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IMPORTANCE—The Patient Protection and Affordable Care Act of 2010 brought attention to 

adverse drug events in national patient safety efforts. Updated, detailed, nationally representative 

data describing adverse drug events can help focus these efforts.

OBJECTIVE—To describe the characteristics of emergency department (ED) visits for adverse 

drug events in the United States in 2013-2014 and describe changes in ED visits for adverse drug 

events since 2005-2006.

DESIGN, SETTING, AND PARTICIPANTS—Active, nationally representative, public health 

surveillance in 58 EDs located in the United States and participating in the National Electronic 

Injury Surveillance System–Cooperative Adverse Drug Event Surveillance project.

EXPOSURES—Drugs implicated in ED visits.

MAIN OUTCOMES AND MEASURES—National weighted estimates of ED visits and 

subsequent hospitalizations for adverse drug events.

RESULTS—Based on data from 42 585 cases, an estimated 4.0 (95% CI, 3.1-5.0) ED visits for 

adverse drug events occurred per 1000 individuals annually in 2013 and 2014 and 27.3% (95% CI, 

22.2%-32.4%) of ED visits for adverse drug events resulted in hospitalization. An estimated 

34.5% (95% CI, 30.3%-38.8%) of ED visits for adverse drug events occurred among adults aged 

65 years or older in 2013-2014 compared with an estimated 25.6% (95% CI, 21.1%-30.0%) in 

2005-2006; older adults experienced the highest hospitalization rates (43.6%; 95% CI, 

36.6%-50.5%). Anticoagulants, antibiotics, and diabetes agents were implicated in an estimated 

46.9% (95% CI, 44.2%-49.7%) of ED visits for adverse drug events, which included clinically 

significant adverse events, such as hemorrhage (anticoagulants), moderate to severe allergic 

reactions (antibiotics), and hypoglycemia with moderate to severe neurological effects (diabetes 

agents). Since 2005-2006, the proportions of ED visits for adverse drug events from anticoagulants 

and diabetes agents have increased, whereas the proportion from antibiotics has decreased. Among 

children aged 5 years or younger, antibiotics were the most common drug class implicated (56.4%; 

95% CI, 51.8-61.0%). Among children and adolescents aged 6 to 19 years, antibiotics also were 

the most common drug class implicated (31.8%; 95% CI, 28.7%-34.9%) in ED visits for adverse 

drug events, followed by antipsychotics (4.5%; 95% CI, 3.3-5.6%). Among older adults (aged ≥65 

years), 3 drug classes (anticoagulants, diabetes agents, and opioid analgesics) were implicated in 

an estimated 59.9% (95% CI, 56.8%-62.9%) of ED visits for adverse drug events; 4 anticoagulants 

(warfarin, rivaroxaban, dabigatran, and enoxaparin) and 5 diabetes agents (insulin and 4 oral 

agents) were among the 15 most common drugs implicated. Medications to always avoid in older 

adults according to Beers criteria were implicated in 1.8% (95% CI, 1.5%-2.1%) of ED visits for 

adverse drug events.

CONCLUSIONS AND RELEVANCE—The prevalence of emergency department visits for 

adverse drug events in the United States was estimated to be 4 per 1000 individuals in 2013 and 

2014. The most common drug classes implicated were anticoagulants, antibiotics, diabetes agents, 

and opioid analgesics.

Adverse drug events are the most common cause of iatrogenic harm in health care and have 

recently received attention in national patient safety initiatives. The Patient Protection and 

Affordable Care Act of 2010 incentivized new programs that target adverse drug event 

prevention within hospitals and during care transitions between inpatient and outpatient 
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settings. However, in outpatient settings, in which 90% of US prescription drug expenditures 

occur,1 preventing adverse drug events remains a public health and patient safety challenge, 

with efforts often focused on medication errors and reducing potentially inappropriate 

prescribing for older adults (aged ≥65 years) as defined by the Beers criteria.2,3 Patients in 

ambulatory care and some postacute care settings can have complex medication regimens, at 

times prescribed by multiple clinicians, with far less monitoring compared with hospitalized 

patients.

The US Centers for Disease Control and Prevention collaborates with the US Consumer 

Product Safety Commission and the US Food and Drug Administration to conduct active, 

nationally representative public health surveillance for outpatient adverse drug events 

resulting in emergency department (ED) visits.4 The purpose of this study was to describe 

ED visits for adverse drug events in 2013-2014 to help advance medication safety initiatives 

for outpatient settings.

