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Abstract

Objective. This study investigates the characteris-
tics and trends of medication errors involving anal-
gesic medications.

© 2017 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions @ oup.com

Design and Methods. A retrospective analysis was
conducted of analgesic-related medication errors
reported to the National Poison Data System
(NPDS) from 2000 through 2012.

Results. From 2000 through 2012, the NPDS received
533,763 reports of analgesic-related medication errors,
averaging 41,059 medication errors annually. Overall,
the rate of analgesic-related medication errors
reported to the NPDS increased significantly by 82.6%
from 2000 to 2009, followed by a 5.7% nonsignificant
decrease from 2009 to 2012. Among the analgesic cat-
egories, rates of both acetaminophen-related and
opioid-related medication errors reported to the NPDS
increased during 2000-2009, but the opioid error rate
leveled off during 2009-2012, while the acetaminophen
error rate decreased by 17.9%. Analgesic-related medi-
cation errors involved nonsteroidal anti-inflammatory
drugs (37.0%), acetaminophen (35.5%), and opioids
(23.2%). Children five years or younger accounted for
38.8% of analgesics-related medication errors. Most
(90.2%) analgesic-related medication errors were man-
aged on-site, rather than at a health care facility; 1.6%
were admitted to a hospital, and 1.5% experienced se-
rious medical outcomes, including 145 deaths. The
most common type of medication error was inadver-
tently taking/given the medication twice (26.6%).

Conclusions. Analgesic-related medication errors
are common, and although most do not result in
clinical consequences, they can have serious ad-
verse outcomes. Initiatives associated with the de-
crease in acetaminophen-related medication errors
among young children merit additional research
and potential replication as a model combining gov-
ernment policy and multisectoral collaboration.

Key Words. Analgesic; Acetaminophen; Opioid;
Ibuprofen; Poisoning; Poison Control Center

Introduction
Analgesics, including both nonprescription medications

(such as acetaminophen, ibuprofen, and aspirin) and
prescription medications (such as opioids), are the most
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frequently used medications in the United States among
both children and adults [1,2]. According to a 2006 sur-
vey, acetaminophen is the most frequently utilized over-
the-counter (OTC) product in the United States, used by
19% of adults in any given week [2]. While the use of
analgesics is generally considered safe, exceeding the
maximum recommended dose, due to either uninten-
tional therapeutic error or intentional overdose, can re-
sult in serious injury or death [3,4]. From 2000 through
2012, almost 3 million calls involving unintentional thera-
peutic errors were made to US Poison Control Centers
(PCCs), and approximately one-fifth of these involved
analgesic medications [5]. In addition, analgesic medica-
tions had the greatest increase in the rate of uninten-
tional therapeutic errors reported to PCCs among all
drug classes during this period [6,7].

Previous epidemiologic studies characterizing medica-
tion errors associated with analgesics have often con-
centrated only on a single substance [8-11] or specific
age groups [12,13] or have been limited to emergency
department visits [14—17]. More recently, a six-year ret-
rospective study of National Poison Data System
(NPDS) data and a prospective observational study of
out-of-hospital medication errors indicated that analge-
sics are the leading drug class associated with out-of-
hospital medication errors [18,19]. Medication errors are
a major source of morbidity and mortality and a large
contributor to increasing health care costs [20]. A more
comprehensive analysis of unintentional analgesic medi-
cation errors may improve our understanding of the ori-
gin of these errors and serve as a guide in prevention.

The objective of this study is to conduct an in-depth
analysis of analgesic-related medication errors reported
to the NPDS over a 13-year period. To our knowledge,
this is the first study to describe and compare trends of
unintentional medication errors associated with specific
categories of analgesic medications.

Methods
Study Design and Data Source

This study retrospectively analyzes data from the NPDS
to evaluate characteristics and trends of unintentional
therapeutic errors involving analgesics occurring be-
tween January 1, 2000 and December 31, 2012. The
NPDS is a proprietary database maintained by the
American Association of Poison Control Centers
(AAPCC) and consists of all informational and poison
exposure calls received by regional PCCs in the United
States and its territories. The NPDS is the only compre-
hensive poison exposure surveillance database in the
United States, and it has extensive internal quality con-
trol measures to help ensure accuracy and
completeness.

2358

Study Population

The study population was limited to exposure calls from
within the 50 US states and the District of Columbia
that involved an unintentional therapeutic error associ-
ated with an analgesic medication. The AAPCC defines
an unintentional therapeutic error as “an unintentional
deviation from a proper therapeutic regimen that results
in the wrong dose, incorrect route of administration, ad-
ministration to the wrong person, or administration of
the wrong substance” [6]. These types of errors are re-
ferred to as “medication errors” in this study. Intentional
misuse, abuse, and exploratory, suicidal, and malicious
exposures to analgesics were excluded. Exposures with
a medical outcome of “confirmed nonexposure” or
“unrelated effect” were also excluded.

