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Abstract

Introduction: Our objective was to describe the characteristics of liquid laundry detergent packet (LDP)
exposures and to develop referral and treatment recommendations.

Methods: This retrospective cohort study investigated LDP exposures reported to the National Poison Data
System from January |, 2013 through June 30, 2014. Three medical toxicologists reviewed the most significant
exposures (n = 450).

Results: Of 17,857 reported LDP exposures, 13,307 involved only an LDP (no other substance) and were
followed to a known medical outcome. The median age was 2 years (range 12 days to 100 years). Approx-
imately 10% of exposures reported a major or moderate effect. The most common symptom was vomiting
(51.7%; n = 6875), but stridor or aspiration pneumonia and respiratory depression secondary to central
nervous system effects also occurred. Two pediatric and two adult deaths occurred, but no causal mechanism
leading to death could be identified in any of the deaths.

Conclusions: LDPs occasionally produce a toxidrome of vomiting, stridor, hypoxia, and sedation with meta-
bolic acidosis and respiratory failure. These symptoms and the availability of LDPs highlight the need for
referral and treatment recommendations and efforts to minimize unintentional exposures. Review of data
from US poison centers may provide referral and treatment recommendations that improve patient outcomes.

Keywords
Liquid laundry detergent packets, unintentional exposures, pediatric exposures, poison control centers,
referral and treatment guidelines

release of LDPs a decade earlier. In separate state-
ments, the American Association of Poison Control
Centers (AAPCC) in May 2012 and the Centers for
Disease Control and Prevention (CDC) in October

Introduction

Liquid laundry detergent packets (LDPs) were intro-
duced to the United States (US) market in 2010 and
became widely available by 2012." LDPs contain a
combination of concentrated liquid detergents

enclosed in a polyvinyl alcohol film designed to dis-
solve upon contact with water. The exact formulas
and ingredient concentrations of LDPs vary, with as
many as 50 chemicals reported for a single product.”
Despite the chemical variety, anionic and nonionic
surfactants, propylene glycol, and glycerin are com-
mon LDP ingredients. LDPs are further unique
because they contain up to 90% less water than tradi-
tional liquid laundry detergents.

LDP exposures reported to US poison centers
(PCs) increased after their release, suggesting unin-
tended safety risks in a pattern similar to the European
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2012 warned about the risks associated with LDP
exposures.®’ In particular, the CDC highlighted that,
when compared to regular laundry detergent expo-
sure, outcomes in younger children (<5 years) were
more severe. The report also noted gastrointestinal
and respiratory effects and mental status changes
among LDP exposures.

Despite continued reports of LDP exposures to US
PCs, formal referral and treatment recommendations
to manage such exposures do not exist.* 2° The goals
of this article are to characterize the medical presen-
tation of patients exposed to LDPs and to propose
referral and treatment recommendations to serve as
a reference for the best practices in the management
of exposures. The recommendations presented in this
article are intended to be applicable to first respon-
ders, emergency physicians, PCs and other medical
management or triage service providers, pediatricians
and other pediatric clinicians, and other health-care
professionals who may be consulted following an
exposure to LDPs. Current scientific and clinical
information are the basis for these recommendations.
The authors recognize that specific patient care deci-
sions may be at variance with these recommendations
and are at the discretion of the patient and health
professionals providing care, considering all of the
circumstances involved; these recommendations do
not substitute for clinical judgment or informed
patient choice.

Methods

The National Poison Data System (NPDS) captures
data from 55 regional AAPCC-accredited PCs
throughout the US and its territories. PC staff are
trained health-care professionals that take calls from
the public and health-care providers to manage
patients potentially exposed to pharmaceutical and
non-pharmaceutical substances. Using standardized
data collection systems, each regional PC records
information, and PC staff follow up on cases that
require medical management. Medical outcome is
recorded after follow-up is complete, if follow-up
is determined to not be required due to the low risk
of the exposure, or if follow-up cannot be completed.
Exposure data are collected into local databases as
descriptive narratives and coded categorical vari-
ables (e.g. age, weight) using a standardized
coding system. Automatic uploads of categorical
data fields from local databases to NPDS occur
every 8 min.

In this retrospective study, NPDS was searched
systematically from January 1, 2013 through June
30, 2014 for all human exposures involving an LDP;
data were received on 10 November 2014. A panel of
clinicians was assembled to review the NPDS data.
Data from exposures followed to a known medical
outcome were included in the review because the
quality of case documentation tends to be more thor-
ough for these exposures. Descriptive statistics were
calculated to summarize demographics, exposure
characteristics, and outcomes, with stratification by
route of exposure and medical outcome. All analyses
were performed using SAS® software, version 9.3
(SAS® Institute Inc., Cary, North Carolina, USA).

A panel of three physicians with over 50 com-
bined years of expertise in pediatrics, intensive care,
emergency medicine, toxicology, and injury pre-
vention performed the clinical analysis. A senior
scientist with nearly 15 years of experience in epi-
demiological studies and consumer product safety
evaluation moderated the review. After initial review
of the data summary, a case-level review of selected
exposures was used to strengthen the understanding
of exposures, therapies, and associated outcomes.
Exposures with (1) a serious medical outcome
(NPDS medical outcome of death or major effect the
(patient experienced life-threatening symptoms or
significant residual disability or disfigurement as a
result of the exposure)) OR (2) exposure reason
of suspected suicide were selected for case-level
review. These criteria were intended to capture the
most severe exposures regardless of age. Additional
exposures for case-level review were selected from
LDP-only (no other substance) exposures in children
<6 years of age with (1) clinically significant effects
(acidosis, coma, respiratory depression, burns, sei-
zure) or treatments (intubation, ventilation, cardio-
version) OR (2) a medical outcome of moderate
effect with reported admission to a health-care facil-
ity (HCF; noncritical care unit, critical care unit, or
psychiatric facility). The pediatric subset of cases
was further explored because children <6 years of
age are the most common subpopulation involved
in LDP exposures and single-substance exposures
allow for cleaner evaluation of the contribution of
LDPs to outcomes controlling for potential contribu-
tion from other substances.

