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Medicines’ management or pharmaceutical care in paediatric patients is partic-Abstract
ularly demanding, mainly because the majority of available drugs have been
developed for use in adults. As a result, in children, drugs are often unlicensed or
used off-label, suitable formulations or appropriate strengths are lacking, and
drugs have to be extemporaneously prepared, liquids and injections diluted, and
tablets split. These factors increase the likelihood of medication errors and may
lead to a reduction in drug effect. Age-specific changes in pharmacokinetics and
pharmacodynamics further complicate drug therapy in children. All these chal-
lenges provide unique opportunities for pharmacists to improve the quality of care
for paediatric patients.

We conducted a systematic literature review examining whether the interven-
tions of hospital pharmacists improve drug therapy in children. Several medical
and pharmaceutical databases were searched systematically to identify articles
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investigating hospital pharmacists’ interventions that were intended to improve
drug therapy in children. Inclusion criteria were English language, primary
research papers and studies in which clinical pharmacists contributed directly to
patient care. Exclusion criteria were reviews, editorials, questionnaire studies,
modelling studies, letters and studies only available in abstract form.

This systematic search identified 18 articles documenting the role of a clinical
hospital pharmacist in paediatric care. These articles were divided into the
following groups based on study type: (i) studies documenting interventions made
by pharmacists and their role in inpatients; (ii) articles presenting the outcomes of
a satellite pharmacy; and (iii) articles examining pharmacist involvement in
paediatric outpatient clinics. No randomised study comparing pharmacist inter-
ventions with standard care was found.

In conclusion, although it was difficult to compare the various studies identi-
fied because of the different settings, design, duration, size, methodology and
definition, all these studies highlighted the importance of hospital pharmacists to
medicines’ management in paediatric patients. On the basis of this review, we can
conclude that pharmacist reviewing of medication charts is very important in
identifying medication errors; hence, it is likely to be the most effective method of
improving drug therapy in children.

The majority of marketed medicines have been Human growth is not a linear process; age-asso-
ciated changes in body composition and organ func-developed for use in adults. As a result, most
tion are dynamic and can be discordant during themedicines are not licensed in children; suitable
first decade of life. Thus, simplified dose adminis-paediatric formulations and appropriate strengths
tration approaches are not adequate for individualis-are also lacking. Conroy et al.[1] reported that over
ing drug dosages across the span of childhood.[5]

two-thirds of 624 children admitted to wards in five
These challenges provide unique opportunities forEuropean hospitals were prescribed drugs that were
pharmacists to reduce medication-related problemsunlicensed in children or the use of which was
and improve the quality of care for paediatric pa-off-label in children.
tients. In one US study, the authors concluded that

Nurses and parents may be required to subdivide hospital pharmacists play a crucial role in prevent-
tablets, open capsules or dilute injections in order to ing harm, and minimising unnecessary costs and
administer the correct dosage. Such practices can potential liability that may result from drug errors.[6]

potentially lead to a reduction in drug effect and/or We conducted a systematic literature review ex-
toxicity.[2] Moreover, this increases the likelihood of amining whether the interventions of hospital phar-
a 10-fold medication error in children; for drugs macists improve drug therapy in children.
with a narrow therapeutic index, a 10-fold dosage
increase may lead to serious morbidity or mortali- 1. Literature Search and Review
ty.[3] Fortescue et al.[4] conducted a prospective co-
hort study in 1020 patients who were admitted to

1.1 Search Methodology
two academic medical centres in the US during a
6-week period in April and May 1999. They mod- The following databases were searched: EM-
elled the data and concluded that ward-based BASE (1980 – 2004 week 19), Ovid MEDLINE

clinical pharmacists might have prevented 81% of (1966 –April week 5 2004), Ovid MEDLINE In-
potentially harmful errors. Process & Other Non-indexed Citations (May 12,
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2004), International Pharmaceutical Abstracts (1970 of the remaining 17 articles were scrutinised and a
– April 2004), Ovid old MEDLINE (1951–1965) further two articles were identified; however, both
and Pharmline (1978–2004). The following were rejected after full review as one was a descrip-
keywords were used: ‘chart review’, ‘clinical’, ‘con- tion of the role of a pharmacist[24] and the other was
sultation’, ‘counselling’, ‘drug monitoring’, ‘drug an observational study conducted by a pharmacist,
review’, ‘intervention’, ‘interventions’, ‘medication determining the medication errors made by nurses.[7]

review’, ‘medicines management’, ‘pharmaceutical Finally, one reference was obtained through a per-
care’, ‘prescription review’, ‘ward’. These were sonal contact with an expert in paediatric medication
combined with the following using ‘AND’: ‘phar- error research. A total of 18 studies were included in
macy’, ‘pharmacist(s)’. The result of this search was this review.
limited further by combining with the following

