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Abstract

Introduction: First aid providers may encounter life-threatening conditions requiring treatment with medications. Given that resuscitation medica-
tions in first aid kits may be administered infrequently, first aid providers may face situations where only expired medications are available.
Objective: This systematic search with a narrative review aims to evaluate the efficacy and safety of expired life-saving medications commonly
used in first aid.

Methods: We conducted a search of PubMed, EMBASE, Web of Science, CINAHL, and Cochrane Library (inception—April 2025) for studies regard-
ing expired albuterol, epinephrine, aspirin, or naloxone. Two reviewers independently screened titles and abstracts, followed by full-text reviews to
determine eligibility. We included randomized controlled trials (RCTs), clinical trials, systematic reviews, meta-analyses, and observational studies
evaluating expired medications’ potency and safety. Data extraction focused on study design, population, interventions, comparators, outcomes, and
key findings.

Results: After deduplication, 1398 records were screened, and 17 studies met inclusion criteria: albuterol (n = 2), aspirin (n = 4), epinephrine (n = 8),
and naloxone (n = 3). Albuterol (salbutamol) retained 98 % active drug 20—30 years past expiration. Aspirin (acetylsalicylic acid) could retain active
drug for up to 40 years after expiration. Epinephrine autoinjectors could retain epinephrine for at least 36 months after expiration. Naloxone retained
active drug for at least 19 months after expiration. There was minimal evidence of harmful degradation products.

Conclusions: Under individual study conditions, the evaluated expired first aid medications maintained active drug and were largely free of harmful
byproducts beyond their labeled expiration dates. Scientific and ethical principles may suggest possible benefits from expired medications in emer-
gency settings when alternatives are unavailable.
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faced with life-threatening scenarios and only expired medications
are available. In these situations, knowledge of the potential risks
and benefits of administering expired resuscitation medications is
critical.

Expiration dates are established based on stability testing by
manufacturers to ensure that medications retain their full potency

Introduction

First aid (FA) providers are called to care for life-threatening condi-
tions in which treatment with resuscitation medications can be life-
saving. Common medications and emergencies that anyone may

encounter include albuterol for respiratory distress, aspirin for non-
traumatic chest pain, epinephrine for anaphylaxis, and naloxone for
opioid poisoning."* While administration of an unexpired medication
is preferred, there are situations and settings when FA providers are

and safety up to that date.® The dates are indicators of the time dur-
ing which the manufacturer guarantees the full potency and safety of
a drug. Expiration dates do not necessarily mean that the drug
becomes ineffective or harmful after this date. Some medications
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are known to remain stable and retain most of their potency for years
beyond their expiration dates.*”” Large-scale regulatory studies and
shelf-life extension programs (SLEPSs) play an essential role in eval-
uating physical and chemical properties of drugs to promote the safe
extension of drug expiration dates® though these studies do not
immediately address the questions about real-world use when only
expired products might be accessible. The potential risks of using
expired medications include reduced efficacy due to decreased
potency and the administration of unwanted degradation prod-
ucts.®” However, in life-threatening emergencies, the benefit of
administering an expired resuscitation medication, with the hope of
some retained efficacy, may outweigh these risks, especially when
no other options are readily available.

As part of its continual evaluation process, the American Red
Cross Scientific Advisory Council (ARC SAC) performed a review
on this topic to inform guidelines for the use of expired medications
in first aid settings. This systematic search and narrative review aims
to evaluate the evidence on the efficacy and safety of expired resus-
citation medications commonly used in life-threatening first aid
conditions.

Methods

A protocol for this review was developed prior to the conduct of the
review, internal to the ARC SAC, and included a review question,
preliminary search strategy developed with the assistance of a med-
ical librarian, inclusion and exclusion criteria, a plan for risk of bias
assessment, and a plan for data extraction and analysis.

Search strategy

A comprehensive literature search was performed initially on March
4, 2020, as part of an initial ARC SAC review, subsequently on Jan-
uary 22, 2024, as part of a triennial review, and additionally re-run on
April 12, 2025, using PubMed, EMBASE, Web of Science, CINAHL,
and Cochrane Library Clinical Trials (Cochrane CENTRAL). The
search terms included “albuterol,” “aspirin,” “epinephrine,” “nalox-
one,” and associated terms for expiration dates and drug stability.
The search covered publications from database inception to April
2025. The detailed search strategy is provided in Appendix A.