Key data elements from each exposure were inde-
pendently abstracted into a single database by two
trained abstractors. Abstracted data were then
reviewed and reconciled by a single reviewer prior
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to the panel’s final review and deliberations. The case
record was referenced for all data abstraction discre-
pancies. The clinicians reviewed the full record for
each case and created recommendations based upon
their shared observations. The clinicians discussed
each case until they reached full consensus on each
element of the recommendations. Presented here is
the descriptive summary of all exposures reviewed
along with observational highlights gleaned from the
case-level review. Each panelist reviewed the data,
contributed to the discussion of exposures and the
recommendations, agreed upon the recommendations
as drafted, and reviewed and approved the final
recommendations.

The Colorado Multiple Institutional Review Board
approved this study on January 6, 2015. Human sub-
jects were not contacted in the execution of this study
and consent was not feasible.

Results

Of 17,857 total LDP exposures reported to NPDS,
13,435 (75.2%) were followed to a known outcome.
The remaining 4422 (24.8%) involved a medical out-
come of not followed due to minimal clinical effects
expected (n = 3228, 18.1%) or nontoxic exposure (7
= 278, 1.6%) or unable to follow with potentially
toxic effects (n = 916, 5.1%). A total of 13,307
(74.5%) exposures were followed to a known out-
come and involved an LDP-only. Four hundred and
fifty-four exposures meeting the case-level review
were identified, of which 450 (99.1%) were received
from the regional PCs (Figure 1). Four exposure
records were not submitted because the regional PC
elected not to participate in the study.

The median patient age for LDP-only exposures
followed to a known outcome was 2 years (range 12
days to 100 years). Most exposures (96.8%, n =
12,887) were in children <12 years of age, with
94.1% (n = 12,517) specifically in children <6 years
of age. Gender was nearly equally divided with 51.3%
of exposures involving males. Exposures primarily
occurred through an oral route (88.7%) but also
through ocular (15.0%) and dermal (10.6%) routes.
Multiple routes (e.g. ingestion and dermal) were
reported for some exposures.

Medical outcomes and clinical effects

Table 1 summarizes medical outcome based on the
route of exposure among the 13,307 LDP-only expo-
sures followed to a known medical outcome. The

majority of exposures followed to a known medical
outcome (88.5%) resulted in no effect or minor effect.
However, 1390 (10.4%) exposures resulted in moder-
ate effect or major effect and four deaths (<0.1%)
were reported. Table 2 summarizes the related clinical
effects among the 13,307 LDP-only exposures fol-
lowed to a known medical outcome and among the
subset of 1390 exposures with clinically significant
medical outcomes. Vomiting was the most common
clinical effect in both categories of severity. In expo-
sures with a clinically significant medical outcome,
acidemia was reported based on respiratory depres-
sion, lactic acidosis, or both. Case-level review
showed that dermal, ocular, and mucosal irritation
occurred, causing erythema and some blistering of the
skin. Stridor was also observed. Corneal abrasions
were reported, but long-term sequelae were not. No
significant damage to the esophagus or trachea was
found on endoscopy. The time to symptom onset was
estimated in 332 (75.1%) of the 442 case-level review
cases with a medical outcome of at least minor effect
(minor effect, moderate effect, major effect, or death).
Seventy-nine percent (n = 261) of cases with an esti-
mated time to symptom onset reported that symptoms
developed within 1 h after exposure; symptoms devel-
oped within 5 min in 19.6% (n = 65), within 5-15 min
in 16.6% (n = 55), within 15-30 min in 19.9% (n =
66), and within 30 min to 1 h in 22.6% (n = 75).
Ninety-six percent (n = 319) of exposures became
symptomatic within 4 h, and 13 patients reported to
have developed symptoms within 4-24 h
postexposure.

Table 3 presents the most common therapies per-
formed among the 13,307 LDP-only cases followed to
aknown medical outcome and among the subset of 1390
exposures with clinically significant medical outcomes.
Dilute/irrigate/wash was the most commonly reported
therapy overall (77.2%) and in exposures that resulted in
a clinically significant medical outcome (68.0%). The
nonspecific “other” therapy was the third most com-
monly reported therapy performed. To better under-
stand these therapies, specific “other” therapies were
summarized among the exposures included in the
case-level review. Of the 104 (23.1%) exposures
included in the case-level review with the NPDS “other”
therapy, suctioning (41.3%, n = 43), analgesics (18.3%,
n = 19), and antacids (17.3%, n = 18) were the most
common specific therapy mentioned.

Ocular exposures. As presented in Table 1, 2001
(15.0%) exposures involved an ocular exposure. No
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Figure 1. NPDS case inclusion disposition. *Selected for case-level review; 102 cases received and included in case-level
summary. °Children <6 years; selected for case-level review; 348 cases received and included in case-level summary.
Disposition of cases selected for inclusion in both the exposure summary and the case-level review. NPDS: National

Poison Data System.

effect or minor effect was reported in 78.2% of all
ocular exposures. In exposures reporting only an ocu-
lar route (no other exposure route), 76.4% (n = 859/
1124) reported no effect or minor effect. While
corneal abrasions were reported among the 13,307
LDP-only exposures followed to a known medical
outcome, no patients in the case-level review devel-
oped subsequent deep corneal abrasions or ulcers that
required interventions other than topical antibiotics
and follow-up.