1.3 Literature Search Resultskeywords using ‘AND’: ‘pediatric(s)’, ‘paedia-
tric(s’), ‘child’, ‘children’, ‘infant(s)’, ‘adoles- An analysis of the final set of 18 articles can be
cent(s)’, ‘teenager(s)’, ‘neonate(s)’, ‘neonatal’. found in table I. These articles were divided into the

The following inclusion criteria were used: En- following groups based on study type:
glish language, primary research paper, and clinical 1. Fourteen of the studies conducted documented
pharmacists contributed directly to patient care. Ex- interventions made by pharmacists. Ten of these
clusion criteria included: reviews, editorials, ques- were conducted in the US, three in Canada and one
tionnaire studies, modelling studies, letters and stud- in the UK.
ies only available in abstract form. The reference 2. One study from the US examined whether the
lists of the selected papers were also reviewed in quality of medication therapy in paediatric patients
order to identify additional relevant studies. was improved if pharmacist involvement in direct

patient care was increased via a satellite pharmacy.
1.2 Review Procedure 3. Another three studies examined the results of

pharmacist involvement in paediatric outpatientFrom a previous systematic review in paediatric
clinics. One was conducted in South Africa, one waspharmacy research[3] we had anticipated that the
conducted in the US and one in Canada.studies would be heterogeneous as a result of differ-

Almost all studies reported positive outcomes,ent practices in different countries, a lack of
such as reduction in medication errors and medica-standardised methodologies and outcome measures.
tion-related problems. Some also reported a reduc-As such, we did not attempt to analyse the data
tion in total drug cost.statistically. Instead, results were summarised in

tabular form according to the characteristics of each 2. Pharmacists’ Interventions in
study (see table I). Paediatric Inpatients

A total of 1902 references were identified. After
a preliminary review of titles and abstracts, 1799 The earliest study looking at pharmacists’ inter-
articles were excluded. The reasons for exclusion ventions was conducted in 1971 in the US by
were: community pharmacy studies, abstracts of Munzenberger et al.[7] This study identified the
meetings, or personal opinions of individuals about pharmacist’s role as monitoring patient charts, pro-
paediatric pharmacy. This left 103 references for viding admission drug histories, providing dis-
full review, 83 of which were subsequently exclud- charge consultations, and providing drug informa-
ed because they were: descriptions of the role of a tion to medical and nursing staff. Pharmacists’ in-
pharmacist, hospital pharmacy practice guidelines, volvement in the above areas led to improved
questionnaire studies, modelling studies, or personal paediatric medical care and provided a valuable
opinions of individuals about paediatric pharmacy. service to doctors and nurses working in the unit
Three studies were unobtainable. The reference lists during the study. However, the authors stressed that
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Table I. Analysis of studies identified from a systematic review of interventions of hospital pharmacists in improving drug therapy in children

Study Time period Study setting Duration Aims Study design Key findings

Inpatient studies

Munzenberger 27 Jan–14 30-bed paediatric 6wk at To determine the role All drug-related problems Clinical findings – paediatric unit: Of the 43
et al.[7] Mar 1971; patient care unit of a paediatric of a pharmacist on the were recorded by the ward possible medication problems detected, 31

paediatric 573-bed general unit; 6.5wk paediatric unit of a pharmacist and were were detected while monitoring patient charts
unit. 7 hospital at Detroit, MI, home visits; general hospital reviewed with the medical and 12 were detected while taking admission
Jul–21 Aug USA total director of paediatrics with histories. Eight of the 31 possible medication
1971; home duration regard to their clinical problems detected while monitoring patient
visits 12.5wk significance. Self-reporting charts were considered by both the medical

by pharmacist director and the pharmacist to be significant.
Seven of the 12 possible medication problems
detected while taking admission drug histories
were allergies that had not been detected or
recorded by medical or nursing personnel.
The remaining five of the 12 possible
medication problems concerned medication
the patients had been taking prior to
admission and either should have been
prescribed on admission or should have been
removed from the patient’s possession on
arrival at the hospital.
Clinical findings – home visits: Six medication
problems were detected with patients who
received a discharge consultation. Eleven
medication problems were detected with
patients who did not receive a discharge
consultation. The pharmacist received and
responded to a total of 55 drug information
requests. Not one request originated from the
personnel on the paediatric unit while the
pharmacist was not on the unit (control). The
pharmacist presented three formal lectures to
the nursing staff and monitored medication
storage conditions, during which time three
areas of potential hazards to patients were
discovered

Continued next page
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Table I. Contd