Analgesics included in this study were opioids, acet-
aminophen, acetylsalicylic acid, nonsteroidal anti-
inflammatory drugs (NSAIDs), and their respective
combinations (Appendix A). Although the NPDS classi-
fies colchicine as an analgesic, it was not included in
this study. The analgesic category was determined by
the AAPCC generic coding system, which is maintained
by Micromedex Poisindex System (Micromedex
Healthcare Series [Internet database]; Truven Health
Analytics, Inc., Greenwood Village, CO, USA). For unin-
tentional therapeutic error-related exposures involving
multiple medications, the medication determined by the
PCC specialist as the primary contributor to the ob-
served clinical effects was used to categorize the
exposure.

Study Variables

Variables included in this study were age, gender, anal-
gesic category, number of substances involved, type of
therapeutic error, management site, level of health care
received, and medical outcome. Analgesics were classi-
fied into the following categories: opioids, acetamino-
phen, aspirin (acetylsalicylic acid), acetaminophen/
aspirin  (combinations of acetaminophen and aspirin),
NSAIDs, and other (Appendix A).

Medical outcomes (minor effect, moderate effect, major
effect, and death) were classified by PCC specialists in
accordance with standard NPDS definitions. “Minor
effect” indicates minimally bothersome symptoms that
generally resolve rapidly with no residual disability or dis-
figurement; “moderate effect” indicates more prolonged,
pronounced, or systemic symptoms, usually requiring
medical intervention; and “major effect” signifies life-
threatening symptoms or significant residual disability or
disfigurement [6]. “Serious medical outcomes” are de-
fined in this study to include cases with moderate
effects, major effects, or who died. Health care facility
(HCF) admissions include admissions to a critical care
unit (CCU), noncritical care unit (non-CCU), or psychiat-
ric facility. Ages were grouped into the following catego-
ries: five years or younger, six to 19years, 20 to
49years, and 50years or older.
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Data Analysis

Data were analyzed using IBM SPSS Statistics 21.0
(IBM Corp., Armonk, NY, USA) and SAS Enterprise
Guide 7.11 HF3 (SAS Institute, Cary, NC, USA) statisti-
cal software. Overall and age group-specific rates of
medication errors were calculated using July 1 US inter-
censal and postcensal US resident population estimates
for 2000 through 2012 [21, 22]. Trend analyses for rates
of medication errors reported to the NPDS were per-
formed using simple linear regression or piecewise re-
gression based on whether there was a shift in
directionality of the trends (Figures 1-4). The estimated
annual rate of change from the regression model (m) is
reported, along with the associated P values. Statistical
significance was determined at oo =0.05. This study was
deemed exempt by the Institutional Review Board at
Nationwide Children Hospital.

Results
General Characteristics

From 2000 through 2012, PCCs in the United States re-
ceived 533,763 calls about unintentional analgesic med-
ication errors, averaging 41,059 medication errors
annually or one error every 13minutes. The majority
(87.7%) of these exposures involved a single substance.
NSAIDs (37.0%), acetaminophen (35.5%), and opioids
(23.2%) accounted for 95.7% of reported analgesic
medication errors (Table 1). Most (95.9%) analgesic
medication errors occurred at the caller’'s own resi-
dence, and only 0.5% occurred at an HCF. Aimost all
(99.1%) analgesic medication errors were associated
with ingestion as the route of exposure. Females
accounted for 56.8% of analgesic medication errors,
and the mean age of all exposed individuals was
22.83years (SD=24.5 years) with median age of
11years (interquartile range=2 to 38 years). Children
five years or younger accounted for 38.8% of the errors,
and adults age 20 to 49years accounted for 23.5%.
The rate of analgesic medication errors per 100,000
population was more than four times higher among chil-
dren five years or younger (63.50) than among children
age six to 19years (13.37), and more than eight times
higher than that among adults age 20 to 49years (7.28)
and adults age 50 years or older (7.69).

Most (90.2%) analgesic medication errors were man-
aged on-site (i.e., not at an HCF), while 4.7% were
treated at an HCF and released, and another 1.6%
were admitted to an HCF (Table 1). Serious medical
outcomes occurred in 1.5% of medication error-
related exposures, including 145 deaths. Most of the
deaths were among adults age 20-49years (29.7%)
and 50vyears or older (562.4%), and were associated
with acetaminophen (51.0%) or opioid (42.1%) medi-
cation errors. The proportions of exposures resulting
in HCF admission and serious outcomes increased
with increasing age, with children five years or youn-
ger having the lowest proportions (0.5% HCF
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admission and 0.2% serious outcomes) and adults
age 50vyears or older having the highest proportions
(8.7% HCF admission and 3.4% serious outcomes).
Higher proportions of serious outcomes were ob-
served among exposures to aspirin (5.7%), opioids
(8.7%), and “other analgesics” (3.4%) (Table 2). These
three analgesic categories also had the highest rates
of HCF admission.