Dermal exposures. As presented in Table 1, 1415
(10.6%) exposures involved a dermal route. No
effect or minor effect was reported in 88.3% of all
dermal exposures. Of these, 224 (15.8%) experi-
enced erythema or burns associated with topical
contact. Among exposures included in the case-
level review, one exposure with dermal route only
was associated with a more significant medical out-
come (major effect). This included chemical der-
matitis and partial thickness burns requiring
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Table I. Medical outcomes based on route of exposure for LDP exposures reported to US PCs from January 1, 2013 to
June 30, 2014.2

Ocular (n = 2001) Dermal (n = 1415) Oral (n = 11,809) Total® (n = 13,307)

Death 0 (0.0%) 0 (0.0%) 4 (<0.1%) 4 (<0.1%)
Major effect 8 (0.4%) 4(0.3%) 76 (0.6%) 84 (0.6%)
Moderate effect 426 (21.3%) 143 (10.1%) 974 (8.2%) 1302 (9.8%)

Minor effect
No effect
Unrelated effect

1492 (74.6%)
73 (3.6%)
2 (0.1%)

913 (64.5%)
337 (23.8%)
18 (1.3%)

7693 (65.1%)
2933 (24.8%)
129 (1.1%)

8781 (66.0%)
3002 (22.6%)
134 (1.0%)

LDP: laundry detergent packet; US: United States; PC: poison center.

2Definitions of outcomes?':

Death: The patient died as a result of the exposure or as a direct complication of the exposure.

Major effect: The patient exhibited signs or symptoms as a result of the exposure that were life-threatening or resulted in significant

residual disability or disfigurement.

Moderate effect: The patient exhibited signs or symptoms as a result of the exposure that were more pronounced, more prolonged,

or more systemic in nature than minor symptoms. Usually, some form of treatment is indicated. Symptoms were not life-threatening,

and the patient had no residual disability or disfigurement.

Minor effect: The patient developed some signs or symptoms as a result of the exposure, but they were minimally bothersome and

generally resolved rapidly with no residual disability or disfigurement. A minor effect is often limited to the skin or mucus membranes.

No effect: The patient did not develop any signs or symptoms as a result of the exposure.

Unrelated effect: The exposure was probably not responsible for the effect.

®More than one route could be reported for each exposure, therefore the sum of the individual routes exceeds the total number of
reported exposures (n = 13,307).

Table 2. Most common related clinical effects associated  Table 3. Most common therapies performed after LDP

with LDP exposure as reported to US PCs from January 1,
2013 to June 30, 2014.

exposure as reported to US PCs from January |, 2013 to
June 30, 2014.

Death, major All exposures

Death, major All exposures

effect, and with known
moderate medical
effect outcomes outcome
Therapies (n = 1390) (n = 13,307)

effect, and with known

moderate medical

effect outcomes outcome
Clinical effects (n = 1390) (n = 13,307)
Vomiting 812 (58.4%) 6875 (51.7%)
Cough/choke 397 (28.6%) 1858 (14.0%)

Ocular irritation/pain
Red eye/conjunctivitis
Drowsiness/lethargy

397 (28.6%)
277 (19.9%)
249 (17.9%)

1700 (12.8%)
1089 (8.2%)
718 (5.4%)

Other 214 (15.4%) 635 (4.8%)
Nausea 110 (7.9%) 632 (4.7%)
Oral irritation 55 (4.0%) 406 (3.1%)
Throat irritation 73 (5.3%) 343 (2.6%)
Erythema/flushed 60 (4.3%) 256 (1.9%)
Lacrimation 83 (6.0%) 239 (1.8%)
Edema 90 (6.5%) 238 (1.8%)
Corneal abrasion 178 (12.8%) 232 (1.7%)
Excess secretions 88 (6.3%) 202 (1.5%)
Diarrhea 30 (2.2%) 196 (1.5%)

Dilute/irrigate/wash 945 (68.0%) 10,270 (77.2%)

Food/snack 99 (7.1%) 1422 (10.7%)
Other 247 (17.8%) 902 (6.8%)
Antibiotics 214 (15.4%) 388 (2.9%)
Fluids (1V) 188 (13.5%) 370 (2.8%)
Antiemetics 66 (4.7%) 268 (2.0%)
Other emetic 17 (1.2%) 194 (1.5%)
Oxygen 146 (10.5%) 179 (1.3%)
Bronchodilators 93 (6.7%) 136 (1.0%)
Steroids 89 (6.4%) 131 (1.0%)
Intubation 79 (5.7%) 82 (0.6%)
Ventilator 75 (5.4%) 79 (0.6%)
Antihistamines 12 (0.9%) 58 (0.4%)
Sedation (other) 49 (3.5%) 52 (0.4%)
Calcium 3 (0.2%) 36 (0.3%)

LDP: laundry detergent packet; US: United States; PC: poison
center.

debridement likely due to delayed removal of con-
taminated clothing and decontamination using a
“baby wipe.”

LDP: laundry detergent packet; US: United States; PC: poison
center; IV: intravenous.

Oral exposures. The most commonly reported clinical
effect associated with ingestion (oral route) was
vomiting (58.2%). A number of case-level review
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Table 4. Reported blood gas data for patients found to have acidosis status post-LDP ingestion.

