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ABSTRACT

Background: Some children are treated at hospitals that focus
on adult care. When orders for children and adults are
interspersed, it can be difficult to recognize the pediatric
orders. As a result, pediatric patients are at greater risk of
medication dosing errors. Pharmacists need to be able to
immediately recognize pediatric orders and perform appropri-
ate dose checks.

Objective: To determine if a dedicated fax machine for
pediatric orders would lead to increased scrutiny of such
orders by pharmacists.

Methods: Review and analysis of pediatric orders processed
before and after installation of a dedicated fax machine for
pediatric orders at a community hospital.

Results: The proportion of pediatric orders with appropriate
dose-checking increased from 47.9% (57/119) before to 64.1%
(109/170) after installation of the dedicated fax machine. For
patients up to 12 years of age, appropriate dose-checking
increased from 49.6% (56/113) to 74.5% (105/141).

Conclusions: Pharmacists’ scrutiny of pediatric orders
increased after installation of a dedicated fax machine for
pediatric orders.
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RESUME

Contexte : Certains enfants sont traités dans des hopitaux
spécialisés dans les soins aux adultes. Lorsque les ordonnances
pour enfants sont intercalées entre celles pour adultes, il peut
étre difficile de les reconnaitre. Il en résulte donc un risque
accru d’erreurs de posologie pour les enfants. Les pharmaciens
doivent étre en mesure de reconnaitre immédiatement
les ordonnances pour enfants et d’effectuer une vérification
congruente des posologies.

Objectif : Déterminer si I'emploi d’'un télécopieur réservé a
la réception des ordonnances pour enfants entrainerait leur
examen plus minutieux par les pharmaciens.

Méthode : Un examen des ordonnances pour enfants
exécutées avant et apres l'installation d’un télécopieur réservé
a la réception de celles-ci a été effectué dans un hopital
communautaire.

Résultats : La proportion d’ordonnances pour enfants ayant
fait l'objet d’'une vérification posologique congruente a
augmenté, passant de 47,9 % (57/119) avant l'installation du
télécopieur réservé a la réception des ordonnances pour
enfants, 2 64,1 % (109/170) apres son installation. Chez les
patients 4gés de 12 ans ou moins, la vérification posologique
congruente a augmenté de 49,6 % (56/113) a 74,5 % (105/141).

Conclusions : L’installation d'un télécopieur réservé a
la réception des ordonnances pour enfants a entrainé leur
examen plus minutieux par les pharmaciens.

Mots clés : enfants, télécopieur, sécurité des médicaments
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INTRODUCTION
Many hospitals in Canada focus on caring for adults,
yet also provide care for pediatric patients (neonates,
infants, children, and adolescents). Pediatric patients tend to
constitute a small proportion of patients in these hospitals.
The relatively low number of pediatric patients often means
limited availability of resources such as specialized staff,
on-site pediatric-focused education, and staff dedicated to
strategies for reducing pediatric medication errors. At the
author’s hospital, the pediatric population represents about
7% of patients and 1% or 2% of medication orders.
Scrutinizing these orders appropriately is difficult when they
are interspersed with adult orders.

Differences in age, weight, clinical condition, and
organ function within the pediatric population result in
significant differences in required doses."* Dosing errors
represent the most common medication incidents for
pediatric patients** and 10-fold dosing errors (either
10 times or 1/10th the correct dose), are commonly report-
ed.’s” Such errors may be even more extreme, as in the
case of a 1000-fold dosing error that occurred at the
author’s hospital. In that case, a prescription for morphine
10 mg (milligrams) to be given orally every 3 h, a
common adult order, was processed without question and
appeared on the medication administration record for a
neonate. However, the order was supposed to be 10 pg
(micrograms) to be given orally every 3 h, which was a
weaning dose for a neonate who had been exposed to
narcotics in utero. The medication error was detected by
nursing staft just before the drug was administered. This
example highlighted the requirement that pharmacists be
able to differentiate orders for pediatric patients, to ensure
appropriate dose-checking.

