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Investigating the incidence, type, and preventability of
adverse drug events (ADEs) and medication errors is
crucial to improving the quality of health care delivery.
ADEs, potential ADEs, and medication errors can be
collected by extraction from practice data, solicitation of
incidents from health professionals, and patient surveys.
Practice data include charts, laboratory, prescription data,
and administrative databases, and can be reviewed
manually or screened by computer systems to identify
signals. Research nurses, pharmacists, or research
assistants review these signals, and those that are likely to
represent an ADE or medication error are presented to
reviewers who independently categorize them into ADEs,
potential ADEs, medication errors, or exclusions. These
incidents are also classified according to preventability,
ameliorability, disability, severity, stage, and responsible
person. These classifications, as well as the initial selection
of incidents, have been evaluated for agreement between
reviewers and the level of agreement found ranged from
satisfactory to excellent (k = 0.32–0.98). The method of
ADE and medication error detection and classification
described is feasible and has good reliability. It can be
used in various clinical settings to measure and improve
medication safety.
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M
edications are the most frequent cause of
adverse events, and such injuries are
called adverse drug events (ADEs).1 2

ADEs are common in most clinical settings
including adult inpatients with a reported
incidence of 6.5%,3 adult outpatients with an
incidence of 27.4%,4 and pediatric inpatients
with a reported incidence of 2.3%.5 These ADEs
have substantial consequences including hospital
admissions, prolonged hospital stay, additional
resource utilization, and time away from work,
as well as lower patient satisfaction.6 7

Some ADEs are caused by errors called medica-
tion errors.2 Medication errors are much more
frequent than ADEs but only a small minority
actually cause ADEs.2 In one inpatient study the
frequency of medication errors was 5.3 per 100
medication orders, much higher than the ADE rate
of 0.25 per 100 orders.2 Another recent report from
36 hospitals which evaluated the administration
stage in particular showed that 19% of medication
administrations contained an error.8

The goal of research in ADEs and medication
errors is to reduce the likelihood of harm related
to medications. To do this it is essential to be able
to describe the epidemiology of these problems.
Building on previous work, we have developed
over the last decade a methodology for identify-
ing and classifying medication safety issues
which we present here so that others may use
these methods to investigate ADEs and medica-
tion errors in their own settings. We also describe
the strengths and limitations of this approach,
including assessment of reliability.9

The methodology includes:

N definitions of incidents (ADEs, medication
errors, and other drug related terms);

N general processes for identifying them;

N case identification methods (practice data
review, self-reports from health professionals,
and patient surveys);

N comparison of methods;

N methods for classifying incidents; and

N tools for validating the findings.

METHODOLOGICAL APPROACH
Definition of incidents
An incident includes any irregularity in the
process of medication use. It might represent
an ADE, potential ADE, medication error, or
none of these—it is essentially a ‘‘catch all’’ term
for what to call something before it has been
classified. An incident can occur at any point in
the medication use process (ordering, transcrib-
ing, dispensing, administrating, and monitor-
ing). There are several ways to categorize
incidents: actual (ADEs) v potential; preventable
v non-preventable; ameliorable v non-amelior-
able; and error v non-error. These categories may
overlap and it is important to understand their
relationship with each other (fig 1).
A medication error can occur at any step of the

medication use process. Some ADEs are asso-
ciated with medication errors and all potential
ADEs are medication errors (fig 1). Minor errors
that have little or no potential for harm are not
considered potential ADEs—for example, a dose
of non-critical medication such as docusate is
given several hours late—but are considered to
be medication errors. If the incident has the
potential to harm a patient—for example, a dose
of critical medication such as an intravenous
antibiotic is not given—it is considered both a
medication error and a potential ADE.
A potential ADE is a medication error with the

potential to cause an injury but which does not
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actually cause any injury, either because of specific circum-
stances, chance, or because the error is intercepted and
corrected—for example, an order is written for an overdose of
medication but the error is intercepted by the pharmacist.
An ADE is an injury due to a medication—for example,

cough due to angiotensin converting enzyme (ACE) inhibi-
tors is considered an ADE. ADEs may or may not result from
medication errors—for example, cough due to an ACE
inhibitor in a patient without a history of ACE inhibitor
induced cough is not the result of a medication error, while a
medication error has occurred if the patient has a prior
history of ACE inhibitor induced cough.
A preventable ADE is an injury that is the result of an error

at any stage in the medication use—for example, a coma due
to an overdose of a sedative. A non-preventable ADE is an
injury due to a medication where there is no error in the
medication process—for example, an allergic reaction in a
patient not previously known to be allergic to the medication.
These are also known as adverse drug reactions, or non-
preventable reactions due to side effects or allergic reactions.
An ameliorable ADE is an injury of which the severity or
duration could have been substantially reduced if different
actions had been taken—for example, sexual dysfunction
lasting for several months while taking a selective serotonin
reuptake inhibitor. A non-ameliorable ADE is an injury in
which there is no current reasonable way to reduce the
severity or duration—for example, bradycardia after the first
usual dose of b blocker.