» o«

Eligibility criteria
While FA encompasses a wide range of conditions, we focused on
those for which early pharmacologic intervention may be most ben-
eficial, including self-administration and administration by lay FA pro-
viders. We chose the list of FA medications by consensus among the
authors to include albuterol (salbutamol) for asthma exacerbations,
aspirin for non-traumatic chest pain, epinephrine for anaphylaxis,
and naloxone for opioid overdose. We limited our search to these
medications because they address common, time-sensitive sentinel
conditions where critical decisions about expired medication use
could have immediate impacts on morbidity and mortality. These
medications constitute a unique, non-exhaustive set of pharmaceuti-
cals with demonstrated resuscitative application in the first aid con-
text, and that are commonly included in general first aid education
and first aid kits."®

We included randomized controlled trials (RCTs), clinical trials,
systematic reviews, meta-analyses, and observational studies evalu-
ating expired medications’ potency and safety. For this study,
retained potency was assessed as the amount of active ingredient

detected in a product after its labeled expiry date with the assumption
that active ingredients retain the same biologic activity delineated
from original FDA approval or long-term stability studies. Our results
included published manuscripts as well as scientific meeting
abstracts. Studies were limited to those published in English, as this
was the language spoken and understood by reviewers. We
excluded animal studies, non-English publications, and studies with-
out outcome measures directly relevant to medication pharmacology
(e.g. medication volume over time).

Data extraction and quality assessment

Two reviewers (NC and JNC) independently screened titles and
abstracts, followed by full-text reviews to determine eligibility. Data
extraction focused on study design, population, interventions, com-
parators, outcomes, and key findings. Given the anticipated hetero-
geneity of the data, we planned to perform a narrative review and did
not plan to perform a meta-analysis. All authors contributed to dis-
cussion on the final papers to include until consensus through email
or meeting. Two reviewers (NC and RY) completed the risk of bias
(RoB) assessment using the Office of Health Assessment and
Translation (OHAT) RoB tool,'" which assessed bias across 6
domains using 11 structured questions and 4 ordinal responses: def-
initely low, probably low, probably high, or definitely high risk of bias.
This tool was selected for its capacity to evaluate various bodies of
evidence, including exposure and observational data from human,
animal, and in vitro studies.'’"'?

Results

Of the 1435 records identified, 1398 were screened after deduplica-
tion and 17 studies were included in the final review, examining albu-
terol (n=2),”'® aspirin (n = 4),*"'*"'® epinephrine (n = 8),>'"?° and
naloxone (n = 3),%2*2° (Fig. 1). These are summarized in Table 1.
Studies excluded at the full text level can be found in Appendix B.

Study Characteristics Table 1 summarizes the characteristics
of the included studies.

Albuterol (Salbutamol)

Two bench research studies were identified pertaining to albuterol
suggesting that albuterol retains efficacy past expiration under con-
trolled conditions” ' (Table 1). Kutty et al."® found that most donated
albuterol samples retained over 90 % of their active drug well beyond
their expiration dates. Zilker et al.” evaluated the stability of albuterol
20-30 years past expiration and found that it retained 98 % of its sta-
ted active drug, with impurities being less than 0.5 % of the overall
content.

Acetlylsalicylic acid (Aspirin)

Four bench research studies were identified pertaining to aspirin
(Table 1). Wotring'® found that aspirin tablets that were 9 months post
expiration date retained 96.5 % of their reported active drug. Cantrell
et al.* found that combination tablets containing aspitin had less than
90 % of their labeled active drug after 28—40 years, but this reduction
was within expected degradation ranges. Cantrell et al.’s” study also
noted that while aspirin content was reduced, the degradation was
not significantly harmful and still within safe limits for use, without clin-
ically relevant degradation products. Two additional studies, Thomis
et al."* and Verstraeten et al.,'® found that while the amount of
acetylsalicylic acid in non-expired tablets decreased over time, the

4,14-16
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Fig. 1 - PRISMA flow diagram.

medication retained substantial active drug without identified degrada-
tion products.

