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Abstract: Iatrogenic errors producing serious and often preventable injury occur frequently in hospi-
talized patients, particularly in children. Little is known about the epidemiology of analgesic medication
errors in patients being discharged from the hospital. The goal of this study was to describe the
epidemiology of controlled substance prescription errors by physicians-in-training for children being
discharged from the hospital. We conducted a prospective, observational study of the analgesic prescrip-
tions and discharge forms of 241 pediatric patients discharged from a Children’s Center of a major urban
teaching hospital from November 2003 to April 2004. All patients who were actively followed by the
Pediatric Pain Service at the time of their discharge and were discharged with an analgesic prescription
were included in the study. Primary outcome variables were the percentage of prescriptions that con-
tained at least 1 medication error or potential adverse drug event. Errors were defined using the Institute
for Safe Medication Practices’ (ISMP) List of Error-Prone Abbreviations, Symbols, and Dose Designations,
literature review, expert panel consensus, and the Johns Hopkins Department of Pharmacy hospital
formulary. Two hundred forty-one patients who received 314 prescriptions were included in this study.
Prescription errors were common; 257 of 314 (82%) of the prescriptions examined contained 1 or more
errors. The most common errors were missing or wrong patient weight (n � 127, 77%), incomplete
dispensing information (n � 167, 53%), and no or wrong date on prescription (n � 19, 6%). Nine
prescriptions (2.9%) had the potential for significant medical injury and were considered potential
adverse drug events. Discharge prescription errors for children requiring potent, opioid analgesic drugs in
the management of pain are common, and nearly 3% could cause significant harm. The high rate of
prescribing errors highlights the importance of developing, testing and implementing effective error-
prevention strategies, especially in high-risk medications such as narcotics.
Perspective: Narcotic prescriptions written by trainees at discharge from a pediatric hospital are
error prone and nearly 3% have the potential to cause significant harm. With a low therapeutic profile,
the hospital may consider a review/verification process to reduce the risk of patient harm.
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161Lee et al
atrogenic errors producing serious and often prevent-
able injury occur frequently in hospitalized patients.3

The landmark 1999 report by the Institute of Medicine
To Err is Human,” estimated that iatrogenic injury re-
ults in 44,000 to 98,000 preventable deaths in the
nited States each year.9 Although there has been some

ontroversy about the accuracy of these estimates, many
tudies have found that hospitalized patients commonly
ave adverse events related to medical therapy and that
any of these injuries are preventable.1-3,12 Medication

rrors are the most common type of iatrogenic errors.12

hildren have a 3-fold greater risk of having a potentially
armful medication error than adults and are more likely
o be harmed.7 In children, drug doses are usually calcu-
ated individually on the basis of age, weight, and clinical
ondition, and the difference between therapeutic and
oxic drug levels is smaller than for adults. Additionally,
oung children, and newborn infants in particular, often
ave less reserves than most adults to buffer errors, and
oung children have less developed communication skills
ith which to recognize or communicate potential mis-

akes or to describe signs of adverse effects.7,16,28

Medication errors can occur during drug ordering,
ranscribing, dispensing, administering, and monitoring.
ome studies estimate that most adverse drug events
ADEs) occur at the stage of prescription writing or drug
rdering (68% to 75%).23,27 These mistakes involve in-
orrect dosing or dose calculation, incorrect medication,
ailure to use “best prescription writing practice” (eg,
ecimal points, units, and abbreviations), handwriting

egibility, and dosage forms.6,27 Errors involving opioid
nalgesics are among the most pernicious. However, lit-
le is known about the epidemiology of analgesic medi-
ation errors in patients being discharged from the hos-
ital. In a recent study of the prevalence of potential
utpatient medication dosing errors in children from 3
ealth maintenance organizations, analgesic medica-
ions were the most likely to involve prescription over-
osage errors.18 The specific aim of this study was to
escribe the epidemiology of controlled substance pre-
cription errors and deviation from hospital “best prac-
ice” guidelines by physicians-in-training (who write all
he outpatient prescriptions in our institution) for chil-
ren being discharged from the hospital.

