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Abstract

Objective: This study aimed to develop and validate the modified irritant gas syndrome agent
(IGSA) criteria, utilizing readily available triage information and epidemiologic data to effi-
ciently segregate patients based on the severity of hydrofluoric acid (HFA) exposure.
Methods:A retrospective analysis of 160 patients exposed to HFAwas performed to develop the
criteria and assess the criteria’s efficacy, focusing on age, respiratory rate, and compliance with
IGSA standards. The criteria’s validity was assessed by comparing clinical outcomes between
patients meeting the modified IGSA (mIGSA) criteria and those who did not as external and
internal.
Results: The mIGSA criteria (or AIR criteria) consisting of the 3 clusters of age greater than 49,
IGSA criteria satisfied, and respiratory rate greater than 19 was developed. The area under curve
of receiver operating characteristic curve for prediction of the risk of confirmed HFA injury
according to AIR criteria was 0.8415 at the external validation.
Conclusions:ThemIGSA criteria offer a significant improvement in the triage of HFA exposure
incidents, facilitating rapid identification and prioritization of patients with potentially severe
outcomes. Future research should aim to further validate these criteria across diverse emergency
scenarios, reinforcing their utility in global health emergency preparedness.

Hydrogen fluoride (HFA) is an industrial chemical used as a source of fluorine. HFA is a typical
inorganic acid used for manufacturing, etching, and cleaning electronic products, and vaporizes
at a room temperature of 19.5°C or greater.1–4 On September 27, 2012 at 15:43, 2 workers at Hube
Globe chemical factory in Gumi City tried to transfer aqueous HFA without personal protective
equipment (PPE), and explosive vaporization occurred.5–7 Approximately 8 tons of HFA leaked,
and factory workers as well as thousands of rural residents nearby were exposed to HFA gas for
nearly 4 hours. The length of exposure was partly due to a delay because of the local governmental
scale determination of HFA exposure range, and evacuation decision-making for residents had
been delayed due to late disaster situation identification and analysis.5,6 Finally, policemen
evacuated some 600 residents within a radius of 0.3 kilometers from the HFA leak area.8 Due
to a lack of proper PPE and delayed use of calcium hydroxide (acid neutralizer), the HFA leak
lasted over 8 hours.5,6 At that time, there was no provision onPPE against anHFA leak to the local
community. Consequently, 5 workers died on scene and at least 18 were injured, and there was
extensive physical and environmental damage to crops and the nearby residential community.5,6

Due to the HFA leak, many patients visited the local hospitals, resulting in outpatient clinic
and emergency department (ED) overcrowding, causing a major disruption to hospital func-
tioning. Evaluating the severity of the patients’ condition in the early stages of exposure without
an ED examination was difficult, except for patients with extensive exposure causing abnormal
vital signs or mental status. Although there have been several reports on the chronic psycho-
logical impact as well as the occupational and environmental medicine effects of the 2012 Gumi
City HFA leak disaster, acute timeline studies are limited.6,9,10

Exposure to HFA can cause damage to the eyes, skin, respiratory system, and digestive tract,
and is associated with burns when it comes in contact with skin or is inhaled.4,11–15 A prior
study16 presented a chemical triage criteria, which considered 2 of the 3 clusters of signs and
symptoms (respiratory: shortness of breath, wheezing, coughing, and choking; chest

Disaster Medicine and Public
Health Preparedness

www.cambridge.org/dmp

Original Research

Cite this article: Shin H, Oh SK, Lee HY, Chung
H, Moon JE and Kang HD (2024). Optimizing
Triage in Chemical Disasters: Validation of
Modified IGSA Criteria for Hydrofluoric Acid
Exposure. Disaster Medicine and Public Health
Preparedness, 18, e323, 1–10
https://doi.org/10.1017/dmp.2024.320

Received: 18 March 2024
Revised: 12 November 2024
Accepted: 13 November 2024

Keywords:
disasters; hydrofluoric acid; statistical factor
analysis; triage

Corresponding author:
Heejun Shin;
Email: iamrocker@hanmail.net

© The Author(s), 2025. Published by Cambridge
University Press on behalf of Society for
Disaster Medicine and Public Health, Inc.

https://doi.org/10.1017/dmp.2024.320 Published online by Cambridge University Press

https://orcid.org/0000-0002-0209-8385
https://doi.org/10.1017/dmp.2024.320
mailto:iamrocker@hanmail.net
https://doi.org/10.1017/dmp.2024.320


discomfort: tightness, pain, and burning; eye, nose and/or throat:
pain, irritation, and burning). These were used to create the irritant
gas syndrome agent (IGSA) triage criteria.

The aim of this study is to develop and validate a modified IGSA
(mIGSA) criteria, specifically tailored for triage in HFA exposure
incidents. The revised criteria, also referred to as AIR criteria, aims
to provide a swift and accuratemethod for classifying the severity of
exposure and prioritizing patient treatment in chemical disaster
scenarios. The need for such criteria arises from the limitations
observed in existing IGSA protocols during the 2012 Gumi City
chemical spill incident.

Methods

Study Design

This study used a retrospective medical chart review of all living
patients > 18 years of age who visited the ED of the Soonchunhyang
Gumi University Hospital after the HFA spill at the Hube Globe
chemical factory from 16:00 on September 27, 2012, to 16:00 on
September 28, 2012, with chief complaints of direct or indirect
exposure to HFA. Soonchunhyang Gumi University Hospital has
400 inpatient beds, 20 ED beds, and a secondary tiered hospital.
Direct exposure to HFA was defined as inhalation, splashing on
skin, etc. Indirect exposure to HFA was defined as ingestion or
contact with fruits exposed by HFA, etc.

Sample Size and Selection

The sample size was determined using comparison of the area
under the curve (AUC) with a null hypothesis value. Area under
receiver operating characteristic (ROC) curve was set at 0.8, null
hypothesis AUC value 0.5, prevalence (ratio of positive cases/total
sample size) 0.5, with an alpha error probability of 0.05, and power
(1 - beta probability) was designated as 0.8. As a result, the calcu-
lated appropriate total sample size was determined to be 32, with a
number of positive cases (n = 16) and a number of negative cases
(n = 16). This study focused on a total of 160 patients who were
exposed to HFA within the specified period. For the validation of
themIGSA criteria, the authors included 58 patients, dividing them
into confirmed HFA injury (n = 41) and no HFA injury (n = 17)
based on retrospective medical chart reviews.

