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Objective.—To determine rates and types of adverse drug events
(ADEs) in the pediatric ambulatory setting.

Methods.—A prospective cohort study at 6 office practices in the
greater Boston area was conducted over 2-month periods. Dupli-
cate prescription review, telephone surveys 10 days and 2 months
after visit, and chart reviews were done. A 2-physician panel clas-
sified the severity, preventability, and ability to ameliorate (ie, if
the severity or duration of the side effect could have been miti-
gated by improved communication) ADEs.

Results.—We identified 57 preventable ADEs (rate 3%; 95%
confidence intervals [CI], 3%–4%) and 226 nonpreventable
ADEs (rate 13%; 95% CI, 11%–15%) in the medical care of
1788 patients. Of the ADEs, 152 (54%) were able to be amelio-
rated. None of the preventable ADEs were life threatening, al-
though 8 (14%) were serious. Forty (70%) of the preventable
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ADEs were related to parent drug administration. Improved com-
munication between health care providers and parents and im-
proved communication between pharmacists and parents,
whether in the office or in the pharmacy, were judged to be the
prevention strategies with greatest potential.

Conclusions.—Patient harm from medication use was common
in the pediatric ambulatory setting. Errors in home medication
administration resulted in the majority of preventable ADEs.
Approximately one fifth of ADEs were potentially preventable
and many more were potentially able to be ameliorated. Rates
of ADEs due to errors are comparable in children and adults de-
spite less medication utilization in children.
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P
atient safety has emerged as an important medical
issue in the last several years, and medication use
has been identified as a major cause of iatrogenic in-

jury.1–4 Early studies demonstrated high rates of adverse
drug events (ADEs) in adult inpatients, and a later study
documented threefold higher rates of potentially harmful
medication errors in pediatric inpatients.5,6 Relatively
less is known about the ambulatory setting, although one
adult study documented 3 preventable ADEs and 24 non-
preventable ADEs per 100 ambulatory adult patients.7

The majority of medication use in children occurs in am-
bulatory clinics, yet few studies have assessed mediation
errors and ADE rates in this setting. The medication pro-
cess in the pediatric ambulatory setting has multiple steps,
including medication ordering, transmitting the order to
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the pharmacy, dispensing, administering, and monitoring.
Factors contributing to errors include weight-based dosing,
the often-required dilution of stock medications, recom-
pounding of pills and powders as liquid preparations, and
multiple formulations of pediatric medications. Other fac-
tors include decreased communication abilities of young
children, inability to self-administer medications, and the
vulnerability of young children to injury from some medi-
cations. In addition, many drugs are used off label in pedi-
atrics due to limited testing of drugs in children. These
factors highlight the need for a study of medication use
in ambulatory pediatric patients.8,9

We undertook this study to assess the rates and types of
ADEs in pediatric outpatients at 6 office practices.

METHODS

We performed a prospective cohort study of patients un-
der age 21 from 6 office practices. Data collection method-
ologies included duplicate prescription review, 2 surveys,
and chart review. All data were reviewed for medication
errors, including those with the potential for harm (near
misses) and those that actually caused harm (preventable
ADEs). In addition, data were reviewed for harm from
medications that were not associated with an error (non-
preventable ADEs). All ADEs were further characterized
according to types and potential prevention strategies.

Definitions

Medication errors were defined as errors in drug order-
ing, transcribing, dispensing, administering, or monitoring.
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An example of a preventable ADE is an amoxicillin-asso-
ciated rash in a patient who was inadvertently prescribed
amoxicillin despite a known allergy. In contrast, a nonpre-
ventable ADE is an amoxicillin-associated rash in a patient
with no known drug allergies. In accordance with the Insti-
tute of Medicine definitions, ADEs could result from the
failure to administer a prescribed drug, such as a parent
not administering an antibiotic for pneumonia because of
financial constraints, with worsening of symptoms.1 The
term parent is used throughout this manuscript to refer to
parents, guardians, and other home caregivers.

Again, in accordance with previous studies, ADEs were
rated in 3 categories according to the severity of injury: life
threatening, serious, or significant.5–7 For example, ana-
phylaxis was classified as life threatening, hives as serious,
and rashes as significant.10 ADEs were rated on prevent-
ability (ie, preventable and nonpreventable) and further
classified as able to be ameliorated if the severity or dura-
tion of the side effect could have been mitigated by any
means.