General process for identifying incidents
Our group has used three methods to collect incidents: (1)
collecting practice data, (2) soliciting any incidents from
health professionals, and (3) surveying patients for drug
related events (fig 2). Other methods such as direct obser-
vation have also been used and this approach in particular is
highly effective for detecting administration errors.8 Practice
data sources include charts, laboratory, and prescription data,
as well as administrative data.
In the inpatient setting, the Institute for Healthcare Impro-

vement has suggested that the following sections require
particular attention: discharge summary (may include ADEs),
procedure notes (narrative sections for ADEs), physician pro-
gress notes (changes in plan of care related to effects of medi-
cations), laboratory reports (pertinent laboratory results),
physician orders (pertinent medications), and nursing/multi-
disciplinary progress notes (symptoms related to ADEs).10

These data sources may be used individually or in combination
to identify possible incidents. Trained research pharmacists,
nurses, assistants, or physicians as well as pharmacy externs
and medical students can usually do the review of charts,
laboratory, and prescription data manually. This review can

also be automated using rule sets to extract data from
electronic medical records (EMR) or computerized physician
order entry (CPOE) in order to target possible incidents more
efficiently.11

Screening of administrative data is usually based on ICD-9
coding associated with ADEs and medication errors such as
poisoning or urticaria, although it can also include drug and
laboratory data if available. This screening is usually com-
puterized. The Agency for Healthcare Research and Quality
(AHRQ) has developed patient safety indicators which are
based on administrative data and use ICD-9 coding.12 All
patient safety indicators are associated with injuries from
medical care, but not always with ADEs and medication
errors. For example, the indicators include iatrogenic pneu-
mothorax which is not related to ADEs or medication errors.
On the other hand, complications of anesthesia include an
overdose of anesthetic medications which is a medication
error. Because the indicators and the calculation programs on
the commercial statistical packages for administrative data
are publicly provided, they can be used as a tool for screening.
Overall, however, the positive predictive value of ICD-9 codes
for ADEs is very low (about 2%) and is much lower for
medication errors.13

Regardless of the method of identification, incidents are
then generally presented to two independent reviewers who
independently categorize them into ADEs, potential ADEs,
medication errors, or exclusions. At the same time the
reviewers classify the incidents according to a variety of
parameters such as preventability and severity.

Case identification
Data review
In reviewing charts, laboratories, and prescription data, the
reviewing process will differ somewhat between facilities
with an EMR or CPOE system and those without them. At
sites without an EMR or CPOE system the research nurses,
pharmacists, or research assistants review charts, laboratory
results, and prescriptions and identify any possible incident
during the study period. Prescription data can be collected by
screening carbon copies of prescriptions.
With an EMR or CPOE system reviewers can also review all

the documents and data on the computer, but automatic
extraction using computer programs and text searching or
natural language processing can detect any keywords such as
‘‘allergy’’ or ‘‘falls’’, specific laboratory values such as
potassium levels of 6.5 mEq/l, or drug names such as an
angiotensin II receptor blocker.11 These concepts can be
linked to form rules—for example, heparin and low hema-
tocrit. A positive yield from a rule is called a trigger. The use
of triggers is much more practical and less labor intensive
than conventional chart reviewing because the triggers can be
automated by computer and the reviewer’s search is much
more focused. Gurwitz and colleagues14 used computer based
triggers and other means to find 1523 ADEs from 27 617
patients; the computer based triggers found 66% of ADEs.
Triggers can also be used to monitor for ADEs and medication
errors in daily practice once their discrimination ability is
established.15 Specific drugs, combinations of drugs, symp-
toms, ICD-9 related diagnoses, and laboratory results can
all be used as triggers. These triggers from an EMR or CPOE
are then reviewed by the research nurses, pharmacists, or
research assistants and assessed as incidents or not. Written
text or other information in the chart can be used in this
evaluation. Honigman and colleagues16 transformed EMR
data such as physician progress notes or laboratory results to
text data and cleaned them for spelling, syntax, abbreviation,
and inconsistency. The text data were then screened for
possible incidents using a computer program.

Preventable

Medication errors

Potential 
ADEs

ADEs

Ameliorable
Adverse drug 

reactions

Figure 1 Relationship between adverse drug events (ADEs), potential
ADEs, and medication errors.
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When reviewing practice data the general rule to determine
if an incident is related to a medication is to look for any
irregularity in the patient’s condition such as change in
mental status, sudden drop in blood pressure, sudden drop in
oxygen saturation, new rash, or new diarrhea, and then to
consider whether it might be related to a medication (table 1).
If a likely relationship is present and these symptoms cannot
be accounted for by underlying diseases or other plausible
reasons, they are considered incidents. Certain actions among
health professionals can be clues in identifying the inci-
dents—for example, changes or clarification to a physician’s
order, time changes on the medication administration record,
outdated narcotic orders, late administration of drugs, order
for Clostridium difficile toxin test or culture, and new allergy
listed in the medication record (table 1). Many specific
diagnoses associated with ADEs and medication errors can
also be reviewed to identify incidents. The diagnoses are
usually defined by ICD-9 codes, and extraction of the ICD-9
codes is usually done from administrative data (table 2).
Medication prescribing can also be evaluated to identify

incidents. Prescribing certain drugs implies the occurrence of
an incident (table 3)—for example, when diphenhydramine
is given it is often to treat a reaction to another medication.
Combinations of drugs should also be evaluated for incidents
including drug–drug interactions that are frequently
observed in practice (table 4).
Combinations of drugs and other factors also provide

important clues for incidents (tables 5 and 6). The symptoms
or diagnoses may or may not have a previously demonstrated
association with the listed drugs. If plausible reasons other
than medication use appear to have caused symptoms or
diagnoses, they would be considered as events independent
of drugs and are excluded. Otherwise, they are considered

incidents. Some combinations of drugs and miscellaneous
factors are also considered (table 7). For example, women of
childbearing age, elderly persons, patients on dialysis, and
pregnant women should not take certain specific drugs.
Acetaminophen (paracematol) is a frequently prescribed
analgesic both alone and in combination with other
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Figure 2 General process for finding adverse drug events (ADEs), potential ADEs, and medication errors. *Computerized or not.