Type of acidosis pH HCO; (mEq/l)  pCO, (mmHg) LA (mmol/L) AG (mEq/L)
Respiratory (n = 3)  7.18 (7.15-7.25)  23.1 (22.1-240)  56.7 (51.0-65.0) — 8.0 (8.0-8.0)
Metabolic (n = 19)  7.24 (7.14-7.43) 172 (10.0-21.0) 357 (140-49.0) 52 (1.2-12.6)  18.5 (12.0-26.0)
Mixed (n = 16) 7.25 (6.90-7.42) 169 (9.5-28.0)  41.6 (30.0-56.0) 6.1 (2.9-10.6)  16.0 (8.0-23.0)

LDP: laundry detergent packet; LA: lactic acid; AG: anion gap.

patients presented with drooling and refusing to swal-
low liquids; in these exposures, oral and throat irrita-
tion was also found. These symptoms were
sufficiently reminiscent of ingestion of caustic mate-
rials to prompt the recommendation for endoscopy; of
the exposures included in the case-level review that
involved an oral route, an endoscopy was performed
in 110 patients (23.3%). Erythema and mild mucosal
damage were also reported in 66.4% (n = 73) of these
cases, but there were no reports of circumferential or
other significant injury or recommendations for more
aggressive care or repetitive endoscopy. These find-
ings may be consistent with the chemical nature of the
exposure. Ranging from 6.5 to 9.0, the pH of LDPs is
not in the same range as known caustic or acidic
cleaning solutions.

It was observed that LDPs produce profound
changes in acid-base status in 61 (13.6%) of the
patients whose exposure records were reviewed.
Table 4 presents blood gas data for the 38 patients
with complete blood gas information who fell into
one of the three categories of acidosis: respiratory
depression yielding a respiratory acidosis (n = 3,
7.9%), metabolic acidosis with attempted respiratory
compensation (n = 19, 50.0%), and both respiratory
and metabolic acidosis contributing to acidemia
(42.1%, n = 16). In another 23 patients, incomplete
or insufficient blood gas data prevented categoriza-
tion. Elevated serum lactate was reported in 27.9% (n
= 17) of all patients with documented acidosis, sug-
gesting that metabolic acidosis was mediated via
increased production or inhibited metabolism of lac-
tate. Of cases with elevated serum lactate, reports of
hypotension occurred in 23.5% (n = 4).

Deaths. Four deaths were reported and are detailed in
Table 5. Two involved elderly patients with demen-
tia and two involved pediatric patients <2 years of
age. Both adults ingested one LDP unnoticed
and were taken to the emergency department (ED).
One became asystolic suddenly within 24-h post-
ingestion and had a do not resuscitate order in place.

The other patient left the ED but returned 24 h later
and was admitted to the intensive care unit (ICU)
with difficulty breathing. He had a do not resuscitate
order in place and later died of aspiration pneumonia
and severe sepsis.

Both pediatric exposures occurred in children <2
years of age who bit into LDPs (Table 5). One dete-
riorated quickly in the ED and the other was trans-
ferred to the ICU and put on a ventilator. Both went
into cardiac arrest and could not be resuscitated. The
clinicians conversed with the regional PCs that man-
aged these exposures and reviewed the autopsy data; a
common causal mechanism associated with the LDP
exposure leading to cardiac arrest and death could not
be identified in these cases.

Discussion

Ocular exposures and outcomes

Ocular introduction of LDP ingredients due to product
rupturing was one of the first problems associated
with LDPs.** The rather ominous concerns of corneal
injury were somewhat ameliorated by the failure to
find any long-term adverse outcomes or need for
extraordinary interventions. Given the limited sever-
ity of outcomes in ocular exposures and the inconsis-
tency in the ability of EDs to adequately perform
ocular decontamination and fluorescein slit lamp eva-
luation in pediatric patients, the clinicians did not feel
that rigid recommendations involving these types of
diagnostic tests were warranted or realistic. While it is
still important to be respectful of any injury to the eye,
conservative management seemed to result in good
outcomes for most cases. Table 6 presents suggested
HCEF referral and treatment recommendations for ocu-
lar exposure to LDPs.

Dermal exposures and outcomes

Similarly, the possibility of severe dermal injury may
still exist, but tissue inflammation manifesting as
erythema and skin blistering seemed to be the most
prevalent effects. The case described earlier in this
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Table 5. Detailed information on four deaths associated with LDP ingestion abstracted from PC case notes.

Patient information

Patient #1 Patient #2 Patient #3 Patient#4
Age 7 months?2 16 months 100 years®? 72 years
Sex Male Male Female Male
Exposure Unintentional-general Unintentional-general Unintentional- Unintentional-
general general
Exposure Child bit into LDP. Scenarios?' Child ingested LDP Patient with Patient with

circumstances

Therapies

Clinical effects,
related (bold)
or unknown if
related (not
bold)

Outcome

Autopsy findings

indicate (1) the product was
temporarily open or in use or
the caregiver was distracted
and (2) container transfer
involved or product not in

original container
Dilute/irrigate/wash
Fluids, IV
Oxygen

Ventilator

Intubation
CPR

Cough/choke
Seizure (single)
Other

Vomiting

Drowsiness/lethargy

Cardiac arrest

Respiratory arrest

Electrolyte abnormality
Acidosis

Fever/hyperthermia

3 h after exposure, patient
experienced cardiac arrest
and could not be resuscitated

Mild hyperemia of the
oropharynx and trachea

without burns or ulcerations.