The overall annual rate of analgesic medication errors
reported to the NPDS per 100,000 population increased
significantly by 82.6% (m=0.76, P <0.001) from 9.23 in
2000 to 16.9 in 2009, followed by a nonsignificant de-
crease of 5.7% (m=-0.20, P=0.294) from 2009 to
2012 (Figure 1). For each age group, the annual rate of
analgesic medication errors reported to the NPDS in-
creased significantly by more than 60.0% from 2000 to
2009. While the rate of analgesic medication errors
reported to the NPDS remained constant for children
age zero to five years (1.4%, m=1.33, P=0.191) from
2009 to 2012, there was a nonsignificant decrease in
the rate among individuals age six to 19years (-14.2%,
m=-0.57, P=0.089), 20-49years (-5.4%, m=-0.06,
P=0.526), and 50years and older (-4.0%, m=-0.12,
P =0.295) during this period. The annual rate of analge-
sic medication errors reported to the NPDS was consis-
tently higher among children age five years or younger
than among other age groups throughout the study pe-
riod (Figure 1).

Type of Medication Error

Medication errors attributed to “inadvertently given/taken
medication twice” or “medication doses given/taken too
close together” accounted for a large proportion of
errors in all age groups, ranging from 28.3% of medica-
tion errors among children age six to 19years to 49.4%
of medication errors among adults age 50 years or older
(Table 3). Analgesic medication errors attributed to
“confused units of measure,” “incorrect formulation/con-
centration given,” and “dispensing cup error” were most
common among children five years or younger (together
accounting for 21.2% of errors) and decreased with in-
creasing age group. Although “health professional/iatro-
genic error” (0.9%) and “10-fold dosing error” (0.3%)
each accounted for less than 1% of all errors, they had
the highest proportions of serious outcomes (10.6%
and 9.0%, respectively) and HCF admission (19.8% and
13.9%, respectively).

Acetaminophen

More than half (54.0%) of acetaminophen-related medi-
cation errors were observed among children age five
years or younger (Table 1). The annual rate per 100,000
population of acetaminophen-related errors reported to
the NPDS increased significantly by 86.9% (m=0.31,
P <0.001) from 3.37 in 2000 to 6.30 in 2009, followed
by a significant decrease of 17.9% (m=-0.35,
P =0.002) between 2009 and 2012 (5.17 per 100,000)
(Figure 2). The annual rate of acetaminophen medication
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Figure 1 Annual rate per 100,000 population of analgesic-related medication errors reported to US Poison Control

Centers by age group, National Poison Data System 2000-

2012.

7.0 7 === Acetaminophen
+=+a++ Opioids
6.0 - —=— NSAIDs
' —>— Aspirin
= @ = Acetaminophen/aspirin -
~~

= 5.0
-
=
Z
U koo
o et
S $-- D i
304 . PR heeeeenes -
5 | e A
N =
£ eea
S 2.0 4.0t

1.0 A

0.0 qvp.._...._._.-_._._._.._._.’._...._._.—.—ﬁ....?ﬁ_‘_'_.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Year

Figure 2 Annual rate per 100,000 population of analgesic-related medication errors reported to US Poison Control
Centers by selected analgesic category, National Poison Data System 2000-2012. NSAID = nonsteroidal anti-inflam-

matory drug.

errors reported to the NPDS was consistently higher for
children age five years and younger than for individuals
age six years and older (Figure 3). Most (92.2%)
acetaminophen-related medication errors were man-
aged on-site, 1.1% were associated with a serious
medical outcome, and 1.7% resulted in HCF admission
(Table 1).
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Acetaminophen alone (pediatric formulation) was the
most common (54.2%) preparation involved in
acetaminophen-related medication errors, followed by
acetaminophen alone (adult formulation; 29.7%)
(Table 2). Acetaminophen with diphenhydramine was
associated with the highest proportion of serious out-
comes (6.9%). Among the 74 acetaminophen-related
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Figure 3 Annual rate per 100,000 population of acetaminophen-related and NSAID-related medication errors

reported to US Poison Control
NSAID = nonsteroidal anti-inflammatory drug.

deaths, 61 (82.4%) were among adults, 52 (70.3%) in-
volved chronic exposures, and 48 (64.9%) involved
acetaminophen alone (adult formulation). The types of
medication errors most commonly involved in these
deaths were “other incorrect dose” (39.2%), “medication
doses given/taken too close together” (20.3%), or “more
than one product containing same ingredient” (8.1%).