Table 1 Symptoms or actions suggesting an
ADE, potential ADE, or medication error

Symptoms Criteria

Change in mental status When causal drugs were
administered in proximity
suggesting drug was cause

Sudden drop in blood
pressure
Sudden drop in oxygen
saturation
New rash
New diarrhea

Actions Criteria

Changed or clarified
physician’s order

All

Time changes on the
medication administration
record
Outdated narcotic orders
Late doses
Regular doses Dose delayed .6 hours from

order to administration
Stat doses Dose delayed .1 hour from

order to administration
Ordering C difficile toxin
or culture

All

New allergy listed
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analgesics. Because patients can receive multiple forms of
this agent resulting in an excessive daily dose, the cumulative
dose should be assessed for possible excessive dosing.
Patients who ingest non-steroidal anti-inflammatory drugs
(NSAIDs) or selective cyclooxygenase (COX II) inhibitors
may develop gastrointestinal problems, and those patients
who undergo oesophagogastroduodenoscopy often have
these problems because of these drugs.
Laboratory triggers are useful for detecting incidents,

especially when the review process is assisted by computer-
ized rules.11 Some abnormal laboratory values themselves,
even when there are no symptoms, are considered possible
incidents because of the likelihood they have been caused by
a medication. In the reviewing process all cases of hepato-
toxicity (raised transaminase or bilirubin) and renal dysfunc-
tion (raised creatinine or BUN) that cannot be associated
with another clinical issue and are associated with medica-
tion use are generally considered as incidents. In addition,
some specific abnormal laboratories or inappropriate mon-
itoring of medications are incorporated into the computerized
rules to detect incidents (table 8).

Reports
There are two main types of self-report from health
professionals: those from physicians, nurses, pharmacists,
or other health professionals who become aware of any ADE,
potential ADE, or medication error (sometimes called an
‘‘incident report’’), and those generated by research assis-
tants, nurses, or patient safety officers who visit wards or
clinics to solicit any possible incident and record it.3 The
process of using self-reports from health professionals is
especially useful for identification of incidents in inpatient
settings.3 Investigation of iatrogenic disorders such as ADEs
and medication errors always provokes concerns about
liability among health professionals and such concerns may
inhibit the self-report.17 It is thus important to educate health
professionals about the purpose of the study, which is to
clarify the treatable factors associated with ADEs and

medication errors and not to reprimand the responsible
individuals. A non-punitive culture is important to maximize
data capture at the study sites.

Patient surveys
Because incidents may not be recorded in a patient’s medi-
cal record, particularly in the outpatient setting, survey
methods to elicit these types of incidents from patients

Table 2 Diagnoses associated with ADEs, potential
ADEs, or medication errors

Diagnoses ICD-9 code

Polyneuropathy due to drugs 357.6
Other specified gastritis 535.4
Nephritis and nephropathy 583.9
Contact dermatitis due to drug 692.3
Dermatitis due to drug 693.0
Urticaria 708
Late effect of poisoning due to drug 909.0
Poisoning by
Antibiotics 960
Other anti-infective agents 961
Hormones and synthetic substitutes 962
Systemic agents 963
Agents that affect blood 964
Analgesics and antipyretics 965
Anticonvulsants/antiparkinsonian drugs 966
Sedatives and hypnotics 967
Other central nervous system depressants 968
Psychotropic agents 969
Central nervous system stimulants 970
Drugs primarily affecting autonomic nervous
system

971

Cardiovascular drugs 972
Gastrointestinal tract drugs 973
Water, mineral, and uric acid metabolism drugs 974
Agents acting on muscles and respiratory tract 975
Topical agents 976
Other and unspecified drugs 977

Anaphylactic shock, not elsewhere classified 995.0
Adverse effect of drug, not elsewhere specified 995.2

Table 3 Use of specific drugs suggesting that an ADE
may have occurred

Drugs Possible ADE

Angiotensin II receptor
blocker

Angiotensin converting enzyme inhibitor
allergy

Diphenhydramine General drug allergy
Flumazenil Excessive benzodiazepine dose
Sodium Polystyrene
Sulfonate

Drug induced hyperkalemia

Naloxone Excessive narcotic dose
Nystatin or clotrimazole
troche

Drug induced fungal infection

Oral metronidazole or
vancomycin

Drug induced Clostridium difficile

Phytonadione Excessive coagulation therapy
Topical steroids Cutaneous drug allergy
Vaginal antifungal
agents

Drug induced fungal infection

Table 4 Drug combinations

First drug Second drugs

Drug–drug interactions
Allopurinol Mercaptopurine
Alprazolam Fluconazole, itraconazole, ketoconazole

(oral), miconazole (oral)
Carbamazepine Azithromycin, clarithromycin, clozapine,

dirithromycin, erythromycin, isoniazid,
propoxyphene, verapamil

Cimetidine Phenytoin, propranolol, warfarin
Cyclosporine Azithromycin, clarithromycin, dirithromycin,

erythromycin
Dextroamphetamine Selegiline
Digoxin Azithromycin, clarithromycin, dirithromycin,

erythromycin
Fluconazole Atorvastatin, cerivastatin, fluvastatin,

lovastatin, pravastatin, simvastatin
Gemfibrozil Atorvastatin, cerivastatin, fluvastatin,

lovastatin, pravastatin, simvastatin
Hydrochlorothiazide Colchicine
Ketoconazole (oral) Atorvastatin, cerivastatin, fluvastatin,

lovastatin, pravastatin, simvastatin
Lithium carbonate Acetazolamide, hydrochlorothiazide
Meperidine Phenelzine
Methotrexate Aspirin, choline magnesium trisalicylate,

methocarbamol
Sildenafil Erythrityl tetranitrate, isosorbide,

nitroglycerin
Tacrolimus Azithromycin, clarithromycin, dirithromycin,

erythromycin
Theophylline Ciprofloxacin, gatifloxacin, levofloxacin,

lomefloxacin, moxifloxacin, norfloxacin,
ofloxacin, sparfloxacin

Triazolam Fluconazole, itraconazole, ketoconazole
(oral), miconazole (oral)

Warfarin Levothyroxine, liothyronine

Duplicate drugs
ACE inhibitors ACE inhibitors
Beta blockers Beta blockers
Calcium channel blockers Calcium channel blockers
HMG CoA
reductase inhibitors

