus + duodenum 1(1.2)
Esophagus + stomach + duodenum 5 (6)

Grade of esophageal injury (Zargar Grade)

Grade 0 52 (62.7) Normal mucosa

Grade 1 10 (12) Mucosal edema/hyperemia

Grade 2a 14 (16.9) Superficial ulcers

Grade 2b 4 (4.8) Deep focal ulcers

Grade 3a 3(3.6) Circumferential deep ulcers

Grade 3b-4 0(0) Necrosis/perforation
Grade of gastric injury (Zargar Grade)

Grade 0 47 (56.6)

Grade 1 21 (25.3)

Grade 2a 5(6)

Grade 2b 2(24)

Grade 3a 7 (8.5)

Grade 3b-4 1(1.2)

Grade 4 0 (0)
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Table 2. Cont.

Characteristic n (%) Additional Details

Grade of duodenal injury (Zargar Grade)

Grade 0 76 (91.6)
Grade 1 2(2.4)
Grade 2a 3 (3.6)
Grade 2b 2 (24)
Grade 3a-4 0(0)

When clinical data were analyzed based on the type of ingested corrosive substance,
statistically significant differences were observed between the groups in terms of to-
tal hospital stay, ICU stay, occurrence of early complications, and hospitalization rates
(p =0.009, 0.006, 0.002, 0.007, and 0.003, respectively). Patients who had ingested acidic sub-
stances had longer ICU and hospital stays, more severe endoscopic injuries, less frequent
early complications, and higher rates of ICU admission (Table 3).

Table 3. Clinical Outcomes Stratified by Corrosive Substance Type.

Alkali Acidic Neutral Other
(n = 37) (n = 20) (n=89) (n = 18) p-Value
Hospitalization Duration
[Median (range)]
Total stay (days) 1(1-21) 1.5 (1-16) 1(1-2) 1 (1-28) 0.009
ICU stay (days) 0 (0-20) 0 (0-16) 0 (0-25) 0 (0-2) 0.006
Clinical Presentation [n (%)]
Asymptomatic 16 (43.2) 5 (25) 3 (37.5) 9 (50) 0.317
Symptomatic (1 symptom) 16 (43.2) 10 (50) 2 (25) 8 (44.4)
Symptomatic (>1 symptom) 5(13.5) 5 (25) 3 (37.5) 1 (5.6)
Examination sign [n (%)]
None 23 (62.2) 8 (40) 5 (62.5) 14 (77.8) 0.229
One sign 11 (26.7) 8 (40) 3(37.5) 3(16.7)
More than one sign 3(8.1) 4 (20) 0(0) 1(5.6)
Injury Severity [n (%)]
Group A (Mild) 36 (97.3) 12 (60) 7 (87.5) 17 (94.4) 0.002
Group B (Severe) 1(2.7) 8 (40) 1(12.5) 1(5.6)
Early complication [n (%)]
No 37 (100) 16 (80) 8 (0) 18 (100) 0.007
Yes 0 (0) 4 (20) 0 (0) 0 (0)
Late complication [n (%)]
No 21 (56.8) 9 (22.5) 3 (37.5) 7 (38.9) 0.063
Yes 0 (0) 4 (20) 0 (0) 1(5.6)

Unknown 16 (43.2) 7 (35) 5 (62.5) 10 (55.6)
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Table 3. Cont.
Alkali Acidic Neutral Other
(n = 37) (1 = 20) (n=8) (n = 18) p-Value
Outcomes [1 (%)]
Discharged 35 (94.6) 11 (55) 13 (72.2) 7 (87.5) 0.003
Hospitalization 2 (5.4) 9 (45) 5 (27.8) 1(12.5)
Treatment modality [n (%)]
Surgical 0(0) 1(5) 0(0) 0(0) 0.410
Conservative 37 (100) 19 (95) 8 (100) 18 (0)
Organ involvement [n (%)]
None 19 (51.4) 5 (25) 4 (50) 9 (50) 0.310
Esophagus 3(8.1) 4 (20) 1(12.5) 1(5.6)
Stomach 9 (24.3) 2 (10) 2 (25) 2 (11.1)
Esophagus-stomach 3(8.1) 6 (30) 1(12.5) 5 (27.8)
Stomach-duodenum 12.7) 0(0) 0 (0) 0(0)
Esophagus-duodenum 0 (0) 0(0) 0 (0) 1(5,6)
Esophagus-stomach-duodenum 2 (5.4) 3 (15) 0 (0) 0(0)

Group A (Mild): patients with grade 0, 1, 2a injuries; Group B (Severe): patients with grade 2b, 3a, 3b, 4 injuries.

