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Purpose. Risks and vulnerabilities of the medication-use process in
nonpediatric institutions that also serve pediatric patients are reviewed,
and guidance on risk mitigation strategies is provided.

Summary. There are many risks and vulnerabilities in the medication-use
process as it relates to pharmacotherapy for pediatric patients admitted to
adult institutions. Mitigation of these risks is critical and should encompass
various available resources and strategies. Special emphasis should be
placed on use of technology to improve overall safety. Available literature
recommends optimization of technology and resource use, institutional
support for pediatric pharmacists’ involvement in managing pediatric
medication use, and provision of early exposure to pediatric patients in
pharmacist training programs as additional methods of mitigating risks
associated with pediatric medication use in adult institutions. Adult
hospitals that provide care for pediatric patients should assess their
processes in order to identify hospital-specific interventions to promote
pediatric medication safety.

Conclusion. Pediatric medication safety frameworks in U.S. adult insti-
tutions vary widely. Treating pediatric patients involves risks in all areas
of the medication-use process. Optimizing technology, utilizing external
resources, supporting a pediatric pharmacist, and providing early-career
exposure to pediatric patients are methods to mitigate risks in institutions

that primarily serve adult patients.
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Pediatric patients are at increased
risk for medication errors and are
at increased risk for harm due to these
errors. The rate of medication errors
resulting in harm or death in children
is higher than the rate in adults (31%
and 13%, respectively)."? Additionally,
medication errors not causing harm
occur 3 times more frequently in chil-
dren than in adults.® Although most re-
ported errors in pediatric patients are
similar to those encountered in adults,
errors occurring in general acute care
hospitals tend to result in higher levels
of harm than those occurring in pedi-
atric hospitals.* Commonly reported
errors in children and adults include
use of an inappropriate medication for
a given disease state, an incorrect dose
or treatment interval, a lack of drug
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therapy monitoring, and an incorrect
route of administration.! Specific med-
ication errors most commonly reported
in pediatrics involve dosing, with errors
stemming from calculated doses and
dosing intervals'-**; this can be attrib-
uted to the need for individualized
dosing calculations based on weight,
age, or body surface area and clinical
indication. A survey-based study of the
use of various safety measures by pedi-
atric practitioners in an adult hospital
identified common gaps in aspects of
care such as documentation of mg/kg
dosing and maximum dosing, use of a
pediatric pharmacist, use of a pediatric
medication safety committee, and use
of computerized provider order entry
(CPOE) for weight-based dosing in the
emergency department (ED).°
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With over 200 pediatric hospitals in
the United States and hundreds more
in other countries, the numbers of
medical care facilities for children have
grown over the past several decades.
However, many adult institutions still
serve pediatric patients with acute care
and surgical needs. These institutions
may not have several of the safeguards
available at pediatric institutions, such
as providers trained in the complexities
of pediatric patients, access to 24-hour
pharmacy services, and pediatric-
based order sets, policies, and proto-
cols. The dual purpose of this article is
to identify the risks and vulnerabilities
of the medication-use process in adult
institutions that serve pediatric pa-
tients and to provide advice on how to
mitigate these risks, with a special em-
phasis on the use of technology. The
article concludes with a listing of re-
sources available to assist pharmacists
in caring for pediatric patients in a pri-
marily adult-focused setting.

Adult institutions that also serve
pediatric patients should take extra
precautions to meet the safety needs
of pediatric patients. Consider the fol-
lowing example: You are the only phar-
macist working in a small hospital
when a mother arrives to the ED with
a toddler in status epilepticus. The ED
physician orders rectal diazepam, but
this is a nonformulary medication and
is not a stocked in the pharmacy. The
physician asks for an alternative, and
you recommend a dose of iv. loraz-
epam. The physician asks you to deter-
mine an appropriate dose and enter a
(verbally approved) order in the CPOE
system. You quickly look up the dose
using an online reference and start to
enter the order. However, there is only
an adult order set available in the elec-
tronic medical record (EMR). You must
enter the order by manipulating the
adult order set or by entering a free-
text order. You triple check the dose
and preparation and take the dose to
the ED. You check the dose and cal-
culations with the nurse. She begins
to administer the dose according to
your recommendation, via a slow
push, because no i.v. pumps that will
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KEY POINTS

¢ Pediatric medication safety
frameworks in U.S. adult insti-
tutions vary widely.