Significant asymmetric

pulmonary congestion on

right and some cerebral
edema
Drug concentrations:

propylene glycol—33 mg/dL
(postmortem blood), 370
mg/dL (gastric contents)

Alkalinization

Antibiotics

Atropine

Fluids, IV

Intubation

Oxygen

Other

Vasopressors

Ventilator

Vomiting

Cardiac arrest

Hypertension

AST, ALT>100 <1000

Electrolyte abnormality

Hypothermia

Other

Coma

Drowsiness/lethargy

Pupil(s) nonreactive

Patient sedated, put on
ventilator, no
aspiration. Patient
declared brain dead 3
days after exposure

Severe cerebral edema
and hemorrhage
around suture line

Cause of death  Accidental exposure to laundry Not reported

soap detergent

dementia bit into
LDP

Fluids, IV
Oxygen
Other
Vasopressors

Bronchospasm
Cough/choke
Pneumonia
X-Ray Findings
(+)Asystole
Hypotension

I8 h after exposure,
patient suddenly
went into
asystole. Had
DNR in place

Not performed

Not reported

Alzheimers found
in separate room
spitting LDP out

of mouth

Chest X-Ray
Observation
Fluids, IV
Antibiotic
Oxygen
Comfort care

Aspiration
pneumonia

Sepsis

Vomiting

3.6 days after
exposure patient
died

Autopsy not done
(only external
examination)

Sepsis with
aspiration
pneumonia of
laundry soap

LDP: laundry detergent packet; PC: poison center; IV: intravenous; ICU: intensive care unit; AST: aspartate aminotransferase; ALT:

alanine aminotransferase; DNR: do not resuscitate.
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Table 6. Suggested HCF referral and treatment recommendations for ocular exposures to LDP products.

Ocular exposures

Refer to HCF immediately if any of e
the following are present: °

[

[ ]

Visual (gross) injury/trauma to eye

Inability to irrigate at home

Uncontrollable crying

Prolonged exposure without irrigation

0 Delay in seeking care

Underlying eye disorders

O While we did not have any specific cases, underlying eye disorders may
create need for special considerations and should be referred to HCF for
thorough evaluation

Decreased level of consciousness, unresponsiveness, or coma

If there is any uncertainty surrounding the exposure, err on the side of caution

and refer to HCF immediately

Treat at home recommendations® e Irrigate affected eye(s) with running water for 15 min and reassess symptoms
If there is detergent on the face, examine mouth, nose, ears, skin and
decontaminate
0 See Dermal recommendations section

e |If asymptomatic after irrigation, observe 24 h for persistence/recurrence of
symptoms (eye redness, irritation/pain, inability to open eyelid, excess tearing/
discharge, photophobia, etc.)

o Avoid rubbing eyes

0 Do not use eye drops/ointments for a minimum of 24 h after irrigation, unless
prescribed by a physician

o Avoid wearing contact lenses for a minimum of 24 h after irrigation

e If any of the following significant symptoms are still present after 15 min of

irrigation, refer to HCF:

o Copious eye discharge

0 Change/deficit in visual acuity

o Severe pain

0 Decreased level of consciousness, unresponsiveness, or coma

e If any of the following symptoms are present |-h post-irrigation, refer to HCF:
O Visual (gross) injury to eye
0 Uncontrollable pain/irritability/crying
o Copious eye discharge
O Visual acuity change/deficit

HCF treatment Acute treatment/management

recommendations—per
standard of care

Decontamination e Dilute/irrigate/wash—per standard of care for any chemical

exposure to the eye

Corneal e Treat per the standard of care for any corneal abrasion
abrasions e Topical antibiotics
e Consider the use of ocular steroids although these are
generally used after consultation with ophthalmology
e Consider empiric topical antibiotics if unable to perform
fluorescein examination (and refer for ophthalmology
examination within 48 h)
Burns e Treat per the standard of care for burns
Diagnostics

Fluorescein stain examination to evaluate for corneal abrasion
Measuring pH level is NOT useful in determining treatment course
O Most LDP detergents are close to neutral pH

(continued)
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Table 6. (continued)

Ocular exposures

Observation

e No further observation is warranted once irrigated, evaluated, and treated (if
applicable) and if no social or other concerns present
0 No reported cases in our series of delayed onset of symptoms with ocular

exposure

Follow-up referral

o |f fluorescein examination cannot be performed or is positive for corneal
abrasion, refer to ophthalmology for examination within 48 h

e If fluorescein stain examination is negative, refer for ophthalmology follow-up if
there is persistent pain, tearing, redness, change/deficit in visual acuity, or other
significant impairment
o0 Consider ophthalmology referral for severe injuries

LDP: laundry detergent packet; HCF: health-care facility.

?|f caregiver is unable to perform any of the following recommended therapies, refer patient to HCF immediately.

article that involved prolonged skin contact and use of
a detergent-like diaper wipe seemed to result in a
more serious injury. The value of this single observa-
tion is limited but can provide a cautionary note and a
reasonable recommendation that early removal of
clothing and decontamination with water only is opti-
mal. Table 7 presents the HCF referral and treatment
recommendations for dermal exposure to LDPs.

Oral exposures and outcomes

Ingestion of LDPs may produce drooling, vomiting,
bronchospasm, and stridor. Oral exposures seemed to
evolve into multiple scenarios that, while they may
overlap, must be considered individually for manage-
ment. As in a previous case series, respiratory depres-
sion occurred in less than 1% of the patients
reviewed.'? Despite low frequency, the seriousness
of this outcome merits discussion.

Respiratory failure seemed to evolve in one or
more of three scenarios. The first was obtundation
and loss of airway reflexes prompting intubation and
mechanical ventilation of patients. However, a spe-
cific biochemical or pharmacologic etiology of this
change in mental status is unknown. The neurophar-
macology of nonionic surfactants, which possess gen-
eral anesthetic properties, has been previously
described, and the authors hypothesize that as one
possible etiology of respiratory failure.** Obtundation
with loss of airway is the most likely scenario of
respiratory failure for the 16-month-old patient whose
death is described in Table 5.