ethods

tudy Design and Patient Population
This prospective study was conducted by the Pediatric

ain Service at the Children’s Medical and Surgical Cen-
er of the Johns Hopkins Hospital, a major urban teach-
ng hospital with a socioeconomically diverse patient
opulation. The Johns Hopkins Hospital treats both adult
nd pediatric patients but has a geographically and ad-
inistratively distinct children’s hospital within the hos-
ital. This study was approved by the institutional review
oard and a waiver of informed consent was provided.
atients who were admitted to the Children’s Medical
nd Surgical Center of the Johns Hopkins Hospital and

ho received a consultation by the Pediatric Pain Service

W

ere studied on discharge from the hospital if they re-
eived a narcotic prescription written by their primary
ervice. Narcotic prescriptions were defined as United
tates Drug Enforcement Agency Class 2-5 drugs and in-
luded opioids and benzodiazepines.

utcome Variables
Our primary outcome variables were the percentage of

rescriptions that contained at least 1 prescribing medi-
ation error or potential adverse drug event. Prescribing
edication errors and “best practice” guidelines were

efined a priori, based on the Institute for Safe Medica-
ion Practices’ (ISMP) List of Error-Prone Abbreviations,
ymbols, and Dose Designations, a combination of liter-
ture review and expert panel consensus, and the Johns
opkins Medicine Department of Pharmacy hospital for-
ulary.6,22 Deviations from “best practice” guidelines
ere categorized as missing/omitted information, dos-

ng errors, incomplete information, and patient identifi-
ation errors (Table 1). The prescriptions were also re-
iewed to determine the severity of the deviations from
he a priori consensus-based guidelines (Table 2).17,25

he severity of the deviations was rated by the research-
rs (BHL) on a scale from 1 to 5 (with 1 � insignificant to
� severe), based on previously published guidelines,
hich were slightly modified for analysis of prescrip-

ions. Prescriptions containing multiple deviations were
ssigned a single severity score, determined by the most
ignificant deviation present. Prescriptions with severity
cores of 3 or greater were considered prescribing errors.
otential ADEs were defined as prescription orders that
ave the potential to result in significant medical injury if
he prescription were filled and the drug administered as
rdered by the health care provider.
A prescription that met “best practice” or safe pre-

cription writing guidelines contained no prescribing
edication errors and no error-prone abbreviations,

ymbols, or dose designations as defined by the Institute

able 1. Type of Prescription Errors
rong formulation is written.
rong dose of medication is written.
o weight or age (or birth date) recorded on the prescription
(or incorrect weight) in patients weighing �40 kg.

o information on dose/kg body weight (ie, mg of drug/kg of body
weight) for patients weighing �40 kg.

requency of the medication is significantly out of the range
commonly accepted without overdosing or underdosing (potential
lack of efficacy).

o date listed on the prescription.
edication is prescribed when there is likely the potential for an
allergic reaction.

llegible prescription.
llegible signature or printed name.

edication is prescribed to the wrong person or is in the wrong
chart.
rong instructions are given for a medication (eg, crush OxyContin
tablet).

rong medication is written.
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162 Assessing Controlled Substance Prescribing Errors in a Pediatric Teaching Hospital
or Safe Medication Practices. Rule violations (faulty
edication orders with little potential for harm or extra
ork as pharmacy and nursing staff can typically inter-
ret them correctly without additional clarification)
ere not considered medication errors. An example of a

ule violation is a pro re nata (PRN) order without a des-
gnation of the purpose of the medication. Medication
rrors and potential ADEs were reported as the percent-
ge of total prescriptions.