Epinephrine

Eight studies were identified pertaining to epinephrine
(Table 1). All eight contained information from bench research.
Simons et al."” demonstrated that there was a greater amount of epi-
nephrine content (mg) between in-date adult EAls (0.326 + 0.003)
and outdated adult EAls (0.238 + 0.008) (MD 0.088; 95 % ClI
0.08-0.09) and between in-date pediatric EAls (0.148 + 0.007) and
outdated pediatric EAls (0.108 + 0.011) and (MD 0.04; 95 % CI
0.03-0.05). Simons et al. '” demonstrated 54.7 % of the reported
active drug at 151 months in 0.15 mg EAl and 77.1 % in 0.3 mg EAls
at 130 months post expiration. Simons et al. '® and Rachid et al. '°
and both reported that all EAIs tested <24 months post expiration
retained >90 % of the expected dose. Cantrell et al.>° further sup-
ported these findings, demonstrating that all epinephrine concentra-
tions in autoinjectors remained above 80 % for up to 50 months.
Finally, Kassel et al.® reported that all autoinjectors tested retained
>90 % drug content up to 30 months their expiration dates.

5,17-23

Naloxone

Three studies were identified that used laboratory analysis to deter-
mine the concentration of naloxone in expired products®?*2°
(Table 1). Hossain et al.>® found that naloxone that was expired by
up to 19 months retained >100 % mean active drug. Pruyn et al.®
confirmed that naloxone solutions maintained high amounts of active
drug after up to 27 years, with minimal formation of nornaloxone, a
potential degradation product. The FDA’s Shelf-Life Extension Pro-
gram (SLEP) study by Lyon et al.>* extended the expiration dates
of naloxone by 5 years, supporting its long-term stability.

Quality assessment and risk of bias

Of the 17 studies included, risk of bias was generally low across the 6
domains assessed with the OHAT Tool (Appendix C). In the domain
of selection bias, studies employing convenience samples,® varying
storage conditions,'®2° and no control groups for comparison'® were
evaluated as probably high risk of bias. Observational studies that
co-assessed potential contaminants and degradation products had
lower risk of confounding bias.>? Few studies reported blinding pro-
cedures,?® though performance and detection biases were often
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Table 1 - Characteristics of Included Studies.

Author Year Medication

Study Design

Population

Key Findings

Albuterol (Salbutamol)

Zilker M, et al.” 2019 Salbutamol sulfate,
Salbutamol

Kutty, R et al.’® 2022 Albuterol
(nebulized),

Albuterol (MDI)
montelukast

Aspirin (Acetylsalicylic acid/ASA)

Thomis R, et al.™ 1984  Aspirin combination
tablets containing
Aspirin,
acetaminophen,
and ascorbic Acid

Verstraeten A, etal.'® 1987  Aspirin tablets

Cantrell L, et al.* 2012  Aspirin combination

tablets

Wotring VE'® 2016  Aspirin

Epinephrine
Simons KJ, et al."” 2000 Epinephrine

autoinjectors

Simons KJ, et al.’® 2011  Epinephrine

autoinjectors

Bench research

Bench research
(abstract only)

Bench research

Bench research

Bench research

Bench research

Bench research

Bench research
(abstract only)

50 medications, 5 samples of
Salbutamol (albuterol) sulfate, 1
sample of Salbutamol, 20-30 + years
old were studied to evaluate their
content and degradation profiles.
“Expired lots of albuterol that were
donated by a local free clinic” No dates
reported.

Tablets containing 300 mg aspirin,
200 mg acetaminophen, and 300 mg
ascorbic acid were aged 4-61 months
to study degradation effects. Two
tablets were used for each test.

Aspirin tablets aged between 6—

59 months were studied for
degradation effects, no living subject
population was used.

Three tablets of two different aspirin
combination tablets, which were
between 28-40 years expired. Specific
dates not listed.

Medications were part of a supply kept
at the international space station for
550 days. Five tested aspirin tablets
were 9 months post expiration date.

Twenty-eight epinephrine autoinjectors
(EAIls) and 6 pediatric EAls that were
between 1-90 months post expiration
date.

Six 0.15 EAIls 129 months past
expiration date, six 0.15 mg EAls

151 months past expiration date, six
0.3 mg autoinjectors 130 months past
expiration date.

The content of salbutamol was above
98 % in all samples. Impurities were
present, but in all cases were less than
0.5 %

Of the samples tested, 80 % if the
nebulized albuterol and 40 % of the
MDI albuterol retained > 90 % of their
potency.