At the author’s hospital, which has 16 beds for
general pediatrics and 18 beds for neonatal intensive care,
all medication orders are received in the pharmacy by fax
transmission. The current computer system does not offer
dose validation functions or alert the pharmacist to
pediatric orders. Inability to readily identify pediatric
orders and to note the weight and age of pediatric patients
was contributing to dosing errors. In 2006, 20 medication
errors involving pharmacy were reported for pediatric
inpatients. The types of errors frequently identified and
not reported on incident reports included incorrect
instructions for reconstitution of drugs, as well as
situations in which the dose and suggested volume did
not match the reconstitution instructions. Because
reconstitution instructions differ for neonatal, pediatric,
and adult patients, this type of error could lead to
significant overdoses. Although not captured on incident
reports, these errors have the potential to cause harm and
were being reported verbally by nursing staff to
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pharmacy staff up to 10 times a day. The frequency of
these errors and a couple of potentially fatal near-misses
led to a recognition that a method of highlighting pediatric
orders was urgently needed.

To increase pharmacists’ ability to immediately
identify pediatric orders, a trial of a dedicated fax machine
for pediatric orders was proposed. The objective of the
study reported here was to determine if the dedicated
fax machine actually increased pharmacists’ scrutiny of
pediatric orders.

METHODS

In November 2006 a fax machine installed in the
pharmacy was programmed to receive orders only from
the pediatric wards and the neonatal intensive care unit
(NICU). At the same time, a pharmacy technician repro-
grammed the fax machines on the pediatric wards and in
the NICU to send documents directly to the dedicated
pediatric fax machine in the pharmacy. Programming was
confirmed by sending test faxes from the ward fax
machines. The emergency department had 2 pediatric
beds, but it was not possible to include those beds in the
study described here. The dedicated pediatric fax machine
was stocked with blue paper to help pharmacy staff mem-
bers identify pediatric orders once they had been removed
from the fax machine. Pharmacy staff members were
informed that, from that time forward, pediatric orders
would arrive on the dedicated fax machine. No addition-
al instruction or education was provided.

Medication orders were processed according to usual
procedures. Oral and topical medications, as well as
parenteral drugs to be prepared by nursing staff, were
dispensed according to a traditional system, with 5-day
supplies; parenteral medications prepared by pharmacy
staff were dispensed daily. Not all orders from the NICU
were entered into the pharmacy computer system, as the
NICU does not use pharmacy-generated medication
administration records; however, all orders from the NICU
were to be reviewed by a pharmacist.

For this study, the clinical pharmacy specialist for
pediatrics performed a retrospective audit of the pediatric
orders. A sample of records was obtained by randomly
selecting 9 days’ worth of orders from up to 2 months
before and 6 to 8 months after installation and program-
ming of the dedicated pediatric fax machine. The pediatric
medication orders were reviewed to determine the total
number of orders received and processed and whether
doses had been checked. A dose was deemed to have
been checked if a notation such as “dose ok” or a
milligram per kilogram or milligram per square metre
calculation appeared on the order. Doses were considered
to be in the acceptable range if they matched recommen-
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dations in the BC Children’s Hospital 2002/2003 Pediatrics
Drug Dosage Guidelines? the 2005-2006 Drug Handbook
and Formulary of the Hospital for Sick Children, Toronto,’
or the pediatric dosage recommendations of Lexi-Comp,'
Neofax,!! or Micromedex.”? Missed orders were those that
had been received by the pharmacy department and filed,
with no evidence that the order had been reviewed,
processed, or filled by a pharmacy staff member. For the
pediatric ward, missing orders were confirmed by receipt
of a refaxed order and missing medication memo request
from nursing staff. All orders were screened for the correct
patient, drug, and route. In addition, the appropriateness
of formulations (i.e., use of pediatric formulations) and
label instructions were reviewed. Descriptive statistics
were used to compare the scrutiny of orders before and
after implementation of the dedicated pediatric fax
machine.