Methods

Data Sources and Data Collection Methods

The National Electronic Injury Surveillance System-Cooperative Adverse Drug Event 

Surveillance (NEISS-CADES) project is an active public health surveillance system based 

on a nationally representative, size-stratified probability sample of US hospitals (excluding 

psychiatric and penal institutions) that have a minimum of 6 beds and a 24-hour emergency 

department, with 4 strata based on hospital size (assessed by the total number of annual ED 

visits), and 1 pediatric hospital stratum.5 Since 2004, between 58 and 63 hospitals have 

participated in the NEISS-CADES project.

As described previously,4 trained Consumer Product Safety Commission data abstractors at 

each hospital review the clinical records of every ED visit to identify any clinician-

diagnosed adverse drug events that are the reason for the ED visit, and report up to 2 

medications implicated in the adverse event, as well as any concomitant medications 

documentedin the medical record. Abstractors also record narrative descriptions of adverse 

drug events, including preceding events, clinician diagnosis or clinical impression, “chief 

complaint,” clinical and laboratory testing, treatments administered in the ED or by 

emergency medical services, and discharge disposition.

Reports were coded by the Centers for Disease Control and Prevention using the Medical 

Dictionary for Regulatory Activities version 9.1 to describe diagnosis, symptoms, and, if 

documented, medication errors. Names of implicated drugs were standardized to active 

ingredients. Data collection from the NEISS-CADES project hospitals has been deemed a 

public health surveillance activity by the Centers for Disease Control and Prevention human 

subject oversight bodies and did not require institutional review board approval.6

Definitions

Cases included ED visits in which prescription or over-the-counter medications, dietary 

supplements (eg, herbals, vitamins, or minerals), homeopathic products, or vaccines were 

implicated in the adverse events. Adverse drug events were classified as adverse effects, 
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allergic reactions, supratherapeutic effects or excess dose, secondary effects (such as 

choking or injection site reactions), unsupervised ingestion by a child, or vaccination 

reactions. Drug withdrawal, drug therapeutic failures, occupational exposures, intentional 

self-harm, recreational drug use or abuse, and adverse events from treatments received in the 

ED were excluded. Follow-up visits for previously diagnosed adverse drug events and deaths 

in or en route to the ED also were excluded.

Potentially inappropriate medications for older adults included all drugs in the American 

Geriatrics Society’s 2015 updated Beers criteria for potentially inappropriate medication 

use, except for insulin (inappropriate in sliding scale doses) and aspirin (inappropriate at 

doses >325 mg/d).3 Potentially inappropriate medications to “always avoid” (the most 

common adaptation of the Beers criteria in national health care quality measures7,8) 

included drugs considered potentially inappropriate for any indication or in any dose, 

duration, or formulation, such as first-generation antihistamines, skeletal muscle relaxants, 

and short- and intermediate-acting benzodiazepines.

Medication errors included (1) administration of incorrect drugs; (2) incorrect dose, 

schedule, rate, duration, or site of drug administration (including accidental needle stick); 

and (3) administration of expired medications, old prescriptions, or use of medications 

prescribed or belonging to another individual. Hospitalization was defined as admission to 

the inpatient setting, observation status admission, or transfer to another facility.

Statistical Analysis

Each case from the NEISS-CADES project was assigned a sample weight based on hospital 

sampling design and inverse probability of selection.5 Weights were adjusted for brief 

periods of nonresponse and poststratified to account for changes in the total number of ED 

visits each year in the United States.5 Adverse drug event population rates were calculated 

using population estimates from the US Census Bureau; population estimates were 

considered free of sampling error.9 Nationally projected (estimated) proportions of ED visits 

and hospitalizations with corresponding 95% CIs were calculatedusing the 

SURVEYMEANS procedure in SAS version 9.3 (SAS Institute Inc) to account for sample 

weights and complex sample design.

Estimates based on small numbers of cases (<20) are considered statistically unreliable and 

are not shown. Estimates with a coefficient of variation greater than 30% may be statistically 

unreliable and are noted. Select estimated population rates and proportions of ED visits for 

adverse drug events in 2013-2014 were compared with estimates from 2005-2006.