When demographic and clinical data were evaluated according to the severity of

injury, statistically significant differences were found between the groups in terms of

ICU stay duration, total hospital stay duration, occurrence of early and late complica-
tions, organ involvement, and ICU admissions (p < 0.001, <0.001, <0.001, 0.001, <0.001,
and <0.001, respectively). In patients with grade 2b, 3a, 3b, and 4 injuries, both ICU and
total hospital stays were significantly longer. Early and late complications were more fre-

quent, with esophageal and gastric involvement being the most common findings (Table 4).

A significant correlation was also observed between the severity of corrosive injury and the

presence of symptoms and physical examination findings at presentation (p = 0.034 and

p < 0.001, respectively).

Table 4. Evaluation of demographic and clinical data according to the severity of injury.

Group A Group B p-Value
Age [Median (range)] 39 (17-84) 41 (21-56) 0.773
Hospitalization Duration
[Median (range)]
Total stay (days) 1(1-28) 8 (2-16) <0.001
ICU stay (days) 0(0-1) 6 (2-16) <0.001
Gender [n (%)]
Female 43 (59.7) 3(27.3) 0.055
Male 29 (40.3) 8 (72.7)
Ingestion Characteristics
Intent
Accidental 56 (77.8) 6 (54.5) 0.135
Suicidal 16 (22.2) 5 (45.5)
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Table 4. Cont.

Group A Group B p-Value
Amount of substance ingested
0-50 cc 48 (66.7) 5 (45.5) 0.280
50-100 cc 20 (27.8) 4 (36.4)
>100 cc 4 (5.6) 2(18.2)
Early complication
No 72 (100) 7 (63.6) <0.001
Yes 0 (0) 4 (36.4)
Late complication
No 37 (51.4) 3(27.3) <0.001
Yes 1(1.4) 4 (36.4)
Unknown 34 (47.2) 4 (36.4)
Outcome
Discharge 66 (91.7) 0(0) <0.001
Hospitalization 6 (8.3) 11 (100)
Treatment modality
Surgical 0 (0) 1(9.1) 0.133
Conservative 72 (100) 10 (90.9)
Organ involvement
None 37 (51.4) 0 (0) <0.001
Esophagus 9 (12.5) 0(0)
Stomach 14 (19.4) 1(9.1)
Esophagus-stomach 9 (12.5) 6 (54.5)
Stomach-duodenum 1(1.4) 0(0)
Esophagus-duodenum 1(1.4) 0(0)
Esophagus-stomach-duodenum 1(1.4) 4(36.4)

Group A (mild injury): Zargar grade 0, 1, 2a; Group B (severe injury): Zargar grade 2b, 3a, 3b, 4.

A weak but statistically significant correlation was observed between the severity
of corrosive injuries and both NLR (r = 0.357, p = 0.001) and CRP (r = 0.247, p = 0.024).
Receiver operating characteristic (ROC) analysis was performed to assess the predictive
value of these markers for injury severity. The area under the curve (AUC) for NLR was
0.804 (95% CI: 0.687-0.920, p = 0.001), with a cut-off value of 2.95, yielding a sensitivity
of 72.7% and a specificity of 73.6% for distinguishing between mild (grades 0, 1, 2a) and
severe (grades 2b, 3a, 3b, 4) injuries (Figure 1a). For CRP, the AUC was 0.706 (95% CI:
0.527-0.885, p = 0.029), and the optimal cut-off value was 2.5, with a sensitivity of 63.6%
and a specificity of 65.3% (Figure 1b).
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Figure 1. Receiver Operating Characteristic (ROC) Analysis of Biomarkers for Predicting Severe Cor-
rosive Injury. (a) ROC curve demonstrating the diagnostic performance of neutrophil-to-lymphocyte
ratio (NLR) in discriminating between mild (Zargar grades 0-2a) and severe (grades 2b—4) injuries.
The area under the curve (AUC) was 0.804 (95% CI: 0.687-0.920), with an optimal cutoff of 2.95
(sensitivity 72.7%, specificity 73.6%). (b) ROC curve showing the predictive capability of C-reactive
protein (CRP) for severe injuries, with an AUC of 0.706 (95% CI: 0.527-0.885). The diagonal line
represents the reference line of no discrimination.