Triage Criteria Development

The development of the mIGSA began with the previously devel-
oped IGSA criteria which considered satisfied when including 2 of
the 3 clusters of signs and symptoms (respiratory: shortness of
breath, wheezing, coughing, and choking; chest discomfort: tight-
ness, pain, and burning; eye, nose and/or throat: pain, irritation,
and burning).16

External Validation

When validating the mIGSA criteria, HFA injury was used as
the dependent variable.16 The area under the ROC curve (AUC)
for the IGSA criteria was calculated using data from a total of 58
patients, including those with confirmed HFA injury and those
without (Figure 1; Table 1). Comparing the analysis of symp-
toms, signs, and the 3 clusters of IGSA criteria, as well as IGSA
criteria for a total of 58 actual patients comprised of confirmed
HFA injury and no HFA injury is covered in Supplementary
Table 1.

The development of the modified IGSA criteria
Gender, age, the IGSA criteria, vital signs (including systolic blood
pressure [SBP], diastolic blood pressure [DBP], heart rate [HR],
respiratory rate [RR], oxygen saturation, and body temperature [BT]),
and patient distance from the location of the incident were set as
independent variables.16 The dependent variable was set as the pres-
ence or absence of confirmed HFA injury. This was compared to the
IGSA criteria16 for 58 patients (41 with confirmed HFA injury and
17 with no HFA injury) (Table 1). Univariate logistic regression
analysis (ULRA) and multivariate logistic regression analyses
(MLRA) were performed to determine which independent variables
significantly affected the rate of HFA injury (Table 2). Statistical
significance was determined to be P < 0.05. The sensitivity and
specificity in the ROC curve of the continuous value of independent
variables significant (P < 0.05) in Table 2 were investigated for pre-
dicting the risk of confirmedHFA injury (Figure 2). In theMLRA, the
full model was defined as the model that included independent
variables found to be statistically significant (P < 0.05) in the ULRA
(Univariate Logistic RegressionAnalysis). The finalmodelwas defined
as the model where continuous variables in the full model were
replaced with categorized variables based on the cutoff values pre-
sented in Figure 2 (Table 2). The ROC curve for predicting the risk of
confirmed HFA injury according toMLRA as the full model and final
modelwas investigated forAUCevaluation (Figure 3). Thenomogram
of logistic regression in the final model for predicting the risk of
confirmed HFA injury was investigated for establishing the definition
of themIGSA criteria as satisfactory if over 80%probability (Figure 4).

Internal validation of the modified IGSA criteria
Calibration plots with local regression with 500 bootstrapping
samples were performed to get the nomogram for internal valid-
ation of the mIGSA criteria using the 58 patient data to confirm
HFA injury status (Figure 5).

Figure 1. External validationof the IGSAcriteria for a total of 58actual patients forpredicting
the risk of confirmed HFA injury. AUC, the area under the curve; IGSA, irritant gas syndrome
agent; Satisfying IGSA criteria16 means meeting 2 out of 3 clusters of signs and symptoms
criteria (respiratory: shortness of breath, wheezing, coughing, and choking; chest discomfort:
tightness, pain, and burning; eye, nose and/or throat: pain, irritation, and burning); HFA,
hydrofluoric acid; Se, sensitivity; Sp, specificity; ROC, receiver operating characteristic; For
external validationof the IGSAcriteria for a total of 58actual patients topredict the confirmed
HFA injury, the AUC with sensitivity and specificity in the ROC curve was conducted.
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Application of the modified IGSA criteria as a chemical triage
Basic demographic characteristics and injury-related variables by the
validatedmodified IGSA criteria for the 160HFAexposed patients.The
mIGSAcriteriawere set as a severity normofHFAexposed patients as
an initial ED triage tool for chemical disaster and was used as a
dependent variable. The basic demographic characteristic variables
included gender, age, patient classification (factory worker, resident,
firefighter, emergency medical service person, policemen, reporter,
and unknown), and vital signs at initial ED visit (SBP, DBP, HR, RR,
and BT). Injury-related variables included the incident material state
(gas only vs complex), patient injury mechanism (inhalation only vs
complex), patient distance from the location of the incident (more
than 100 m away or within 100 m), and oxygen saturation. Complex
exposures or injuries were defined as the combined status of the
presence of a non-gaseous incident material state or patient injury
mechanism, whether there were gaseous exposures/injuries or not.
Chemical triage by the mIGSA criteria was compared to basic demo-
graphic characteristics and injury-related variables for analysis of
160 HFA exposed patients (Table 3).

Development of chemical triage

Based on the above results, the authors presented evidence-
based prehospital and hospital measures to establish chemical
triage (Figure 6).

The HFA injury risk prediction of the chemical triage was
defined as follows:

(1) High Risk: 80% or more
(2) Moderate Risk: 30%-79%
(3) Low Risk: 0%-29%

Statistical methods

Data were reported as the mean ± standard deviation (SD) for
parametric continuous variables, median (Q1, Q3) for nonpara-
metric continuous variables, and frequency (percentage) for cat-
egorical variables. P values were calculated using Student’s t-test
or the Mann–Whitney U test for continuous variables, the χ2 test
with Yate’s continuity correction, or Fisher’s exact test for cat-
egorical variables. ULRA and MLRA were also used to find the
predictors of confirmedHFA injury. The discriminatory power of
the final model was measured by the AUC in the ROC curve. The
optimal cut-off value was determined according to the Youden
index.17 A nomogram analysis for internal validation was con-
ducted with a bootstrapping method (500 repetitions) to obtain
unbiased estimates of the model’s performance (calibration plot).
Statistical analyses were performed using R version 3.6.3 (The
R Foundation for Statistical Computing, Vienna, Austria). A
P value < 0.05 was considered to show statistical significance.

Table 1. Comparing analysis of gender, age, IGSA criteria, vital signs, patient distance from the location of the incident, and oxygen saturation for a total of 58
actual patients comprised of confirmed HFA injury and no HFA injury

Independent variables Subgroup Total (n = 58)
Confirmed HFA

injury group (n = 41)
Confirmed no HFA
injury group (n = 17) P value

Gender n (%) 58 (100%) 41 (100%) 17 (100%) 0.0055†

Male 44 (75.86%) 27 (65.85%) 17 (100%)

Female 14 (24.14%) 14 (34.15%) 0

Age Median (Q1, Q3) 44 (37.5, 56.75) 49 (41, 67) 40 (31, 46) 0.0235‡

IGSA criteria§ n (%) 58 (100%) 41 (100%) 17 (100%) >0.9999†

Satisfying 14 (24.14%) 10 (24.39%) 4 (23.53%)

Not satisfying 44 (75.86%) 31 (75.61%) 13 (76.47%)

Vital signs Median (Q1, Q3)