Results

Based on 42 585 cases, there were an estimated 4.0 (95% CI, 3.1-5.0) ED visits for adverse 

drug events per 1000 individuals annually in the United States in 2013-2014. An estimated 

34.5% (95% CI, 30.3%-38.8%) of ED visits for adverse drug events occurred in older adults 

(aged ≥65 years) in 2013-2014 (Table 1) compared with an estimated 25.6% (95% CI, 

21.1%-30.0%) in 2005-2006 (eTable 1 in the Supplement). The population rate of ED visits 

for adverse drug events among older adults (aged ≥65 years) was 9.7 (95% CI, 6.6-12.9) 
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visits per 1000 individuals compared with 3.1 (95% CI, 2.6-3.6) visits per 1000 individuals 

for those younger than 65 years.

Compared with 2005-2006, population rates of ED visits for adverse drug events increased 

among older adults aged 65 years or older (5.2 [95% CI, 3.2-7.2] visits per 1000 individuals 

in 2005-2006 vs 9.7 [95% CI, 6.6-12.9] visits per 1000 individuals in 2013-2014) and 

among adults aged 50 years to 64 years (2.5 [95% CI, 1.8-3.1] visits per 1000 individuals in 

2005-2006 vs 4.3 [95% CI, 3.3-5.3] visits per 1000 individuals in 2013-2014), whereas 

population rates for other age groups were similar for both periods (eTable 2 in the 

Supplement). More ED visits for adverse drug events involved females (57.1%; 95% CI, 

55.6%-58.7%).

A single medication was implicated in most ED visits for adverse drug events (83.8%; 95% 

CI, 81.5%-86.1%). Supra-therapeutic effects or ingestion of excess dose was the most 

common type of adverse drug event (37.2%; 95% CI, 34.7%-39.6%). Medication errors 

were documented in 1 of 10 ED visits for adverse drug events (10.5%; 95% CI, 

8.9%-12.2%).

An estimated 27.3% (95% CI, 22.2%-32.4%) of ED visits for adverse drug events resulted in 

hospitalization. Hospitalization rates were highest for older adults (aged ≥65 years), of 

whom an estimated 43.6% (95% CI, 36.6%-50.5%) were hospitalized. When adjusted for 

the US population, the hospitalization rate for adverse drug events among adults aged 65 

years or older was 7 times higher (4.2 [95% CI, 2.5-6.0] hospitalizations per 1000 

individuals) than for those younger than 65 years (0.6 [95% CI, 0.4-0.8] hospitalizations per 

1000 individuals).

In 2013-2014, the most commonly implicated drug classes were anticoagulants (17.6%), 

systemically administered (oral or injectable) antibiotics (16.1%), diabetes agents (13.3%), 

opioid analgesics (6.8%), antiplatelets (6.6%), renin-angiotensin system inhibitors (3.5%), 

antineoplastic agents (3.0%), and sedative or hypnotic agents (3.0%) (Table 2). The top 3 

drug classes (anticoagulants, antibiotics, and diabetes agents) were implicated in an 

estimated 46.9% (95% CI, 44.2%-49.7%) of ED visits for adverse drug events. Since 

2005-2006, the proportions of ED visits for adverse drug events involving anticoagulants, 

antiplatelets, and diabetes agents have increased, whereas the proportion involving 

antibiotics has decreased (eTable 3 in the Supplement).

Hospitalization rates were highest for ED visits for adverse drug events in which digitalis 

glycosides (82.1%), antineoplastic agents (59.7%), immune modulators (55.7%), oral 

diabetes agents (53.0%), andanticoagulants (48.8%) were implicated, and lowest for ED 

visits in which vaccines (3.0%), dermatologic agents (3.6%), and systemically administered 

antibiotics (7.1%) were implicated; however, the hospitalization rate for ED visits for 

adverse drug events from quinolone antibiotics was higher (14.5%) than the rates for all 

other antibiotic classes.

The most common drug products implicated in ED visits for adverse drug events varied by 

patient age (Table 3). Among children and adolescents aged 19 years or younger, the 15 

most common drug products implicated were involved in an estimated 49.9% (95% CI, 
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46.8%-53.0%) of ED visits for adverse drug events, excluding unsupervised ingestions by 

children. Eight of the 15 most common drug products implicated in ED visits among 

children and adolescents aged 19 years or younger were antibiotics, and 2 were 

neuropsychiatric agents (methylphenidate and risperidone).

Among children aged 5 years or younger, antibiotics alone were the most common drug 

class implicated in ED visits for adverse drug events (56.4%; 95% CI, 51.8%-61.0%). 