Opioids

Adults age 20 to 49years and age 50years or older
accounted for 38.6% and 35.6% of opioid-related medi-
cation errors, respectively (Table 1). Three-fifths (60.5%)
of opioid-related errors were observed among females.
The annual rate of opioid-related medication errors
reported to the NPDS per 100,000 population more
than doubled (107.4%, m=0.21, P<0.001) from 1.89
in 2000 to 3.92 in 2009, before leveling off (1.5%,
m=0.01, P=0.828) from 2009 through 2012 (3.86 per
100,000) (Figure 2). The greatest increase in the rate of
opioid-related errors reported to the NPDS was ob-
served among adults age 50years or older; the annual
rate increased by 150.0% (m=0.23, P<0.001) from
2000 to 2012 (Figure 4). Among opioid-related medica-
tion errors, 3.3% were admitted to an HCF and 3.7%
resulted in serious outcomes, including 61 deaths
(Table 1).

Acetaminophen with hydrocodone accounted for 27.2%
of the opioid-related medication errors, followed by oxy-
codone alone or in combination (excluding acetamino-
phen or acetylsalicylic acid) (10.6%) and acetaminophen
with oxycodone (10.0%) (Table 2). Although nalbuphine,

Centers by age group,

National Poison Data System 2000-2012.

with only 12 errors, had the highest proportion of seri-
ous outcomes (25.0%), among opioids with at least 100
errors, fentanyl had the highest proportion of serious
outcomes (18.7%), followed by methadone (10.1%) and
buprenorphine (10.1%).

Nonsteroidal Anti-inflammatory Drugs

Children five years or younger (43.7%) and children age
six to 19years (22.3%) accounted for the majority of
NSAID-related medication errors (Table 1). The annual
rate of NSAID-related medication errors reported to the
NPDS increased significantly by 75.5% (m=0.20,
P < 0.001) between 2000 (3.55 per 100,000) and 2012
(6.23 per 100,000) (Figure 2). During 2000-2012, the
rate of NSAID medication errors reported to the NPDS
increased by 124.6% (m=1.59, P<0.001) among chil-
dren age five years and younger and 50.7% (m=0.08,
P <0.001) among individuals age six years and older
(Figure 3). NSAIDs was the analgesic category with the
lowest proportions of serious outcomes (0.3%) and
admissions to an HCF (0.2%) and had no associated fa-
talities (Table 1). Most NSAID-related medication errors
involved ibuprofen (76.1%) or naproxen (11.7%)
(Table 2).

Acetylsalicylic Acid

Aspirin-related medication errors were more common
among adults age 50years or older, accounting for
about one-third (34.6%) of these errors (Table 1). The
annual rate per 100,000 population of medication errors
reported to the NPDS attributed to aspirin increased
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Table 2 Frequency (and percentage) of medication errors resulting in health care facility admission or a
serious medical outcome for selected analgesic categories, NPDS 2000-2012

