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OBJECTIVES: With increasing complexity of critical care medicine comes an increasing need for multidisci-
plinary involvement in care. In many institutions, pharmacists are an integral part of this team, but long-term 
data on the interventions performed by pharmacists and their effects on patient care and outcomes are limited. 
We aimed to describe the role of pediatric clinical pharmacists in pediatric intensive care unit (PICU) practice.
METHODS: We retrospectively reviewed the records of pharmacy interventions in the PICU at the Mayo 
Clinic in Rochester, Minnesota, from 2003-2013, with a distinct period of increased pharmacist presence in 
the PICU from 2008 onward. We compared demographic and outcome data on patients who did and who 
did not have pharmacy interventions during 2 periods (2003-2007 and 2008-2013).
RESULTS: We identified 27,773 total interventions by pharmacists during the 11-year period, of which 79.8% 
were accepted by the clinical team. These interventions were made on 10,963 unique PICU admissions and 
prevented 5867 order entry errors. Pharmacists’ interventions increased year over year, including a signifi-
cant change in 2008. Patients who required pharmacy involvement were younger, sicker, and had longer 
intensive care unit, hospital, and ventilator duration. Average central line infections and central line entry 
rates decreased significantly over the study period.
CONCLUSIONS: Increased pharmacist presence in the PICU is associated with increased interventions and 
prevention of adverse drug events. Pharmacist participation during rounds and order entry substantially 
improved the care of critically sick children and should be encouraged.

INDEX TERMS: adverse drug reaction, catheter-related infections, medication errors, pediatric intensive 
care units, pharmacists

J Pediatr Pharmacol Ther 2015;20(4):290–298

INTRODUCTION

Multidisciplinary involvement in patient care 
in the intensive care unit (ICU) has been shown 
to decrease hospital errors and improve patient 
outcomes. A multidisciplinary approach accounts 
for the complex modern critical care practice and 
the role of different participants in critical care 
delivery. Performing daily medical rounds by 
a multidisciplinary team has previously been 
shown to decrease mortality among medical ICU 
patients.1 Such a model has also been endorsed by 
the American College of Critical Care Medicine 
Task Force on models of critical care delivery.2 Al-
though there is empirical support for a multidis-
ciplinary approach to care, the existing literature 
does not agree on either specific attributes of the 

multidisciplinary team or the optimal team size.
Pharmacists are considered an integral part of 

the team, although their level of involvement in 
the critical care practice is variable.3 A few small 
studies have shown that a pharmacist’s involve-
ment in critical care rounds is associated with 
fewer adverse effects4 and alone may be associ-
ated with lower mortality among ICU patients.5 
The American Academy of Pediatrics in 2003 
proposed that inclusion of a pharmacist in the 
critical care team can help decrease medication 
errors.6 To date, however, descriptions in the 
pediatric literature of a clinical pharmacist’s role 
in this team have remained limited. A recently 
published study conducted during 8 months in a 
pediatric ICU (PICU) described the number and 
types of interventions performed by pharmacists 



JPPT

291J Pediatr Pharmacol Ther 2015 Vol. 20 No. 4 • www.jppt.org

per patient.7 Because of the short duration of this 
study, it was not possible to demonstrate an ef-
fect of pharmacist interventions on outcomes or 
of pharmacist staffing on the number and types 
of interventions.

With transitions occurring in the field of clini-
cal pharmacy, it is important to define the role of 
the clinical pharmacist on the multidisciplinary 
team and to highlight the value of the position, 
which includes enhancing the safety and quality 
of patient care, in addition to financial savings. 
Clinical pharmacists have been a part of the PICU 
team at our institution since 2003, with evolution 
of their role and involvement over time. The 
pharmacists working in the PICU have either 
completed a pediatric pharmacy residency or 
departmental pediatric pharmacy training. In 
2008, a significant change was implemented: 
pharmacist coverage increased, allowing for 
presence of a clinical pharmacist in the unit from 
7 am to 5 pm on weekdays. This provided us with 
2 distinct periods in which to analyze the effects 
of clinical pharmacists in PICU practice. The 
primary objective of this study was to delineate 
the clinical pharmacist’s role in a pediatric critical 
care practice through retrospective review of in-
terventions. Of specific interest were the types of 
interventions performed, their effects on patient 
care, and the extrapolated cost savings.

METHODS

This study was approved by our institutional 
review board. Our critical care and hospital phar-
macy services divisions maintain records of quality 
metrics. Since January 2003, pharmacists have re-
corded their clinical interventions and outcomes of 
those interventions in an institutionally developed 
pharmaceutical care database (named P-Care). 
Data concerning pharmacists’ interventions and 
changes in therapy due to their interventions were 
retrospectively extracted from the P-Care database 
in yearly increments via a reporting functionality 
that is available within the system.