ethods of Data Collection and Analysis
The investigators photographed and photocopied the

nalgesic prescriptions and discharge forms of medical
nd surgical pediatric patients at the time of their hospi-
al discharge. The prescriptions were written by the pa-
ient’s primary medical or surgical service. All analgesic
rescriptions in our institution are written by trainees.
ata were collected from November 2003 to April 2004.
he data obtained represent a convenience sample of
atients and prescriptions that were discharged during
outine daytime hours when a member of the Pediatric
ain Treatment Service was available to collect prescrip-
ion and discharge information. Discharge analgesic pre-
criptions are routinely written by the patient’s primary
edical or surgical service and not by the pediatric pain

ervice. All discharge analgesic prescriptions selected for
nalysis were written by trainees from the patient’s pri-
ary service.
Neither the patient nor the physicians writing the pre-

criptions knew that discharge prescriptions were being
tudied. To minimize bias, clinicians writing the prescrip-
ions were not informed of the study. To remain compli-
nt with the Health Insurance Portability and Account-
bility Act of 1996 (HIPAA), only patients who had
reviously been consulted by the Pediatric Pain Service
ere studied. The Pediatric Pain Service rewrote any pre-

criptions that contained errors that would be consid-
red potential ADEs.
The unit of analysis for this study was the analgesic
rescription written by the health care provider. We
resent descriptive statistics for the percent of prescrip-
ions that contained at least 1 prescribing error and/or

able 2. Severity Categories of Prescribing Med
� Severe: Medication with low therapeutic index written for �

associated with severe or fatal reactions. The dose
� Serious: Medication with a low therapeutic index 4 to 10 t

medication or route prescribed with potential fo
produce a serious reaction.

� Significant: Medication with a low therapeutic index 1.5 to 4
normal with potential for an adverse effect rela
Illegible such that error could result in adverse e

� Problem: Lacks specific drug, dose, strength, formulation, ro
reaction. Prescription unlikely to be filled due to

� Insignificant: Prescriptions assigned an error that is likely to be fi
� No medication error detected.

Adapted from “Prescription Writing Errors in the Pediatric Emergency Departmen
otential adverse drug event. There were some patients †
ho were discharged with multiple analgesic prescrip-
ions, and these prescriptions were analyzed indepen-
ently. In the descriptive analysis of error type, categor-

cal variables were summarized as frequencies.

esults

opulation
There were 453 inpatients at the Children’s Medical

nd Surgical Center with a Pediatric Pain Service consul-
ation during the study period, and data were obtained
or analysis in 241 (53%) of these patients. Prescriptions
or analysis were not available in 212 patients because
hese patients were discharged from the hospital at a
ime that the study investigators were unavailable. De-
ographic data are seen in Table 3. Nineteen percent of

atients were younger than 4 years and 56% were 12
ears of age or younger. All of the patients were dis-
harged home on opioid therapy and 5% were given
onsteroidal anti-inflammatory drugs (NSAIDs). Sixty-
wo patients (26%) were discharged on 2 or more anal-
esic prescriptions.

rescriptions
There were 314 analgesic prescriptions analyzed dur-

ng the study period. The median number of prescrip-

able 3. Demographic Data (Patients, n � 241)
o. of prescriptions by age

(n � 314)
0–3 y 60 (19%)
4–12 y 115 (37%)
�12 y 139 (44%)
eight (kg)* 37 � 22 (range, 4–116)

ex, M:F M � 135 (56%): F � 106 (44%)
ength of admission (d)* 4.6 � 4 (range, 1–44)
o. of rule violations/prescription† 2 (range, 0–7)
o. of deviations from Best

Practice Prescribing
Guidelines/Prescription†

1 (range, 0–9)

Values are mean � SD.

tion Errors*
es the normal dose, or the potential result of a pharmacological effect

he potential for a severe life-threatening reaction in the patient.
the normal dose, or potential for serious toxic reaction. Wrong
ous reaction. Prescription illegible such that an error in filling could

the normal dose. Dose of any medication more than 5 times
the dose. Dose or duration inadequate for therapeutic effect.
or treatment failure.

or frequency. Dose 5 times normal without the potential for toxic
re of or missing information.
ithout the potential for significant side effects or treatment failure.