Admitted Serious Outcome Total
Type of Analgesic* No. (Row)T No. (Row %)" No. (Col.%)*
Acetaminophen
Acetaminophen alone, pediatric 520 (0.5) 158 (0.2) 102,662 (54.2)
Acetaminophen alone, adult 1,781 (3.2) 1,148 (2.0) 56,187 (29.7)
Acetaminophen in combination with other drugs, adult 261 (1.4) 349 (1.9) 18,630 (9.8)
formulations
Acetaminophen alone, unknown if adult or pediatric 599 (5.3) 376 (3.3) 11,383 (6.0)
Acetaminophen in combination with other drugs, pediatric — — 512 (0.3)
formulations
Acetaminophen with diphenhydramine 2(1.7) 8 (6.9) 116 (0.1)
Subtotal 3,163 (1.7) 2,039 (1.1) 189,490
Opioids
Acetaminophen with hydrocodone 762 (2.3) 846 (2.5) 33,581 (27.2)
Oxycodone alone or in combination® 485 (3.7) 515 (3.9) 13,044 (10.6)
Acetaminophen with oxycodone 308 (2.5) 335 (2.7) 12,320 (10.0)
Other or unknown narcotics 463 (4.1) 655 (5.7) 11,405 (9.2)
Acetaminophen with codeine 138 (1.4) 189 (1.9) 10,060 (8.1)
Tramadol 248 (2.5) 412 (4.2) 9,823 (7.9)
Codeine 35 (0.4) 53 (0.7) 8,139 (6.6)
Morphine 628 (8.4) 570 (7.6) 7,470 (6.0)
Acetaminophen with propoxyphene 167 (2.5) 200 (3.1) 6,553 (5.3)
Methadone 597 (11.9) 507 (10.1) 5,024 (4.1)
Acetaminophen with other narcotics or narcotic analogs 25 (2.0) 23 (1.9) 1,226 (1.0)
Hydrocodone alone or in combination" 14 (1.2) 39 (3.4) 1,160 (0.9)
Meperidine 68 (8.1) 63 (7.5) 835 (0.7)
Hydromorphone 32 (6.6) 28 (5.8) 485 (0.4)
Buprenorphine 36 (7.7) 47 (10.1) 467 (0.4)
Propoxyphene 6 (1.5) 15 (3.7) 402 (0.3)
Oxymorphone 14 (5.7) 14 (5.7) 246 (0.2)
Tapentadol 12 (5.0) 24 (10.0) 240 (0.2)
Pentazocine 3(1.3) 12 (5.1) 235 (0.2)
Ibuprofen with hydrocodone 2 (0.9) 8 (3.4) 234 (0.2)
Fentanyl 33 (14.3) 43 (18.7) 230 (0.2)
Acetylsalicylic acid with codeine 8 (5.9) 7 (5.1) 136 (0.1)
Acetylsalicylic acid with oxycodone 2 (1.5) 2 (1.5) 133 (0.1)
Butorphanol — 4 (6.5) 62 (0.1)
Acetylsalicylic acid with other narcotics or narcotic analogs 1(2.0) 2 (4.0) 50 (0.0)
Acetylsalicylic acid with propoxyphene 1(2.7) — 37 (0.0)
Nalbuphine 5 (41.7) 3 (25.0) 12 (0.0)
Levorphanol — — 2 (0.0)
Dihydrocodeine — — 1 (0.0)
Sufentanil — — 1(0.0)
Subtotal 4,093 (3.3) 4,616 (3.7) 123,613
NSAIDs
Ibuprofen 169 (0.1) 258 (0.2) 150,284 (76.1)
Naproxen 59 (0.3) 125 (0.5) 23,196 (11.7)
Other types of nonsteroidal anti-inflammatory drug 106 (0.7) 90 (0.6) 15,981 (8.1)
Cyclooxygenase-2 inhibitors 12 (0.2) 38 (0.6) 6,459 (3.3)
Indomethacin 11 (0.9) 19 (1.5) 1,262 (0.6)
Ketoprofen 2 (0.7) 2 (0.7) 295 (0.1)
Ibuprofen with diphenhydramine 1(4.8) 1(4.8) 21 (0.0)

(continued)
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Table 2 Continued

Analgesic-Related Medication Errors

Admitted Serious Outcome Total
Type of Analgesic* No. (Row)t No. (Row %)" No. (Col.%)*
Unknown types of nonsteroidal anti-inflammatory drug — — 14 (0.0)
Subtotal 360 (0.2) 533 (0.3) 197,512
Aspirin
Acetylsalicylic acid alone, unknown if adult or pediatric 502 (9.5) 455 (8.6) 5,312 (39.0)
formulations
Acetylsalicylic acid alone, adult formulations 212 (4.4) 195 (4.1) 4,805 (35.3)
Acetylsalicylic acid in combination with other drugs, adult 99 (4.1) 105 (4.3) 2,442 (17.9)
formulations
Acetylsalicylic acid alone, pediatric formulations 5 (0.6) 5 (0.6) 852 (6.3)
Acetylsalicylic acid with carisoprodol 7 (5.5) 8 (6.3) 127 (0.9)
Acetylsalicylic acid in combination with other drugs, pediatric — 1(1.4) 72 (0.5)
formulations
Subtotal 825 (6.1) 769 (5.7) 13,610

NPDS = National Poison Data System; NSAID = nonsteroidal anti-inflammatory drug.
**Acetaminophen/aspirin” and “other” analgesic categories are not included in this table.

TPercent of each substance.
*Percent of each analgesic category.

SExcluding combination products with acetaminophen or acetylsalicylic acid.
11Excluding combination products with acetaminophen, acetylsalicylic acid, or ibuprofen.

48.1% (m=0.01, P<0.001) during the study period,
from 0.27 in 2000 to 0.40 in 2012, with a peak of 0.42
in 2011 (Figure 2). Among the analgesic categories,
aspirin-related medication errors had the highest pro-
portions of serious outcomes (5.7%) and admission to
an HCF (6.1%), but only accounted for eight deaths
(Table 2).