Initial reported concentration of Aspirin
in each tablet ranged from 80.9-99.2 %
and generally degraded over time. The
two lowest Aspirin concentrations were
at 45 months (76.3 %) and 55 months
(80.9 %). At 61 months the salicylic
acid (breakdown product)
concentration was 9.4 %

Aspirin content found in the 14 different
brands of ASA tabs from analysis by
HPLC ranged from 83.9 % to 102.2 %
and varied by tablet age. Only two
tablet brands were outside of the
claimed validity period (36 months) but
were each found to have > 100 %
[101.8 % (at 40 months) and 101.3 %
(at 50 months), respectively] of their
claimed ASA content. Both tablets also
had a low salicylic acid breakdown
product (0.59 % and 0.18 %,
respectively).

Aspirin was found present in less than
12 % of its labeled concentration in
both combinations tested: Combo pill
#1

(Fiorinal): declared aspirin content
200 mg; mean measured aspirin
content 2.28 mg (SD 0.10); Combo pill
#2

(Codempiral): declared aspirin content
226.8 mg; mean measured content
1.53 mg (SD 0.04)

Tablets were found to contain active
ingredients within 96.5 % of label claim
of 325 mg per tablet (mean 313.7, SD
0.05). Free salicylic acid was less than
0.05 % in each sample.

There was a greater amount of
epinephrine content (mg) between in-
date adult EAls (0.326 + 0.003) and
outdated adult EAls (0.238 + 0.008)
and (MD 0.088; 95 % Cl 0.08-0.09)
and between in-date pediatric EAls
(0.148 + 0.007) and outdated pediatric
EAls (0.108 + 0.011) and (MD 0.04;
95 % CI 0.03-0.05). There was a
negative correlation of 0.63 between
epinephrine content and the number of
months since expiration.

The mean epinephrine dose ejected
from the 0.15 EAls was 60.1 % (mg not
reported) at 129 months post
expiration and 54.7 % (mg not
reported) at

151 months. The mean dose ejected
from the 0.3 mg EAIl was 77.1 % at
130 months post expiration.
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Table 1 (continued)

Author Year Medication Study Design Population Key Findings
Simons KJ, et al.”® 2012 Epinephrine Bench research Thirty-five EAls (0.15 mg and 0.3 mg)  Epinephrine doses decreased with
autoinjectors (abstract only) that were 3 to 36 months past increasing months past expiry date (no
expiration date. Epinephrine content correlation coefficient reported). EAls
was measured using HPLC-UV. that were < 24 months past expiry
date ejected > 90 % of E doses (mg
not reported).
Rachid O, et al.*® 2015 Epinephrine Bench Research Thirty 0.3 mg EAls and five 0.15 mg Epinephrine concentrations ranged
autoinjectors EAls, between 3 to 36 months past from 84.2 % to 101.5 % of reported
expiration date and kept under values. There was a correlation
uncontrolled storage conditions were between the number of months past
collected in an allergy practice. the expiration date and decreasing
concentration of epinephrine in the
solution. (R? = 0.779). All EAls
<24 months past labeled expiration
dating contained >90 % of the USP
labeled epinephrine concentration.
Cantrell FL, et al.” 2017 Epinephrine Bench research Thirty-one 0.3 mg EAls and nine Nineteen 0.3 mg (61 %) and five
autoinjectors 0.15 mg EAls, 1-50 months past their 0.15 mg (56 %) autoinjectors
expiration dates contained > 90 % of reported
epinephrine content. All of the expired
EAls tested contained at least 80 % of
their labeled epinephrine concentration
and decrease in content percentage
correlated with time.
Weir WB 22 2018 Epinephrine Bench research Six epinephrine prefilled syringes, There was no statistical difference
prefilled syringes 1 mg/10 mL, were stored in a climate- between the epinephrine
for injection controlled setting for 30 months after ~ concentrations in the expired products
expiration. tested compared with the unexpired
control. There were no degradation
products detected, and no bacterial or
fungal growth occurred.
Kassel L, et al.” 2019 Epinephrine Bench research Forty-six EAIls (0.15 & 0.30 mg; Approximately 80 % (n = 37) of the
autoinjectors breakdown not reported) that were 1—  EAls retained >90 % of stated
168 months past their expiration dates  epinephrine potency, 9 contained
<90 %. The median amount of drug
remaining in expired EAls was 97.2 %,
IQR of 8.1 %. EAls up to 6 months past
expiration date (n = 4) retained 100 %
concentration, EAls 1 year (n = 10)
retained at least 95 % concentration,
EAls (n = 27) up to 30 months retained
at least 90 % drug content.
Saleheen A, et al.*® 2020 Epinephrine Bench research 23 EAls (unknown dose) that were Epinephrine concentrations in the
autoinjectors expired from 12-207 months were expired EAls in the range of 0.05—
tested by ultra-high-pressure liquid 1.43 mg/mL. The typical concentration
chromatography to determine of epinephrine in autoinjectors is 1 mg/
concentration. mL. There was a correlation of
r=—0.37 between epinephrine
concentration and months since
expiration.
Naloxone
Lyon RC, et al.>* 2006 Naloxone HCI Bench research Naloxone HCI inj soln tested as part of All 10 lots of naloxone HCI were
the US Food and Drug Administration  extended at least 5 years past their
shelf-life extension program expiration date based on data from the
shelf-life extension program.
Pruyn S, et al.® 2019 Naloxone HCI Bench research 11 samples of expired (2-27.5 years) 10 samples retained more than 90 % of
naloxone injection. Samples were naloxone up to 27 years after
either pre-filled syringes or ampules. expiration. 90. Only one sample
These were compared against non- (25.5 years exp) had a concentration
expired products. less than 90 % (89 %). The
concentration of nornaloxone was less
than 1 % in all samples and primarily in
detected in older samples.
Hossain MF, et al.>® 2022 Naloxone HCI Bench research Four lots of naloxone injections (n=3) The naloxone concentration was