¢ Treating pediatric patients in-
volves risks in all areas of the
medication-use process.

e Optimizing technology, utilizing
external resources, supporting
a pediatric pharmacist, and pro-
viding early exposure to the pe-
diatric population in pharmacist
training are methods to mitigate
risks in caring for the pediatric
population in institutions that
primarily serve adult patients.

accommodate the small dose and in-
fusion rate are available. A few minutes
later the seizure stops, and the patient
is prepared for transfer to a pediatric
hospital that is 75 miles away. This sce-
nario may occur with some frequency,
and each time there is a risk of errors in
the care of a pediatric patient.

Risks and vulnerabilities of
the pediatric medication-use
process

From procurement to monitoring,
the medication-use process as it ap-
plies to pediatric patients is unique due
to the increased risks and vulnerabil-
ities of this patient population (Figure
1). It has been shown that medication
errors occur during all stages of the
medication-use process.” Pediatric pa-
tients have less tolerance for errors,
and certain types of medications are
more likely than others to be involved
in errors in pediatric settings, specif-
ically i.v. fluids, analgesics, and anti-
biotics.® In 2015, the Institute for Safe
Medication Practices (ISMP) high-
lighted safety concerns stemming from
pediatric medication use in primarily
adult institutions through the results
of a survey assessing pediatric medica-
tion safety practices.’ This survey high-
lighted the increased compliance with
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error prevention strategies in pediatric
hospitals versus adult hospitals that
care for pediatric patients, including
differences in perceptions of compli-
ance with these strategies by healthcare
discipline. Creating a culture that fo-
cuses on patient safety for all patients is
paramount to optimal care.

Procurement and formulary
management. Adult hospitals may
not have pediatric medications or sup-
plies on the formulary or stocked in
the pharmacy. Additionally, having a
pediatric-trained pharmacist involved
in formulary and drug policy decisions
is not always possible. Both of these
issues can present challenges, as pe-
diatric patients often require specific
medications and supplies.

The off-label use of medications in
pediatric patients is necessary and can
be challenging. The American Academy
of Pediatrics (AAP) published a position
statement on off-label medication use."
Some institutions regard off-label use of
medications as incorrect, illegal, or only
for investigational purposes. However,
off-label use of medications, especially
in pediatrics, is not only appropriate
but is often necessary. Clinical decision
making guided by available evidence
is of utmost importance in treating pe-
diatric patients, because the labeling
of most drugs does not specify pedi-
atric indications and dosing guidance.
Since large clinical drug trials are often
not conducted in pediatric popula-
tions, practice is often guided by case
reports and expert opinion. Off-label
use of medications is not considered in-
vestigational and thus does not require
informed consent documentation un-
less it is part of an investigational study.
Therefore, while providers should in-
form patients and families of the ge-
neral risks and benefits of off-label
medication use, off-label use does
not require formal informed consent.
Additionally, formulary management
decisions should not be based solely on
whether an agent is to be used for FDA-
approved versus off-label indications
in pediatric patients. Likewise, medi-
cations considered first-line agents for
treating adults should not instinctively
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Figure 1. The medication-use process and pediatric risk considerations.
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be considered first-line agents for pedi-
atric indications. In times of drug short-
ages, the off-label use of medications in
pediatric patients should be considered.

Drug shortages are a challenge for
all institutions and patients but can
pose specific challenges in treatment
of pediatric patients. Some hospitals
may use outsourced products, such as
prefilled syringes, with extended dating
and specific markings for pediatric use,
which can be advantageous for these
institutions. If pediatric preparations
become unavailable, a pharmacy may
need to begin compounding these
products, leading to increased risks
related to nonstandard processes and
multistep dilutions and compounding.

Supplies can also pose a chal-
lenge for adult institutions providing
care for pediatric patients. The Joint
Commission, in conjunction with the
National Pediatric Readiness Project,
is developing requirements to include
equipment and medications that may be
necessary for proper resizing of resus-
citation equipment and weight-based
dosing for pediatric emergencies."
These requirements will allow an orga-
nization to determine the types of pedi-
atric equipment and supplies needed for
its ED on the basis of historical data and
discussions with emergency medical
services in the community. AAP pub-
lished a policy statement with recom-
mendations for ED care for pediatric
patients to decrease medication-related