Office Practices and Physicians

We enrolled 6 office practices serving patients of diverse
socioeconomic backgrounds—2 were at teaching hospi-
tals, 2 were urban neighborhood health centers, and 2
were more affluent suburban practices. One hundred
thirty-two pediatric health care providers prescribed at
these office practices during the study period. All pediatric
providers handwrote medication prescriptions because
electronic ordering systems were not available. Data
were collected in a consecutive 2-month block at each
practice, from July 2002 to April 2003.

Patients

Patients were given an opportunity to opt out of the
study, both through a mail-in postcard and at the time of
the telephone survey. All children under age 21 who had
an office visit in which they received at least 1 prescription
during the study period were eligible for inclusion. Exclu-
sion criteria included second visits by patients, siblings
already included in the study, requests by prescribing
physicians to exclude specific patients, prescriptions for
oral contraceptives or potential treatment of sexually trans-
mitted diseases, and prescriptions for equipment. We also
excluded patients who did not have a working phone or
did not primarily speak English, Spanish, or Cambodian.

Data Collection

Data were collected by 3 methods: prescription review
through the use of duplicate prescription pads, telephone
surveys, and chart review.10 A research nurse reviewed
all duplicate prescriptions, not including phone or faxed
prescriptions, to document medication errors by using
methodology previously developed and defined by the
investigators.5–7,11,12

On the day of the visit, the patient was given written in-
formation about the study, including information regarding
opting out of the study. The day after the visit, an informa-
tional sheet and an opt-out card were mailed to each parent.
A trained research assistant telephoned parents who did not
opt out within 10 days of the index visit for the initial sur-
vey, utilizing a structured survey instrument with scripted
questions and close-end answers. We also surveyed pa-
tients over age 16 directly, since by this age they tend to
self-administer medications. A minimum of 3 phone calls
was attempted.

During the initial survey, we reviewed dispensed medi-
cations by having parents read the medication label. We
then asked questions about potential side effects, method
of medication administration, communication regarding
the medication with the pharmacist and the health care
provider, and demographic information. Research assis-
tants underwent several weeks of training to ensure a stan-
dardized approach to surveys. If the parent completed the
initial survey, we attempted a second survey 2 months after
the index visit to capture persistent symptoms. Surveys
were translated and back translated into Spanish and Cam-
bodian and conducted by fluent bilingual interviewers.
Surveys were pretested and revised based on 2 focus
groups of parents representing a broad array of socioeco-
nomic backgrounds. A nurse data collector reviewed office
charts for evidence of ADEs and errors at 3 months after
the index visit and collected additional data, including
comorbidities, additional diagnoses, and other chart-based
information.

Demographic Data

Demographic data including age, gender, and insurance
were collected from computerized administrative data-
bases at the office practices for all patients. At 4 office prac-
tices, race and ethnicity data were collected from this same
computerized administrative database, but 2 office prac-
tices did not record these data. Therefore, a research assis-
tant queried all parents visiting these 2 offices for a 2-week
period about their race and ethnicity by using a standard 2-
question format. We extrapolated from these data to impute
race and ethnicity for all patients at these 2 office practices
over the study period.

ADE Classification

The research nurse presented all suspected ADEs to 2
physician reviewers, who independently classified them
as ADEs, near misses, medication errors, or exclusions.
This rating and classification methodology has been used
and validated in several previous studies.5–7 The physicians
rated ADEs according to the severity, preventability, and
ability to be ameliorated.

The physician reviewers also assigned potential preven-
tion strategies to preventable ADEs. We conducted a review
of the literature to develop a comprehensive list of preven-
tion strategies that had been cited in other reports, includ-
ing: 1) basic computerized physician order entry (CPOE);
2) CPOE with clinical decision support systems, including
checks such as drug dose, drug interactions, and patient
factors; 3) clinical pharmacist availability; 4) enhanced
communication, such as between health care providers
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and parents or pharmacists and parents; 5) electronic trans-
mission of prescriptions to the pharmacy; 6) improvements
in training of health care providers; 7) changes in staffing
of health care providers; and 8) changes in work hours
for health care providers. Multiple prevention strategies
could be assigned to each error.