RESULTS

In total, 119 orders were identified for the 9 random-
ly selected days before installation of the dedicated fax
machine and 170 for the 9 randomly selected days after
installation of the dedicated unit (Table 1). The proportion
of orders missed by pharmacists declined from 8.4%
(10/119) before to 3.5% (6/170) after implementation of
the dedicated fax machine, and the proportion of orders
for which the dose was checked increased from 47.9%
(57/119) to 64.1% (109/170). For patients up to 12 years of
age, dose-checking increased from 49.6% (56/113) to
74.5% (105/141). Among the orders for which doses were
not checked, 3 orders received before implementation of
the dedicated fax (one each for gentamicin, morphine,
and clarithromycin) had doses that were too high. The
proportions of orders for which doses were too low were

1.7% (2/119) before and 1.2% (2/170) after
implementation of dedicated fax machine. All of the
orders processed before and after installation of the
dedicated pediatric fax machine had the correct patient
and the correct drug; one order received before
installation of the dedicated fax machine had the incorrect

similar:

route. Incorrect formulations and label instructions
declined from 9.2% (11/119) before to 4.1% (7/170) after
implementation of the dedicated machine.

DISCUSSION

In this study, use of a dedicated pediatric fax machine
with coloured paper led to increased scrutiny of pediatric
medication orders. Pediatric patients are more likely to
experience medication incidents,” because of huge
variations in weight, from less than 0.5 kg to more than
100 kg. As such, each dose must be calculated individually,
taking into account the patient’s age, maturity, clinical
condition, weight or body surface area, and available
formulations.™ In addition, with their lower physiologic
reserves, pediatric inpatients may have limited ability to
buffer errors such as overdoses.®'*
error-prevention  strategies
implemented at other hospitals. One approach requires a
variety of human resources, including presence of a
clinical pharmacist, pharmacists’ participation in patient
rounds, monitoring by pharmacists of ordering and
transcribing, and increased communication among health
care professionals.*** With a limited number of pharma-
cists who specialize in pediatrics practising in adult
hospitals, it can be difficult to fulfill all of these desired
roles for pediatric patients. Therefore, the dispensing
pharmacist has an increased role in scrutinizing pediatric
orders for appropriate dosing. However, in hospitals that

Several have been

Table 1. Receipt and Handling of Medication Orders for Pediatric Patients Before
and After Installation of a Dedicated Fax Machine

No. (%) of Orders

Patients by Age Group Received Missed Dose Checked Dose Too High
All patients
Before fax 119 10 (8.4) 57 (47.9) 3 (2.5
After fax 170 6 .5) 109 (64.1) 0
0-11 months of age
Before fax 48 (40.3) 3 (6.3) 26 (54.2) 2 (4.2
After fax 38 (22.4) 2 (5.3 32 (84.2) 0
1-12 years of age
Before fax 65 (54.6) 6 (9.2 30 (46.2) 1 (1.5
After fax 103 (60.6) 3 (2.9 73 (70.9) 0
13-17 years of age
Before fax 6 (5.0 1 (16.7) 1 16.7) 0
After fax 29 (17.1) 1 (3.4) 4 13.8) 0
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focus on caring for adults, the dispensing pharmacist often
has limited knowledge about pediatric inpatients. In
addition, some adult-focused pharmacists may perceive
that orders written by a pediatrician do not need dose
validation. Dispensing pharmacists at the author’s hospital
receive no training or orientation on reviewing pediatric
orders and performing dose validation. Each dispensary
pharmacist reviews 250 to 300 orders per shift, of which
only a handful are pediatric orders. In addition, the
dispensing pharmacist has no opportunity to directly
observe the consequences to the patient of pharmacy-
related medication errors and thus may not realize the
significance of such errors. The lack of pediatric focus,
appropriate training, and exposure to pediatric patients
and their medication orders leads to a lack of compliance
with the dose-validation procedures that are routinely
performed in pediatric hospitals. Cina and others" found
that pharmacists’ accuracy in detecting errors was only
79%; therefore, standardized processes are beneficial in
reducing incidents.'