errors in this high-risk area.'* These re-
commendations include implementing
standardized formularies and con-
centrations; using an ED pharmacist;
advocating for pediatric medication
safety training in medical, nursing, and
pharmacy curricula; and decreasing
medication errors in the home.
Medication reconciliation. It
has become a standard that medication
reconciliation is completed for each
patient at admission and discharge. In
2005, the Joint Commission identified
inpatient medication reconciliation as
a National Patient Safety Goal, stating
that hospitals should be required to be
compliant with medication reconcilia-
tion practices for each patient in order
to resolve any discrepancies. These dis-
crepancies can occur on admission,
transfer, or discharge. A prospective
chart review-based study focused on
medication discrepancies in children
that were caught by a pharmacist at the
time of hospital discharge and the po-
tential severity of the errors.” Of the 501
discharge medication orders reviewed,
20% were found to have discrepan-
cies, with the records of 33% of patients
having at least 1 discrepancy. These
discrepancies were classified as having
minor to moderate harm potential,
with the most common discrepancies
involving directions for use, incorrect
dosage form, omitted medications, and
medications no longer being indicated.
An observational study described the
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rate, types, timing, and predictors of
medication discrepancies in children
and young adults with chronic disease
at a pediatric hospital.'"* Ten percent of
the medication reconciliation errors
had the potential for harm, and almost
half were due to errors in obtaining
a preadmission medication history.
The most frequent errors were dosing-
related errors on admission, including
incorrect dose, incorrect frequency, and
drug omission errors, which occurred
in 45%, 40%, and 26% of admissions,
respectively. The respiratory, meta-
bolic, and endocrine drug classes were
shown to pose the highest potential risk
of causing harm. In addition, Kaushal
et al.® reviewed 10,778 pediatric inpa-
tient medication orders and reported
that 6% of orders contained errors, with
28% containing a dosing error. The drug
classes most commonly involved in
medication errors were antiinfectives,
analgesics and sedatives, electrolytes
and fluids, and bronchodilators.

The errors identified during or re-
sulting from medication reconciliation
for pediatric patients often result from
challenges that may be unique to pe-
diatrics. Oftentimes patients and fam-
ilies know their doses in volumes of
liquids versus microgram or milligram
doses. Additionally, if the patient re-
ceives a liquid formulation at home,
the formulation and/or compounding
information may not be available.
Many outpatient pharmacies develop
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individualized compounding recipes,
and a lack of standard concentrations
makes reconciliation of home medica-
tions and matching with formulary op-
tions difficult. Frequent dosing changes
during use of certain medications, such
as antiepileptics, present additional
challenges.

In addition to medications, it is re-
commended that vaccination status
be included in the reconciliation pro-
cess. Access to this information is dif-
ficult even for adult patients, but many
more vaccines are indicated over the
long course of pediatric care, adding
to the complexity of obtaining an ac-
curate history. Furthermore, children’s
immunization histories often reside in
the records of individual caregivers and
may not appear in a consolidated med-
ical record. A clear picture of the status
of pediatric patients’ stages of vaccina-
tion completion should be considered,
especially in the face of specific disease
states such as asplenia, sickle cell di-
sease, and Kawasaki disease.

In many hospitals, both pediatric
and adult facilities, pharmacists do
not routinely perform medication his-
tories upon admission. Commonly,
nurses and providers are charged
with completing medication histories
with patients and caregivers; because
nonpharmacist caregivers may not
have a clear understanding of med-
ication doses and formulations, this
practice increases the risk of medica-
tion errors. It is a best practice to have
members of the pharmacy workforce
involved in medication reconciliation
in adult care settings, and this prac-
tice should be extended to pediatric
patients as well. If resources to enable
pharmacist-initiated medication his-
tories for all patients are not available,
some hospitals ensure that all patients
admitted through the ED have medi-
cation histories completed by a phar-
macy technician, pharmacy intern, or
pharmacist to improve history-taking
accuracy.

Ordering. Selecting the correct
dose—one of the quintessential steps
in placing a medication order—is espe-
cially challenging in pediatrics. In the
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treatment of pediatric disease states,
appropriate doses of many medications
are not known and special attention to
detail is required to devise a dosing
regimen based on limited available ev-
idence. Common calculation errors,
which can have more serious effects in
pediatric versus adult patients, include
unit conversion errors, miscalculation
of body surface area, incorrect drip rate
calculations, and weight-based errors
(e.g., calculating on the basis of dry
versus actual weight, expressing weight
as pounds instead of kilograms, per-
forming calculations in the absence of a
documented weight value). It is a med-
ication safety best practice to require
that dose amounts always be specified
in prescriptions and inpatient orders
using a leading zero before a decimal
point (e.g., 0.5 mg, not .5 mg), with no
trailing zero after a decimal point (e.g.
5 mg, not 5.0 mg), as recommended by
the National Council for Prescription
Drug Programs.’”® The use of tall-man
lettering to prevent sound-alike, look-a-
like errors is also recommended. These
practices have been supported for pe-
diatric and adult medication safety by
many professional and patient safety
organizations, such as ISMP, FDA, the
Joint Commission, and the National
Coordinating Council for Medication
Error Reporting and Prevention. In ad-
dition, many drugs lack FDA-approved
pediatric indications and dosing guide-
lines, which presents an added layer of
risk in ordering medication regimens
and results in the significant differ-
ence in the frequency of ordering errors
in pediatrics versus adult medicine;
a study of error reports submitted to
U.S. national databases indicated fre-
quencies of 47% and 28%, respectively.'