Study Time period Study setting Duration Aims Study design Key findings

Mutchie et Not stated 150-bed paediatric 12wk on The clinical and cost Comparison of the use of Clinical findings: A total of 52 patients were
al.[8] but was university hospital in patient’s effectiveness of a standardised TPN evaluated. The mean duration of TPN therapy

published the US standard pharmacist involvement formulation with a increased from 12.3 days with the former TPN
1979 TPN; 11wk in TPN monitoring pharmacist-assisted procedure to 14.8 days with the revised TPN

pharmacist- individualised programme programme. A significantly greater mean
monitored of TPN weight gain (17 g/day) in the individualised
TPN group than the standardised group (4 g/day)

was seen. TPN use rate increased by 31%
Economic findings: Pharmacist monitoring of
TPN resulted in the pharmacies mean cost
per course of TPN of $44.10 (year not stated)
less than the standard TPN. Wastage was
also significantly reduced

Dice et al.[9] Jan–May 60-bed NICU in the 5mo 1. To investigate the Standardised TPN Clinical findings: 28 patients met the inclusion
1980 US clinical contribution and formulation compared with criteria. The mean weight gain was 4.9 g/day

cost effectiveness of a pharmacist-assisted in the standardised group and 11.8 g/day in
pharmacist involvement individualised programme the individualised group. The standardised
in peripheral TPN in of TPN group received a lower protein intake (53 kcal/
neonates kg/day) than the individualised group (63 kcal/
2. To compare the use kg/day)
of standardised TPN Economic findings: Pharmacist-monitored TPN
formulation with a proved cost effective compared with
pharmacist-assisted standardised solution without pharmacist
individualized monitoring
programme of TPN

Continued next page
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Table I. Contd

Study Time period Study setting Duration Aims Study design Key findings

Folli et al.[10] Feb–Jul Two large children’s 6mo To report findings of Orders routinely reviewed by Clinical findings: Pharmacists at both hospitals
1985 hospitals in the US. severity or potential a pharmacist. Errant orders detected errant orders and prevented

One had 145 severity of errant were kept for further review medication errors. A total of 281 and 198
paediatric beds. The medication orders and by member of paediatric errant orders were identified at the two
second had 100 assess the impact of faculty or attending institutions (MMC and SUMC), respectively.
paediatric beds (both pharmacist intervention physician and two paediatric The frequency of errors was 4.9 and 4.5
associated with to prevent harm that clinical pharmacist errors per 1000 medication orders,
teaching) might result from practitioners who then respectively. 82.6% and 80.3% of errors were

administration of errant assigned a degree severity wrong dose at the two institutions (MMC and
medication orders of the error according to SUMC), respectively. The frequency of errant

predefined categories. Self- orders declined as physician training status
reporting by pharmacist increased. Within both hospitals, 27 errors

were potentially lethal, which justifies the
additional cost of a clinical pharmacist. No
harm to patients because of errors occurred
during the study

Blum et al.[6] Nov Riley Hospital for 3mo To determine the Copies of orders that Clinical findings: 1277 of 48 034 orders
1986–Feb children and Indiana impact of pharmacist contained potential contained errors at Riley Hospital for Children.
1987 University Hospital in intervention on medication errors were kept 1012 of 75 333 orders contained errors at

the US (372 adult preventing medication about which the physician Indiana University Hospital. Higher frequency
beds, 231 paediatric errors had been contacted. of error in the paediatric setting. 90.4% of
beds) Self-reporting by pharmacist orders questioned by pharmacist were

confirmed by the physician as being in error.
The combined error rate was 1.9%. The most
common types of errors identified were
incorrect dosage, inappropriate dosage
schedule and omission of essential
information

Continued next page
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Table I. Contd

Study Time period Study setting Duration Aims Study design Key findings

Koren et 1st part: Mar 700-bed tertiary care 2mo To describe the Part 1: retrospective review Clinical findings – Part 1: 516 interventions.
al.[11] 1989 children’s hospital effectiveness of clinical of orders for evidence of Drug change due to formulation or

2nd part: (The Hospital for Sick pharmacists in interventions by quality administration was the most common
Jun 1989 Children, Toronto, preventing a substantial assurance pharmacist intervention, followed by dosage change. Nine

ON, Canada) number of potentially Part 2: prospective self- 10-fold errors, four of these could have led to
fatal prescribing reporting by all clinical serious morbidity or mortality. Six 2- to 3-fold
incidences pharmacists of each errors, two could have led to serious toxicity

intervention using an audit Part 2: 390 interventions. Dosage change was
form the most common intervention found, followed

by drug change due to administration or
formulary concern, and lastly alternative
therapy and change in frequency. One 10-fold
error, one 1000-fold; both could cause serious
morbidity. Four 2- to 7-fold, three of which
could have resulted in serious morbidity or
mortality. In five cases, the dose was 10- to
1000-fold lower than needed