h minor changes focusing on applicability for narcotic prescriptions only.14
ica
10 tim
has t

imes
r seri

times
ted to
ffects
ute,
natu
lled w
Values are median.
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163Lee et al
ions written per patient was 1 (range, 1 to 5), and 95%
f the prescriptions were written by surgical services. The
ajority of prescriptions were written by the Pediatric
rthopedic service (n � 171, 55%), followed by the Pe-
iatric Urology service (n � 48, 15%), Plastic Surgery ser-
ice (n � 33, 11%), and the General Pediatric Surgery
ervice (n � 32, 10%). The vast majority of the prescrip-
ions written were for Schedule II opioid analgesics or
ombination drugs containing opioid analgesics (91%).
he most common drug prescribed for use at discharge
as oxycodone (n � 236, 75%).

eviations From Best Practice
Prescriptions that deviated from “best practice” guide-

ines were very common; 257 of 314 (82%) of the pre-
criptions contained 1 or more such deviations. The most
ommon issues were missing or wrong patient weight
n � 127, 77% of 166 patients with �40 kg body weight
ad no weight or an incorrect weight noted on prescrip-
ion), incomplete dispensing information (n � 167, 53%),
nd no or wrong date on prescription (n � 19, 6%)
Table 4). The median number of deviations from “best
ractice” guidelines/prescription was 1 (range, 0 to 9),
nd many prescriptions (n � 120, 38%) contained 2 or
ore deviations (Table 5). Most of the deviations were

nsignificant or minor (77%) (Fig 1); however, 16 pre-
criptions (5%) contained severity scores of 3 or greater.

evere Errors
Nine prescriptions (2.9%) contained prescribing errors
ith the potential for significant medical injury and
ere considered potential ADEs. These included the fol-

owing: inappropriate administration instructions of a
ustained-release opioid formulation (n � 1), inappropri-
te dosing frequency (n � 7), and a 10-fold dosing error
f opioid for the patient’s weight (n � 1). In the case of
he sustained-release opioid prescription, the prescrib-
ng administration instructions involved crushing the sus-
ained-release product, which may have led to an inap-
ropriately high concentration of the drug leading to
espiratory depression and potential injury. In 7 of the

able 4. Types of Prescribing Medication
rrors*

ERROR TYPE

MEDICATION ERRORS

(N � 374)

ose 16 (4.3%)
requency 12 (3.2%)
oute of administration 13 (3.5%)
issing or wrong weight (n � 166)† 127 (77%)
o or wrong date 19 (5%)

llegible script 7 (1.9%)
ncomplete dispensing information 167 (45%)
ncomplete patient identification 10 (2.7%)
ncorrect administration instructions 3 (0.8%)

Values are expressed as number (percentage).

n � 166, which is the number of prescriptions for patients �40 kg body

eight requiring weight-based dosing to be noted on prescription. s
rescriptions, an inappropriate administration fre-
uency of a combined product of acetaminophen/opioid
ould have resulted in exceeding the recommended
aily intake of acetaminophen and potential liver toxic-

ty. One prescription contained a dosing error in which
0-fold the recommended dose/age was prescribed (in

able 5. Rule Violations, Prescribing
edication Errors, and Potential Adverse
rug Events (n � 314)

ULE VIOLATIONS

NO. OF RULE VIOLATIONS PER PRESCRIPTION NO. OF PRESCRIPTIONS

0 19 (6.1%)
1 136 (43%)
2 135 (43%)
3 24 (7.6%)

RESCRIBING MEDICATION ERRORS

NO. OF PRESCRIBING MEDICATION ERRORS

PER PRESCRIPTION NO. OF PRESCRIPTIONS

0 58 (19%)
1 136 (43%)
2 78 (25%)
3 39 (12%)
4 3 (1%)

OTENTIAL ADVERSE DRUG EVENTS

NO. OF POTENTIAL ADVERSE DRUG EVENTS

PER PRESCRIPTION NO. OF PRESCRIPTIONS

0 305 (97%)
1 9 (2.9%)

igure 1. Severity scores for prescribing errors and deviations
rom Best Practice Guidelines for Controlled Substances Pre-

criptions (n � 314).
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164 Assessing Controlled Substance Prescribing Errors in a Pediatric Teaching Hospital
n opioid-naive patient) that could have potentially led
o significant respiratory compromise and patient injury.
n the case of this prescription, the weight and age of the
atient were not recorded by the prescriber.
No weight or weight-based dosing was documented in