Use of a reputable pediatric dosing
reference is important, as an incorrect
dose could have serious adverse effects.
One specific scenario in which appro-
priate use of dosing references is vital
is treatment of patients with reduced
kidney function. Commonly used
equations for estimating glomerular fil-
tration rate (GFR) in adults include the
Cockcroft-Gault and Modification of
Diet in Renal Disease study equations.
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However, these equations should not
be used in pediatrics due to their ten-
dency to overestimate GFR. Commonly
used formulas in pediatrics include
the Schwartz, Leger, Bedside Chronic
Kidney Disease in Children (CKiD),
and Counahan-Barratt equations.'®
Applying the correct formula for spe-
cific age ranges is necessary for imple-
mentation of renal dosing adjustments
listed in a pediatric drug reference.

While dosingreferences are valuable,
users of those references must know how
pediatric patients are categorized by age
and when a patient is no longer con-
sidered a pediatric patient. The child’s
age and stage of development may dic-
tate appropriate dosing according to
age-related pharmacokinetics.

Rounding of doses in pediatric pa-
tients is often necessary to ensure that
the dose volume is measurable. For
example, if the concentration of a sus-
pension is 30 mg/mL and an order is
written for 29 mg, the resulting dose
volume is 0.967 mL. This dose should
be rounded to 30 mg, resulting in a
dose volume of 1 mL, which can easily
be measured by pharmacy staff as well
as caregivers at home. Pharmacists are
well positioned to ensure that dose
rounding is performed as necessary be-
cause they are the health professionals
most familiar with drug formulations
and concentrations.

With increasing numbers of over-
weight and obese pediatric patients, it
is also important to take the patient’s
weight and puberty stage into account
when selecting medication dosing re-
gimens. It has been reported that ap-
proximately one-third of pediatric
patients in the United States are con-
sidered overweight or obese, although
the prevalence of obesity appears to be
plateauing.'” The Pediatric Pharmacy
Advocacy Group (PPAG) issued a posi-
tion statement with recommendations
for dosing of medications in overweight
and obese children.’® Clinicians should
continue to use weight-based dosing for
patients weighing at least 40 kg unless
the dose or dose per day exceeds the re-
commended adult dose for the indica-
tion. Pharmacists practicing in adultand
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pediatric pharmacy should be familiar
with dosing regimens for adult patients
to ensure that maximum doses are not
exceeded. Additionally, pharmacoki-
netic monitoring should be performed,
when available, to guide dose adjust-
ments in overweight or obese children in
order to ensure safe and effective medi-
cation dosing. Considerations related to
drug properties (e.g., lipophilic versus
hydrophilic, volume of distribution)
and recommendations on which weight
value to use for weight-based dosing
(i.e., total body weight, adjusted body
weight, ideal body weight, or lean body
weight) should be taken into account.”

Drug dosing references often rec-
ommend dosing regimens using dif-
ferent formats (e.g., “mg/kg/day divided
into 3 doses” versus “mg/kg/dose
every 8 hours,” “micrograms/kg/min”
versus “micrograms/kg/hour”). Other
common errors in misreading dosing re-
commendations can occur due to a lack
of familiarity with drug product availa-
bility, including various concentrations,
formulations, and strengths. If these de-
tails are overlooked by the ordering pro-
vider, dosing errors can occur.

The ordering and prescribing stage
of the pediatric medication-use pro-
cess has been shown to be the stage
most vulnerable to medication errors.*
Many pediatrics professional organi-
zations support the use of CPOE with
clinical decision support to target or-
dering and/or prescribing errors. Use
of CPOE has been shown to decrease
medication-related errors in pediatric
inpatients by up to 97%."* However,
there are reports of unintended con-
sequences of CPOE, namely juxtaposi-
tion errors (e.g., choosing the incorrect
medication from a drop-down list), de-
lays in administration of appropriate
therapy, and disruptions in workflow.*
Additionally, there is conflicting in-
formation regarding whether there
has been an increase or a decrease in
medication error-associated mortality
in pediatrics after CPOE implementa-
tion.?* If CPOE is to be implemented at
an institution, proper development and
implementation, including pediatric
applications, are paramount.