Acetaminophen/Acetylsalicylic Acid Combination

Adults age 20 to 49years accounted for the majority
(68.8%) of acetaminophen/aspirin-related medication
errors (Table 1). The annual rate of acetaminophen/
aspirin-related medication errors reported to the NPDS
increased 150.0% (M =0.01, P <0.001) during 2000 to
2011, with the rate per 100,000 population increasing
from 0.10 in 2000 to 0.25 in 2011, before dropping to
0.18 in 2012 (Figure 2). Serious outcomes occurred in
2.6% of these exposures, and 1.1% were admitted to
an HCF.

Discussion

From 2000 through 2012, there were more than
500,000 calls to US PCCs for analgesic-related medica-
tion errors, accounting for almost one-fifth of all uninten-
tional medication errors reported to the NPDS during
that period [5]. Although the rate of medication errors
was highest among children age five years or younger,
this age group had the lowest proportions of serious
outcomes and HCF admissions compared with other
age groups. Most errors among this young age group
were associated with the acetaminophen and NSAID

analgesic categories, and most were attributed to
“inadvertently giving or taking the medication twice.”
This double-dosing may result from parental distraction
or poor interparent communication about when a dose
was given. “Smart” medication containers and apps
may help prevent this type of error in the future. The
large number of analgesic-related medication errors
among young children is, in part, attributable to the fre-
quent use of acetaminophen and ibuprofen as antipyret-
ics in this age group. “Fever phobia” has been well
described in the literature, and the potential for uninten-
tional therapeutic errors is a valid reason to promote
more judicious use of these medications [23,24].

Poor consumer understanding of dosing directions and
active ingredients in medications is a contributing factor
to unintentional medication errors. A 2011 study focus-
ing on consumer knowledge of acetaminophen medica-
tions indicated that less than 50% of participants
routinely examine product label information, and 44% of
participants read at or below a sixth grade level [25]. In
addition, errors associated with measurement of medi-
cation were most common among children age five
years or younger. Because young children are frequently
given liquid formulations, use of inappropriate dispens-
ing devices, such as a teaspoon instead of the metric
dosing device provided with the medication, is a pre-
ventable source of these errors [26]. Additional efforts to
implement current and new strategies for promoting
consumer awareness, health literacy and numeracy,
and use of appropriate dispensing devices are needed
to help prevent analgesic-related and other medication
errors.
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Table 3 Type of medication error by age group for all analgesics, NPDS 2000-2012

05y 6-19y 2049y >50y Unknown Age Total

Type of Medication Error  No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Inadvertently took/given 58,094 (29.5) 17,568 (17.3) 27,492 (23.0) 31,745 (35.2) 7,048 (27.0) 141,947 (26.6)
medication twice

Other incorrect dose 38,650 (19.6) 21,976 (21.7) 23,064 (19.3) 13,898 (15.4) 4,061 (15.6) 101,649 (19.0)

Medication doses given/ 24,600 (12.5) 11,149 (11.0) 18,782 (15, 7) 12,806 (14.2) 4,138 (15.9) 71,475 (13.4)
taken too close together

Wrong medication given/ 12,207 (6.2) 12,862 (12.7) 17,404 (14.6) 13,934 (15.5) 3,952 (15.2) 60,359 (11.3)
taken

Incorrect formulation or 14,532 (7.4) 7,273 (7.2) 2,912 (2.4) 1,408 (1.6) 561 (2.2) 26,686 (5.0)
concentration given

Inadvertently took/given 6,564 (3.3) 6,897 (6.8) 5,871 (4.9) 5,573 (6.2) 1,466 (5.6) 26,371 (4.9)
someone else’s
medication

Confused units of 15,596 (7.9) 6,123 (6.0) 2,373 (2.0) 947 (1.1) 345 (1.3) 25,384 (4.8)
measure

More than 1 product 2,910 (1.5) 4,971 (4.9) 8,910 (7.5) 2,941 (3.3) 1,629 (6.2) 21,361 (4.0)
containing same
ingredient

Dispensing cup error 11,670 (5.9) 3,743 (3.7) 830 (0.7) 435 (0.5) 130 (0.5) 16,808 (3.1)

Health professional/iatro- 1,757 (0.9) 746 (0.7) 1,041 (0.9) 1,012 (1.1) 335 (1.3) 4,891 (0.9)
genic error®

Incorrect formulation or 2,449 (1.2) 1,179 (1.2) 608 (0.5) 322 (0.4) 183 (0.7) 4,741 (0.9)
concentration
dispensed

Drug interaction 420 (0.2) 499 (0.5) 1,761 (1.5) 732 (0.8) 409 (1.6) 3,821 (0.7)