Among children and adolescents aged 6 to 19 years, antibiotics were implicated in 31.8% 

(95% CI, 28.7%-34.9%) of ED visits for adverse drug events (Table 4 and eFigure in the 

Supplement). Antipsychotics alone were the second most common singly implicated drug 

class among children and adolescents aged 6 to 19 years comprising 4.5% (95% CI, 

3.3%-5.6%) of estimated ED visits for adverse drug events. In this age group, at least 1 

neuropsychiatric agent (anticonvulsant, antidepressant, antipsychotic, opioid analgesic, 

sedative or hypnotic agent, or stimulant) was implicated in an estimated 23.5% (95% CI, 

21.1%-26.1%) of ED visits for adverse drug events.

Among older adults, the 15 most common drug products implicated were involved in an 

estimated 68.5% (95% CI, 64.5%-72.5%) of ED visits for adverse drug events (Table 4). 

Four of the 15 most common drug products implicated in ED visits for adverse drug events 

among older adults were anticoagulants (warfarin, rivaroxaban, dabigatran, and enoxaparin) 

and 5 were diabetes agents (insulin, metformin, glipizide, glyburide, and glimepiride). 

Anticoagulants alone were implicated in 27.5% (95% CI, 23.3%-31.7%) of ED visits for 

adverse drug events among adults aged 65 to 79 years and in 38.8% (95% CI, 33.7%-43.8%) 

of ED visits for adverse drug events among those aged 80 years or older (Table 4 and 

eFigure in the Supplement).

Warfarin was implicated in an estimated 85.7% (95% CI, 82.8%-88.6%) of ED visits for 

anticoagulant adverse drug events among older adults (aged ≥65 years) and target-specific 

oral anticoagulants (apixaban, dabigatran, and rivaroxaban) were implicated in an estimated 

12.0% (95% CI, 8.9%-15.1%) of ED visits for anticoagulant adverse drug events. Among 

older adults, the hospitalization rate for ED visits for adverse drug events from target-

specific oral anticoagulants (55.7%; 95% CI, 45.6%-65.9%) was similar to the rate for 

warfarin (49.8%; 95% CI, 42.9%-56.7%).

Three drug classes (anticoagulants, diabetes agents, and opioid analgesics) recently targeted 

by federal patient safety initiatives4 were implicated in an estimated 59.9% (95% CI, 

56.8%-62.9%) of ED visits for adverse drug events among older adults (aged ≥65 years). 

Potentially inappropriate medications according to the Beers criteria were implicated in an 

estimated 3.4% (95% CI, 2.8%-4.0%) of ED visits for adverse drug events and potentially 

inappropriate medications to always avoid were implicated in 1.8% (95% CI, 1.5%-2.1%) of 

ED visits for adverse drug events.

The most commonly implicated drug classes were involved in clinically significant adverse 

events (Table 5). There was documented hemorrhage in an estimated 79.4% (95% CI, 

75.2%-83.6%) of ED visits for adverse drug events involving anticoagulants alone; moderate 

to severe allergic reactions in an estimated 18.2% (95% CI, 15.4%-21.0%) of ED visits for 
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adverse drug events involving antibiotics alone; hypoglycemia with moderate to severe 

neurological effects (eg, loss of consciousness or altered mental status) in an estimated 

47.6% (95% CI, 39.4%-55.7%) of ED visits for adverse drug events involving diabetes 

agents alone; and moderate to severe neurological effects in an estimated 33.9% (95% CI, 

29.1%-38.7%) of ED visits for adverse drug events involving opioid analgesics alone.

Discussion

The most common drug classes implicated in ED visits for adverse drug events in the United 

States are the same ones identified a decade ago–anticoagulants, antibiotics, diabetes agents, 

and opioid analgesics.4 Even after accounting for prescribing frequency, the rate of ED visits 

for adverse drug events per prescription previously has been found to be significantly higher 

for anticoagulants and diabetes agents than for most other medications, including those that 

are currently considered high risk in nationally recognized health care quality measures.10 

For antibiotics, per-prescription risk has been found to outweigh benefits for many 

outpatient upper respiratorytract infections.11,12 Targeting adverse drug events common 

among specific patient populations, such as among the youngest (aged ≤19 years) and oldest 

(aged ≥65 years), may help further focus outpatient medication safety efforts.