Preparation, dispensing, and
administration. Another significant
challenge in caring for pediatric pa-
tients in any institution is a lack of
available dosage forms to allow for ap-
propriate administration. Common
alterations to current dosage forms in-
clude cutting tablets for partial doses,
opening capsules and adding the con-
tents to a food or beverage, and use of
i.v. formulations for oral administra-
tion. However, there are several con-
cerns when altering adult formulations
for pediatric use, including insufficient
data to support the practice, unknown
bioavailability, extemporaneous com-
pounding errors, and unclear beyond-
use dating.

In recent years, manufacturers have
begun marketing previously unavail-
able liquid dosage forms of medica-
tions whose use required pharmacies
to compound oral liquid extempora-
neous preparations. Examples of com-
mercially available liquid formulations
that were previously compounded for
use in pediatrics include formulations
of sildenafil, enalapril, and sotalol. Use
of these newer commercial liquid drug
products is generally accompanied
by significant expense, which has left
pharmacists wondering whether they
should continue compounding the
medication to reduce the cost burden.
However, Section 503A of the Federal
Food, Drug, and Cosmetic Act states
that compounding a preparation that
is “essentially a copy of a commercially
available drug product” is generally not
allowed.”® The act states that exemp-
tions can be made and that “drug prod-
ucts can be compounded as customized
therapies for identified individual pa-
tients whose medical needs cannot be
met by commercially available drug
products.” This restriction ensures that
drug products are not compounded
for patients who could use a commer-
cially available product. Criteria for
deciding whether a drug product is “es-
sentially a copy” include the following:
the compounded drug has the same
active pharmaceutical ingredient (API)
or ingredients; the API(s) has the same,
a similar, or an easily substitutable
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dosage strength; and the commercially
available drug product can be used by
the same route of administration as that
prescribed for use of the compounded
drug. Additional criteria require that
the change made for an individual pa-
tient produces a significant difference
for that patient.

Adult hospitals may only have
premixed manufacturer-supplied i.v.
preparations available. Due to the con-
centrations of these premixed prod-
ucts, without dilution they provide a
volume too high for a pediatric dose.
For example, vancomycin injection is
available as a premixed product with a
concentration of 5 mg/mL. In order to
deliver a standard 15-mg/kg dose to a
7-kg infant with heart failure, a volume
of21 mLwould be used, but thatvolume
may potentially be inappropriate for
that infant. In this example, the total
maintenance volume for 1 day would
be around 700 mL, with vancomycin
potentially constituting 84 mL of that
volume. Total maintenance volumes
for pediatric patients must be evaluated
daily, much like maintenance volumes
for adult patients with heart or kid-
ney impairment. Additionally, insulin
dosing in infants and young children
can prove to be challenging. With com-
mercially available fast-acting insulin
formulated at 100 units/mL, the insulin
dose for a 3-kg infant must be prepared
by dilution to make a potential dose of
0.5 units measurable for safe adminis-
tration. Other medications associated
with a high risk of dilution or concen-
tration errors include i.v. and enteral
anticoagulants, antihypertensives, an-
algesics, and antibiotics.

Even if a pharmacy is equipped to
prepare pediatric concentrations from
commercially available concentrations,
providing a clinically appropriate and
measurable volume may require a multi-
step process, introducing an opportunity
for error at each step. For example, if a
concentration requires a serial dilution,
missing 1 step in the dilution may lead to
an overdose.

Precise dose measurement using
metric units and selection of an appro-
priate drug delivery device are crucial
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for the safe preparation and adminis-
tration of medications for pediatric pa-
tients in both inpatient and ambulatory
care settings. Use of the smallest-sized
syringe possible allows for accurate,
safe dosing of medications. Some adult
hospitals may not routinely stock 1-mL
or 5-mL syringes, which may require
inappropriate use of syringe markings
or excessive rounding of doses using
available supplies. Similarly, an i.v. sy-
ringe pump or syringe module may be
needed to deliver infusions by syringe,
but for some facilities the expenditure
required to keep syringe pumps on
hand may be difficult to justify.

Monitoring. Pediatric patients are
also at increased risk for adverse drug
reactions due to a lack of published
dosing information and FDA-approved
labeling to guide treatment regimens.*
This lack of information on dosing,
pharmacokinetics, safety, efficacy, and
clinical use of drugs in pediatrics leads
to medications being used off-label. The
use of some medications (e.g., heparins)
requires extrapolation from available
adult data. If there is available literature
describing the use of medications for
pediatric indications, the evidence was
generally obtained in small studies and
may not be generalizable to all pediatric
populations. Consequently, increased
laboratory testing and drug monitoring
may be required. In order to ensure safe
use of medications in children, phar-
macists practicing in adult facilities may
have to do extensive literature searches
or rely on drug information centers or
other resources for guidance on drug
regimens for some pediatric disease
states. Table 1 lists some available re-
sources for pharmacists caring for pedi-
atric patients.