The second scenario of respiratory failure appeared
to involve upper airway obstruction described as stri-
dor in a number of cases and as an etiology of the
respiratory failure in some patients. The term “croup-
like illness” was also employed. These symptoms are
presumably related to the irritant effect of chemicals
on the airway. The most frequent treatment approach
was racemic epinephrine or corticosteroids, although
there are no prospective data to determine their effec-
tiveness. In some cases, concerns over damage to the
airway prompted fiber-optic laryngoscopy. In no case
was a lesion identified that required intervention or
specific treatment.

The third scenario involved aspiration of the LDP
product into the airways with X-ray changes and
bronchospasm leading to respiratory failure. In the
majority of cases, radiographic changes as well as the
bronchospasm and respiratory failure appeared to be
short-lived and did not generate the serious inflam-
matory events associated with aliphatic hydrocarbons.
However, the clinicians reached consensus that this
was the most likely cause of respiratory failure in the
deaths involving the 7-month-old, >89-year-old, and
72-year-old described in our data (Table 5). Treat-
ments varied across cases and included inhaled
bronchodilator therapy, antibiotics (for presumed
aspiration pneumonia), and oxygen, with intubation
and mechanical ventilation as clinically indicated.
No specific recommendations on the effectiveness
of these treatments can be made from the present data.
In fact, strict recommendations for HCF referral in
these instances may result in over-referral to EDs.
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Table 7. Suggested HCF referral and treatment recommendations for dermal exposures to LDP products.

Dermal exposures

Refer to HCF immediately if
any of the following are
present:

Treat at home
recommendations®

Blistering of any kind

Urticaria

Significant swelling

Redness/swelling/pain to hands, feet, genitals

O Pay special attention for circumferential involvement of digits

e Uncontrollable pain, which may manifest itself as any of the following:

O Pain reported by patient

0 Uncontrollable crying/inconsolability

O Persistent irritability/fussiness

Delay in seeking care (consider neglect)

Decreased level of consciousness, unresponsiveness, or coma

Immediately remove all clothing, including diaper

Decontaminate with water

O Full immersion bath

Gently rub skin manually or with wet washcloth

Avoid using soaps or other detergents

Ensure thorough irrigation of any open wounds and observe these areas more closely

If the patient has vomited, ensure all vomitus has been cleaned from skin as it may

contain detergent

e Do not apply any creams/ointments/lotions/and so on to affected areas for a minimum
of 24 h after decontamination (bath)

e Consider HCF evaluation if any affected area has underlying skin disorders, such as the

O O 0 O

following:
o Eczema
O Psoriasis

o Allergic responses/hypersensitivities

HCF treatment
recommendations—per
standard of care

Acute treatment/management

Decontamination e Dilute/irrigate/wash
Blistering e Proceed with standard of care for a chemical or thermal burn
0 Dress wounds
o0 Consider appropriate prophylactic use of antibiotics,
antibacterial cream, and so on
e There is no evidence regarding the use of steroids (topical or oral)

Diagnostics

e Perform a thorough visual inspection of all skin areas, particularly within skin folds
(neck, etc.)
O If detergent is on the face, thoroughly inspect the nose, oropharynx, and eyes
— See Ocular recommendations section if ocular exposure suspected
O If detergentis in the diaper area, look for evidence of irritation to mucosal surfaces

Observation

e Follow standard of care for chemical or thermal burn
O Ensure adequate hydration
o0 Ensure adequate pain control
o Monitor for infection

Follow-up/referral

e If burns are severe or there is concern for scarring, consider referral to a wound care
specialist

LDP: laundry detergent packet; HCF: health-care facility.
?If caregiver is unable to perform any of the following recommended therapies, refer patient to HCF immediately.
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Oral exposures did not appear to produce long-term
tracheal or epiglottic damage. Although pH is not the
only determinant of injury, LDPs do not fall in a pH
category associated with severe esophageal and gas-
trointestinal damage. This is consistent with the lack
of circumferential damage or specific interventions
associated with the endoscopic findings observed
among the cases reviewed here. The need for endo-
scopy has been questioned previously after a small
series of patients who underwent endoscopy required
no additional interventions based on their endoscopic
results.'? The clinicians were unable to identify
changes in case management associated with findings
from endoscopy. This led to the (perhaps controver-
sial) conclusion that routine endoscopy, with its own
inherent risks, is an unnecessary hazard to the child.

In a number of other cases, a metabolic acidosis
was observed, and, in many cases, it was documen-
ted that lactic acid was elevated. In some cases, lac-
tate was elevated in the absence of decreased pH.
Previous authors have suggested that the metabolism
of propylene glycol, starting with the enzyme alco-
hol dehydrogenase and ultimately yielding lactate
may be the cause of the metabolic derangement in
these patients.''-°

Severe human exposure to propylene glycol usu-
ally occurs from iatrogenic exposure while being used
as a preservative in other drugs. A recent study dis-
cussed the pathophysiology of this process and sug-
gested that treatment of LDP ingestions includes an
early intervention with fomepizole which might block
the conversion of this chemical to avoid the lactic
acidosis.?’ It is impossible from the present case
series to estimate the LDP quantities ingested or the
amounts of propylene glycol involved and whether
this acidosis is plausible on a stoichiometric basis.
In discussing this fact, the clinicians felt that the rapid
onset of the acidosis in these cases would likely pre-
clude intervention with fomepizole in a timely fash-
ion. As there is no evidence to support the efficacy of
such an approach, any treatment with fomepizole
must be considered experimental. Table 8 presents
the HCF referral and treatment recommendations for
oral exposures.