Strong and 14–27 Jan The Hospital for Sick 2wk 1. To describe types of Self-reporting by Clinical findings: 361 interventions collected.
Tsang[12] 1991 Children, Toronto, interventions and pharmacists using preprinted 12 615 orders reviewed. Intervention rate was

ON, Canada (540-bed degree of acceptance Therapeutic Intervention 2.9% and physician acceptance rate 95.8%.
paediatric teaching by medical staff Form. Pharmacy Education 190 interventions had an impact on patient
hospital) 2. To determine Co-ordinator screened care, of these, 93% had positive effect, 7%

perceived impact of interventions for had no effect, and none were detrimental. 82
interventions on patient appropriateness. A random of these interventions were randomly selected
care by medical staff sample was sent to seven and assessed. It was found that 8.5% were
3. To estimate cost physicians to assess impact life saving, 90% had improved quality of care
changes resulting from on patient care and/or physician education, 37.8% prevented
interventions by adverse events and 30.5% had shortened
comparing the costs of hospital stay. Majority involved antimicrobials
drug therapy (45.7%) then CNS drugs (14.7%). Most

common intervention due to underdose
(21.9%) and overdose (21.6%)
Economic findings: $679 (1991 values) cost
avoidance calculated over 2wk represents
approximately $17 654 annually

Continued next page
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Table I. Contd

Study Time period Study setting Duration Aims Study design Key findings

Lal et al.[13] Published in Teaching hospital in 6mo To evaluate the impact Self-reporting by the Clinical findings: 504 clinical interventions.
1995 the US with 122 of a clinical pharmacist pharmacist for a period of The most common service was

paediatric beds; on a general paediatric 3h daily recommendation of drug therapy and
27-bed general floor where there were constituted 195 of the interventions.
paediatric floor no specific paediatric Pharmacist intervention led to a decreased

pharmacy services hospital stay from 4.38 to 4.26 days (a
available decrease of 2.7%)

Economic findings: $7227.83 cost saving
during study
Humanistic findings: Improved pharmacy
relationships with nurses and doctors, a 50%
reduction in the number of complaints filed
with the pharmacy by ward staff

Falck et Nov 1995 21-bed PICU in a  4mo 1. To measure the Interventions and hours Clinical findings: Over the 4-month period,
al.[14] and Jan– children’s hospital in types, numbers and spent in ICU were collected 62 340 doses were dispensed to the PICU

Mar 1996 the US clinical impact of on a daily basis using a and 1479 patient-days recorded. 2.7
pharmacists’ data collection form. Patient- interventions per hour and 0.41 per PICU
interventions and justify days and doses dispensed patient day (610 interventions) and 0.01
pharmacist involvement to the unit were tabulated on interventions per dose dispensed. Lower
in PICU a monthly basis. Self- doses dispensed per patient-day compared
multidisciplinary care reporting by pharmacist with same month the previous year in Nov
team. and Jan. The majority of interventions
2. To identify PICU documented were pharmacokinetic evaluation
pharmacists’ of drug concentrations. During the study,
educational three ADRs and eight medication errors were
competencies reported. Effectiveness with interventions

seemed to improve with experience and
mentorship. Preliminary justification of
including a pharmacist in the multidisciplinary
PICU patient care team

Continued next page
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Table I. Contd

Study Time period Study setting Duration Aims Study design Key findings

Chan and 1 Oct 537-bed US Army 4y To compare trends in Self-reporting of Clinical findings: 1085 interventions (706
Kotzin[15] 1992–30 teaching hospital the rate, type and interventions accepted by paediatric and 379 adult) were documented

Sep 1996 severity of pharmacist- the physician. Retrospective over 4 years. The intervention rate was 75.3/
initiated interventions in analysis was performed 10 000 orders written in the paediatric group
adult and paediatric relative to the total number and 4.8/10 000 orders written in the adult
populations of medication orders written group. Drug problem rate was 165.0/10 000

for each age group orders written in the paediatric group and 8.7/
10 000 in the adult group. There was a higher
incidence of interventions reported in the
paediatric group compared with the adult
group for each year

Krupicka et 19 Nov 10-bed medical/ 24wk (79 To determine the type Self-reporting of all Clinical findings: During the study there were
al.[16] 1996–6 May surgical ICU at days) and quantity of patient interventions that occurred 215 patient admissions, involving 201

1997 Doernbecher care interventions on the pharmacists shift children. Those receiving a recommendation
Children’s Hospital, recommended by a attributable to during admission had longer ICU and total
Portland, OR, USA clinical pharmacist and recommendations made on hospital stay. There were 172

to specifically examine rounds or private discussion recommendations for 77 patients. 35
cost savings resulting with physicians. Drug recommendations per 100 patient-days.
from the interventions acquisition costs were used Dosage changes and drug information are

to calculate drug cost most common recommendation. More time
savings spent on patients receiving recommendations.