HMG CoA reductase inhibitors

NSAIDs COX II inhibitors
Sulfonylureas Sulfonylureas

ACE, angiotensin converting inhibitor; NSAID, non-steroidal anti-
inflammatory drug.
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are especially important. These include direct interviews in
the office or patient’s home, mail surveys, telephone surveys,
and web based surveys. We conducted a telephone survey
in outpatients to collect the incidents which patients
experienced.4 Patients were sent a letter describing the
study and requesting their participation in a telephone
survey. Within 10–14 days after an index visit, research
assistants asked patients who agreed to participate about
specific symptoms (table 5). If symptoms were present,
structured questions followed about the timing and action
taken. A similar telephone interview was conducted again
3 months later. All possible incidents collected by self-
reports or surveys were sent to and screened by research
pharmacists or assistants. Those unlikely to be associated
with drugs were excluded and the rest were sent to the
physician reviewers.

Table 5 Combinations of drugs and symptoms

Drugs Symptoms

ACE inhibitors Cough, hypotension, angioedema
a1 blockers Asthenia, dizziness, hypotension, nausea,

palpitations
Antiadrenergic agents Asthenia, dry mouth, somnolence, dizziness,

constipation, sexual dysfunction, hypotension
Antiarrhythmic agents Blurred vision, cinchonism, constipation,

dizziness, dry mouth, dyspepsia, dysuria,
epigastric pain, headache, hearing
disturbance, nausea, palpitations,
somnolence, tinnitus, vomiting

Antibiotics Diarrhea, eruption
Antidepressants Anorexia, anxiety, confusion, constipation,

dizziness, dry mouth, fainting, falls,
hypotension, impotence, insomnia,
irritability, nervousness, visual problems,
weight loss

Antiplatelet agents Dizziness, dyspepsia, epigastric pain,
nausea, pruritis, vomiting

Antipsychotic agents Akathisia, constipation, dry mouth, dysuria,
somnolence, palpitations

Antiseizure agents Confusion, dizziness, fatigue, impaired
motor skills

Antithyroid agents Dyspepsia, epigastric pain, nausea, rash,
vomiting

Benzodiazepines Confusion, falls, fatigue, impaired motor
skills

b blockers Bradycardia, dyspnea, bronchospasm,
depression, dizziness, fainting, fatigue, heart
block, heart failure

b2 agonists Palpitations, tachycardia, tremor
Bile acid sequestrants Constipation, dyspepsia, epigastric pain,

nausea, vomiting
Calcium channel blockers Hypotension, peripheral edema
Digoxin Nausea
Diuretics Dizziness, fainting, falls, hypotension, renal

failure, weakness
Fibric acids Dyspepsia, epigastric pain, myalgia, nausea,

rash, vomiting
HMG-CoA reductase
inhibitors

Dyspepsia, epigastric pain, nausea, myalgia,
vomiting

Hypoglycemics Dizziness, fainting, falls, seizure
Insulin Dizziness, fainting, falls, palpitations,

seizure, tremor
Lithium Bradycardia, confusion, dry mouth,

dyspepsia, edema, epigastric pain, nausea,
palpitations, polyuria, polydipsia, seizure,
somnolence, tremor, vomiting

Narcotics Confusion, constipation
Niacin Dyspepsia, epigastric pain, nausea, vomiting
Nitrates Dizziness, edema, hypotension, rebound

tachycardia
NSAIDS Dyspepsia, edema, epigastric pain, nausea,

vomiting
Oral steroids Dyspepsia, eye pain, epigastric pain,

nausea, visual impairment, vomiting
Proton pump inhibitors Diarrhea
Thyroid hormones Palpitations

Table 6 Combinations of diagnoses and drugs

Diagnoses Drugs

Agranulocytosis Antiarrhythmic agents
Akathisia Antipsychotic agents
Angioedema ACE inhibitors
Anxiety b2 agonists
Arrhythmia Antipsychotic agents, lithium
Arrhythmia (other) Antiarrhythmic agents
Asthenia a1 blockers, antiadrenergic agents
Asthma b blockers
Bleeding Antiplatelet agents, warfarin
Bradycardia b blockers
Cataract Oral steroids
Cinchonism Antiarrhythmic agents
Confusion Insulin
Constipation Antiadrenergic agents, antiarrhythmic

agents, antidepresssants, antipsychotic
agents, bile acid sequestrants, narcotics

Coronary heart
disease

Antipsychotic agents, lithium

Depression b blockers
Diabetes or
hyperglycemia

Oral steroids

Dry mouth Antiadrenergic agents, lithium
Falls Antidepresssants, benzodiazepines,

diuretics, hypoglycemics, insulin
Gastroduodenitis or
gastroduodenal ulcer

Antiplatelet agents, antithyroid agents, oral
steroids, lithium, niacin, NSAIDs, warfarin

Gastrointestinal
bleeding

Antiplatelet agents, oral steroids, NSAIDs,
warfarin

Glaucoma Oral steroids
Heart failure Antiadrenergic agents, antiarrhythmic

agents, antipsychotic agents, b blockers,
lithium

Heat block b blockers
Hyperkalemia ACE inhibitors, potassium supplement,

potassium sparing diuretics, NSAIDs, COX II
inhibitors, trimethoprim

Hypoglycemia Hypoglycemics, insulin
Hypokalemia Digoxin, non-potassium sparing diuretics
Hyponatremia Diuretics
Hypotension ACE inhibitors, a1 blockers, antiadrenergic

agents, antidepressants, calcium channel
blockers, diuretics, nitrates

Impotence Antidepressants
Insomnia Antidepressants, b2 agonists
Leukocytopenia Carbamazepine, clozapine, ganciclovir
Long QTc interval Amiodarone, bepridil, chlorpromazine,

clarithromycin, desipramine, disopyramide,
dofetilide, doxepin, erythromycin,
erythromycin estolate, erythromycin ethyl
succinate, felbamate, flecanide, fluoxetine,
halofantrine, haloperidol, imipramine,
indapamide, isradipine, levofloxacin,
mesoridazine, moexipril/
hydrochlorothiazide, moxifloxacin,
naratriptan, nicardipine, paroxetine,
pentamidine, pimozide, probucol,
procainamide, quetiapine, quinadine,
risperidone, salmeterol, sertraline, sotolol,
sparfloxacin, sumatriptan, tacrolimus,
tamoxifen, thioridazine, tizanidine,
venlafaxine, ziprasidone, zolmitriptan