and naloxone nasal spray (n = 3) that
were between 6-19 months post
expiration.

102.8 % +/- 2.55 of expected for the
nasal spray and mean of 105.9 % +/-
1.25 for the injection. No degradation
products were identified.
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definitely low or probably low risk due to strong exposure character-
ization methods and similarity between experimental conditions
across study groups. Attrition/exclusion and selective reporting
biases were low across full-text studies with most papers including
complete outcome data. Only the observational data from epinephr-
ine studies such as Simons et al.,"” Simons et al.,'® Simons et al.,"®
and Saleheen et al.,>® was directly related to our study question.

Discussion

The findings of this review suggest that select resuscitation medica-
tions used in the first aid setting retain concentrations of active drug
for months to years after the listed expiration date. Furthermore, of
the resuscitation medications tested, there was no evidence of harm-
ful breakdown products. In emergencies, FA providers often face
unpredictable circumstances that require immediate action; the pri-
mary concern of FA providers is to stabilize the patient and prevent
deterioration of their condition until professional medical help is avail-
able. In such cases, when no other options are available, the poten-
tial benefits of using expired medications may outweigh the risks
associated with reduced efficacy.

While medications can degrade over time and with suboptimal
storage conditions, our work has shown that certain medications
can retain active ingredients at their labeled concentration past their
expiration date with minimal impurities and contaminants. Manufac-
turers are required by the United States Food and Drug Administra-
tion (FDA) and other equivalent regulatory bodies to establish an
expiration date for their products and submit stability data to support
that expiration date.® Expiration dates typically range up to three
years, however, many medications may retain >90 % of their base
potency well beyond this expiration period.>* Harm from toxic degra-
dation byproducts has rarely been associated with use of expired
medications (e.g., few reports about specific tetracycline byprod-
ucts®®) and shelf-life extension programs affirm many emergency
preparedness medications can be used after expiry.?*?” We believe
the primary concern of using expired resuscitation medications is
reduced efficacy during lifesaving interventions due to lack of active
drug or lack of administration. While fears of regulatory violation and
myths about efficacy of expired medications may persist and affect
use, prior regulatory studies have shown that many drugs retain a
significant percentage of their potency even years after expira-
tion.?6~3% For instance, the study conducted by the U.S. Food and
Drug Administration (FDA) on stockpiled medications found that
about 90 % of more than 100 prescription and over-the-counter
drugs were safe and effective far beyond their original expiration
date.?* In light of shortages, Health Canada has recommended that
if you are experiencing an anaphylactic reaction and only have an
expired EpiPen, you should use it immediately and seek emergency
medical care.®' Although some drug products may be more prone to
degradation under certain conditions, making them less suitable can-
didates for shelf-life extension, expired resuscitation medications
could still have potential to provide lifesaving benefits, and may be
beneficial in instances were no unexpired alternatives are available.