Average time spent by the pharmacist in the
paediatric ICU was 0.73 hours.
Economic findings: $1977 (1997 value) cost
savings during study = $9135 annually

Continued next page
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Table I. Contd

Study Time period Study setting Duration Aims Study design Key findings

Guy et al.[17] Feb and Jul Paediatric NHS Trust 2wk in Feb 1. To examine the role Self-reporting of Clinical findings: 194 interventions and 169
2001 in the UK with 16 and 2wk in of nurses and interventions by nurses and were detected in Feb and Jul, respectively.

wards; 9 specialist Jul pharmacists in the pharmacists using standard 190 interventions were detected by
areas (1 ICU) 7 detection of prescribing data collection form. The pharmacists. Most frequent intervention was
general clinical wards or potential drug data were classified into four dosage queries followed by incomplete

administration problems predetermined risk prescriptions. 80% of pharmacists
2. To identify the need assessment categories interventions accepted. 60% of pharmacist
for adequate training for interventions resulted in prescriptions
nursing and medical amended. 6% of advice acknowledged. The
staff majority of interventions were resolved within

5 min. 0.5% interventions prevented
potentially life-threatening errors

Virani and Part 1: 4–29 17-bed inpatient child Part 1: 4wk 1. To describe and Part 1: Self-reporting by Clinical findings: 32 DRPs in six patients. 81%
Crown[18] Jun 2001 and adolescent Part 2: 2y characterise the types pharmacist of DRPs and classified as actual and 19% were potential

Part 2: Sep mental health unit of of DRPs and interventions using a problems. Adverse drug reaction, dose too
1998–Aug a tertiary care pharmacist standardised form. All low and drug not indicated were most
2000 university teaching interventions interventions were rated by common DRPs. 48 interventions, most

hospital in Canada 2. To determine the three independent assessors common being initiating a drug, discontinuing
perceived impact of (two clinical psychiatric a drug and increasing the drug dose.
interventions on patient pharmacists and a paediatric Physicians accepted 98% of interventions.
care by other psychiatrist) 44 interventions were analysed. 86% were
healthcare Part 2: Retrospective cost judged to have a positive effect; of these,
professionals analysis for 1 year before 14% were deemed to have a minor effect,
3. To compare drug and 1 year after 59% a moderate effect, 14% a marked effect,
budget expenditures in implementation of a clinical 5% deemed to have no effect and 9% a
the year before and pharmacist position potential detrimental effect
after establishing a Economic findings: Total drug cost per patient
clinical pharmacist decreased by 14% in the 12 months after
position implementation of a pharmacy position. The

total drug cost was decreased by 21%, which
represents a cost saving of $5485.80 during
the study period

Continued next page
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Table I. Contd

Study Time period Study setting Duration Aims Study design Key findings

Condren et Jan–Dec Paediatric service in 12mo To document the All interventions were Clinical findings: Total of 4605 interventions
al.[19] 2002 Amarillo and Lubbock, contribution of recorded using a handheld performed for 3978 patients. 91% of all

TX, USA pharmacy school and desktop computer- recommendations were accepted by the
faculty, residents, and based documentation physician. Most common were drug therapy
students to the system. Self-reporting by change, pharmacokinetic monitoring, drug
optimisation of medical pharmacist information and medication histories/patient
care for paediatric education. Infectious (39.6%) and respiratory
patients (23.3%) diseases were the most common

indications for which interventions were made.
124 adverse drug events or medication errors
were prevented, and 99 occurred and were
discovered during the study period, of which
1% were life threatening, 4% were very
significant, 38% were significant and 56%
were somewhat significant. Errors in dose
administration were the most common.
Economic findings: The estimated cost saving
from medication error prevention or detection
during the study period was $458 516 (2002
value)

Satellite pharmacy study

Gibson et Published 175-bed non-profit, Two 9mo To investigate whether Simulated before-after study Clinical findings: There was no statistically
al.[20] 1975 paediatric hospital in study the quality of significant improvement in the quality of

the US periods medication therapy medication therapy due to increased
(18mo total) improved if pharmacist pharmacist involvement in drug therapy

involvement in direct
patient care was
increased via a satellite
pharmacy

Continued next page
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Table I. Contd

Study Time period Study setting Duration Aims Study design Key findings

Outpatient clinics studies

Summers et Dec 1984 Specialist neurology NA To evaluate the effect Retrospective survey of Clinical findings: The results showed that
al.[21] clinic at the paediatric of pharmacist approximately 100 patient polypharmacy, dose administration frequency

outpatients involvement in the clinic visits before and after the and average dose per day were reduced with
department of Ga- compared with before establishment of the clinic. the pharmacist involvement, while disease
Rankuwa Hospital, involvement Patient medication details control, i.e. seizure frequency, was no worse.
South Africa and frequency of fits were Overall, the result was rationalised and

analysed by microcomputer improved anticonvulsant drug therapy at the
clinic. Better patient compliance
Economic findings: There was an increase in
the number of patients seen per session