Strategies for mitigating risk

Ordering. One risk mitigation
strategy to help reduce ordering errors
was identified in a 2015 ISMP survey
regarding pediatric medication safety
practices.”® The survey identified error
prevention improvements associated
with expression of calculated doses as
mg/kg or mg/m? and having a pharma-
cistin clinical areas.
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Use of EMR systems that allow for
configuration of default medication
doses or frequencies based on a patient’s
age, weight, or location is another risk
mitigation strategy. These configur-
ations can vastly improve the safety of
medication ordering. For example, if
an age-based configuration is built for
a certain medication, the provider will
only see weight-based dosing units
when placing an order for a pediatric
patient but will see non-weight-based
doses when placing orders for adult pa-
tients. Similarly, medication records can
be built such that ordering users will see
different versions for patients located
in a neonatal intensive care unit or pe-
diatrics unit; this can assist in fostering
a philosophy of “make it easy to do the
right thing” Using pediatric-specific
configurations can also allow for dif-
ferent concentrations to be available by
patient age, which can prevent ordering
of inappropriately large volumes for
small patients.

Preparation and dispensing.
ASHP is currently collaborating with
the FDA and other professional organ-
izations, including PPAG and ISMP,
to implement national standardized
concentrations for i.v. and oral liquid
medications for adult and pediatric pa-
tients.*® This initiative, Standardize 4
Safety, is a national, interprofessional
effort to standardize medication con-
centrations and recipes in order to
decrease medication errors and to in-
crease the safety of transitions of care.

Many pediatric institutions pre-
pare standard concentrations of i.v.
medications that allow for an appro-
priate volume to be delivered to ac-
commodate smaller doses and patient
sizes. The Standardize 4 Safety initia-
tive is also addressing concentrations
and dosing units for i.v. continuous
medications for adult and pediatric
patients.

The use of compounding records
within the EMR can provide standard-
ized instruction, product selection, and
barcode scanning to assist in preparing
i.v. or oral pediatric compounds. Figure 2
displays an example of a compoun-
ding record for the preparation of oral
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clonidine for NICU patients. The in-
dividual preparing the compound
selects the record within the EMR and
is provided with the ingredients, quan-
tities, and instructions for preparation.
Barcode scanning technology can also
be used, which helps to ensure correct
product selection. Alternative methods
may include the use of a “recipe book”
consisting of paper copies of com-
pounding instructions. The use of the
EMR to display compounding instruc-
tions allows for all users within the in-
stitution and/or health system to see the
same information; updates are made
centrally, eliminating the risk of out-
dated information that arises if multiple
copies of hard-copy recipe books exist.
Additional benefits of electronic instruc-
tions include the elimination of paper
at the point of preparation; such docu-
ments can result in a cluttered work-
space and are not permitted in an ISO
class 5 environment.

Medication safety guidelines rec-
ommend dispensing medications in
the most ready-to-administer form.?”
Sites with 24-hour pharmacy services
may be better equipped to provide
doses in that manner, but those without
24-hour pharmacy services may rely
on nonpharmacy personnel to prepare
medications. The use of EMR systems,
in addition to barcode scanning and
clear instructions for medication prep-
aration, can assist in addressing these
challenges. Figure 3 shows an example
of an additional label that prints along
with the product label that is affixed to
a patient-specific medication prepa-
ration (e.g., an i.v. syringe). This addi-
tional label provides instruction to the
individual preparing the medication
on what ingredient concentrations and
amounts to use. This label can be cus-
tomized to include further information,
such as desired dispensing apparatus
(e.g., syringe type), any special tubing
or filters required, and whether a com-
pounding recipe is required to prepare
the final product. Information included
on this label can be especially useful
if nonpharmacy staff prepare medi-
cations in hospitals without 24-hour
pharmacy services.
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Figure 2. Example of compounding record for preparation of a pediatric suspension in an electronic medical record.

© 2019 Epic Systems Corporation. Used with permission.