The k statistics for inter-rater reliability were 0.89 for
classification of ADE, 0.75 for severity of ADE, and 0.95
for preventability of ADE.

All preventable ADEs were categorized according to
the stages (ie, drug ordering, transmitting, pharmacy dis-
pensing, administering, or monitoring) at which the error
occurred, the body system involved, and the medication
category.

Statistical Analysis

We report rates of ADEs per 100 patients for the patients
who completed the initial survey regardless of whether or
not they completed the second survey. We do not report
rates for those patients who did not complete the initial
survey, as parent report is a critical method of detection
for ADEs.

We assumed overdispersion relative to a Poisson distri-
bution of ADEs and calculated 95% confidence intervals
(CIs) around the rates of ADEs. These adjusted CIs account
for any clustering of counts at the level of physicians. No

Patients eligible for initial
survey: 2,831 

Patients completing initial
survey: 1,788 

Patients completing second
survey: 1,239

Patients with prescriptions:
3,838  

Patients who did not complete
second survey: 549 

Patients contacted for initial
survey: 2,503 

Patients who did not complete
initial survey: 715 **  

Patients who opted out:
328  

Patients not eligible for initial
survey: 1,007 *  

Patients with visits: 13,919 

Figure 1. Patient flow chart. *Noneligibility reasons included type of pre-

scription (eg, for oral contraceptive pill or equipment), language (ie, par-

ents do not speak English, Spanish, or Cambodian), lack of an accurate

phone number (eg, moved, phone disconnected, or wrong number), and

patients whose home health care providers had already been surveyed

for siblings. **Phone calls were made to these parents, but they did not

complete the survey for a variety of reasons, including parent or guardian

was not available or the answering machine picked up the phone call.
adjustment for potential clustering within practices was
made because there were not a sufficient number of prac-
tices to provide a reliable estimate of variability. The
SAS statistical package (Windows 8.2, SAS Institute Inc,
Cary, NC) was used. Error prevention strategies were ana-
lyzed according to the proportion of total preventable
ADEs that might have been prevented.

Institutional review boards at Brigham and Women’s
Hospital and Children’s Hospital, Boston approved the
study.

RESULTS

Rates of Prescriptions and Survey Responses

During the study period, 21 209 visits were made by 13
919 patients, of whom 3838 (28%) received a prescription
(Figure 1). Of these, 1007 (26%) patients were excluded.
Of the remaining 2831 patients, 328 (12%) opted out of
the study and 1788 (63%) completed the initial survey,
with office practice response rates ranging from 58% to
78%. The second survey was completed by 1239 (69%)
of these 1788 patients.

Parents most commonly were the survey respondents
(1715 [96%]), followed by legal guardians (23 [1%]) and
grandparents (22 [1%]). Respondents and nonrespondents
were comparable, except that the children of respondents
were slightly younger, less likely to be on Medicaid, and
less likely to be Hispanic (Table 1).

Of the prescriptions, 2186 were written for the 1788
patients who completed the initial survey (1.2 prescriptions
per patient).

In total, 132 pediatric providers, including 53 (40%)
staff physicians, 66 (50%) residents, and 13 (10%) nurse
practitioners, participated in the study; 89 (67%) of the
pediatric providers were women (Table 2). Their mean
age was 39.8, and the staff physicians and nurse

Table 1. Demographics of Patients Eligible for Initial Survey*

Nonrespondents of

Initial Survey

(n ¼ 1056)

Respondents of

Initial Survey

(n ¼ 1788) P Value

Gender

Female 534 (51%) 899 (50%) .88

Age

Neonates 23 (2%) 49 (3%) .01

Infants 246 (23%) 469 (26%)

Toddlers 346 (33%) 544 (30%)

School age 330 (31%) 594 (33%)

Adolescents 111 (11%) 132 (7%)

Race/ethnicity:

White 520 (49%) 874 (49%) .007

Black 174 (17%) 279 (16%)

Hispanic 246 (23%) 363 (20%)

Other 113 (11%) 267 (15%)

Missing 3 (<1%) 5 (<1%)