Taylor et 4 Jul–5 Oct Haematology/ 12wk 1. To characterise drug- Prospective descriptive Clinical findings: 165 DRPs were identified in
al.[22] 1995 oncology clinic in the related needs of study: Actual or potential 31 BMT and 27 ONC patients; 84% were

Hospital for Sick ambulatory H/O drug-related problems were potential problems. 99% of the DRPs were
Children, Toronto, patients identified by a identified or verified by identified by the pharmacist. Mean number of
ON, Canada (a 411- pharmacist patient/parent dialogue and DRPs identified per patient was 4.8 in BMT
bed tertiary/ 2. To describe the role interventions were made by patients and 0.6 in ONC patients. The most
quaternary care of the pharmacist in a the pharmacist in frequently identified DRP was ‘too high a
hospital) paediatric H/O clinic consultation with the dose’ (35%) in BMT patients and

3. To assess the responsible physician and/or ‘inappropriate medication administration’
impact of clinical patient/parent. Two (35%) in ONC patients. 177 interventions
pharmacy services on physicians and two were made by the pharmacist, 81% of which
patient care pharmacists assessed the were accepted by the physician and/or the
4. To make impact of a subset of these patient/parent. The review panel deemed
recommendations for interventions 83.5% of the subset of interventions to have
the future provision of had a positive impact
clinical pharmacy
services to patients
attending the H/O clinic

Continued next page
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in order for pharmacists to provide these services
fully they need to be readily available on the ward at
all times, an aspiration that has still not been met 30
years on.

A study by Folli et al.[10] involving two paediatric
hospitals in the US identified a total of 281 and 198
errant orders at the two institutions, respectively,
over 6 months. No harm to patients because of errors
occurred during the study and the frequency of
errant orders declined as physician training status
increased. Within both hospitals, 27 errors were
potentially lethal, which the authors feel justifies the
additional cost of a clinical pharmacist. However,
the authors point out that the true specificity of error
detection cannot be determined from the data as the
number of potentially errant orders identified by the
pharmacist but not changed by the physician were
not recorded.

Again in the US, Blum et al.[6] repeated the study
by Folli et al.[10] over 3 months with similar results.
This study again shows the importance of a clinical
paediatric pharmacist in detecting and preventing
medication errors.

A study by Koren et al.[11] in Canada recorded a
number of dose administration errors, particularly
10-fold errors, many of which could have led to
serious morbidity or mortality. As with Folli et
al.,[10] these findings present a strong case for the
role of a clinical paediatric pharmacist, as “preven-
tion of man-made morbidity and mortality should
always be a goal of patient care”.[10]

Another study in Canada, by Strong and
Tsang,[12] found 361 interventions over 2 weeks;
however, interventions resulting from drug informa-
tion questions were not included. The physician
acceptance rate (percentage of pharmacists’ inter-
ventions accepted by physicians) was found to be
95.8%. 190 out of 361 interventions had an impact
on patient care; of these, 93% of interventions were
found to have a positive effect. Eighty-two random-
ly selected interventions were assessed and 8.5%
were classified as life-saving. The authors also cal-
culated a cost avoidance of $679 (1991 value) over 2
weeks, which represents $17 654 annually. Howev-
er, this is likely to be an underestimate as no control
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group was included in the study, so it was not The incidence of drug-related problems for children
possible to accurately estimate how an intervention was 165.0 per 10 000 orders written compared with
influenced cost in terms of duration of treatments, only 8.7 per 10 000 orders written for adults. Over-
length of hospital stay, costs avoided as a result of all, a higher incidence of interventions was reported
allergy notification, and adverse drug reaction in children than adults. Limitations of the study
(ADR) identification. Nevertheless, the study included the fact that it was performed retrospec-
demonstrated that “pharmacists’ interventions tively, and that it lacked sufficient data to perform
which represent only a proportion of a pharmacist’s cost and explicit quality of care analysis. Another
responsibilities, improve the quality of patient care limitation was that there was a change in the clinical
and result in cost avoidance”.[12]

pharmacy staffing during the study period, which
In the US, Lal et al.[13] documented 504 clinical may have affected the number of interventions re-

interventions and services accepted over a 6-month corded because of variation in experience. Overall
period. Pharmacists’ interventions were found to the study highlights the value of a paediatric clinical
have decreased hospital stay from 4.38 to 4.26 days pharmacist.
(a decrease of 2.7%) and led to a cost saving of