Albuterol (salbutamol)

Albuterol is used in emergencies to relieve bronchospasm in asthma
exacerbations or other respiratory distress conditions. Albuterol, also
termed salbutamol, is a Beta-2 agonist available as a metered-dose
inhaler (MDI) and dry powder inhaler (DPI).%2 While expired albuterol

may not be as potent, its use could still help open the airways, poten-
tially providing enough relief to prevent clinical deterioration until the
patient can receive further medical attention. Stability of albuterol has
been explored previously. In a study by Zilker et al.,” albuterol was
found to retain almost 100 % of its original active drug after more
than 20 years past its expiration dating. Degradation products were
found after 20 years; however, these products were found in low con-
centrations and were nontoxic.”

Aspirin

Acetylsalicylic acid (aspirin) is a first-line treatment for myocardial
infarction because of its antiplatelet effects, which can reduce vascu-
lar and ischemic events and death.>® While likely not as time sensi-
tive as other medications used in first aid, early administration of
aspirin compared with later administration has been demonstrated
to improve outcomes.>* When expired aspirin is the only available
option, administering it may still provide some benefit in delaying dis-
ease progression until more definitive care can be provided. Given
the recommendation to chew 160-325 mg of ASA during an acute
myocardial infarction,*® and considering that expired aspirin products
may contain less ASA than non-expired formulations, administration
of a non-expired 162 mg dose may be considered when it becomes
available if only 162 mg of expired aspirin was initially used.

Epinephrine

Epinephrine is critical in emergency settings for individuals experi-
encing anaphylaxis. Rapid-onset allergic reaction can lead to airway
obstruction, cardiovascular collapse, and death if not treated
promptly. Epinephrine is an Alpha-1, Beta-1, and Beta-2 adrenergic
receptor agonist that is the drug of choice for the emergency treat-
ment of severe allergic reactions and anaphylaxis.>® Cantrell et al.*
found that expired epinephrine auto-injectors still retained active
medication even years after expiration, though at a reduced level.
These studies demonstrated that, over time, epinephrine loses
potency and becomes discolored, but there has been no evidence
of harmful degradation products found in expired epinephrine solu-
tion. Even after being heated or frozen to extreme temperatures,
as long as EAls are able to function, they were found to retain a por-
tion of their original epinephrine content.'”'¢5" This indicates that
expired EAls, even stored under suboptimal conditions, may still
retain lifesaving medication. In a life-threatening situation where no
other alternatives exist, administering an expired epinephrine injec-
tion could potentially save a life by providing at least some degree
of vasoconstriction and bronchodilation, which are critical actions in
the treatment of anaphylaxis.

Naloxone

Naloxone is an opioid receptor competitive antagonist used emergently
to reverse a life-threatening opioid overdose.*® In this review, naloxone
was shown to retain its potency years after its expiration dating. In a
study completed by the FDA shelf-life extension program, 10 different
expired lots of naloxone HCI were evaluated for potency, stability,
impurities, preservatives, appearance, and pH. Expiration dates of all
lots of evaluated naloxone were extended by the FDA for an additional
5 years.?* One potentially harmful degradation product of naloxone,
nornaloxone (noroxymorphone), was detected in samples of naloxone
that had been stored >20 years past their expiration dates, though this
product was not found in clinically significant amounts. While nornalox-
one may antagonize the effects of naloxone, it would not be expected
to produce toxicity outside of the opioid toxidrome. As naloxone
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appears to be stable after years of storage, the use of an expired pro-
duct in an emergent setting appears beneficial.

The decision to use expired resuscitation medications is not with-
out ethical and practical considerations. Medical professionals and
FA providers are generally advised against using expired drugs
due to concerns about reduced efficacy and potential liability issues.
However, when the patient’s life is at risk and no other options are
available, the ethical principle of beneficence (doing good) may jus-
tify using expired medications.>® Furthermore, the likelihood of
expired medications causing harm in many emergencies is signifi-
cantly lower than the harm posed by doing nothing. While FA provi-
ders and organizations may consider maintaining stocks of critical
emergency medications and routinely checking and replacing them
before expiration whenever possible, this is not always feasible in
remote or resource-limited settings, making the judicious use of
expired medicines necessary. In low-resource settings, the decision
to use expired medications can be particularly complex due to limited
access to healthcare resources, including the availability of fresh
medicines. One of the primary advantages of using expired medica-
tions in low-resource settings is the potential to save lives when no
viable alternatives are available or readily accessible. In such cases,
using expired medications can provide critical care that might pre-
vent severe outcomes. This knowledge can empower first aid provi-
ders and organizations to significantly impact challenging situations.