7% of prescriptions for patients weighing less than 40
g. In the vast majority of cases, the dose of the prescrip-
ion was appropriate for the patient’s age and weight,
nd there was no potential clinical significance. In pre-
criptions for patients requiring weight-based dosing
weight �40 kg) in which the patient’s weight was re-
orded (n � 50), the weight written on the prescription
as incorrect (compared with weight listed in the pa-

ient’s daily medication record administration nursing
ow sheet) in 6% of prescriptions (n � 3). In the case of
he prescription with a 10-fold dosing error, the patient’s
eight was not recorded on the prescription. An incor-

ect name or patient identifier was seen in 3.2% of pre-
criptions and discrepancies were seen between the drug
hat was written for the prescription and the drug listed
n the discharge form in 4.6% of patients. The quantity of
rug to be dispensed was not properly noted in 53% of
rescriptions analyzed.

iscussion
Our study demonstrated that analgesic discharge pre-

cription errors in children are common, and, in some
ases, could lead to harm. Many of the prescribing med-
cation errors resulted from incomplete information re-
arding weight-based dosing in infants and small chil-
ren. Other common errors involved lack of clear

nstructions regarding the quantity of drug to be dis-
ensed. There was also a disagreement between analge-
ic prescriptions that were given to families and those
oted on the discharge form in almost 5% of patients.
hereas most of the deviations from “best practice”

rescription writing principles were insignificant, of
ost concern, we discovered a small number of prescrip-

ions (2.9%) with the potential to cause significant in-
ury. These prescriptions contained errors that involved
osing miscalculations, the potential for overdose of an-
lgesic medications and toxic side effects, and inappro-
riate administration of a sustained-released form of an
nalgesic.
Our findings are similar to the results of Kaushal et al,7

hich showed a high rate of medication errors in pedi-
tric inpatients but low rates of serious adverse events.
s with previous in-patient studies, medication errors
ccur commonly at the stage of drug ordering and some
f these may be preventable with a computerized order
ntry program with clinical decision support.7,29 All of
he prescriptions analyzed in this study were written by
esidents and fellows in training and probably lacked an
ndependent review by an attending physician or phar-

acist who may have intercepted the error. Prescriptions
ritten by house staff have a high incidence of error and
rescription writing skills are often overlooked in resi-
ent education.4,18,19,26 In pediatric emergency medi-

ine, the prescription writing by a trainee has been asso- e
iated significantly with a higher risk for error.11 In adult
n-patient studies, the review of medication orders by
linical pharmacists has been shown to substantially re-
uce medication error.13 Whether the use of this re-
ource could reduce the risk of prescription writing er-
ors for outpatient pharmacy prescriptions was not
ssessed in this study.
Mistakes in pediatric prescriptions are predictable,

iven the current method of prescribing, and these er-
ors are particularly common and pernicious for analge-
ics.7,18 Accurate prescribing requires an accurate
eight, proper conversion of pounds to kilograms, and

he choice of an appropriate medication preparation
nd concentration. Drug dosing in pediatrics is calcu-
ated individually based on age, weight, and clinical con-
ition. Their small size limits the therapeutic window
nd makes children more vulnerable to dosing errors. In
ddition, when errors occur, young children have less
eveloped communication skills with which to recognize
r communicate potential mistakes or to describe signs
f adverse effects. Dosing errors for opioid analgesics is
f particular concern because these drugs have very nar-
ow therapeutic indexes and increasingly patients are
ischarged home even when they are still experiencing
oderate to severe pain. Indeed, overdosage can have

erious and even fatal consequences. Young children and
edically compromised children are at greatest risk. Un-

erdosage is also of concern. The failure to provide ade-
uate analgesia can have serious consequences and re-
ult in unnecessary suffering.
For each error, there are generally multiple underlying