Choose medication to produce:  |CLONIDINE 20 MCG/ML ORAL SUSP (NICU) COMPOUR

or Look up by control number:

Wk W =

. QS volume to 30 mL with simple syrup

EXPIRATION: 28 days
LABELING: Shake Well; Refrigerate
STORAGE: Refrigerate

CLONIDINE 20 MCG/ML ORAL SUSPENSION

Amount to produce: | =1 =30 mL Bottle Shelf life: 28 Days Expiration: ~ 06/14/2019 2359
[~ Repackage to I ~| Quantity
Ingredients Package Manufacturer Lot Number Expiration Date Quantity to Use |QS
CLONIDINE HCL 0.1 MG TABLET (D) ()] (D] @ 0.6 mg
WATER FOR INJECTION, STERILE INJECTI (! ] (@] (! ] @ 1mL
SIMPLE SYRUP 2] (1] (L] (2] 30 mL Yes
Notes: Label printer: |SLH-F’HARMTP01—UBC j

Number of labels: |1 Save and Print All |

Print Labels Print Report l Save |
Recipe

. Crush 6 clonidine 0.1 mg tablets into a fine powder in glass mortar

. Add 1 mL sterile water for injection and mix to a uniform paste

. Add 15 mL simple syrup to mortar and transfer suspension to amber bottle
. Rinse mortar with simple syrup and add to amber bottle

FINAL PRODUCT: Total volume = 30 mL; Concentration = 20 mcg/mL

Figure 3. Example of production label for a unit dose preparation.
© 2019 Epic Systems Corporation. Used with permission.

Ingredient

Dispensein 3 mL syringe
Due time: 5/15/19 2041
[CF REPRINT] /17 1602

gentamicin (PF) (GARAMYCIN) injection 4.7 mg

Dose: 4.7mg = 0.47 mL of 10 mg/mL

gentamicin (PF) 20 mg/2 mL

Even with these tools in place, com-
plexities of pediatric care still make it
difficult to achieve an ideal EMR con-
figuration for each medication-use
situation. For example, EMR configur-
ations for patient age may not take into
account patients with extremely high or
low weights and their use can result in
immeasurable doses or inappropriate
volumes. Relying on the clinical and
problem-solving expertise of the phar-
macy and nursing teams is essential in
these situations.

1488 AM J HEALTH-SYST PHARM |

Administration. Use of infusion
pumps with drug libraries and dose-
error reduction systems can improve
patient safety across the continuum.
Medication doses that require very low
administration rates present oppor-
tunities for errors in pediatric medica-
tion use. For example, some neonates
may require administration rates less
than 0.1 mL/hr, which may only be
possible using a syringe pump. Steps
to ensure that an adequate supply
of syringe pumps is available within

VOLUME 76 | NUMBER19 | OCTOBER 1,2019

an institution should be considered.
Pharmacist awareness of this techno-
logical requirement will allow proactive
assessment of not only the need for sy-
ringe pumps but also the availability of
EMR data needed for safe pump use to
pump users.

Using a pediatric and/or neonatal
drug library allows for customized se-
lection and delivery of pediatric iv.
medications. Syringe pumps allow ad-
ministration at lower infusion rates,
whichis often necessaryfor smaller pedi-
atric patients. Unfortunately, adult hos-
pitals may not have an abundant supply
of syringe pumps, which may require
nurses to administer i.v. push or inter-
mittent medications manually, resulting
in inaccurate administration rates.

Infusion pump integration tech-
nology has provided an additional
layer of safety for administration of
i.v. medications. Institutions that have
implemented this technology are able
to wirelessly transmit information
from the EMR to the infusion pump,
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removing the risk of manual program-
ming. Additionally, the pump can send
information to the EMR to provide au-
tomatic documentation of administra-
tion information. Weight-based dosing
may result in precise administration
rates that are rounded differently in the
pump versus the EMR (e.g., 2.79 mL/hr
versus 2.8 mL/hr); in this case, a nurse
integrating infusion data would receive
an alert due to this mismatch. Such dis-
crepancies in rounding and health pro-
fessionals’ desire to avoid alert fatigue
create a barrier to wider implemen-
tation of this technology to help en-
sure safe medication use in one of the
highest-risk populations.

Resources for the
nonpediatric pharmacist
If medications are involved, it is al-

most guaranteed that pharmacists will
be asked to provide recommendations

on doses, monitoring, order sets, and
drug policy. This task will be especially
challenging for pharmacists without
specialized training in pediatrics. The
resources listed in Table 1 provide in-
formation on various pediatric disease
states and medication dosing along
with administration guidance.