Myopathy HMG-CoA reductase inhibitors
Pruritus Antiplatelet agents
Rash Antithyroid agents
Renal failure ACE inhibitors, allopurinol, ARBs, atenolol,

azathioprine, cyclosporine, digoxin,
diuretics, enoxaparin, ganciclovir,
metformin, NSAIDs, procainamide,
tacrolimus

Seizure Hypoglycemics, insulin, lithium
Sexual dysfunction Antiadrenergic agents
Somnolence Antiadrenergic agents, antipsychotic agents,

antithyroid agents, insulin, lithium
Tachycardia b2 agonists, nitrates
Thrombocytopenia Antiarrhythmic agents, ticlopidine,

sulfonamide diuretics, sulfonamide
antibiotics, H2 blockers

Thyroid dysfunction Antiarrhythmic agents, lithium
Tremor b2 agonists, hypoglycemics, insulin, lithium
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Comparison of methods
The above mentioned four methods (chart reviews, computer
based triggers, self-reports, and patient surveys) are com-
plementary. In the inpatient setting, computer based triggers
detected 45% of all ADEs, chart reviews detected 65%, and
self-reports 4%.11 The overlap of chart reviewing and
computer based triggers was 12% while that of chart
reviewing, computer based triggers, and self-reports was
only 1%. On the other hand, patient surveys identified 92% of
ADEs in the outpatient setting and chart reviewing identified
28%; the overlap was only 19%.4 Thus, the proportion of
overlap is typically minor and combinations of these methods
can be useful in research to determine the true underlying
rate of these events.

Methods for classifying incidents
In classifying incidents the reviewers consider the timing of
findings (symptoms, abnormal laboratories, diagnoses),
whether the physician in charge or the patient attributed
the findings to the drug, and the strength of published data
based on the relationship between the findings and the drug.
Once possible incidents are deemed actual incidents, they

are classified according to the following categories: if a
medication error is present, if a potential ADE is present, or if
an ADE without an error is present. In addition, severity,
preventability, ameliorability, the level of disability, the stage
in the medication use process at which the error occurred,
and the category of healthcare personnel responsible for the
error can be classified (figs 2 and 3). The reviewers assess
preventability or ameliorability on the basis of the physician’s
presumed knowledge at the time the drug was prescribed. If
insufficient information is available the reviewers assume
that the physician’s decision was correct. When the incident
is preventable or ameliorable, the reviewers specify the type
of error and how it might be prevented. What is preventable
may change over time because many ADEs judged non-
preventable or non-ameliorable in the past might become
preventable or ameliorable with new approaches such as
genetic testing. We consider some laboratory abnormalities
to be ADEs even if there are no symptomatic problems—for
example, extreme hyperkalemia without arrhythmia or
markedly raised INR without apparent bleeding (table 8). If
an error is associated with the abnormal laboratory result—
for example, failure to check a creatinine level within a
12 month period while the patient is receiving a medication

known to increase creatinine levels—the incident would be
considered a medication error.
Each ADE and potential ADE is classified as fatal, life

threatening, serious, or significant (table 9). If a medication
error is present, the stage of the process where the error
occurred and the person responsible for the error considered
are: ordering (physician, nurse practitioner, or physician
assistant); transcribing (a secretary or nurse); dispens-
ing (pharmacist); administration (nurse, pharmacist, or
patients); and monitoring (physicians or patients).

Table 7 Combinations of drugs and miscellaneous
factors

Factors Drugs

Sex: female Finasteride
Age .65 years Amitriptyline, carisprodol,

chlordiazepoxide, chlorpropamide,
cyclobenzaprine, diazepam,
flurazepam, haloperidol, indomethacin,
meprobamate, methocarbamol,
orphenadrine, pentazocine,
pentobarbital, propoxyphene,
secobarbital

Dose: 2 or more drugs
containing same drug

Acetaminophen (paracematol)

Duration: treatment .5 days
or .20 tablets

Ketorolac

Condition:
Dialysis Atenolol, enoxaprin, allopurinol,

azathioprine, ganciclovir
Pregnancy Isotretinoin, lefluomide, methotrexate,

misoprostol, thalidomide
Procedures: oesophago-
gastroduodenoscopy

NSAIDs, COX II inhibitors

Table 8 Laboratory triggers

Laboratory
triggers Drugs

Anemia Antiplatelet agents, antithyroid agents, oral
steroids, lithium, niacin, nsaids, warfarin

Leukocytopenia Carbamazepine, clozapine, ganciclovir
Thrombocytopenia Diuretics, H2 blockers, procainamide, quinidine,

sulfonamide, sulfonamide antibiotics, ticlopidine
Raised bilirubin Cyclosporine
Raised bilirubin
and ALP

Allopurinol, amoxicillin/clavulanate, azathioprine,
chlorpromazine, chlorpropamide, tolazamide,
tolbutamide

Raised ALT or AST Amiodarone, atorvastatin, carbamazepine,
celecoxib, cerivastatin, cyclophosphamide,
divalproex, erthromycin estolate, fluoxetine,
fluvastatin, ibuprofen, isoniazide, lovastatin,
methotrexate, methyldopa, metformin, nefazodone,
nevirapine, paroxetine, pioglitazone, pravastatin,
rifampin, ritonavir, rofecoxib, rosiglitazone,
sertraline, simvastatin, sulfamethoxasole,
sulfasalazine, sulfisoxazole, tetracycline, valproic
acid, venlafaxine