Outpatient antibiotic prescribing has declined during the past decade; however, prescribing 

rates remain highest for children13 and antibiotics continue to account for most ED visits for 

adverse drug events among young children.11 More than half of US antibiotic prescriptions 

for children aged 14 years or younger are for acute respiratory tract infections, which are 

commonly viral, or infections for which watchful waiting is recommended.14 Reducing 

inappropriate antibiotic use with interventions, such as clinical decision support and 

benchmarking of outpatient prescribing rates, may help to reduce the risk of medication 

harms and antimicrobial resistance.15

Antipsychotics were the second most commonly implicated drug class in ED visits for 

adverse drug events among older children and adolescents. The American Psychiatric 

Association currently warns against using antipsychotics as first-line therapy in children and 

adolescents for conditions other than psychotic disorders16; however, antipsychotic 

prescribing has increased sharply during the last 2 decades.17 Up to 75% of antipsychotic 

use in children and adolescents is estimated to be for off-label indications and there is 

evidence of low adherence to recommendations for safety monitoring.18,19 Quality reporting 

measures and revisions to payment policies have reduced unnecessary use of antipsychotic 

prescriptions among older adults (aged ≥65 years).20 Improving safe use of antipsychotics in 

children and adolescents may require similar strategies.

The proportion of ED visits for adverse drug events involving anticoagulants has increased 

during the last decade along with increased anticoagulant use. From 2009 to 2014, oral 

anticoagulant use increasedby approximately 38%,21 whereas the proportion of ED visits for 

anticoagulants increased by 57% (eTable 3 in the Supplement). The additional increase in 

ED visits for anticoagulant adverse drug events may be from improved case identification 

since 2006, when data abstractors received supplemental training after anticoagulant adverse 

drug events were found to be underidentified.22
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Although not all anticoagulant-related bleeding is preventable, anticoagulant management 

services and patient self-testing and self-management programs have been shown to reduce 

adverse drug events from anticoagulants.23 However, most outpatients do not participate in 

these programs,24,25 and these strategies are not well incentivized under public and private 

payer safety policies for patients.26 A recent report from the US Department of Health and 

Human Services calls for enhanced adverse drug event prevention efforts for anticoagulants.
26

New clinical performance improvement measures for systematic and coordinated outpatient 

management of anticoagulants have been introduced by the Centers for Medicare & 

Medicaid Services as part of the Merit-Based Incentive Payment System and will replace the 

sustainable growth rate formula payment structure for many physicians.27 It is unknown 

whether payment policies that incentivize practices and physicians to more optimally 

manage anticoagulant treatments will reduce the burden of adverse drug events; however, the 

recognition by a national quality payment program of the value of evidence-based 

anticoagulant management in improving the quality of care for older adults (aged ≥65 years) 

is an important step toward improving anticoagulant use.

Newly approved, target-specific oral anticoagulants are marketed as safer alternatives to 

warfarin; however, these agents are increasingly implicatedin ED visits for anticoagulant 

adverse drug events, particularly among older adults (aged ≥65 years). Rivaroxaban is now 

the fifth and dabigatran the tenth most commonly implicated drug in ED visits for adverse 

drug events among older adults. Although these drugs do not currently require routine 

laboratory monitoring, their optimal use is dependent on the adjustment of dosages for 

special populations, ensuring adherence because of short half-lives, monitoring drug 

interactions, and managing perioperative and reversal strategies.28 Anticoagulation 

management services intended for patients taking warfarin may now have a role in 

improving thromboembolic and hemorrhagic outcomes for new oral agents as well.28

The Beers criteria include lists of potentially inappropriate medications such as first-

generation antihistamines, skeletalmuscle relaxants, and short- and intermediate-acting 

benzodiazepines that should always be avoided in most older adults (aged ≥65 years) owing 

to the availability of safer or more effective alternatives.3 The Beers criteria also include 

potentially inappropriate medications to be avoided under certain circumstances, such as 

long-term use of nonsteroidal anti-inflammatory drugs and proton-pump inhibitors.3 Among 

older adults, potentially inappropriate medications to always avoid according to the most 

updated Beers criteria were implicated in only 1.8% of estimated ED visits for adverse drug 

events and all potentially inappropriate medications were implicated in 3.4% of estimated 