A 24-week (79-day) study in the US by Krupicka
$7227.83 during the study period. This study also

et al.[16] documented 172 interventions for 77 pa-demonstrated improved pharmacy relationships
tients, equivalent to 35 recommendations per 100with nurses and doctors, with a 50% reduction in the
patient-days. The average time spent by the pharma-number of complaints filed with the pharmacy by
cist in the PICU was 0.73 hours/day. Patients withward staff. As with the Strong and Tsang study,[12] a
recommended interventions on admission had apossible limitation is an underestimation of the cost
longer intensive care unit and hospital stay, and thesaving.
pharmacist spent more time on these patients. There

A total of 610 interventions were identified over was a $1977 (1997 value) cost saving during the
4 months in a US study by Falck et al.[14] Over this study, which is equivalent to $9135 annually. A
time the pharmacist spent 227 hours devoted to limitation of the study was that there was no control
pharmacy activities in the paediatric intensive care

group, so benefits had to be assumed rather than
unit (PICU), which represents 2.7 interventions per

proven causal. In addition, a patient’s clinical course
hour. Limitations included inability to evaluate cor-

was not factored into potential savings as a result of
relations between pharmacist time spent in the PICU

interventions, and there was no direct evidence of aand patient length of stay, doses dispensed and
positive or lasting impact of medical staff education.interventions completed. “These measurements

could justify the need for consistent as opposed to The only study conducted in the UK was by Guy
sporadic pharmacist involvement with the care et al.[17] During the 4 weeks of the study, 363 inter-
team”,[14] the same conclusion reached by ventions were recorded: 190 interventions were de-
Munzenberger et al.[7] tected by pharmacists, 80% of which were accepted

by medical staff. 60% of interventions resulted inAn interesting US study by Chan and Kotzin[15]

prescriptions being amended; advice was acknowl-compared pharmacists’ clinical intervention trends
edged in 6% of cases, while 0.5% of detected errorsbetween paediatric and adult inpatients. Over 4
were regarded as life threatening. The majority ofyears the study documented 706 interventions in
interventions were resolved within 5 minutes. Limi-paediatric compared with 379 in adult patients. The
tations of the study include the fact that only onemean time spent by a pharmacist per intervention
pharmacist and nurse were available in the activewas 35.4 minutes for paediatric and 31.1 minutes for
phase of the study to promote and manage the pro-adult patients. The incidence of interventions was
ject. Staff shortages in pharmacy may have resulted75.3 per 10 000 orders written for children com-
in incomplete data capture and, in addition, not allpared with 4.8 per 10 000 orders written for adults.
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returns were fully completed. Thus, the chosen time paediatrics. Mutchie et al.[8] found that pharmacist
monitoring of TPN reduced the pharmacy’s meanperiod may have affected the results.
cost per course of TPN to $44.10 (year not stated)Virani and Crown[18] recorded 48 interventions
less than the standard TPN. Additionally, a signifi-over 4 weeks in a Canadian study, of which the
cantly greater mean weight gain (17 g/day) in thephysicians accepted 98%. Forty-four interventions
individualised group than the standardised group (4were analysed, of which 86% were judged to have a
g/day) was seen. Dice et al.[9] reported that pharma-positive effect. Total drug cost per patient-day de-
cist monitoring of an individualised programme ofcreased by 14% in the 12 months after having a
TPN in neonates provided a greater mean dailyclinical pharmacist on the ward. The total drug cost
weight gain, allowed a greater amount of nutrients towas decreased by 21%, which represents a cost
be provided, and was cost effective compared withsaving of $5485.80 during the study period. The
the standardised solution without pharmacist moni-small number of patients and interventions during
toring. A limitation of the study was that the cost ofthe study may have limited the results. The small
wasted solutions was not considered.number of patients was further compounded by a

reduced number of admissions during the study peri-
2.1 Methodological Limitations

od. The cost analysis was retrospective, which
meant it was not possible to determine the extent to As the majority of authors do not state what they
which a single factor was responsible for the ob- mean by ‘intervention’, it is difficult to compare the
served changes. However, the high percentage of intervention rates of the various studies. Moreover,
accepted interventions in this study demonstrates the studies used different methods and in a variety of
how a clinical pharmacist positively influences pa- settings. The length of studies also varied from 2
tient outcomes in the paediatric population. weeks to 4 years.