Incorrect dosing route 654 (0.3) 301 (0.3) 478 (0.4) 510 (0.6) 207 (0.8) 2,150 (0.4)

10-fold dosing error 745 (0.4) 200 (0.2) 306 (0.3) 267 (0.3) 51 (0.2) 1,569 (0.3)

Exposure through breast 262 (0.1) 2 (0.0) 9 (0.0) 1(0.0) 11 (0.0) 285 (0.1)
milk

Other/unknown 12,194 (6.2) 9,517 (9.4) 12,296 (10.3) 7,333 (8.1) 2,569 (9.8) 43,909 (8.2)
therapeutic error

Study Total 196,797 101,365 119,340 90,179 26,082 533,763

Column percentages may sum to more than 100.0% because more than one type of error may be involved.

NPDS = National Poison Data System.
*Including pharmacist/nurse/physician.

In this study, the overall rate of analgesic-related medi-
cation errors reported to the NPDS increased signifi-
cantly by more than 80.0% from 2000 through 2009
before a nonsignificant decline of 5.7% from 2009
through 2012. The increased use of analgesics, espe-
cially opioids, to treat pain in the United States has likely
been a contributor to part of this observed overall in-
crease in analgesic-related medication errors reported
to the NPDS. Between 1991 and 2013, prescriptions for
opioids increased from 76 million to nearly 207 million,
with the United States being the biggest consumer of
opioid analgesics worldwide [27]. Mirroring the overall
trend, the rate of opioid-related medication errors
reported to the NPDS increased between 2000 and
2009 and then leveled off between 2009 and 2012. This
plateau in opioid-related medication errors may reflect
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federal and state efforts to curb opioid use and abuse,
including the institution of prescription drug monitoring
programs, consumer awareness campaigns, and edu-
cational and legal initiatives to prevent inappropriate pre-
scribing practices [11,28-30].

There was a significant decrease observed in this study
in medication errors associated with acetaminophen
products beginning in 2009, which is consistent with
previous research [31]. A national initiative that may be
influencing this trend is the Know Your Dose campaign
sponsored by the Acetaminophen Awareness Coalition,
which is comprised of leading health, health care pro-
vider, and consumer organizations and is advised by
the American Academy of Pediatrics, Centers for
Disease Control and Prevention (CDC), and US Food
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Figure 4 Annual rate per 100,000 population of opioid-related medication errors reported to US Poison Control
Centers by age group, National Poison Data System 2000-2012.

and Drug Administration (FDA). This campaign educates
consumers on the importance of knowing the ingre-
dients in their medicines and following label directions
to prevent unintentional acetaminophen overdose [32].
Another initiative that may be contributing to the decline
is the CDC’s Prevention of Overdoses and Treatment
Errors in Children Taskforce (PROTECT) initiative, which
was started in 2008 and convenes a large coalition of
experts and stakeholders to prevent medication overdo-
ses among children. PROTECT activities include efforts
to promote the use of milliliters as the standard dosing
unit for liquid medications, use of appropriate dosing
devices, improved labeling and packaging to reduce po-
tential errors, and consumer educational campaigns [33].
In addition, FDA action in collaboration with manufac-
turers may have contributed to the decline in
acetaminophen-related medication errors. In 2009, the
FDA provided guidance to manufacturers of OTC analge-
sics containing acetaminophen or ibuprofen to display
warning messages regarding liver injury associated with
acetaminophen and bleeding risk associated with
NSAIDs in both adult and child formulations [34]. This
built on FDA actions dating back to 1998 to conduct ed-
ucational programs on NSAID and acetaminophen safety
and to request voluntary labeling changes [34-36]. In
2011, the FDA and OTC drug manufacturers agreed to
phase out concentrated infant acetaminophen drops and
to restrict liquid acetaminophen products for children to a
single concentration (160 mg/5mL) to reduce dosing con-
fusion by parents and child caregivers [37].

Our study did not show a concomitant decrease in
NSAID-related  medication errors. One possible

explanation is the difference in the wording of warning
labels for acetaminophen products compared with that
for NSAID products, which may have influenced con-
sumer behavior differently. NSAID labeling changes
highlighted the potential for gastrointestinal bleeding
among individuals older than 60years of age and other
population subgroups, whereas the acetaminophen label-
ing changes emphasized the risk of liver toxicity among
individuals of all ages [34]. Further, there was significant
attention from major media outlets in 2009 regarding the
risks associated with acetaminophen; however, the same
coverage did not extend to NSAIDs [38].