ED visits for adverse drug events in 2013-2014. These findings are similar to the proportions 

of US ED visits for adverse drug events from potentially inappropriate medications 

identified in 2004-2005.10

The prevalence of potentially inappropriate medication use in older adults (aged ≥65 years) 

remains high,29 suggesting that the Beers criteria have limited utility in identifying patient 

populations who are at highest risk for adverse drug events. Despite the Beers criteria being 

primarily intended for practicing clinicians as a useful tool to guide clinical decision making 
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for an individual patient,3 the criteria have become one of the primary methods for 

assessment of patient safety in older adults used by public and private payers,7,8 supplanting 

other interventions that may have a larger effect on outpatient medication safety. For 

example, diabetes agents were implicated in 1 of 8 ED visits for adverse drug events overall 

and in 1 of 5 ED visits for adverse drug events among older adults. Recent diabetes 

treatment guidelines recommend increasing glycemic thresholds for older patients at risk for 

hypoglycemia, particularly those with certain comorbidities or limited life expectancy, and 

residing in long-term care facilities.30-32

There are a number of study limitations that likely lead to underestimation of outpatient 

adverse drug events. First, this study includes only adverse drug events diagnosed and 

treated in EDs; patients directly admitted or treated in other settings (eg, physician offices) 

are not included. Second, ED physicians are less likely to identify low-severity or insidious 

adverse drug events, those that do not contribute to the patient’s “chief complaint,” and those 

that require extensive evaluation to diagnose.33,34 Third, fatal adverse drug events are not 

included because ED documentation practices vary for recording deaths. Fourth, estimates 

do not include visits related to pharmaceutical abuse or self-harm attempts.

The rapid increase in mortality from opioid analgesics in the United States has been well 

documented35; however, updated national morbidity data on pharmaceutical abuse are 

limited. Future inclusion of ED visits from abuse or self-harm of pharmaceutical products in 

the NEISS-CADES project is planned. Fifth, per-prescription rates of ED visits for adverse 

drug events, which can more accurately identify the direction of trends, were not calculated. 

Sixth, the NEISS-CADES project data are based on a sample of US hospital EDs and not a 

census; therefore, estimates are subject to sampling errors.

Direct comparison with previously published estimates of adverse drug events from other 

sources is challenging. Anti-coagulants, diabetes agents, and opioid analgesics also have 

been identified as the most common causes of medication-related harm in both inpatient and 

long-term care settings.26 Studies using International Classification of Diseases (ICD) codes 

to identify ED visits for adverse drug events have found lower estimates during previous 

years,36 but ICD codes have low sensitivity for identifying adverse drug events.37 Other 

nationally representative diagnostic code-based studies have identified additional drug 

classes (eg, corticosteroids) to be common causes of adverse drug events; however, without 

supporting clinical data, it is uncertain if these ED visits represent drug-induced harm or 

another drug-related problem, such as nonadherence or inadequate treatment.38

Some studies using pharmacist case review to identify adverse drug events resulting in ED 

visits have found additional events and drugs that ED physicians did not document. 

However, these studies used a broader outcome of medication-related “problems” that 

included nonadherence, therapeutic failures, and lack of therapy.33,39 Failing to prescribe or 

take a drug limits effectiveness, but is not an adverse drug event (harm caused by the use of 

a drug).40 Distinguishing conditions due to the absence of therapy from those due to drug-

induced effects is necessary to implement appropriate interventions. Improving recognition 

of adverse drug events by ED physicians is certainly important, but in the interim there is 

ample opportunity to improve patient safety by focusing attention on the adverse drug events 
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consistently found to be common, serious, and measurable. Targeting adverse drug events 

due to anticoagulants and diabetes agents in the inpatient setting has contributed to 

reductions in health care-related harm in US hospitals.41,42 Achieving measurable reductions 

in outpatient adverse drug events may also require focusing on the most common drugs 

implicated and the highest risk patients.

Conclusions

The prevalence of emergency department visits for adverse drug events in the United States 

was estimated to be 4 per 1000 individuals in 2013 and 2014. The most common drug 

classes implicated were anticoagulants, antibiotics, diabetes agents, and opioid analgesics.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

Question What are the characteristics of adverse drug events that lead to US emergency 

department (ED) visits?

Findings Based on 2013-2014 nationally representative surveillance data, an estimated 4 

ED visits for adverse drug events occurred per 1000 individuals annually Among children 

(aged ≤5 years), antibiotics were most commonly implicated; among older children and 

adolescents (aged 6-19 years), antibiotics were most commonly implicated, followed by 

antipsychotics; and among older adults (aged ≥65 years), anticoagulants, diabetes agents, 

and opioid analgesics were implicated in approximately 60% of ED visits for adverse 

drug events.