Insurance

Medicaid 145 (14%) 222 (12%) .03

Non-Medicaid 911 (86%) 1566 (88%)

*Due to rounding, some categories may not total 100%.
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Table 2. Characteristics of Office Practices and Health Care Providers

Office

Practice

Total Pediatric

Providers

No. of Staff

Physicians (%)

No. of Residents

(%)

No. of NPs*

(%)

No. of Women

(%)

Mean Years

After Training

Mean

Age

A 7 6 (86%) 0 (0%) 1 (14%) 5 (71%) 10.25 40

B 11 6 (55%) 5 (45%) 0 (0 %) 10 (91%) 9.5 36.6

C 88 22 (25%) 58 (66%) 8 (9%) 60 (68%) 10.1 34.2

D 9 6 (67%) 3 (33%) 0 (0 %) 3 (33%) 14.6 36.7

E 11 8 (73%) 0 (0%) 3 (27%) 8 (73%) 15.4 46.5

F 6 5 (83%) 0 (0%) 1 (17%) 3 (50%) 10.5 45

Totals 132 53 (40%) 66 (50%) 13 (10%) 89 (67%) 11.7 39.8

*NPs indicates nurse practitioners.
practitioners were an average of 11.7 years post-training.
All physicians were trained in pediatrics.

Rates of ADEs

In 1788 patients, we identified 57 preventable ADEs
(rate 3%; 95% CI, 3–4) and 226 nonpreventable ADEs
(rate 13%; 95% CI, 11–15; Table 3). Of the 283 ADEs,
152 (54%) were potentially able to be ameliorated. The
57 preventable ADEs occurred in the care of 56 individual
patients. Most ADEs had low severity ratings, with the ma-
jority rated as significant. Table 4 lists examples of ADEs
of varying severity levels.

Types of ADEs

Among the preventable ADEs, 70% occurred due to er-
rors at the stage of drug administering, predominantly by
parents, and 26% at the stage of pediatric provider ordering
(Figure 2). Three (5%) of the preventable ADEs were due
to insurance issues, primarily because of delays in obtain-
ing a medicine.

The most common organ system involved in preventable
ADEs was skin (Table 3), followed by the gastrointestinal
tract and respiratory tract. Forty percent of the nonprevent-
able ADEs were antibiotic-related gastrointestinal symp-
toms such as nausea, vomiting, and diarrhea. Another 9%
of the nonpreventable ADEs were gastrointestinal symp-
toms related to other medications and 31% were cutaneous
reactions.

Table 3. Rates, Severity, and Types of ADEs*

Preventable

ADEs (n ¼ 57)

Nonpreventable

ADEs (n ¼ 226)

Rate per 100 patients (95% CI†) 3 (3–4) 13 (11–15)

Severity, No. (%)

Fatal or life threatening 0 (0%) 1 (0.4%)

Serious 8 (14%) 26 (11%)

Significant 49 (86%) 199 (88%)

System involved, No. (%)

Skin 17 (30%) 69 (31%)

Gastrointestinal 11 (19%) 111 (49%)

Respiratory 7 (12%) 0

Central nervous system 6 (11%) 34 (15%)

Eyes 4 (7%) 0

Ears 3 (5%) 0

Nose 3 (5%) 1 (0.4%)

Throat 2 (4%) 3 (1%)

*ADE indicates adverse drug event.

†CI indicates confidence interval.
Since office practice C (Table 2) was significantly larger
and had a greater proportion of resident trainees, we com-
pared the results of this practice to the other 5. Per 100
patients, the rates of preventable ADEs and ADEs that
were judged able to be ameliorated were similar between
the groups.

Drugs Associated With ADEs

Evaluation of the ADEs (Table 5) showed that prevent-
able ADEs were most frequently caused by penicillin or
a derivative followed by inhaled steroids. Nonpreventable
ADEs were also most commonly caused by penicillin or
a derivative followed by cephalosporins and inhaled bron-
chodilators.