Another approach to reducing error involves technol-
ogy, for example, computerized physician order entry,
electronic decision support, prescription transmission
systems, and medication administration records'"; these
options may be suitable for some sites. In addition, the use
of robots for dispensing, automated dispensing machines,
unit-dose  systems, bar-coding for patients and
medications, and “smart” IV devices have also been
suggested.'*” Although technologic advances may help to
reduce some medication errors, they will not eliminate all
errors. The potential for the use of technology to generate
errors must also be considered.® For example, at the
author’s hospital, receiving all orders by fax transmission
was considered a technologic advance when it was first
implemented. However, there was little consideration of
the possibility that pediatric dosing errors would be
missed. Adding a second fax machine dedicated to
pediatric orders increased the proportion of pediatric
orders checked by a pharmacist from 47.9% to 64.1%;
when teenagers were excluded, the proportion increased
from 49.6% to 74.5%. Although optimal dose checking
(i.e., checking of all doses for pediatric patients and
validation against standard milligram per kilogram or
milligram per square metre doses) was not achieved with
this small change, the decrease in the number of orders
missed and the increase in the number of orders with
doses checked were both greater than anticipated. The
frequency of errors involving incorrect instructions and
formulations was reduced from 9.2% to 4.1%, which was
perceived as a substantial decrease. To further increase the
number of orders that are appropriately checked by
dispensary pharmacists, additional changes need to be
considered, including an educational component on how
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to perform dose validation and discussion of medication
errors and their consequences.

The limitations of this study included the limited
number of orders reviewed, the difference in numbers
of orders examined for the 2 periods (before and after
implementation) when stratified by age, and the review of
only those pediatric orders that were received from the
pediatric wards and the NICU (pediatric orders from the
emergency department were not included). In addition,
the focus was on appropriate pharmacist scrutiny of
pediatric medication orders; any effects on patient
outcomes were not examined.

The complexity of dosing for pediatric patients
requires a system that will ensure appropriate scrutiny of
orders. In hospitals that focus on adult care, the system
must help pharmacists to recognize pediatric orders
requiring dose checks, precise measurements, and
appropriate formulations. Scrutiny of pediatric orders by
pharmacists increased after implementation of a dedicated
fax machine. However, because of a lack of pediatric
focus and lack of familiarity with dose-validation
procedures, this intervention was not enough on its
own to achieve 100% dose validation. An educational
component outlining a procedure for reviewing pediatric
orders and describing the significance of medication errors
in this population may increase compliance with dose
validation.

References

1. Ghaleb MA, Barber N, Franklin BD, Yeung VWS, Khaki ZF, Wong
ICK. Systematic review of medication errors in pediatric patients.
Ann Pharmacother 2006;40(10):1766-1776.

2. Levine SR, Cohen MR, Blanchard NR, Frederico F, Magelli M,
Lomax C, et al. Guidelines for preventing medication errors in
pediatrics. J Pediatr Pharmacol Ther 2001;6:427-443.

3. Hughes RG, Edgerton EA. Reducing pediatric medication errors.
Am J Nurs 2005;105(5):79-84.

4. Stucky ER; American Academy of Pediatrics Committee on Drugs;
American Academy of Pediatrics Committee on Hospital Care.
Prevention of medication errors in the pediatric inpatient setting.
Pediatrics 2003;112(2):431-436.

5. Wong ICK, Ghaleb MA, Franklin BD, Barber N. Incidence and
nature of dosing errors in paediatric medications. Drug Saf
2004;27(9):661-670.

6. Kaushal R, Bates DW, Landrigan C, McKenna KJ, Clapp MD,
Federico F, et al. Medication errors and adverse drug events in
pediatric inpatients. JAMA 2001;285(16):2114-2120.