Hyperkalemia ACE inhibitors, COX II inhibitors, NSAIDs,
potassium sparing diuretics, potassium supplement,
trimethoprim

Hypokalemia Digoxin, non-potassium sparing diuretics
Hyponatremia Diuretics
Hyperglycemia Oral steroids
Hypoglycemia Hypoglycemics, insulin
Raised creatinine ACE inhibitors, allopurinol, ARBs, atenolol,

azathioprine, cyclosporine, digoxin, diuretics,
enoxaparin, ganciclovir, metformin, NSAIDs,
procainamide, tacrolimus

Raised BUN Diuretics
Falling TSH Levethyroxine
Raised CPK HMG-COA reductase inhibitors
Positive UHCG for
female aged ,45

Atorvastatin, benazepril, captopril, cerivistatin,
clozapine, clomiphene, danazol, desogestrel,
dienestrol, diethystilbesterol, dihydroergotamine,
enalapril, ephedrine, ergotamine, estazolam,
estradiol, estrogens conjugated, estrogens,
esterified, estrone, estropipate, ethinyl estradiol,
etretinate, finesteride, fluoxymersterone, fluvastatin,
fosinopril, goserelin, isotretinoin, levonorgestrel,
lisinopril, lovastatin, medroxyprogesterone,
megestrol, mestranol, methotrexate,
methyltestosterone, misoprostol, moexipril,
naferelin, nandrolone, norethinadrone, norgestrel,
oxandrolone, perindopril, pravastatin, quazepam,
quinapril, quinestrol, quinine, ramipril, raloxefine,
ribavirin, simvastatin, temazepam, testosterone,
trandolapril, triazolam, urofollitropin, vitamin A,
warfarin

Raised blood level Lithium
Raised blood level
or no test for
12 months

Carbamazepine, cyclosporine, digoxin,
phenobarbital, primidone, phenytoin,
procainamide, quinidine, theophylline, valproate

Raised INR Warfarin
Positive fecal
occult blood

Antiplatelet agents, antithyroid agents, oral
steroids, lithium, niacin, NSAIDs, warfarin

Positive C difficile
toxin or culture

Antibiotics

No WBC test for
1 month

Clozapine

No creatinine test
for 3 months

Allopurinol, azathioprine
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Confidence about the classification of incidents is rated on
a scale such as a 6 point scale (1= little or no confidence;
2= slight to moderate confidence; 3=,50% confidence but
a close call; 4=.50% confidence but a close call; 5= strong
confidence; and 6=virtually certain). Exclusion is made by a
cut off point selected a priori and we considered 50% or more
as indicating an actual incident.4

The rating method developed by Naranjo et al18 is another
reliable way to estimate the confidence about the classifica-
tion. This rating method assigns point values of from 21 to
+2 to each of the following 10 attributes: (1) previous

conclusive report on the reaction, (2) ADE appeared after the
suspected drug was administered, (3) adverse reaction
improved when the drug was discontinued or a specific
antagonist was administered, (4) adverse reaction reappeared
when the drug was readministered, (5) alternative causes
other than the drug could cause the reaction, (6) reaction
appeared when a placebo was given, (7) the drug was
detected in the blood or other fluids in concentration known
to be toxic, (8) severity of reaction changed when the dose
was changed, (9) patient had a similar reaction to the same
or similar drugs in any previous exposure, and (10) ADE was
confirmed by any objective evidence. Each possible incident
with the summed score is categorized as a definite, probable,
possible, or doubtful case.18

Training reviewers and assessment of reliability
Research nurses, pharmacists, and research assistants usually
take part in the case identification step and physician
reviewers in the case classification step. The standard
training of reviewers is therefore crucial for reliability of the
methods. We have developed training manuals with defini-
tions of incidents, description of the case identification
process, case examples, and practice exercises with regard to
ADEs and other drug related incidents. Reviewers are trained
in advance using the manual and are also trained by pilot
reviewing using the actual practice data. The results of the
exercise and pilot reviewing are evaluated in terms of
accuracy and inter-reviewer variability and the reviewers
receive feedback. This process has been well received and
understood by reviewers in training and has produced
consistent results.
Inter-rater reliability for reviewer judgments is calculated

using percentage of agreement and the kappa (k) statistic.19

The percentage of agreement is calculated by dividing the
number of agreed cases by the total cases. k is calculated
from (Po 2 Pc)/(1 2 Pc) where Po = proportion of observed
agreement and Pc = proportion of agreement expected by
chance and ranges from 21 (complete disagreement) to +1
(perfect agreement). Differences between the two reviewers’
judgments about the decisions and classification are usually
resolved by discussion. If consensus cannot be reached, a
third reviewer evaluates the incident.

DISCUSSION
Our approach used in previous and ongoing studies on ADEs
involves three steps: case identification, classification of
incidents, and assessment of reliability. Other identification
approaches can be used depending upon the target popula-
tion, the area of the medication use process being evaluated,
and the data available. For example, for detecting a small
proportion of ADEs inexpensively using administrative data,
the patient safety indicators developed by the AHRQ
represent one option.12 For detecting medication administra-
tion errors Barker et al8 have shown that direct observation
can detect large numbers of errors and is highly reliable in
the inpatient and long term care settings. This approach can
also be used for detecting dispensing errors.
Reliability of classification is the crucial factor for the

science of research collecting information about ‘‘soft’’ out-
comes such as ADEs and errors. Many have raised concerns
about the reliability of the process. In the process of iden-
tifying adverse clinical outcomes Sanazaro and Mills9 sug-
gested several concerns about screening methods in medical
quality assessment including (1) screening could have a high
error rate and high false positive rate up to 95%, even by
specially trained personnel; (2) physicians substantially vary
in conducting peer reviewing; and (3) peer review is more
likely to ascribe adverse outcomes to medical care if the
outcomes are serious. These criticisms are an important issue
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Figure 3 Flow diagram to classify the incidence of adverse drug events
(ADEs) and medication errors.