Amelioration of ADEs

Of the 152 ADEs that were potentially able to be amelio-
rated, 82 (54%) involved parents not notifying the pediatric
provider of side effects or an allergic reaction to the med-
ication, and 22 (14%) involved parental delay in such
notification. Parents did not notify the pediatric provider
that they gave the prescribed medication differently then

Table 4. Examples of ADEs*

Serious ADE, preventable

A 9-year-old with streptococcal pharyngitis was prescribed amoxicillin,

and the parent did not complete the course of medicine. The patient

returned with persistent streptococcal pharyngitis.

Significant ADE, preventable

A 4-year-old with ringworm was prescribed clotrimazole. The

prescription was not filled, and the patient returned with persistent

symptoms.

Life threatening ADE, nonpreventable

A 2-year-old female was treated with a cough and cold medicine,

resulting in hives involving the entire body, including the lips and

eyes. She was taken to the emergency department and required

epinephrine, diphenhydramine, and steroids.

Serious ADE, nonpreventable

A 9-year-old with juvenile rheumatoid arthritis was prescribed oral

methotrexate and developed nausea, vomiting, hair loss, and mouth

sores. The medicine was changed 2 mo later.

Significant ADE, nonpreventable

A 4-year-old male prescribed oral prednisolone and albuterol developed

hyperactivity a day after beginning the medications.

Nonpreventable ADE, able to be ameliorated

A 1-year-old female was prescribed amoxicillin-clavulanate for an

otitis media. The patient developed 7 days of diarrhea and diaper

rash. The parents did not adjust the diet, treat the rash, or notify the

provider.

*ADE indicates adverse drug event.
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intended in 16% of cases and did not notify the pediatric
provider that they did not give the prescribed medication
at all in 5% of cases. In total, parents were responsible
for 136 (89%) of ADEs that were able to be ameliorated.

Strategies to Prevent Errors That Result in
Preventable ADEs

The clinicians who reviewed preventable ADEs con-
cluded that 72% could have been potentially prevented
by improved communication between the prescribing pedi-

Administering
70% 

Ordering
26%

Transmitting
2% 

Dispensing
3% 

Preventable ADEs 

Figure 2. Stages of preventable adverse drug events (ADEs).
atric provider and the parent, whereas 21% could have been
prevented by CPOE with clinical decision support systems
(Table 6). The types of decision support elements that ap-
peared to be potentially most effective were drug allergy,
drug frequency, and drug weight/dose checks.

DISCUSSION

We found that ADEs were common in the pediatric
ambulatory setting, occurring in about 16% of children
treated. This result is particularly surprising given the
simpler medication regimens in pediatric outpatients
compared with pediatric inpatients and adult outpatients.
Of the ADEs, 1 in 5 were judged to be preventable, and
just over half were able to be ameliorated. Most were of rel-
atively low severity. Of note, errors resulting in ADEs oc-
curred most commonly at the stage of drug administration
by parents. This is in contrast to earlier work with pediatric
inpatients that has demonstrated the majority of errors oc-
cur at the drug ordering, not the drug administration,
stage.6 Similarly, parents could have ameliorated many
ADEs by notifying health care providers of side effects.

Detected rates of errors and ADEs are dependent on the
type of methodology used. In this study, we used 3 major
methods of data collection: prescription review, survey,
and chart review. An adult study using similar methodol-
ogy found the same rate of preventable ADEs in adults
(3%). However, this study documented higher rates of non-
preventable ADEs in adults (24%) than our pediatric rate of
13%.7 This higher adult rate of nonpreventable ADEs may
be due to the more complex typical medication regimen of
the adult patient. Nevertheless, the higher adult rate of non-
preventable ADEs makes the finding of similar adult and
Table 5. Medications Associated with ADEs*

Preventable ADEs Nonpreventable ADEs

Medication Category No.

Per ADEs*

(%)†

Per RXs‡

(%)§ No.

Per ADEs*

(%)

Per RXs‡

(%)

Penicillin or derivative 15 26 2 123 54 18

Steroids, inhaled 6 11 7 6 3 7

Antifungal, topical 4 7 1 1 0.4 1

Antihistamine 4 7 5 2 1 3

Histamine H2 receptor antagonist 3 5 14

Bronchodilators, inhaled 3 5 2 16 7 9

Cephalosporins 3 5 5 18 8 31

Macrolides 3 5 3 13 6 12

Steroids, oral 2 4 3 6 3 10

Ophthalmic preparations 1 2 1

Stimulants 1 2 6 8 4 44

Ibuprofen 1 2 1 2 1 2

Steroids, topical

Acetaminophen 1 0.4 2

Antiviral 2 4 50

Scabicides 1 0.4 29 2 4 14

Laxative 3 1 5 1 2 14

Antifungal, oral 1 0.4 3 1 2 8

*ADE indicates adverse drug event.