SBP (mmHg) 130 (120, 140) 130 (120, 140) 120 (110, 130) 0.0478‡

DBP (mmHg) 80 (80, 90) 80 (80, 90) 80 (70, 80) 0.3808‡

HR (beats per minute) 72 (64.25, 80) 72 (65, 80) 71 (62, 80) 0.7645‡

RR (breaths per minute) 20 (18, 20) 20 (19, 20) 18 (18, 20) 0.0046‡

BT (°C) 36.6 (36.4, 36.7) 36.6 (36.3, 36.7) 36.6 (36.5, 36.7) 0.5598‡

Patient distance from the
location of the incident

n (%) 58 (100%) 41 (100%) 17 (100%) 0.0004§§

More than 100 m away 22 (37.93%) 22 (53.66 %) 0

Within 100 m 36 (62.07%) 19 (46.34%) 17 (100%)

Oxygen saturation Median (Q1, Q3) 98 (97, 98) 98 (97, 98) 97.5 (97, 98) >0.9999‡

HFA, hydrofluoric acid; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; RR, respiratory rate; BT, body temperature.
†Fisher’s exact test.
‡The Mann–Whitney U test.
§IGSA criteria, irritant gas syndrome agent criteria suggested by Culley et al,16 satisfyingmeansmeeting 2 ormore clusters among 3 clusters of signs and symptoms criteria (respiratory: shortness
of breath, wheezing, coughing, and choking; chest discomfort: tightness, pain, and burning; eye, nose, and/or throat: pain, irritation, and burning).
§§Chi-square test with Yate’s continuity correction;
Significance of bold values means p-value < 0.05.
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Results

Results for Development of the Modified IGSA Criteria Under
Validation as a Chemical Triage for HFA Induced MCI or
Disaster

Results of external validation of the IGSA criteria for a total of
58 actual patients comprised of confirmed HFA injury and no HFA
injury
The AUC (sensitivity; specificity) in the ROC curve of the IGSA
criteria for predicting the risk of confirmed HFA injury was 0.475
(1; 0) (Figure 1).

Results of the Development of the Modified IGSA Criteria

Independent variables in terms of gender; age; SBP, and RR among
vital signs; and patient distance from the location of incident were
associated with confirmed HFA injury for a total of 58 actual
patients (P < 0.05) (Table 1). The odds ratios (ORs) (95% confi-
dence interval [CI]; P value) of age and RR among these variables
were associated with predicting the risk of confirmed HFA injury
in the ULRA respectively as 1.0572 ([1.0082–1.1086] of 95% CI;
P = 0.0216) and 2.3893 ([1.2771–4.4701] of 95% CI; P = 0.0064)
(Table 2). The cut-off values (sensitivity; specificity) for predicting

Figure 2. The cut-off value with sensitivity and specificity in the ROC curve of age and RR for predicting the risk of confirmed HFA injury. AUC, the area under the curve; HFA,
hydrofluoric acid; ROC, receiver operating characteristic; RR, respiratory rate; Sp, specificity; Se, sensitivity; Youden index was applied to calculate the cut-off value in the ROC curve
of age and RR for predicting the risk of confirmed HFA injury.20

Table 2. Univariate and multivariate logistic regression analyses for IGSA criteria with independent variables for predicting the risk of confirmed HFA injury

Univariate
Odds ratio*
(95% CI) P value

Multivariate
(full model)

Odds ratio*
(95% CI) P value

Multivariate
(final model)

Odds ratio*
(95% CI) P value

Gender (male) 1.373x10–08
(0–Infinite)

0.9917

The IGSA criteria satisfied† 0.7742
(0.2188–2.7390)

0.6914 The IGSA criteria
satisfied†

1.9315
(0.3957–9.4296)

0.4158 The IGSA criteria
satisfied†

1.6311
(0.3206–8.2984)

0.5556

Age (year) 1.0572
(1.0082–1.1086)

0.0216 Age (year) 1.0685
(1.0096–1.1309)

0.0220 Age more than 49
(Satisfying)

14.8871
(1.6829–131.6902)

0.0152

RR (breaths per minute) 2.3893
(1.2771–4.4701)

0.0064 RR (breaths per
minute)

2.6786
(1.273–5.6361)

0.0094 RR more than 19
(Satisfying)

7.1351
(1.6075–31.6709)

0.0098

SBP (mmHg) 1.0465
(0.9994–1.0958)

0.0531

Patient distance from
the location of incident
(within 100 m)

3.555x10–09

(0–Infinite)
0.9932

CI, confidence interval; IGSA, irritant gas syndrome agent; HFA, hydrofluoric acid; SBP, systolic blood pressure; RR, respiratory rate.
*Wald confidence intervals were calculated; Simple regressions with a single covariate were conducted, and coefficients from each regression were summarized;
†IGSA criteria, IGSA criteria by Culley et al,16 satisfying means meeting 2 or more clusters among 3 clusters of signs and symptoms criteria (respiratory: shortness of breath, wheezing, coughing,
and choking; chest discomfort: tightness, pain, and burning; eye, nose and/or throat: pain, irritation, and burning).
Full model: multivariate logistic regression analysis of IGSA criteria, age, and RR for predicting the risk of confirmed HFA injury.
Final model: multivariate logistic regression analysis of IGSA, age more than 49, and RR more than 19 criteria for predicting the risk of confirmed HFA injury.
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the risk of confirmed HFA injury by using Youden’s index in the
ROC curve of age and RR were 48.50 (0.941; 0.512) and 18.50
(0.647; 0.780), (Figure 2) respectively. ULRA and MLRA showed
that age and RR were significant and independent predictors of
predicting the risk of confirmed HFA injury (Tables 2, 3). The
authors defined the final model as “the modified IGSA criteria”

(mIGSA, or AIR criteria) consisting of the 3 clusters of age greater
than 49, IGSA criteria satisfied, and RR greater than 19 (Table 2;
Figure 3). The AUC of ROC curve for prediction of the risk of
confirmed HFA injury according to MLRA as the full model and
final model was 0.8049 and 0.8415 respectively (Figure 3). Satisfy-
ing the mIGSA/AIR criteria as defined as meeting 2 or more of the

Figure 4. Nomogram of logistic regression in the final model for predicting the risk of confirmed HFA injury. IGSA, irritant gas syndrome agent; Satisfying IGSA criteria16 means
meeting 2 out of 3 clusters of signs and symptoms criteria (respiratory: shortness of breath, wheezing, coughing, and choking; chest discomfort: tightness, pain, and burning; eye,
nose and/or throat: pain, irritation, and burning); HFA, hydrofluoric acid; RR, respiratory rate. Finalmodel: multivariate logistic regression analysis of IGSA, age greater than 49, and
RR greater than 19, criteria for predicting the risk of confirmed HFA injury. Age group coding: 0 = age under 49; 1 = age more than 49; IGSA criteria coding: 0 = not satisfying;
1 = satisfying; RR coding: 0 = RR under 19; 1 = RR more than 19.