One limitation that all these studies share is theA recent study by Condren et al.[19] in the US
method of intervention reporting. In all the studies,documented a total of 4605 interventions for 3978
interventions were self-reported by the interveningpatients over 12 months. Ninety-one percent of rec-
pharmacist. This may lead to bias and also under-ommendations were accepted by the physician. A
reporting of interventions due to time constraints ortotal of 223 adverse drug events or medication errors
omission of activities the pharmacist does not con-were prevented or detected during the study period,
sider important. As Hatoum et al.[25] suggested in awhich resulted in an estimated cost saving of
study in adults, “clinical pharmacists do not state all$458 516 (2002 value). However, data used to de-
the daily interventions made, but their most favour-rive cost savings of interventions were based on
able ones”.adult patients, so may be misleading as no validated

Nevertheless, despite their shortcomings, alldata were available to guide the economic analysis
studies found the pharmacist to have a positiveof interventions in the paediatric population. There
impact on the medical care of paediatric patients.is also uncertainty about the outcome of interven-

tions: for example, it is unknown whether the inter-
3. Contribution of a Satellite Pharmacyventions resulted in shorter hospital stays or an

overall decrease in healthcare costs. Nevertheless, The only study to examine whether the quality of
this study justifies the role of pharmacists within the medication therapy improved if pharmacist involve-
paediatric medical team through a reduction in med- ment in direct patient care was increased via a
ication errors. satellite pharmacy was by Gibson et al.[20] in the US.

Two studies, both conducted in the US, specifi- These authors found that there was no statistically
cally compared the use of a standardised total paren- significant improvement in the quality of medica-
teral nutrition (TPN) formulation with a pharmacist- tion therapy due to increased pharmacist involve-
assisted individualised programme of TPN in ment in drug therapy. However, the authors con-
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cluded that “results from this study do not mean that interacted extensively with the pharmacist during
this decentralised pharmacy service is ineffective in the study.
influencing drug therapy. It simply means we did A study in the US by Moore and Shelton[23] in a
not obtain substantial evidence of its effective- paediatric asthma clinic identified important areas
ness”.[20] Indeed, the study had a number of short- of pharmacist activities. These included: (i) device
comings. For example, the approach to data collec- technique instruction; (ii) asthma diary implementa-
tion only allowed measurement of therapy given; it tion; (iii) influenza vaccination prompting; and (iv)
did not consider therapy that should have been giv- step-down therapy identification through medica-
en. Also, the study involved the first 9 months after tion reassessment and extensive asthma education.
initiation of the system; it may be that at this early

5. Limitations of the Reviewstage it was operating at less than maximum effec-
tiveness.

It was difficult to compare the various studies
identified, because of the different settings, design,4. Pharmacists’ Contribution to
duration, size, methodology and definition. Further-Outpatient Clinics
more, the review covered studies conducted over
three decades, so some early studies in 1970s areThree studies looked at how pharmacists’ partici-
probably no longer relevant to current practice. Nopation improved services in outpatient clinics. All
randomised study comparing the pharmacist inter-three studies are quite different, and examine the
ventions with usual care have been found; therefore,pharmacist’s contribution from different angles.
it is difficult to assess the true effectiveness ofA study by Summers et al.[21] in a South African
pharmacist intervention in improving paediatricspecialist paediatric neurology clinic found there
drug therapy. The economic analysis of these stud-was an increase in the number of patients seen per
ies was of poor quality and is insufficient to assistsession with pharmacist involvement. The results
healthcare provider/payer to make definitive deci-also showed that polypharmacy, dose administration
sions. Almost all studies reported positive resultsfrequency and average dose per day were reduced
and we cannot exclude the ‘publication biases’.with the pharmacist involvement, while disease con-
Moreover, the pharmacy practice researcher mighttrol, i.e. seizure frequency, was no worse.
have chosen the areas that are likely to be successful

A Canadian study by Taylor et al.[22] in a paedia-
for research such as detection of medication errors;

tric haematology/oncology clinic identified 165
therefore, they are more likely to report positive

drug-related problems in 31 bone marrow transplant
results.

and 27 oncology patients. Ninety nine percent of the
drug-related problems were identified by the phar- 6. Medication Errors and
macist. The mean number of drug-related problems Pharmacists’ Role
identified per patient was 4.8 in bone marrow trans-
plant patients and 0.6 in oncology patients. The On the basis of this literature review and other
pharmacist made 177 interventions, 81% of which published literature on medication errors, we can
were accepted by the physician and/or the patient/ conclude that pharmacists reviewing medication
parent. The review panel deemed 83.5% of the sub- charts is very important in identifying medication-
set of interventions to have had a positive impact on related problems; hence, it is likely to be the most
the patient. A limitation of the study was the absence effective factor in improving drug therapy in chil-
of detailed patient outcomes; this may have made dren. This is particularly highlighted by Koren et
the impact assessment more difficult. Reviewer bias al.,[11] who reported that clinical pharmacists identi-
may have been present, as one of the pharmacist fied and corrected nine instances of 10-fold errors
reviewers was involved in the structure develop- and six instances of 2- to 3-fold errors in 2 months.
ment of the study and one of the physician reviewers Six of these errors could have resulted in serious
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