4. Discussion

Corrosive substance ingestion is not only a life-threatening public health issue world-
wide but also a significant social concern. Its true incidence remains unclear, likely due to
substantial underreporting across many regions [16,17]. Corrosive ingestion is a medical
emergency that often necessitates prompt endoscopic evaluation; however, the optimal
timing of endoscopy remains a topic of debate. Current recommendations suggest per-
forming endoscopy within the first 12-48 h, with the procedure considered safe up to 96 h
after ingestion [17]. Nevertheless, early endoscopy remains the cornerstone of effective
management [18,19]. In our study, endoscopy was performed within the first 24 h in 92.8%
of patients, and 65 patients (78.3%) were discharged directly from the emergency depart-
ment following the procedure. As a tertiary care center, our healthcare team maintains
a high level of vigilance in the management of corrosive ingestion. This allows for the
prompt identification of serious injuries and facilitates the early management of compli-
cations, while also avoiding unnecessary hospitalizations through the safe discharge of
patients with no or mild injuries. We believe this approach is both clinically effective and
cost-efficient.

The most commonly ingested corrosive substances are typically classified as either
acids or alkali. Bathroom cleaners and dishwashing agents containing sodium hydroxide
are generally alkaline, whereas toilet cleaners containing sulfuric or hydrochloric acid are
typically acidic [16,20,21]. In a report of the American Association of Poison Control Centers
published in 2013, sodium hypochlorite, which is a natural alkaline content in household-
type bleach, was defined as the most common corrosive substance [22]. It was noted in our
study that the majority of patients (74.7%) had taken the corrosive substance accidentally,
and the most commonly ingested substance (41%) was bleach (sodium hypochloride).
Alkaline contents were also shown to be the most common cause of corrosive injuries in
similar reports from European countries [16]. As was reported in the study carried out
in our country by Acehan S. et al., based on the information obtained from patients and
their relatives, a great majority of our patients had ingested diluted sodium hypochloride
(bleach) stored in a tea or water glass for cleaning purposes, accidentally thinking that
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it was drinking water [23]. Rates of accidental intake of corrosive substances were also
comparable in another study carried out in our country [24].

Clinical presentations of corrosive substance intake are diverse and are not always
correlated with the degree of injury [1]. In our study, the most frequent symptom observed
in patients at presentation was sore throat, and the most frequent pathologic physical
examination sign was oropharyngeal hyperemia. However, symptoms and physical ex-
amination may not be reliable to determine the severity and degree of the injury in the
upper GI tract due to corrosive substance intake [16,25,26]. Physical examination findings
were normal in 60.2% of our patients, and although 39.8% had no symptoms, 55.4% had GI
tract injuries; therefore, absence of local oropharyngeal changes and being asymptomatic
cannot rule out severe GI tract injury in patients who ingest corrosive substances [27]. In
another study, 37% of patients without visible oropharyngeal injury were reported to have
grade 2 and 3 endoscopic esophageal injury according to Zargar classification [8]. When the
correlation between symptoms and physical examination findings and severity of injury
was analyzed in our study, a significant correlation was found. Patients with severe injuries
had more symptoms and physical examination signs (90.9% and 90.9%, p = 0.034 and
p < 0.001, respectively).

Liquid corrosive substances rapidly pass from the oropharynx and usually cause more
injuries in the esophagus and middle and distal parts of the stomach [1,10,28,29]. Probably
as a result of this passage, isolated stomach and stomach with esophagus were affected
most frequently in our patients with injuries. Longer exposure in the stomach due to the
pyloric spasm caused by the ingested substance can lead to more severe injuries in the
stomach [30]. In our study, duodenum injury was seen at a low rate. Pylorospasm due to
the corrosive substance and neutralization of duodenal contents are considered to play a
role in reducing the damage in the duodenum [31].