This study provides a review of clinical effects
associated with over 13,000 LDP exposures reported
to US regional PCs. Of the 13,307 LDP-only cases
with a known medical outcome, most involved an oral
route of exposure (approximately 89%) and no single,
early-onset symptom was predictive of outcome.
Most exposures (88.6%) resulted in no effect or minor

effect. A relatively consistent number of symptoms
forming a basic exposure toxidrome emerged, includ-
ing vomiting, stridor, hypoxia, and sedation. Review
of the cases revealed that health-care providers typi-
cally managed acute presenting symptoms and
delayed effects did not occur. The most commonly
performed therapy among all patients was dilute/irri-
gate/wash. These data should provide some comfort
to providers managing these patients.

Several severe adverse events also occurred, but
the incidence in comparison to the relatively more
minor effects was low. Nevertheless, severe reactions
such as aspiration pneumonia, stridor, respiratory fail-
ure, and altered level of consciousness did occur.
What was most surprising in reviewing the cases was
the duration of events. In comparison to a hydrocar-
bon aspiration, which typically progresses over 72 h
and may take up to a week to improve, the aspiration
events were relatively short-lived with respect to time
on the ventilator. Similarly, the respiratory or meta-
bolic acidosis and altered sensorium lasted relatively
short periods of time allowing for extubation gener-
ally within 24 h of the event. Stridor in most cases was
treated with standard therapy such as corticosteroids
and racemic epinephrine (we have no idea whether
that improved outcome or not) and also seemed to
resolve fairly quickly. Such treatments should be con-
sidered when respiratory or metabolic acidosis and
altered sensorium develop. More serious events like
these underscore the need for preventive measures,
and a careful examination of the ingredients of these
products is necessary to prevent these infrequent, but
severe events.

While these recommendations are based upon a
case-level review of 450 patients, limited published
experience is available to provide strict evidence-
based guidelines. As may be surmised, the varia-
bility in narratives did not always allow for direct
conversion to structured data. However, it did
enable the clinician panel to develop treatment rec-
ommendations for health-care providers (Tables 6
to 8). The recommendations were developed based
on available data, which were incomplete at times.
However, these remain the best data that were
available at the time of analysis from NPDS, which
is a large and homogenous database with standar-
dized data collection procedures. From the end of
our catchment period (June 30, 2014) through the
end of 2017, an additional 48,000 exposures
involving LDPs were reported to NPDS, which
included three additional deaths.”®
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Table 8. Suggested HCF referral and treatment recommendations for oral exposures (with or without aspiration) to

LDP products.

Oral exposure (with or without aspiration)

Call Emergency Medical o
Services or 911 °
immediately if any of
the following present:

Persistent vomiting (multiple episodes)

Vomiting with a secondary symptom (e.g. excess secretions/drooling)
Respiratory or CNS depression (drowsiness/lethargy/unresponsiveness/coma)
0 Take into account patient’s normal naptime/bedtime.

e Unresponsiveness/coma

e Audible wheezing or stridor

e Seizure

e Concern for possible co-ingestion

e Delay in seeking care (consider neglect)

Treat at home e Monitor patient for signs of respiratory or CNS depression (drowsiness, lethargy, labored
recommendations® breathing, decreased responsiveness, coma) for 4 h
o If any sign of respiratory or CNS depression, refer to HCF
e If patient has a single episode of vomiting with no other complaints (and no respiratory or
CNS depression), then continue to monitor at home
o Observe for 4-6 h
If multiple episodes of vomiting, refer to HCF
Do not induce vomiting
Do not immediately offer oral liquids
O However, if patient requests liquids by mouth, there is no contraindication
HCF treatment Acute treatment/management
recommendations—
per standard of care Decontamination o Dilute/irrigate/wash

Miosis e Five cases in this series reported miosis prior to sedation but
mechanism of action remains unclear. Co-ingestions should be
investigated. Consider trial of naloxone treatment if respiratory
depression is noted in conjunction with miosis.

Vomiting e No contraindications to antiemetic therapies were found in this
case series. If patient’s only symptom is persistent vomiting,
administer antiemetic therapy and attempt trial of clear oral
liquids. Serious esophageal injuries were rarely reported (see
Endoscopy section below). If patient able to tolerate oral liquids,
observe for minimum of 4-6 h.

Hyperglycemia e Etiology of hyperglycemia remains poorly understood. However,
no patients in this case series were reported to have
hyperglycemia requiring insulin therapy. Hyperglycemic values
reported in this series were transient and typically resolved
quickly without aggressive treatment.

Lactic acidosis e Standard management of lactic acidosis is appropriate. Lactic
acidosis is hypothesized to be a byproduct of propylene glycol
metabolism; however, exact etiology remains unknown. Elevated
lactic acid values reported in this case series were generally
transient and resolved quickly with conservative treatment. No
cases of lactic acidosis reported in this series required fomepizole
or intravenous ethanol treatment

Respiratory or CNS e Monitor patient for minimum of 4 h for symptoms of respiratory

depression or CNS depression. If patient exhibits symptoms of respiratory

or CNS depression (e.g. lethargy, unresponsiveness), monitor
airway carefully and intubate as clinically indicated. Consider
suctioning of secretions to assist with airway protection and to
reduce risk of aspiration. The decision of whether or not a
patient requires intubation for airway protection ultimately must
be made on a case-by-case basis by the treating clinician.
Capnography may provide additional information to assist with
the decision to proceed with intubation.