Pediatric learning
opportunities for pharmacists
and pharmacy students

In a survey of pediatric practitioners
within adult hospitals, 57% reported
access to a pharmacist trained in pe-
diatrics.® With increasing numbers of
pharmacy graduates completing res-
idency training, it is important to en-
courage exposure to pediatric patient
populations to build a well-rounded
foundation for their careers. Likewise,
for students embarking on experien-
tial rotations, selecting experiences

that will provide exposure to this pop-
ulation and some knowledge to facili-
tate their participation in appropriate
care for pediatric patients in the future.
Specialized training is not practical for
all pharmacists, but gaining exposure
to resources and building a network of
colleagues can position those without
specialized training to provide safer
care for all of their patients.

Guidelines for meeting the needs of
hospitalized pediatric patients are avail-
able to assist pharmacy departments
and leaders in developing their ability to
care for this patient population.? These
guidelines encompass many topics
pertinent to pediatric pharmacy prac-
tice, including education and training,
technology standards, medication-use
standards, and research. In addition,
PPAG has published a position state-
ment related to the minimum core
competencies for providing pediatric

Table 2. Risk Mitigation Strategies for Adult Hospitals Serving Pediatric Patients®

Medication-Use Process
Step

Risk Mitigation Strategies

Procurement and formulary
management

Stock pediatric formulations, if possible

Consider pediatric formulations in drug shortage management

Assess historical data related to past pediatric patients who presented to the adult
hospital and the needs of the community to better prepare for future patients

Medication reconciliation

Utilize pharmacy personnel to conduct medication history taking

Provide training for those compiling medication histories on pediatric formulations

and medication-use considerations

Ordering

Use rule-based contexts in EMR

Implement published best practices in medication safety (e.g., eliminate use of
trailing zeros, record measurements in metric units)

Continue to use weight-based dosing for patients >40 kg unless the dose or dose
per day exceeds the recommended adult dose for the indication

Preparation, dispensing, and
administration

Utilize compounding records in EMR

Provide standardized preparation instructions in EMR
Dispense doses in most ready-to-administer form

Utilize smart infusion pumps, syringe pumps or modules, pediatric and/or neonatal
drug libraries, and infusion pump integration technology

Miscellaneous

Provide pharmacy students and residents with exposure to pediatric populations

Require basic pediatric competencies for pharmacy personnel

Provide access to pediatrics references

Facilitate pharmacist involvement in pediatric services and drug policy

aEMR = electronic medical record.
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pharmacy services in the hospital set-
ting.* The PPAG skill and knowledge de-
velopment recommendations include
items such as weight-based dosing
and calculations, medication additives
and preservatives, pediatric references
and dosage form selection, devel-
opmental  pharmacokinetics, and
common pediatric disease states and
treatment guidelines. Additional re-
commendations pertain to parenteral
nutrition, pharmacokinetic drug moni-
toring, medication dosing and prep-
aration for resuscitative efforts, and
communication with pediatric patients
and families. Skills and knowledge in
these areas are needed to understand
and care for pediatric patients. A min-
imal competency level should be re-
quired for any healthcare workforce
members who care for this population.

Pharmacist role in medication
error prevention

A hallmark challenge in treating
pediatric patients in an adult institu-
tion is the lack of a dedicated pediatrics
service line and healthcare workers who
specialize in the care of this patient pop-
ulation. Given the complexities of pro-
viding appropriate medication therapy
mentioned earlier, pharmacy personnel
are often requested to participate in
each step of the medication-use pro-
cess, which may require self-guided
training for pharmacists to become fa-
miliar with proper dosing and delivery
of pediatric medications. It isa common
request that pharmacists be involved in
overall operational planning for new pe-
diatric services, as they are considered
medication experts and often display
the attention to detail that is needed for
this planning.

ISMP has highlighted key safety
principles for use in medication error
prevention, several of which can be ap-
plied to designing processes for care of
pediatric patients.** Pharmacists must
assist in simplifying and reducing the
number of steps or options to mitigate
risks associated with preparing pedi-
atric doses. Adding redundancies (e.g.,
double checks) and limiting access or
use through patient-specific contexts

1490 AM J HEALTH-SYST PHARM |
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in the EMR can help overcome these
challenges.

While general medication safety
processes for adults also apply to pedi-
atric patients, a summary of additional
risk mitigation strategies to consider for
pediatric patients in each stage of the
medication-use process can be found
in Table 2.

Conclusion

Pediatric medication safety fram-
eworks in U.S. adult institutions
vary widely. Treating pediatric pa-
tients involves risks in all areas of the
medication-use process. Optimizing
technology, utilizing external resources,
supporting a pediatric pharmacist, and
providing early-career exposure to pe-
diatric patients are methods to mitigate
risks in institutions that primarily care
for adult patients.
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