Determination of the injury through endoscopy is highly important for prognosis
and management. Usually, Zargar grade 0 and 1 endoscopic lesions do not lead to late
complications like esophageal strictures or gastric outlet obstructions. Degree of esophageal
injury in endoscopy is a direct predictor of systemic complications and death, and an
increase in the degree of injury is associated with a 9-fold increase in morbidity and
mortality [15]. When demographic and clinical data were evaluated according to the
severity of injury, duration of ICU stay and total hospital stay were longer, early and late
complications were more frequent and both esophagus and stomach were affected most
frequently in our patient group with >grade 2b severity of injury. Studies have shown
that late complications are observed in patients with severe injuries, and incidences of
strictures following Zargar grade 2b and grade 3 esophageal injuries can be 71% [15] and
100% [32,33], respectively. Patients with grade 2a or less injury can usually be discharged on
the same day by allowing oral intake and with antacid therapy. In cases with more severe
injuries (>grade 2b), close monitoring in the intensive care unit and adequate parenteral
nutrition support are required [17]. As was the case in our study, the more severe the injury,
the longer it takes to stay at the hospital.

There is a consensus about the fact that caustic tissue injury is simultaneously related
to the type, commercial formulation, pH, dose, concentration, viscosity, and contact time
with the substance [16,17,34-36]. When Gl tract injury is considered according to the type
of corrosive substance, the conventional view is that acids preferably harm the stomach.
While low surface tension and formation of protective esophageal eschar allow acids to
pass without harming the esophagus to a great extent, the stomach is affected more severely.
Conversely, alkalis harm the esophagus more. Higher surface tension of alkalis, which
allows longer contact with the esophageal tissues and neutralization of gastric injury by
acidic stomach contents, explains the more severe injury of the esophagus [1]. On the other
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hand, no significant correlation was found between the type of corrosive substance and
upper GI tract involvement in our study (p = 0.310). But endoscopic injury was found
to be more severe (>grade 2b) and early complications were more frequent in patients
using acidic substances, and the patients were hospitalized more frequently. Potent caustics
(pH < 2 or >12) cause more rapid and severe injury [17,31,37]. It may be considered that
severely injured patients in our study probably ingested potent acidic contents, but pH
values of the ingested corrosive substances are not known; therefore, a clear statement
cannot be made on this matter.

In our study, a weak correlation was found between NLR(r = 0.357, p = 0.001) and
CRP(r = 0.247, p = 0.024) values and the severity of injury that we analyzed in order to
demonstrate the correlation between non-inflammatory markers and severity of endoscopic
injury. Cut-off value for NLR was 2.95 between mild and severe injury (sensitivity of 72.7%
and specificity of 73.6%), and it was 2.5 for CRP (sensitivity of 63.6% and specificity of
65.3%). NLR is an important marker of systemic inflammation and is a cost-effective and
easily accessible method [38]. Elevated NLR levels are associated with poor survival and
increased morbidity in various chronic diseases [39]. At the time of esophageal injury due
to corrosive intake, high levels of free radicals and low levels of antioxidant reserves are
formed due to oxidative stress, and this results in a change in NLR [40—44]. In a similar
study, although there was a similarly weak correlation, the correlation between NLR and
CRP values and severity of injury was significant. An NLR of > 8.71 was a good diagnostic
marker in distinguishing between mild and severe caustic injuries (grade 0, 1, 2 versus
3, 4) [AUC: 0.914, 95% CI (0.85-0.96, p < 0.001)] [45]. Our study is one of the limited
number of studies evaluating NLR values and caustic injuries in the literature [45,46], and
this significant positive correlation can be used as a non-invasive marker to estimate the
severity of caustic injuries in the future.

The limitations of our study are its retrospective nature, lack of knowledge about
the contents of some of the ingested substances, and, additionally, the inability to make a
comment about potent acid or potent alkali due to lack of knowledge about the pH status.

5. Conclusions

In conclusion, injuries related to corrosive substance intake constitute a serious prob-
lem both for the patients and the healthcare system. Performance of endoscopy at the
earliest stage possible after the corrosive substance intake has critical importance regarding
the treatment and prognosis. Non-invasive markers like NLR and CRP can be used for
the prediction of the severity of injury, avoiding endoscopic procedures in patients with
mild injury.
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