The use of expired FA medications has drawbacks. The most
pressing concern is the potential for reduced efficacy. While many
medications retain some potency after expiration, the degree to
which they remain effective can vary, and relying on them may lead
to suboptimal patient outcomes. Furthermore, time is not the only
consideration in these situations. The same factors that lead to infre-
quent stocking in low-resource settings may also lead to improper
storage conditions such as extremes of temperature, which are also
known to impact efficacy and breakdown. Standard guidelines on
using expired medications are lacking. This ambiguity can confuse
healthcare providers regarding when and how to use these drugs
safely, potentially compromising patient safety. When used for
non-emergent purposes in low-resource settings, expired medica-
tions can pose ethical and legal challenges. Medical providers may
face liability issues if patients suffer harm due to ineffective treatment
with expired drugs. Additionally, the reliance on expired medications
might perpetuate systemic inequities in healthcare, as those in low-
resource settings are more likely to face such risks, which could fur-
ther widen the health disparities gap.*®

Limitations

This review has limitations, including the variability in study designs and
storage conditions, which may affect the generalizability of the results,
but also captures the complex and myriad scenarios that providers in
low-resource settings often face. Future research should focus on stan-
dardized methods for evaluating the stability of expired medications
under various environmental conditions. Furthermore, no studies eval-
uated the bioavailability of the expired medications in humans, which is
not too surprising given the previously discussed ethical and legal impli-
cations of administering expired medications. While it was assumed
that if medications retained some active ingredient amounts after expi-
ration then there was potential for efficacy, the evidence gathered could
not explore whether the studied drugs may exhibit complex, non-linear
pharmacodynamic/dose—response relationships that could result in
paradoxical or idiosyncratic effects in humans. Future studies may also
yield variations on results that relate to shelf-life extensions occurring

after this study. We did not specifically assess whether included studies
had stereoselective power to differentiate between enantiomeric forms
of active drug ingredients. This has been discussed in Cantrell*® with
respect to L- and D- epinephrine, where it was concluded that despite
racemization, the benefits of using an expired EpiPen for anaphylaxis
likely outweigh the risks associated with pursuing no treatment. Albu-
terol has been classically provided as a racemic solution (equal
amounts of R/S-albuterol) for over 50 years,*' and racemization of
naloxone and ASA is less relevant due to their chemical structures.
Expanding the range of medications studied will provide a more com-
prehensive understanding of the potential for using expired drugs in
emergency settings. We explored albuterol, naloxone, ASA, and epi-
nephrine because of their lifesaving properties and relevance across
diverse care contexts, including lay and standard first aid, first
response, and emergency medical practice settings. How these results
generalize to other medicines is unknown. Another medication with sim-
ilar lifesaving potential we did not assess was expired glucose for other-
wise indicated hypoglycemia, acknowledging that non-expired sources
of effective glucose could be accessible from non-pharmaceutical
sources outside first aid kits. While some studies used drugs sampled
from tightly controlled settings (e.g., climate-controlled facilities,*
others used samples from uncertain or unique environments (e.g.,
donated medications'® and even the International Space Station'®),
and this variability could be a relative strength that promotes external
validity, as retained active ingredients and the absence of harmful
degradation products was consistently observed across studies.

Conclusion

In this review examining four resuscitation medications used in the
first aid setting, albuterol, aspirin, epinephrine, and naloxone main-
tained active ingredient at or near their product label after their expi-
ration date. Furthermore, no studies found significant amounts of
harmful byproducts. While these results do not assure potency or
efficacy, they suggest that in certain first aid emergencies, life-
saving medications may offer a favorable benefit to risk ratio even
when they are past their expiration date. Further research might help
determine the medication-specific efficacy duration after the expira-
tion date. This review may help to inform decisions regarding the
use of these expired resuscitation medications in the first aid setting
when balancing the potential benefits and risks that the expired med-
ication holds in life-threatening circumstances when no readily avail-
able alternatives exist.
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