†Proportion of ADEs (eg, preventable ADEs) attributable to a given drug category. For example, penicillins or derivatives caused 26% of the preventable

ADEs.

‡RX indicates prescription.

§Proportion of prescriptions for a given drug category that resulted in a specific type of ADE. For example, 2% of penicillin or derivative prescriptions

resulted in a preventable ADE.
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pediatric rates of preventable ADEs even more striking.
The ideal comparison would be rates of ADEs per 100
prescriptions rather than per 100 patients, but these data
are not available in prior published studies.

There are relatively few previous pediatric studies re-
garding medication errors and ADEs in the ambulatory set-
ting. One study examined pharmacy data from 3 health
maintenance organizations and concluded that potential
dosing errors occur frequently in outpatient pediatrics.13

The majority of errors leading to preventable ADEs oc-
curred at the stage of drug administration. This finding
strongly suggests that communication with parents must
be improved. Both preventable ADEs and ADEs that are
able to be ameliorated were frequently caused by incon-
sistent drug administration, at times due to incomplete
knowledge of measuring devices. Several studies have
documented parental confusion regarding the correct use
of teaspoons, tablespoons, and dose cups.14,15

Rigorous qualitative research will be required to under-
stand further the etiology and potential solutions to these
communication problems. Potential solutions will need to
address improved parental access to information about
side effects and need for medical attention, to office prac-
tices, and to information at appropriate levels of health
literacy in languages in which parents are proficient.16–18

Accurate internet-based information on drugs or personal-
ized Web pages might be helpful. Allowing parents to rou-
tinely review their child’s medication records may improve
communication and further drive down errors.19

This study has several limitations. Although we under-
took many efforts to improve the response rate, the final re-
sponse rate may have led to biased results in several ways.
For example, parents who primarily spoke a language other
than English may have been more reluctant to answer the
phone. In addition, the children of parents who primarily
spoke a language other than English may be more prone
to errors due to greater difficulties in understanding medi-

Table 6. Prevention Strategies for ADEs*

Prevention Strategy

Preventable ADEs

No. (%)

Changes in communication between physicians

and patients

41 (72)

Clinical pharmacist in office setting discussing

drug administration with parent

16 (28)

Changes in communication between pharmacists

in pharmacy and patients

14 (25)

CPOE

Basic CPOE† 3 (5)

Advanced CPOE with CDSS‡ 12 (21)

Changes in communication between nurses and

patients

9 (16)

Clinical pharmacist in office setting discussing

drug ordering with pediatric provider

6 (11)

Clinical pharmacist in office setting monitoring

drug dispensing

4 (7)

Electronic transmission of prescription 1 (2)

*ADE indicates adverse drug event.

†CPOE indicates computerized physician order entry.

‡CDSS indicates clinical decision support systems.
cation administration instructions. Another concern is the
generalizability of our results. We studied only 6 office
practices; however, we intentionally studied office prac-
tices serving diverse socioeconomic, racial, and ethnic
populations. We relied on parent reports of ADEs, but we
did have 2 independent physician reviewers clinically in-
terpret each report. Using 2 independent physicians rather
than the patient’s physician may have decreased bias, and
our physician reviewers had high levels of agreement.

In summary, this study demonstrates that ADEs were
surprisingly common in ambulatory pediatrics despite rel-
atively simple pediatric medication regimens. Fortunately,
most of the ADEs were of low severity, but given their
frequency they result in substantial morbidity. The epide-
miology of preventable ADEs appears distinct from other
settings because they occurred most frequently at the
drug administration stage. Improved communication be-
tween pediatric providers and parents appears to have par-
ticularly strong potential as prevention strategies.

ACKNOWLEDGMENTS

We thank the 6 office practices, their pediatric health care providers,

and their patients for participating in this study. This study was supported

by a grant from The Agency for Health Care Research and Quality, Rock-

ville, Md. (Grant #5 P01 HS11534-04).