Figure 3. AUC of ROC curve for prediction of the risk of confirmed HFA injury according to multivariate logistic regression analysis as the full model and final model. AUC, the area
under the curve; HFA, hydrofluoric acid; IGSA, irritant gas syndrome agent; ROC, receiver operating characteristic; RR, respiratory rate. Full model: multivariate logistic regression
analysis of IGSA criteria, age, and RR for predicting the risk of confirmed HF injury. Final model: The final model is a multivariate logistic regression analysis that incorporates the
IGSA criteria, age over 49, and a respiratory rate (RR) greater than 19 as predictors for the risk of confirmed HFA injury.
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3 clusters of age greater than 49, IGSA criteria satisfied, and RR
greater than 19, correlated with at least 90 points indicating an over
80% probability for predicting the risk of confirmed HFA injury in
the nomogram (Figure 4).

Results Of Internal Validation of the Modified IGSA Criteria

The bias-corrected plot approximates the ideal plot, showing high
agreement between predicted probabilities and actual probabilities
in the calibration plots with local regression with 500 bootstrapping
samples (Figure 5).

Results of Application of theModified IGSA Criteria as a Chemical
Triage

Results of basic demographic characteristics and injury-related
variables by the validated modified IGSA criteria for the 160 HFA
exposed patients
The SD between the mIGSA group and the non-modified IGSA
group of age and RR on initial ED admission was 55.26 (15.27)
versus 35.81 (9.12), P < 0.0001, and 19.1 breaths per minute (1.44)
versus 19.15 (1.06), P < 0.0018 (Table 3). There was a significant
difference observed between themodified IGSA group and the non-
modified IGSA group of patient classification and patient distance
from the location of the incident (Table 3), with P < 0.05.

Development of chemical triage
The authors have developed and validated a detailed triage algo-
rithm for predicting HFA injury risk (Figure 6). The triage algo-
rithm considers the following criteria:

1. Age > 48: 100 points
2. IGSA Criteria (+): 18 points
3. Respiratory Rate > 18: 73 points

Based on the total points, the HFA injury risk prediction is cat-
egorized as follows:

1. High Risk: 80% or more (≥ 90 points)
2. Moderate Risk: 30%-79% (7-89 points)
3. Low Risk: 0%-29% (0-6 points)

The algorithm proceeds as follows:

1. Initial Assessment:

- Assess the age of the patient.
- Evaluate IGSA criteria satisfaction.
- Measure the respiratory rate.

2. Risk Classification:

- High Risk (≥ 90 points, ≥ 80%): Immediate critical care and
continuous monitoring.

- Moderate Risk (7-89 points, 30%-79%): Symptom treat-
ment, observation, and possible IV therapy.

- Low Risk (0-6 points, 0%-29%): Outpatient follow-up and
self-care instructions

Discussion

Efficient planning for the utilization of hospital resources is critical
to effectively manage the surge in patient demand that occurs when
a disaster results in a large influx of casualties to the ED. This study
was initiated by questioning whether it is possible to differentiate
between patients with potential severity and those without, using
parameters available during initial ED triage, such as vital signs and
epidemiological information, in the context of a mass influx of
patients following HFA inhalation exposure. The authors devel-
oped the mIGSA/AIR criteria as a newmodel for chemical triage in
cases of mass inhalational HFA exposure. This model was deemed
satisfactory if it identified 2 or more of the following clusters: age
greater than 49, satisfaction of the IGSA criteria, and an RR greater
than 19, upon validation. In applying the mIGSA criteria to
160 patients exposed to HFA, it was found that both age and RR
were significantly higher in the mIGSA group compared to the
group that did not meet the mIGSA criteria. Additionally, the
highest proportion of patients with unknown classification status
was observed in both the mIGSA group and the non-modified
IGSA group.

At specific temperatures, chemical substances can be in solid,
liquid, or gas form. In gas form, chemical substances can be
hazardous to the community when not contained.18 The 2014
HFA leakage that occurred in Zhejiang Province, China, was like
the 2012 GumiHFA leak disaster, where a large amount of HFA gas
at room temperature caused a wide range of toxic hazards to the
community.3,5 In that accident, a multi-vehicle chain collision that
occurred at the Pujiang section of theHangjinqu expressway caused
a crack in a tank of the vehicle carrying HFA; a large amount of
HFA leaked, resulting in chemical injuries to 253 individuals,
including 3 deaths.3

The proportion of males was higher in both groups. This was
similar to the results of a prospective study from 2008 to 2009 of
527 patients admitted to 25 hospitals in Zhejiang Province, China,
due to chemical injuries, which showed that most patients were
male in both non-severe and severe patient groups.12 As expected,
factory workers were among the most prevalent patient classifica-
tions in both groups, with the unknown or missing value being the
most common. Unfortunately, the unknown patient classification
was most prevalent in both groups because of medical documen-
tation failure due to ignorance and a lack of education on hospital-
based data collection after a chemical disaster. However, some

Figure 5. Calibration plots with local regression of the nomogram for internal
validation of the mIGSA criteria. Perfect prediction corresponds to the 45° line.
Points estimated below the 45° line represent overprediction, whereas those above
the 45° line represent underprediction. Calibration plot with 500 bootstrapping
samples. IGSA, irritant gas syndrome agent; Satisfying IGSA criteria16 means meeting
2 out of 3 clusters of signs and symptoms criteria (respiratory: shortness of breath,
wheezing, coughing, and choking; chest discomfort: tightness, pain, and burning; eye,
nose and/or throat: pain, irritation, and burning).
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studies suggest that the initial main victim of this Gumi City HFA
leak in 2012 were factory workers, and later as time goes by, the
damage was extended to community residents nearby the HFA leak
area, both physically and mentally.5,6,9,10

In the present study, themost common identifiers for patients in
both groups were injury by inhalation of the gaseous form of HFA.
The results from a previous study showed that the number of
patients who visited the ED in nearby hospitals within 24 h after
the release of a large amount of vinyl chloride gas in a 2012 New
Jersey train derailment was similar to the epidemiological charac-
teristics observed in the present study.19

In previous literature concerning chemical triage, Craig et al.20

compared and evaluated various ED triage methods such as
START, ESI, CBRN, and SALT to find the most suitable model.

The authors used data extracted from medical records of the
patients from the 2005 Graniteville train derailment chlorine dis-
aster in their study. Another effort to address this challenge was
Culley et al.,16 who retrospectively analyzed patient data from the
same 2005 chlorine leak disaster in Graniteville and made an
announcement that it was considered that IGSA exposure could
be validated, and ED care should be given priority if the patient met
at least 2 out of 3 clusters of symptoms and signs, which constituted
respiratory, chest discomfort, eye, and nose and/or throat.