(continued)
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Table 8. (continued)

Oral exposure (with or without aspiration)

Upper respiratory
symptoms (e.g. stridor)

Lower respiratory
symptoms (e.g.
wheezing)

Racemic or subcutaneous epinephrine therapy is favored over (-
agonist agents for large airway edema. In cases where patients
present with stridor, administer epinephrine and evaluate for
symptoms of significant esophageal injury. If there is no evidence
of significant esophageal injury, proceed with corticosteroid
treatment (dexamethasone, etc.). If there is evidence of
significant esophageal injury, hold treatment with corticosteroids
and consider gastroenterology consult for endoscopy (see
Endoscopy section below).
Antibiotics are not routinely indicated with positive X-ray
findings alone. In patients with no known history of RAD who
present with wheezing alone (no stridor), treat with 3-agonist
agents and continue to monitor for progression/resolution of
symptoms. In patients with known RAD history, consider
treatment with a corticosteroid in addition to (-agonist agents.
For patients with persistent cough, obtain a chest X-ray for
evidence of aspiration pneumonitis or pneumonia.
o 57 (12.7%) of 450 patients in this case series were treated
with antibiotics; however, it is unclear if antibiotic therapy
actually impacted patient outcomes.

Diagnostics

Laboratory evaluation

Radiology studies

Endoscopy

ECG

Routine laboratory evaluation was generally not helpful in the

treatment/management of LDP exposures.

Laboratory evaluation should be ordered for symptomatic

patients demonstrating more than minor clinical effects or if

there are other concerns based on the physical examination.

Patients exhibiting symptoms of respiratory or CNS depression

(e.g. dyspnea, hypoxia, lethargy, unresponsiveness, and coma)

should have labs ordered (suggested list below).

O Lactate

O Basic metabolic panel

o Complete blood count

O©  Venous blood gas

Single CXR is indicated in patients with respiratory symptoms

(e.g. dyspnea, hypoxia, and persistent cough). Serial imaging

studies are not indicated in patients who are asymptomatic or

clinically unchanged after the initial study is performed. Serial
imaging should only be performed on patients who exhibit
progression of symptoms following the initial radiograph.

Endoscopic imaging studies should not be standard of care for

managing LDP ingestion exposures.

O In this case series, there were | 16 reported endoscopic
studies of which none reported significant esophageal injury,
perforation, or stricture. Some mild swelling and edema
were reported but potentially could have been related to
vomiting. No significant change in clinical management of
patients who did or did not have endoscopy was noted.

Consider empiric treatment with a PPl or H2 blocker based upon

the physical examination, endoscopy is not required to make this

determination.

An ECG is not routinely recommended.

(continued)
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Table 8. (continued)

Oral exposure (with or without aspiration)

Observation

e |f asymptomatic, observe in unit a minimum of 4-h post-ingestion for onset of symptoms.
0 One patient presented at 7 h post-ingestion and was asymptomatic (without
documented respiratory distress or hypoxemia). All other patients became symptomatic

within 4 h of ingestion.

e If symptomatic, observe in unit until all symptoms resolved.

Follow-up/referral

e If persistent or recurring symptoms, follow-up with pediatrician/primary care provider
within 48 h for repeat physical examination and safe product storage education.

LDP: laundry detergent packet; CNS: central nervous system; HCF: health-care facility; RAD: reactive airway disease; CXR: chest X-ray;

PPI: proton pump inhibitor.

2If caregiver is unable to perform any of the following recommended therapies, refer patient to HCF immediately.

Introduction of LDPs into the European market
was also met with unique severe toxic effects almost
exclusively in children, prompting product changes.
In response to the increase in US exposures, a new
American Society for Testing and Materials (ASTM)
International standard for LDPs was issued on Sep-
tember 15, 2015.%° This standard includes the addition
of an adversant (bitter taste to the capsule), applica-
tion of a less soluble film to delay the release of the
detergent, and increased capsule integrity to with-
stand a higher level of pressure before breaking and
release of the detergent. The goal is to make LDPs
less attractive and more difficult for children to
access. However, compliance with the ASTM Inter-
national standard is voluntary. Given the large volume
of cases of LDP exposure in such a short time period,
adoption of the standard should be enforced and mon-
itored. The present referral and treatment recommen-
dations should also be reviewed regularly to evaluate
emerging clinical effects, referral thresholds, diagnos-
tic procedures, treatments, and related recommenda-
tions as the products continue to evolve.

Limitations

The encounters that comprise NPDS are collected
from spontaneous, self-reported calls made to US
PCs. Exposures in NPDS comprise a portion of the
total number of incidents that occurred, which is a
limitation of this type of passive reporting system.
The increasing presence of LDPs in the market place
and the continued report of exposures associated with
these products highlights the pressing need to opti-
mize referral and treatment recommendations to

improve patient outcomes. Systematic reevaluation
of emerging data will be necessary to update these
recommendations as these products change over time.
The volume of reports of exposures reported to NPDS
underscores the usefulness of PC data in monitoring
the impact of product safety interventions.

A second limitation was that this analysis included
different products and formulations that might pro-
duce disparity in the clinical effects. Despite the het-
erogeneity of the LDP products involved in the
exposures, the data were surprisingly consistent.

Conclusions

LDPs, in a small percentage of cases, produce a tox-
idrome of vomiting, stridor, hypoxia, and sedation
with metabolic acidosis and possible respiratory fail-
ure. The increasing popularity of LDPs and the con-
tinued report of exposures to these products highlights
the pressing need to minimize unintentional expo-
sures through education and product packaging and
to optimize referral and treatment recommendations
to improve patient outcomes.
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