REFERENCES

1. Institute of Medicine. To Err Is Human. Building a Safer Health Sys-

tem. Kohn LT, Corrigan JM, Donaldson MS, eds. Washington, DC:

National Academy Press; 1999.

2. Brennan TA, Leape LL, Laird NM, et al. Incidence of adverse events

and negligence in hospitalized patients. Results of the Harvard

Medical Practice Study I. N Engl J Med. 1991;324:370–376.

3. 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;324:377–384.

4. Thomas EJ, Studdert DM, Burstin HR, et al. Incidence and types of

adverse events and negligent care in Utah and Colorado. Med Care.

2000;38:261–271.

5. 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.

6. Kaushal R, Bates DW, Landrigan C, et al. Medication errors and ad-

verse drug events in pediatric inpatients. JAMA. 2001;285:2114–2120.

7. Gandhi TK, Weingart SN, Borus J, et al. Adverse drug events in am-

bulatory care. N Engl J Med. 2003;348:1556–1564.

8. Kaushal R, Jaggi T, Walsh K, et al. Pediatric medication errors: what

do we know? What gaps remain? Ambul Pediatr. 2004;4:73–81.

9. Walsh KE, Kaushal R, Chessare JB. How to avoid paediatric medica-

tion errors: a user’s guide to the literature. Arch Dis Child. 2005;90:

698–702.

10. Bates DW, Kaushal R, Keohane C, Cook EF. Center of Excellence for

Patient Safety Research and Practice Terminology Training Manual.

Available at: http://www.coesafety.bwh.harvard.edu/resourcesPages/

Training%20Manual_V1.0.pdf. Accessed August 10, 2007.

11. Bates DW, Leape LL, Cullen DJ, et al. Effect of computerized physi-

cian order entry and a team intervention on prevention of serious med-

ication errors. JAMA. 1998;280:1311–1316.

12. Bates DW, Teich JM, Lee J, et al. The impact of computerized physi-

cian order entry on medication error prevention. J Am Med Inform

Assoc. 1999;6:313–321.

13. McPhillips HA, Stille CJ, Smith D, et al. Potential medication dosing

errors in outpatient pediatrics. J Pediatr. 2005;147:761–767.

http://www.coesafety.bwh.harvard.edu/resourcesPages/Training%20Manual_V1.0.pdf
http://www.coesafety.bwh.harvard.edu/resourcesPages/Training%20Manual_V1.0.pdf


AMBULATORY PEDIATRICS Pediatric ADEs 389
14. Arnhold RG, Adebonojo FO, Callas ER, et al. Patients and prescrip-

tions. Comprehension and compliance with medical instructions in

a suburban pediatric practice. Clin Pediatr (Phila). 1970;9:648–651.

15. McMahon SR, Rimsza ME, Bay RC. Parents can dose liquid medica-

tion accurately. Pediatrics. 1997;100:330–333.

16. Yu SM, Huang ZJ, Schwalberg RH, Nyman RM. Parental English

proficiency and children’s health services access. Am J Public Health.

2006;96:1449–1455.
17. Zun LS, Sadoun T, Downey L. English-language competency of self-

declared English-speaking Hispanic patients using written tests of

health literacy. J Natl Med Assoc. 2006;98:912–917.

18. Nielsen-Bohlman L, Panzer A, Kindig D. Health Literacy: A Prescrip-

tion to End Confusion. Washington, DC: Institute of Medicine; 2004.

19. Kuperman GJ, Sussman A, Schneider LI, et al. Towards improving

the accuracy of the clinical database: allowing outpatients to review

their computerized data. Proc AMIA Symp. 1998;220–224.


	Adverse Drug Events in Pediatric Outpatients
	Methods
	Definitions
	Office Practices and Physicians
	Patients
	Data Collection
	Demographic Data
	ADE Classification
	Statistical Analysis

	Results
	Rates of Prescriptions and Survey Responses
	Rates of ADEs
	Types of ADEs
	Drugs Associated With ADEs
	Amelioration of ADEs
	Strategies to Prevent Errors That Result in Preventable ADEs

	Discussion
	References