The development and validation of the mIGSA criteria repre-
sents a significant advancement in the triage of patients exposed to
HFAduring chemical disasters. This work is particularly relevant in
the context of increasing industrial accidents and the need for
effective emergency response strategies. This study’s findings align

Table 3. Basic demographic characteristics and injury-related variables by the validated modified IGSA criteria for the 160 HFA-exposed patients

Variable Total (n = 160) Modified IGSA group (n = 46) No modified IGSA group (n = 114) P value

Age (years) 41.40 ± 14.26 55.26 ± 15.27 35.81 ± 9.12 <0.0001†

Gender 0.0897‡

Male 108 (67.5%) 26 (56.52%) 82 (71.93%)

Female 52 (32.5%) 20 (43.48%) 32 (28.07%)

Patient Classification 0.0064§

Factory worker 42 (26.25%) 8 (17.39%) 34 (29.82%)

Resident 10 (6.25%) 5 (10.87%) 5 (4.39%)

Firefighter 15 (9.38%) 0 15 (13.16%)

Emergency medical service person 3 (1.88%) 2 (4.35%) 1 (0.88%)

Policemen 5 (3.12%) 2 (4.35%) 3 (2.63%)

Reporter 2 (1.25%) 1 (2.17%) 1 (0.88%)

Unknown 83 (51.88%) 28 (60.87%) 55 (48.25%)

Vital signs at the initial ED visit

SBP (mmHg) 124.59 ± 14.74 127.72 ± 16.18 123.33 ± 14.00 0.0887†

DBP (mmHg) 79.34 ± 9.10 79.89 ± 10.57 79.12 ± 8.47 0.6616†

Heart rate (beats per minute) 74.29 ± 10.96 73.30 ± 12.89 74.68 ± 10.11 0.4728†

RR (breaths per minute) 19.37 ± 1.23 19.91 ± 1.44 19.15 ± 1.06 0.0018†

BT (°C) 36.54 ± 0.29 36.49 ± 0.33 36.55 ± 0.27 0.2290†

Incident material state 0.2875§

Gas 193 (99.0%) 53 (96.4%) 144 (100.0%)

Complex (more than 2) 6 (1.0%) 2 (3.6%) 0 (0.0%)

Patient injury mechanism 0.4936§

Inhalation 158 (98.75%) 45 (97.83%) 113 (99.12%)

Complex (more than two) 2 (1.25%) 1 (2.17%) 1 (0.88%)

Patient distance from the location of the incident 0.0009‡

More than 100 m away 73 (45.62%) 31 (67.39%) 42 (36.84%)

Within 100 m 87 (54.37%) 15 (32.61%) 72 (63.16%)

Oxygen saturation (%) 98 (97, 98) 98 (96.75, 98) 98 (97, 98) 0.1696‡

Data were reported as the mean ± standard deviation for continuous variables and frequency (percentage) for categorical variables. P values were calculated using Student’s t-test or the Mann–
Whitney U test for continuous variables and the chi-square test with Yate’s continuity correction or Fisher’s exact test for categorical variables.
BT, body temperature; DBP, diastolic blood pressure; ED, emergency department; HFA, hydrofluoric acid; IGSA, irritant gas syndrome agent; SBP, systolic blood pressure; RR, respiratory rate.
†Student’s t-test.
‡Chi-square test with Yate’s continuity correction.
§Fisher’s exact test.
‡Mann–Whitney U test;
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with previous research indicating the critical role of early and
accurate triage in managing chemical exposure incidents and redu-
cingmorbidity andmortality rates. For instance, the work by Zhang
et al.3 on a serious HFA leak highlights the challenges and import-
ance of immediate medical intervention in chemical spill scenarios.
Similarly, Culley et al.16 emphasized the necessity for validated
signs and symptoms to prioritize ED care for patients exposed to
irritant gases, underlining the need for robust triage criteria, such as
the mIGSA criteria developed in our study.

Moreover, the mIGSA criteria’s emphasis on age, respiratory
rate, and the satisfaction of IGSA criteria as pivotal determinants
for triage decisions echoes the findings of studies such as those by
Shumate et al.,19 which documented the health care response to a
vinyl chloride release, and by Craig et al.,20 who explored hospital-
based data mining methods to study triage after chemical disasters.
These studies collectively underscore the importance of incorpor-
ating diverse and practical variables into triage systems to enhance
their effectiveness in real-world emergency scenarios.

Ethical considerations in deploying mIGSA criteria, especially
concerning resource allocation and equity in patient care, are

crucial. The review by Fishe et al.21 on implementing prehospital
evidence-based guidelines (EBGs) discusses the challenges and
emphasizes the importance of ethical considerations in the adop-
tion of EBGs, which could be extrapolated to the ethical deploy-
ment of mIGSA criteria.

Integrating the mIGSA criteria into prehospital care protocols
necessitates a multifaceted approach, encompassing training, logis-
tics, and communication enhancements.22,23 The consensus under-
scores the importance of adaptable and responsive prehospital care
systems that can seamlessly incorporate innovative triage tools.22–24

The role of technology and innovation, especially in data analytics
and real-timemonitoring, in enhancing themIGSA criteria’s effect-
iveness is supported by mHealth applications for EMS activation in
low-income andmiddle-income countries, suggesting the potential
of technology in improving disaster response outcomes, as well as
in review, which underscores the need for scalable and adaptable
tools for chemical triage to improve global preparedness.23,24 The
criteria’s design for easy integration promises to streamline emer-
gency responses, ensuring timely and appropriate care for HFA
exposure victims.

Figure 6. AIR triage algorithm for victims under HFA exposure based on HFA injury predictionmodeling. AIR, age, IGSA criteria, respiratory rate; HFA, hydrofluoric acid; IGSA criteria,
irritant gas syndrome agent criteria suggested by Culley et al,16 satisfying means meeting 2 out of 3 clusters of signs and symptoms criteria (respiratory: shortness of breath,
wheezing, coughing, and choking; chest discomfort: tightness, pain, and burning; eye, nose and/or throat: pain, irritation, and burning).
Initial Assessment:

1. Assess the age of the patient.
2. Evaluate IGSA criteria satisfaction.
3. Measure the respiratory rate.

Risk Classification based upon nomogram of logistic regression in the final model for predicting the risk of confirmed HFA injury (Figure 4):

1. High Risk (≥ 80%): Immediate critical care and continuous monitoring.
2. Moderate Risk (30%-79%): Symptom treatment, observation, and possible IV therapy.
3. Low Risk (0%-29%): Outpatient follow-up and self-care instructions.

Expectant Category:
Critical symptoms include:

1. Profound respiratory failure
2. Unresponsiveness
3. Severe burns covering large body areas
4. Multiple organ failures with minimal response to initial treatments
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Our triage scheme considers both resource availability and
symptom severity. The algorithm prioritizes immediate critical care
for high-risk patients and allocates resources accordingly to ensure
effective treatment.