atent or system factors (ie, organizational vulnerabili-
ies) that allow for the mistake.24 Our study demon-
trated this principle. For example, if the error is the
rescription of the wrong dose of a medication, under-

ying system vulnerabilities might include conventions
or identifying weight or age, a protocol for writing the
ose per kilogram, and a protocol for printing the pre-
criber’s name as well as his/her signature. Significant
mprovements in patient safety will not come from blam-
ng clinicians but by mitigating system vulnerabilities,

any of which will be invisible in the absence of a thor-
ugh investigation.21

The high rate of medication errors highlights the im-
ortance of developing, testing, and implementing ef-
ective error-prevention strategies. The Institute of Med-
cine has identified computerization of medication
rescribing as an important patient safety strategy.9

any of the commercially available computerized pro-
ider order entry (CPOE) programs do not currently pro-
ide weight- and age-based dosage decision support and
o not contain mechanisms to alert physicians to poten-
ial overdosing and underdosing. Even if they do, the
mpact of CPOE on medication errors is uncertain.5,10

evertheless, principles from safety sciences should
uide the development of safety systems. These include
tandardizing the prescription process, creating inde-
endent checks for key steps in the process, and learning
rom mistakes when they occur.20 Based on our experi-

nce with error reduction through CPOE in total paren-
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165Lee et al
eral nutrition, chemotherapy, and continuous medica-
ion infusions, we have developed a computer-based
ontrolled substances prescription writing program that
s linked to the hospital’s patient demographic database
nd contains weight-based dosing and decision manage-
ent to reduce the potential for errors.8,14,15 Extensive

-testing is currently underway.
Our study has several potential limitations. We do not
ave data for patients followed by the Pediatric Pain
ervice who were discharged home at nights and on
eekends and in whom prescriptions were not obtained

or analysis. Because these times are usually associated
ith less supervision, our results may underestimate the
ctual error rate that occurs. Additionally, we only in-
luded patients who received a pain consultation, and
hese patients may represent more complex patients and
ay potentially be at a higher risk for error. Second, we
o not know what, if any, level of supervision occurred
uring house staff discharge prescription writing and
ow many errors were detected before placing prescrip-
ions on patient charts. Third, our definition of “best
ractice” guidelines and errors may have misclassified
rescriptions as error-prone prone that may seldom if
ver result in true errors, potentially introducing bias.
tudy investigators analyzed prescriptions for errors and
eviations from “best practice” guidelines using pre-
efined criteria; however, there is no consensus in the

iterature as to the definition of an error. For example, is
he failure to write a patient’s weight and/or age an
rror? Because our institutional policy on inpatient med-
cation orders requires a patient’s weight and/or date of
irth as well as weight-based dosing (mg/kg) of medica-
ions on all medication orders for pediatric patients, we
ncluded the omission of weight and or age as a devia-
ion from “best practice” guidelines for pediatric pa-
ients.4 It is the authors’ opinion that the widespread
iolation of “best practice” guidelines creates the envi-

onment in which potentially fatal prescribing errors i

. Han YY, Carcillo JA, Venkataraman ST, Clark RS,
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ay occur. Characteristics of high reliability organiza-
ions are the following: safety as the highest priority, a
reoccupation with failure and its consequences, an
pen environment for discussing/disclosing error, and an
mphasis (obsession) with creating an error-free envi-
onment. This study emphasizes not only the potential
DEs but stresses the high number of error-prone devi-
tions that occur in prescription writing. Finally, our
tudy is limited to house staff prescribing practices at a
eaching hospital and may not be generalizable to hos-
itals without postgraduate medical trainees.
In conclusion, discharge prescription errors for children

equiring potent narcotic drugs in the management of
ain are common and some were potentially life-threat-
ning. Efforts to reduce these errors are an important
esearch priority. Until the development of computer-
zed prescription writing with weight-based dosing to
educe errors is available, health care providers and par-
nts need to be vigilant about medications prescribed,
articularly in the youngest and smallest patients.
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