7. Lesar TS. Tenfold medication dose prescribing errors. Ann
Pharmacother 2002;36(12):1833-1839.

8. Esau R, editor. BC Children’s Hospital 2002/2003 pediatric drug
dosage guidelines. Vancouver (BC): Children’s and Women’s
Health Centre of British Columbia, Department of Pharmacy;
2002.

9. lau E, editor. Drug bandbook and formulary 2005-2000.
Toronto (ON): Hospital for Sick Children, Department of
Pharmacy; 2005.

10. Taketomo CK, Hodding JH, Kraus DM. Pediatric dosage
bandbook 2000/2001. Hudson (OH): Lexi-Comp; 2000.

11. Young TE, Mangum B. Neofax 2005. Raleigh (NC): Acorn
Publishing; 2005.

JCPH — Vol. 61, n° 5 — septembre—octobre 2008



12.

13.

14.

15.

16.

17.

Klasco RK, editor. DRUGDEX® System [electronic version].
Greenwood Village (CO): Thomson Healthcare; 2006/2007 [cited
2007 Oct 20]. Available from: http://csi.micromedex.com.
Subscription required to access database.

Rantucci M, Stewart C, Stewart 1. Medication incidents in specialty
practices. In: Hanley R, editor. Safe medication practices. Toronto
(ON): RogersPublishing, Pharmacy Practice; 2004. p. 48-53.
Fortescue EB, Kaushal R, Landrigan CP, McKenna K]J, Clapp MD,
Federico F, et al. Prioritizing strategies for preventing medication
errors and adverse drug events in pediatric inpatients. Pediatrics
2003;111(4):722-729.

Cina JL, Gandhi TK, Churchill W, Fanikos J, McCrea M, Mitton P,
et al. How many hospital pharmacy medication dispensing errors
go undetected? J Qual Patient Saf 2006;32(2):73-80.

Rantucci M, Stewart C, Stewart I. Risk management and preven-
tion. In: Hanley R, editor. Safe medication practices. Toronto
(ON): RogersPublishing, Pharmacy Practice; 2004. p. 17-22.
Rantucci M, Stewart C, Stewart I. Technology solutions to promote
safe medication practices. In: Hanley R, editor. Safe medication
practices. Toronto (ON): RogersPublishing, Pharmacy Practice;
2004. p. 54-62.

A vy W B 5y o
FIVERCITELG HIPEY

i -y
e b

18. Koppel R, Metlay JP, Cohen A, Abaluck B, Localio AR, Kimmel SE,
et al. Role of computerized physician order entry systems in
facilitating medication errors. JAMA 2005;293(10):1197-1203.

|
Brandi D Newby, BScPharm, ACPR, is a Clinical Pharmacy Specialist—
Pediatrics, Surrey Memorial Hospital, Surrey, British Columbia.

Address correspondence to:
Brandi D Newby

Pharmacy

Surrey Memorial Hospital
13750 96th Avenue

Surrey BC

V3V1Z2

e-mail: brandi.newby@fraserhealth.ca

Y

Odhxe) dmygaeld t

The Canadian Society of Hospital Pharmacists (CSHP) and the Editorial Board of the
Canadian Journal of Hospital Pharmacy (CJHP) would like to know how we're doing!

Since the baginning of 2006, we have introduced many changes as a result of reader
feedback. We've launched an on-line manuscript submission and tracking system and have
added more board members to broaden the scope of our team. We've also made several
changes to the journal itself, including the introduction of two new regular features: Practice
Spotlight {(2008) and Point Counterpaint (2007). In 2008, a sixth issue was added to the
publication schedule, meaning the CJHF is now published bimonthly.

In light of these changes, we'd like o ask what you — the readers — think. Please fill out our
on-line survey to evaluate your satisfaction with the CJHP and to point out ways we can
make the journal better. We want the CJHP to be a must-read for you in your practice!

The survey will take between five and ten minutes 1o complete, We would
appreciate your feedback by October 31, 2008, Please go to www.cshp.ca and
find the link to the on-line survey under CSHP News on the home page.

Thanks in advance for your comments and suggestions,
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