Based on the mIGSA/AIR criteria, the authors recommend the
following management protocols for HFA exposure: High-risk
patients should receive immediate administration of calcium glu-
conate, both topically and intravenously, to neutralize fluoride ions.
These patients should also receive respiratory support, including
oxygen therapy andmechanical ventilation, if necessary, along with
continuous ECG and vital sign monitoring in an intensive care
setting. Pain management using analgesics and sedatives is essen-
tial.25–27 Moderate-risk patients should have close monitoring of
respiratory function and vital signs for 24 hours, symptomatic
treatment with bronchodilators and analgesics, and intravenous
therapy with calcium gluconate as needed. Low-risk patients can be
managed with outpatient follow-up and home care instructions,
including the application of calcium gluconate gel to affected areas,
and should be advised to monitor their symptoms and return to the
hospital if conditions worsen.25–27

Decontamination procedures based on exposure levels are as
follows: High-risk exposures, involving a large area of skin (> 10%
of total body surface area), sensitive areas such as the eyes or
respiratory tract, or high concentration of HFA, require full decon-
tamination with water and neutralizing agents, such as calcium
gluconate gel, to prevent further absorption and mitigate severe
systemic effects.28,29 Moderate-risk exposures, characterized by
smaller skin areas (1-10% of total body surface area), lower con-
centrations, and no involvement of sensitive areas, require thor-
ough washing with water and soap, followed by observation for
delayed symptoms.30,31 Low-risk exposures, involving minimal
skin contact (<1% of total body surface area), very low concentra-
tions, and no involvement of sensitive areas, can be managed with
home decontamination practices, such as thorough washing with
soap and water, to prevent irritation and mild symptoms.32,33

The PPE requirements for managing HFA exposure are as follows:
Prehospital providers involved in initial containment and decontam-
ination efforts should use Level A PPE, which includes fully encapsu-
lating chemical protective suits with self-contained breathing apparatus
(SCBA). For secondary care and transport, it is recommended that
providers use Level B PPE, consisting of hooded chemical-resistant
clothing with SCBA or powered air-purifying respirator (PAPR). Hos-
pital providers managing moderate to low-risk patients should use
Level C PPE, which includes non-encapsulating, splash-protective
chemical-resistant clothing with an air-purifying respirator. In emer-
gency departments, Level B PPE is required for handling high-risk
patients requiring intensive decontamination and treatment.34–36

Critical symptoms in placing patients in the expectant category
include profound respiratory failure, unresponsiveness, severe
burns covering large body areas, or multiple organ failures with
minimal response to initial treatments.37–39

By presenting the author’s findings within this study, it becomes
clear that themIGSA (orAIR) criteria could serve as a valuable tool for
EDs worldwide, facilitating the prompt and efficient allocation of
medical resources during chemical incidents. This contribution is both
timely and critical, given the global trends in industrialization and the
increasing potential risks of chemical exposure.

Limitations and Strengths

The present study was limited due to the retrospective design,
which might have introduced information and selection bias.

One of the limitations of our study involves the statistical method-
ologies applied for external and internal validations. Because there
was no preestablished, integrated, specified, disaster patient data
collecting system in the hospital (and among community hos-
pitals), we had to determine patient classification by retrospective
chart review, with insufficient information. Additionally, there
weremany patient follow-up losses, totaling 102 out of 160 patients.
While we have utilized ROC curves for external validation and
calibration plots with bootstrapping for internal validation, the
relatively small sample size of confirmed HFA injury patients
(n = 58) may limit the generalizability and robustness of our
findings. Specifically, the external validation process, which utilized
the AUC of the ROC to assess the predictive power of the mIGSA
criteria, may be influenced by sample size limitations, potentially
affecting the accuracy of our model’s predictive capabilities. Simi-
larly, the internal validation, which relied on 500 bootstrapping
samples to assess the calibration of the mIGSA criteria, may not
fully account for overfitting or variability inherent in small sample
sizes. These statistical considerations underscore the necessity for
cautious interpretation of our validation results, and highlight the
need for further research with larger datasets to validate and refine
the mIGSA criteria effectively. Moreover, future studies should
consider employing advanced statistical techniques or alternative
validation methods that can mitigate the challenges posed by small
sample sizes and enhance the reliability of triage criteria in chemical
disaster scenarios. Even so, the authors believe this study will serve
as chemical triage guidance and a basis for understanding the
characteristics of the patients that visit the ED afterHFA inhalation.
Also, the findings from this study can be used in future multidis-
ciplinary data collection for the development of integrated field or
hospital chemical disaster triage for HFA injury patients.

Conclusion

The authors developed the mIGSA/AIR criteria as a new model of
triage for inhalational mass HFA exposure. The model proved as
satisfied if they met 2 or more clusters of age greater than 49, IGSA
criteria satisfied, and RR greater than 19, under validation. Mean
age and RR were higher in the mIGSA group rather than the non-
modified IGSA group. To maximize the quality of patient care,
future studies should continue to characterize chemical triage
development and validation, as well as specified a preestablished
data collecting system setup for various types of major chemical
contamination events.

Data availability statement. Data sharing is not applicable as no data sets
were generated or analyzed during this study.

Author contribution. HJS participated in the Conceptualization, Data cur-
ation, Formal analysis, Funding acquisition, Investigation, Methodology, Pro-
ject administration, Resources, Software, Supervision, Validation, Visualization,
Writing – original draft, and Writing – review & editing; SKO, HYL, HJC, and
HDK contributed to Data curation, Formal analysis, Investigation, Method-
ology, Resources, Validation, Writing – review & editing; JEM contributed to
Data curation, Formal analysis, Investigation, Methodology, Resources, Validation,
Writing – review & editing, Supervision, Visualization; HJS contributed the manu-
script as a First Author and Corresponding Author. All authors read themanuscript
and approved its submission.

Funding statement. This study was supported by the Soonchunhyang Uni-
versity Research Fund.

Competing interest. The authors declare there are no potential conflicts of
interest concerning the research, authorship, and/or publication of this article.

Disaster Medicine and Public Health Preparedness 9

https://doi.org/10.1017/dmp.2024.320 Published online by Cambridge University Press

https://doi.org/10.1017/dmp.2024.320


Ethical standard. This study was supported by the Soonchunhyang Univer-
sity Research Fund and was approved by the Institutional Review Board of
Soonchunhyang University Gumi Hospital (IRB Number: SCHUH 2019-17).
All participants provided consent to participate in this study. All methods were
carried out in accordance with relevant guidelines and regulations. This study
was performed in accordance with the Declaration of Helsinki.