Study Limitations

This study has several limitations. Exposure calls to
PCCs are voluntary; therefore, NPDS data underesti-
mate the true incidence of analgesic medication errors
because they do not capture errors for which individuals
did not seek advice and errors treated by health care
professionals without reporting to a PCC. NPDS data
may not be representative of the entire spectrum of an-
algesic medication errors because of potential reporting
bias. Because the NPDS is a passive surveillance sys-
tem, the rates and trends reported in this study are
those of analgesic medication errors reported to PCCs
and are not necessarily representative of the rates and
trends of analgesic medication errors in the US popula-
tion. Information received by PCCs is self-reported and
cannot be completely verified by the PCCs and AAPCC.
Exposures do not necessarily represent a poisoning or
overdose. We only had access to generic analgesic
product codes and could not evaluate specific
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products. For medication error-related exposures involv-
ing multiple medications, we relied on the PCC special-
ist’s ranking of the primary substance responsible for
the observed clinical effects; however, exposures to
multiple medications may increase the risk of adverse
effects due to potential drug interactions and may con-
tribute to mischaracterization of the effects of single-
substance exposures. Despite these limitations, the
NPDS is recognized as a source of high-quality national
data appropriate for analyses such as in this study.

Conclusions

Analgesics are the most commonly used class of medi-
cations in the United States, and unintentional therapeu-
tic errors associated with these medications are
common and can have serious adverse outcomes. This
study provides a detailed description and comparison of
trends of unintentional medication errors associated
with  specific categories of analgesic medications
reported to NPDS over a 13-year period. There was an
average of more than 41,000 analgesic-related medica-
tion errors annually or one error every 13 minutes. In ad-
dition, there was an average of 660 admissions to an
HCF and 11 deaths annually. Although this represents
an important and preventable public health burden,
most analgesic-related medication errors did not have
clinical consequences. There was a decrease in
acetaminophen-related medication errors reported to
PCCs after 2009, especially among children age five
years or younger, that was likely attributable to policy
changes by the FDA and collaborative prevention efforts
among government, health care, manufacturer, and
consumer organizations. This success merits additional
research and potential adoption as a framework for fu-
ture public health endeavors combining government pol-
icy and multisectoral collaboration.
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Appendix A Analgesic categories included in this
study with their American Association of Poison
Control Centers’ generic code names

Analgesic Category and Generic Code Name
Acetaminophen
Acetaminophen alone, adult
Acetaminophen alone, pediatric
Acetaminophen alone, unknown if adult or pediatric
Acetaminophen in combination with other drugs, adult
formulations
Acetaminophen in combination with other drugs,
pediatric formulations
Acetaminophen with diphenhydramine
NSAIDs
Cyclooxygenase-2 (COX-2) inhibitors
Ibuprofen
Ibuprofen with diphenhydramine
Indomethacin
Ketoprofen drugs, adult formulations
Naproxen
Other types of nonsteroidal anti-inflammatory drug
Unknown types of nonsteroidal anti-inflammatory drug
Aspirin
Acetylsalicylic acid alone, adult
Acetylsalicylic acid alone, pediatric formulations
Acetylsalicylic acid alone, unknown if adult
or pediatric formulations
Acetylsalicylic acid in combination with other drugs,
adult formulations
Acetylsalicylic acid in combination with other drugs,
pediatric formulations
Acetylsalicylic acid with carisoprodol
Acetaminophen and aspirin
Acetaminophen and acetylsalicylic acid with other
ingredients
Acetaminophen and acetylsalicylic acid without other
ingredients
Opioids
Acetaminophen with codeine
Acetaminophen with hydrocodone
Acetaminophen with other narcotics or narcotic analogs
Acetaminophen with oxycodone
Acetaminophen with propoxyphene
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Health/PainManagement/story?  id=7955370&page=1
(accessed May 2017).

Acetylsalicylic acid with codeine

Acetylsalicylic acid with other narcotics or narcotic

analogs

Acetylsalicylic acid with oxycodone

Acetylsalicylic acid with propoxyphene

Ibuprofen with hydrocodone

Buprenorphine

Butorphanol

Codeine

Alfentanil

Difenoxin

Dihydrocodeine

Fentanyl

Hydrocodone alone or in combination
(excluding combination products with
acetaminophen, acetylsalicylic acid, or ibuprofen)

Hydromorphone

Levorphanol

Meperidine

Methadone

Morphine

Nalbuphine

Oxycodone alone or in combination
(excluding combination products with
acetaminophen or acetylsalicylic acid)

Oxymorphone

Pentazocine

Propoxyphene

Remifentanil

Sulfentanil

Tapentadol

Tramadol

Other or unknown narcotics

Other

Nonaspirin salicylates (excluding topicals and/or gastro-

intestinal drugs)

Other analgesics

Phenacetin

Phenazopyridine

Salicylamide

Unknown analgesics
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