Table 9 Severity categories for incident
classification

Severity Examples

Fatal Patient died due to the incident

Life threatening Patient transferred to ICU
Respiratory failure requiring intubation
Mental status change: patient falls and gets
intracranial hemorrhage
Tongue swelling/anaphylactic shock due to
medication

Serious Gastrointestinal bleed
Altered mental status/excessive sedation
due to medication
Increased creatinine due to medication
Decrease in blood pressure, patient feels
lightheaded
Allergic reaction: shaking chills/fever
Additional visit to clinic for treatment or
additional medications

Significant Rash
Diarrhea due to antibiotics
Thrombocytopenia due to histamine type 2
antagonist
Nausea resulting from oral potassium
Nausea and vomiting due to erythromycin
Any significant event that is identified by the
patient but not requiring a change in
therapy
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in research in healthcare quality and should be considered
carefully. A common way to address such criticism is
assessment of inter-rater agreement using kappa statistics.
The k value indicates the extent to which the observational
probability of agreement is in excess of the probability of
agreement hypothetically expected under the baseline con-
straints. A k score of 0.4–0.6 has been considered as moderate
agreement, 0.6–0.8 as substantial, and 0.8–1.0 as almost
perfect.19 In our studies in inpatients the k score for the
presence of ADEs was 0.98, exclusion was 0.81, preventability
was 0.92, fatal or life threatening v serious or significant was
0.37, and significant v fatal or life threatening or serious was
0.32.3 Gandhi et al4 obtained k scores for exclusion of 0.89,
severity 0.72, and preventability 0.70 in an outpatient setting.
These figures suggest that the approach we have used is
generally reliable.
We have reported the incidence of ADEs, potential ADEs,

and medication errors in a variety of clinical settings.3–5 20 For
example, the incidence of ADEs was 6.5 per 100 adult
admissions3 and 2.3 per 100 pediatric admissions.5 In nursing
homes ADEs were found at a rate of 1.89 per 100 resident-
months,20 while the incidence of ADEs among outpatients
was 27.4 per 100 adult patients.4 The incidence of potential
ADEs was also reported to be 5.5 per 100 adult admissions,3

10 per 100 pediatric admissions,5 and 0.65 per 100 nursing
home resident-months.20 ADEs and potential ADEs are
common in any setting but vary substantially in incidence,
and the causes of errors and ADEs vary greatly by setting.
Adult inpatients tend to receive a larger number of drugs
than pediatric inpatients or nursing home residents. In
addition, outpatients are more likely to be exposed to drugs
for a longer interval than inpatients, and administration is
obviously under patient control.
The differences in the methods used varied primarily

because different approaches work better in specific settings
and for specific purposes. Generally, prescription review is
better for identifying medication errors while patient surveys
are better for identifying outpatient ADEs. Chart review can
identify both medication errors and ADEs. In inpatients or
nursing homes incidents were found by reviewing records
and self-reports from health professionals because no other
approach was practical, although surrogate or family inter-
views would be of interest.
These research methodologies can be used to identify and

prioritize strategies for preventing medication errors and
preventing or ameliorating ADEs in daily practice. One
approach that has become particularly attractive is compu-
terized prescribing. CPOE associated with decision support
has been shown to reduce medication error rates by up to
81%.21 22 The triggers and text screening based on computer-
ized systems can be a foundation for the development of an
ADE monitor.15 The possible incidents detected through such
triggers are then evaluated by a drug safety pharmacist for
actual or potential ADEs on a daily basis. The drug safety
pharmacist can make clinical recommendations to physicians
or pharmacists working in conjunction with physicians.
Silverman et al15 reported that 78% of such recommendations
based on real time ADE monitoring were accepted and
resulted in changes in medication orders. Schiff and
colleagues23 have also suggested a framework for multiple
ways to link laboratory and pharmacy data. Such linkages
can be divided into drug selection (laboratory based indica-
tions or contraindications), drug dosing (renal or hepatic,
blood level guided adjustment), laboratory monitoring
(laboratory signals of toxicity, baseline, and ongoing mon-
itoring), laboratory result interpretation (drug interfering
with test), and other quality improvement (surveillance for
unrecognized toxicity, monitoring clinician response delays).
Because information technology progresses quickly, it would

be straightforward to use new devices as tools for patient
safety.24

Although we have used state of the art methods for
identifying ADEs, potential ADEs, and medication errors in
non-experimental settings with available resources at this
time, the methodology described here has several limitations
and should be further refined. We believe the future
improvement of patient safety research will focus on the
computerized approach. Jha et al11 reported that computerized
monitoring could detect 45% of ADEs and 42% of potential
ADEs in an inpatient setting. However, the efficacy of
computerized monitoring was not satisfactory and its positive
predictive value was only 17%. Thus, the remaining 83% of
alerts were not associated with ADEs, potential ADEs, or
medication errors and might result in unnecessary physician
actions or resource utilization. Continuous refinement of
computerized monitoring rules based on research findings is
necessary.
In conclusion, a multidimensional case identification

process followed by physician review provides the current
best estimates of rates of ADEs, potential ADEs, and
medication errors, although this approach is expensive and
using all the approaches is probably only practical in the
research setting. Each incident can be assessed for prevent-
ability, ameliorability, disability, severity, staging, and
responsible persons. The classification scheme has acceptable
reliability and feasibility. The use of computerized ADE
screening and monitoring systems as well as CPOE and EMR
systems will undoubtedly improve the efficacy of ADE
identification in addition to real time patient safety, but
there is still substantial room for improvement of these
applications.
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Key messages

N Adverse drug events (ADEs) and medication errors are
frequent in many clinical settings and can occur at any
point in the medication use process. Medication errors
are much more common than ADEs. Depending on the
setting, about a third to half of ADEs are typically
associated with medication errors.