References

1. NIOSH Pocket Guide to Chemical Hazards. #0334. National Institute for
Occupational Safety and Health (NIOSH). Accessed August 22, 2023.

2. Petrucci RH,HarwoodWS,Madura JD. General chemistry: principles and
modern applications. Pearson/Prentice Hall; 2007:691.

3. Zhang Y, Wang X, Sharma K, et al. Injuries following a serious hydro-
fluoric acid leak: first aid and lessons. Burns. 2015;41(7):1593–1598. https://
doi.org/10.1016/j.burns.2015.04.002

4. Wang X, Zhang Y, Ni L, et al. A review of treatment strategies for
hydrofluoric acid burns: current status and future prospects. Burns. 2014;
40(8):1447–1457. https://doi.org/10.1016/j.burns.2014.04.009

5. Park SB. Alert over SouthKorea toxic leaks.Nature. 2013;494(7435):15–16.
https://doi.org/10.1038/494015a

6. Song JY, Jeong KS, Choi KS, et al. Psychological risk factors for posttrau-
matic stress disorder in workers after toxic chemical spill in Gumi, South
Korea.Workplace Health Saf. 2018;66(8):393–402. https://doi.org/10.1177/
2165079917750168

7. City Population. Gumi city population in 2012. Accessed February
14, 2024. https://www.citypopulation.de/php/southkorea-admin.php?
adm2id=37050

8. Korea Joongang Daily News. Gas leak at chemical plant kills 5, injures 18.
September 28, 2012. Accessed February 14, 2024. http://koreajoongangdai
ly.joins.com/news/article/article.aspx?aid=2960197

9. Yoo SH, Yoon SY, Woo KH, et al. Psychological effects of a disastrous
hydrogen fluoride spillage on the local community. Ann Occup Environ
Med. 2017;29:40. https://doi.org/10.1186/s40557-017-0196-6

10. Na JY, Woo KH, Yoon SY, et al. Acute symptoms after a community
hydrogen fluoride spill.AnnOccup EnvironMed. 2013;25(1):17. https://doi.
org/10.1186/2052-4374-25-17

11. Lim HS, Lee K. Health care plan for hydrogen fluoride spill, Gumi, Korea.
J KoreanMed Sci. 2012;27(11):1283–1284. https://doi.org/10.3346/jkms.2012.
27.11.1283

12. Zhang YH, Han CM, Chen GX, et al. Factors associated with chemical
burns in Zhejiang province, China: an epidemiological study. BMC Public
Health. 2011;11:746. https://doi.org/10.1186/1471-2458-11-746

13. Stuke LE, Arnoldo BD, Hunt JL, et al. Hydrofluoric acid burns: a 15-year
experience. J Burn Care Res. 2008;29(6):893–896. https://doi.org/10.1097/
BCR.0b013e31818b9de6

14. You K, Yang HT, Kym D, et al. Inhalation injury in burn patients:
establishing the link between diagnosis and prognosis. Burns. 2014;40(8):
1470–1475. https://doi.org/10.1016/j.burns.2014.09.015

15. Kim JA, Yoon SY, Cho SY, et al. Acute health effects of accidental chlorine
gas exposure.AnnOccup EnvironMed. 2014;26:29. https://doi.org/10.1186/
s40557-014-0029-9

16. Culley JM, Richter J, Donevant S, et al. Validating signs and symptoms
from an actual mass casualty incident to characterize an irritant gas syn-
drome agent (IGSA) exposure: a first step in the development of a novel
IGSA triage algorithm. J Emerg Nurs. 2017;43(4):333–338. https://doi.
org/10.1016/j.jen.2016.11.001

17. Schisterman EF, Perkins NJ, Liu A, et al. Optimal cut-point and its
corresponding Youden Index to discriminate individuals using pooled
blood samples. Epidemiology. 2005;16(1):73–81. https://doi.org/10.1097/
01.ede.0000147512.81966.ba

18. Wyke S, Peña-Fernández A, Brooke N, et al. The importance of evaluating
the physicochemical and toxicological properties of a contaminant for

remediating environments affected by chemical incidents. Environ Int.
2014;72:109–118. https://doi.org/10.1016/j.envint.2014.05.002

19. Shumate AM, Taylor J, McFarland E, et al. Medical response to a vinyl
chloride release from a train derailment: New Jersey, 2012.DisasterMed Public
Health Prep. 2017;11(5):538–544. https://doi.org/10.1017/dmp.2016.191

20. Craig JB, Culley JM, Tavakoli AS, et al. Gleaning data from disaster: a
hospital-based data mining method to study all-hazard triage after a chem-
ical disaster. Am J Disaster Med. 2013;8(2):97–111. https://doi.org/10.5055/
ajdm.2013.0116

21. Fishe J, Crowe R, Cash R, et al. Implementing prehospital evidence-based
guidelines: a systematic literature review. Prehosp Emerg Care. 2018 Jul-
Aug;22(4):511–519. doi: 10.1080/10903127.2017.1413466

22. Richards C, Fishe J, Cash R, et al. Priorities for prehospital evidence-based
guideline development: a modified delphi analysis. Prehosp Emerg Care.
2022 Mar-Apr;26(2):286–304. doi: 10.1080/10903127.2021.1894276

23. Griswold D, Rubiano A. Role of mHealth applications for emergency
medical system activation in reducingmortality in low-income andmiddle-
income countries: a systematic review protocol. BMJ Open. 2022;12:
e051792. https://doi.org/10.1136/bmjopen-2021-051792

24. Kironji A, Hodkinson P, Ramirez S, et al. Identifying barriers for out of
hospital emergency care in low and low-middle income countries: a sys-
tematic review. BMC Health Serv Res. 2018 Apr 19;18(1):291. doi: 10.1186/
s12913-018-3091-0

25. Hatzifotis M,Williams A,Muller M, et al. Hydrofluoric acid burns. Burns.
2004;30(8):737–739. doi:10.1016/j.burns.2004.02.002

26. Chan KM, Svancarek WP, Creer MH, et al. Chemical burns: pathophysi-
ology and treatment. J Burn Care Rehabil. 1995;16(5):483–489. doi:
10.1097/00004630-199509000-00010

27. McIvor ME. Severe hypocalcemia following hydrofluoric acid burns. .
JAMA1987; 258(20):2900–2901. doi:10.1001/jama.1987.03400200090034

28. Bertolini JC. Hydrofluoric acid: a review of toxicity. J Emerg Med. 1992;10
(4):163–168. doi:10.1016/0736-4679(92)90203-y

29. Levine MR, Stern GA. Injuries to the eye from hydrofluoric acid.
Am J Ophthalmol. 1988;105(1):76–81. doi:10.1016/0002-9394(88)90206-1

30. Vance MV, Curry SC, Kunkel DB, et al. Significant hypocalcemia from
acute hydrofluoric acid exposure.Ann EmergMed. 1986;15(12):1496–1500.
doi:10.1016/S0196-0644(86)80814-3

31. Klaassen CD, ed. Casarett and Doull’s Toxicology: The Basic Science of
Poisons. 8th ed. McGraw-Hill Education; 2013.

32. Graudins A, Kirkpatrick CM, Robertson TA, et al. The efficacy of
calcium gluconate and water-based decontamination in hydrofluoric
acid burns. J ToxicolClinToxicol.1997;35(3):241–247. doi:10.3109/1556365970
9001202

33. Dennerlein K, Jäger T, Göen T, et al. Evaluation of the effect of skin
cleaning procedures on the dermal absorption of chemicals. Toxicol In
Vitro. 2015;29(5):828–833. doi:10.1016/j.tiv.2015.03.001. Epub 2015 Mar
16. PMID: 25790729.