Meaning Adverse drug events from anticoagulants, antibiotics, diabetes agents, opioid 

analgesics, and antipsychotics are a common reason for ED visits and may benefit from 

patient safety initiatives.
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Table 3.

US Emergency Department (ED) Visits for Adverse Drug Events (ADEs) From the Most Commonly 

Implicated Drug Products by Patient Age, 2013-2014
a

Drug Product

ED Visits for ADEs

No. of Cases National Estimate, % (95% CI)
b

All Patients (N = 42 585)

Warfarin 6179 15.1 (12.3-17.9)

Insulin 4859 10.7 (8.6-12.7)

Clopidogrel 1778 4.4 (2.9-5.9)

Amoxicillin 1780 3.8 (3.3-4.3)

Aspirin 1518 3.5 (2.2-4.9)

Sulfamethoxazole-trimethoprim 1152 3.2 (2.7-3.7)

Lisinopril 1096 2.4 (1.8-3.0)

Metformin 766 1.7 (1.4-2.1)

Ibuprofen 722 1.6 (1.3-2.0)

Rivaroxaban 526 1.3 (0.8-1.8)

Acetaminophen-hydrocodone 492 1.3 (1.0-1.6)

Cephalexin 431 1.2 (0.9-1.5)

Acetaminophen-oxycodone 459 1.1 (0.8-1.4)

Acetaminophen 479 1.0 (0.8-1.2)

Amoxicillin-clavulanate 422 1.0 (0.9-1.2)

Patients Aged ≤19 y (n = 5981)
c

Amoxicillin 1264 21.5 (19.8-23.1)

Sulfamethoxazole-trimethoprim 244 5.3 (3.9-6.7)

Ibuprofen 173 3.6 (2.7-4.5)

Azithromycin 128 3.0 (2.5-3.6)

Amoxicillin-clavulanate 186 2.9 (2.3-3.5)

Cefdinir 153 2.6 (1.4-3.8)

Cephalexin 120 2.5 (1.7-3.3)

Insulin 106 1.7 (1.1-2.3)

Acetaminophen 81 1.6 (1.0-2.1)

Clindamycin 88 1.3 (0.9-1.8)

Penicillin 49 1.1 (0.6-1.5)

Influenza vaccine 58 1.0 (0.6-1.4)

Methylphenidate 51 0.9 (0.6-1.3)

Diphenhydramine 52 0.9 (0.5-1.3)

Risperidone 50 0.9 (0.4-1.3)

Patients Aged ≥65 y (n = 13 636)

Warfarin 4397 31.9 (27.6-36.2)
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Drug Product

ED Visits for ADEs

No. of Cases National Estimate, % (95% CI)
b

Insulin 1950 13.0 (10.3-15.8)

Clopidogrel 1373 9.9 (7.3-12.5)

Aspirin 1052 7.1 (4.0-10.2)

Rivaroxaban 412 2.9 (2.1-3.8)

Lisinopril 380 2.6 (1.9-3.3)

Metformin 373 2.6 (2.0-3.2)

Glipizide 295 1.8 (1.3-2.4)

Sulfamethoxazole-trimethoprim 153 1.4 (1.1-1.7)

Dabigatran 154 1.2 (0.7-1.7)

Acetaminophen-hydrocodone 131 1.1 (0.8-1.4)

Metoprolol 105 1.0 (0.7-1.3)

Enoxaparin 179 1.0 (0.7-1.3)

Glyburide 131 1.0 (0.7-1.3)

Glimepiride 132 0.9 (0.6-1.2)

a
Data are from the National Electronic Injury Surveillance System–Cooperative Adverse Drug Event Surveillance project, US Centers for Disease 

Control and Prevention. Data exclude ED visits for abuse or self-harm. Drug products are not mutually exclusive; for some ED visits, more than 1 
drug product was implicated in the ADE. Drugs that were not identified at the active ingredient level (eg, unnamed antibiotic or unknown drug) are 
not shown.

b
Calculated from statistical weighting of cases based on the sample design. National estimates may vary for similar Nos. of cases because of 

statistical weighting.

c
Excludes ED visits for unsupervised medication ingestions by children aged 10 years or younger.
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