N There are three ways to collect drug related events:
review of practice data, self-reports by health profes-
sionals, and patient surveys. These methods are
complementary and a combination of them is useful.

N Practice data review can be done manually but is much
more efficient with computerized searching. Even with
computerized searching, manual review is needed.
Computerized detection will probably soon replace the
all-manual approach, although substantial refinement
of it is needed.

N ADEs can be classified according to preventability,
ameliorability, disability, severity, stage of the process,
and person or group responsible.

N The feasibility and reliability of the described classifi-
cation methods range from good to excellent.

Detection and classification of ADEs 313

www.qshc.com

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

Q
ual S

af H
ealth C

are: first published as 10.1136/qshc.2004.010611 on 2 A
ugust 2004. D

ow
nloaded from

 

http://qualitysafety.bmj.com/


A C Seger, Massachusetts College of Pharmacy and Health Science,
Boston, MA, USA

Supported in part by grants from the Pfizer Health Research Foundation,
the Health Care Science Institute, grant-in-aid from the Ministry of
Health, Labour andWelfare of Japan, and grant R01-HS11169 from the
Agency for Healthcare Research and Quality.

REFERENCES
1 Leape LL, Brennan TA, Laird N, et al. The nature of adverse events in

hospitalized patients. Results of the Harvard Medical Practice Study II.
N Engl J Med 1991;324:377–84.

2 Bates DW, Boyle DL, Vander Vliet MB, et al. Relationship between medication
errors and adverse drug events. J Gen Intern Med 1995;10:199–205.

3 Bates DW, Cullen DJ, Laird N, et al. Incidence of adverse drug events and
potential adverse drug events. Implications for prevention. ADE Prevention
Study Group. JAMA 1995;274:29–34.

4 Gandhi TK, Weingart SN, Borus J, et al. Adverse drug events in ambulatory
care. N Engl J Med 2003;348:1556–64.

5 Kaushal R, Bates DW, Landrigan C, et al.Medication errors and adverse drug
events in pediatric inpatients. JAMA 2001;285:2114–20.

6 Bates DW, Spell N, Cullen DJ, et al. The costs of adverse drug events in
hospitalized patients. Adverse Drug Events Prevention Study Group. JAMA
1997;277:307–11.

7 Gandhi TK, Burstin HR, Cook EF, et al. Drug complications in outpatients.
J Gen Intern Med 2000;15:149–54.

8 Barker KN, Flynn EA, Pepper GA, et al. Medication errors observed in 36
health care facilities. Arch Intern Med 2002;162:1897–903.

9 Sanazaro PJ, Mills DH. A critique of the use of generic screening in quality
assessment. JAMA 1991;265:1977–81.

10 Rozich JD, Haraden CR, Resar RK. Adverse drug event trigger tool: a practical
methodology for measuring medication related harm. Qual Saf Health Care
2003;12:194–200.

11 Jha AK, Kuperman GJ, Teich JM, et al. Identifying adverse drug events:
development of a computer-based monitor and comparison with chart review
and stimulated voluntary report. J Am Med Inform Assoc 1998;5:305–14.

12 Agency for Healthcare Research and Quality, Rockville. Patient safety
indicators. Version 2.1. Available at: http://
www.qualityindicators.ahrq.gov/data/hcup/psi.htm.

13 Honigman B, Lee J, Rothschild J, et al. Using computerized data to identify
adverse drug events in outpatients. J Am Med Inform Assoc 2001;8:254–66.

14 Gurwitz JH, Field TS, Harrold LR, et al. Incidence and preventability of
adverse drug events among older persons in the ambulatory setting. JAMA
2003;289:1107–16.

15 Silverman JB, Stapinski CD, Churchill WW, et al. Multifaceted approach to
reducing preventable adverse drug events. Am J Health Syst Pharm
2003;60:582–6.

16 Honigman B, Light P, Pulling RM, et al. A computerized method for identifying
incidents associated with adverse drug events in outpatients. Int J Med Inf
2001;61:21–32.

17 Leape LL. Reporting of adverse events. N Engl J Med 2002;347:1633–8.
18 Naranjo CA, Busto U, Sellers EM, et al. A method for estimating the

probability of adverse drug reactions. Clin Pharmacol Ther 1981;30:239–45.
19 Landis JR, Koch GG. The measurement of observer agreement for categorical

data. Biometrics 1977;33:159–74.
20 Gurwitz JH, Field TS, Avorn J, et al. Incidence and preventability of adverse

drug events in nursing homes. Am J Med 2000;109:87–94.
21 Bates DW, Leape LL, Cullen DJ, et al. Effect of computerized physician order

entry and a team intervention on prevention of serious medication errors.
JAMA 1998;280:1311–6.

22 Raschke RA, Gollihare B, Wunderlich TA, et al. A computer alert system to
prevent injury from adverse drug events: development and evaluation in a
community teaching hospital. JAMA 1998;280:1317–20.

23 Schiff GD, Klass D, Peterson J, et al. Linking laboratory and pharmacy:
opportunities for reducing errors and improving care. Arch Intern Med
2003;163:893–900.

24 Bates DW, Gawande AA. Improving safety with information technology.
N Engl J Med 2003;348:2526–34.

314 Morimoto, Gandhi, Seger, et al

www.qshc.com

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

Q
ual S

af H
ealth C

are: first published as 10.1136/qshc.2004.010611 on 2 A
ugust 2004. D

ow
nloaded from

 

http://qualitysafety.bmj.com/