34. Wright K, Stringer M, Shamsi Z. Personal protective equipment for
chemical, biological, and radiological incidents: a review. Emerg Med Clin
North Am. 2007;25(2):645–654. doi:10.1016/j.emc.2007.02.002

35. Centers for Disease Control and Prevention. Chemical protective
clothing. Accessed June 25, 2024. https://www.cdc.gov/niosh/npg/
npgd0100.html

36. World Health Organization. Guidance on personal protective equipment
(PPE). Accessed June 25, 2024. https://www.who.int/publications-detail-
redirect/guidance-on-personal-protective-equipment-(ppe)

37. Bledsoe BE, Porter RS, Cherry RA. Paramedic Care: Principles & Practice.
Vol 5. Upper Saddle River, NJ: Pearson Education; 2006:117–119.

38. American Burn Association. Burn incidence and treatment in the United
States: 2016 fact sheet. Accessed June 25, 2024. https://ameriburn.org/who-
we-are/media/burn-incidence-fact-sheet/

39. Iserson KV, Moskop JC. Triage in medicine, part I: Concept, history, and
types. Ann Emerg Med. 2007;49(3):275–281. doi:10.1016/j.annemergmed.
2006.05.019

10 Heejun Shin et al.

https://doi.org/10.1017/dmp.2024.320 Published online by Cambridge University Press

https://doi.org/10.1016/j.burns.2015.04.002
https://doi.org/10.1016/j.burns.2015.04.002
https://doi.org/10.1016/j.burns.2014.04.009
https://doi.org/10.1038/494015a
https://doi.org/10.1177/2165079917750168
https://doi.org/10.1177/2165079917750168
https://www.citypopulation.de/php/southkorea-admin.php?adm2id=37050
https://www.citypopulation.de/php/southkorea-admin.php?adm2id=37050
http://koreajoongangdaily.joins.com/news/article/article.aspx?aid=2960197
http://koreajoongangdaily.joins.com/news/article/article.aspx?aid=2960197
https://doi.org/10.1186/s40557-017-0196-6
https://doi.org/10.1186/2052-4374-25-17
https://doi.org/10.1186/2052-4374-25-17
https://doi.org/10.3346/jkms.2012.27.11.1283
https://doi.org/10.3346/jkms.2012.27.11.1283
https://doi.org/10.1186/1471-2458-11-746
https://doi.org/10.1097/BCR.0b013e31818b9de6
https://doi.org/10.1097/BCR.0b013e31818b9de6
https://doi.org/10.1016/j.burns.2014.09.015
https://doi.org/10.1186/s40557-014-0029-9
https://doi.org/10.1186/s40557-014-0029-9
https://doi.org/10.1016/j.jen.2016.11.001
https://doi.org/10.1016/j.jen.2016.11.001
https://doi.org/10.1097/01.ede.0000147512.81966.ba
https://doi.org/10.1097/01.ede.0000147512.81966.ba
https://doi.org/10.1016/j.envint.2014.05.002
https://doi.org/10.1017/dmp.2016.191
https://doi.org/10.5055/ajdm.2013.0116
https://doi.org/10.5055/ajdm.2013.0116
https://doi.org/10.1080/10903127.2017.1413466
https://doi.org/10.1080/10903127.2021.1894276
https://doi.org/10.1136/bmjopen-2021-051792
https://doi.org/10.1186/s12913-018-3091-0
https://doi.org/10.1186/s12913-018-3091-0
https://doi.org/10.1016/j.burns.2004.02.002
https://doi.org/10.1097/00004630-199509000-00010
https://doi.org/10.1001/jama.1987.03400200090034
https://doi.org/10.1016/0736-4679(92)90203-y
https://doi.org/10.1016/0002-9394(88)90206-1
https://doi.org/10.1016/S0196-0644(86)80814-3
https://doi.org/10.3109/15563659709001202
https://doi.org/10.3109/15563659709001202
https://doi.org/10.1016/j.tiv.2015.03.001
https://doi.org/10.1016/j.emc.2007.02.002
https://www.cdc.gov/niosh/npg/npgd0100.html
https://www.cdc.gov/niosh/npg/npgd0100.html
https://www.who.int/publications-detail-redirect/guidance-on-personal-protective-equipment-(ppe)
https://www.who.int/publications-detail-redirect/guidance-on-personal-protective-equipment-(ppe)
https://ameriburn.org/who-we-are/media/burn-incidence-fact-sheet/
https://ameriburn.org/who-we-are/media/burn-incidence-fact-sheet/
https://doi.org/10.1016/j.annemergmed.2006.05.019
https://doi.org/10.1016/j.annemergmed.2006.05.019
https://doi.org/10.1017/dmp.2024.320

	Optimizing Triage in Chemical Disasters: Validation of Modified IGSA Criteria for Hydrofluoric Acid Exposure
	Methods
	Study Design
	Sample Size and Selection
	Triage Criteria Development
	External Validation
	The development of the modified IGSA criteria
	Internal validation of the modified IGSA criteria
	Application of the modified IGSA criteria as a chemical triage

	Development of chemical triage
	Statistical methods

	Results
	Results for Development of the Modified IGSA Criteria Under Validation as a Chemical Triage for HFA Induced MCI or Disaster
	Results of external validation of the IGSA criteria for a total of 58 actual patients comprised of confirmed HFA injury and no HFA injury

	Results of the Development of the Modified IGSA Criteria
	Results Of Internal Validation of the Modified IGSA Criteria
	Results of Application of the Modified IGSA Criteria as a Chemical Triage
	Results of basic demographic characteristics and injury-related variables by the validated modified IGSA criteria for the 160 HFA exposed patients
	Development of chemical triage


	Discussion
	Limitations and Strengths
	Conclusion
	Data availability statement
	Author contribution
	Funding statement
	Competing interest
	Ethical standard
	References