A clinical intervention was defined as any 
recommendation the pharmacist made to the 
patient care team regarding a change to a pa-
tient’s medication therapy or monitoring of their 
medication therapy. At the time the pharmacist 
documented a clinical intervention in P-Care, the 
system automatically recorded the patient demo-
graphic information, nursing unit/bed, date/

time, pharmacist, and service. When recording 
each clinical intervention, the pharmacist catego-
rized the type of clinical intervention, assigned 
a clinical severity rating, indicated whether the 
intervention was secondary to an ordering error, 
provided a brief narrative of the intervention, and 
documented whether the intervention resulted 
in a change in medication therapy or monitor-
ing of that therapy. Each clinical intervention 
captured was designated as 1 of 6 intervention 
types: drug-dosing regimen, drug interaction or 
incompatibility, drug monitoring, drug route/
method of administration, drug selection, and 
medication profile/order clarification.

We defined these interventions as follows: 
1) drug-dosing regimen: a recommendation to 
change a medication dose, frequency, or dura-
tion of therapy; 2) drug interaction or incompat-
ibility: a suggestion to change secondary to a 
drug-drug interaction, drug-food interaction, 
or drug-laboratory interaction, and drug-drug 
physical incompatibility; 3) drug monitoring: any 
suggestion associated with the laboratory moni-
toring of drug therapy; 4) drug route/method of 
administration: a proposed change in the route 
or method of administration; 5) drug selection: a 
recommendation to use an alternative medication 
for various reasons including allergy, intolerance, 
contraindication, drug shortage, duplicate ther-
apy, formulary issue, not optimal for indication, 
inappropriate dosage form, indication with no 
medication ordered, medication not needed, re-
stricted medication, and therapeutic interchange; 
and 6) medication profile/order clarification: an 
intervention required to further clarify an order or 
the patient medication profile because of incom-
pleteness, illegibility, contrary to policy, written 
for wrong patient, or inappropriate procedures 
followed when using electronic order entry.

A clinical severity rating was also assigned 
to each clinical intervention. To minimize in-
terprovider variability in assigning the impact, 
guidelines with examples were available to the 
clinical pharmacist.

• Minor impact on patient outcome: the in-
tervention has minimal health consequences for 
the patient. Examples: incomplete information 
on the medication order, inappropriate dosage 
form, illegible or incomplete medication order, 
drug shortage intervention, intravenous (IV) to 
oral (PO) route conversion, drug-cost savings.

• Moderate impact on patient outcome: the 
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intervention results in improved patient out-
come, but the overall health consequences are 
considered to be non–life-threatening. Examples: 
dose adjustment for disease state or serum con-
centration, medication needed but not ordered 
and is not a life-threatening omission, medica-
tion selection optimized, electrolyte therapy for 
asymptomatic patients with abnormal laboratory 
results, and drug-monitoring issues.

• Life-threatening or potentially life-threat-
ening health consequences: the intervention 
removes a potentially life-threatening situation 
for the patient. Examples: history of anaphylaxis 
to an ordered medication; 10-fold overdose or-
dered; overdose of chemotherapy; duplication of 
therapy, which may have life-threatening conse-
quences such as both heparin and low-molecular-
weight heparin ordered; inappropriate route such 
as PO medication ordered to be given IV; life-
threatening drug interactions; subtherapeutic or 
supratherapeutic antibiotic dosing or suboptimal 
antibiotic selection for a septic patient.

Data were collected from an institutional criti-
cal care data repository—ICU datamart, which 
contains near–real-time copies of the pertinent 
ICU patient information beginning in 20038—
along with the critical care process and outcome 
information from January 1, 2003, through 
December 31, 2013. During the first 5 years, our 
staffing model allowed for a pharmacist to be 
present during rounds, approximately 2.5 hr/
day; in addition we estimate another 2.5 hours of 
time was dedicated to profiling pediatric orders 
(total pediatric pharmacist involvement of 5 hr/
day), with limited information technology sup-
port to clinically intervene in real time. Beginning 

in 2008, a full-time pediatric clinical pharmacist 
was dedicated solely to the PICU for 10 hours 
every day. Thus, data were compared for 2 peri-
ods: 2003-2007 and 2008-2013. Demographic and 
outcome data also were compared for patients 
who did and who did not have pharmacy inter-
ventions in the 2 periods. Standard statistical tests 
(t test for continuous data and χ2 test for categori-
cal data) were used to compare and analyze the 
data. Data analysis were performed by using JMP 
statistical software (SAS Institute, Inc, Cary, NC). 
p < 0.05 was considered statistically significant.

RESULTS

Pharmacy Total Interventions
During the 11-year study period, pharmacists 

made 27,773 clinical interventions in the PICU, 
of which 22,165 (79.8%) resulted in changes in 
medication therapy or therapy monitoring (Table 
1). These interventions were made on a total of 
10,963 PICU admissions. As the pharmacist role 
in the PICU multidisciplinary practice evolved 
and became more defined over time, the num-
ber of total interventions increased from 1,643 
in 2003 to 3,566 in 2013 (p < 0.01). The PICU 
admissions also increased significantly, from 
868 in 2003 to 1,112 in 2013 (p < 0.01). The year-
over-year increase in pharmacy interventions 
is statistically significant (p < 0.001), even after 
controlling for the increase in PICU admissions, 
as determined by a bivariate fit model of total in-
terventions minus PICU admissions by time. The 
increased pharmacist working hours (10 hours 
vs. 5 hours) from 2008 onwards, had a positive 
correlation with total interventions (r = 0.75, p 

Table 1. Pharmacist Interventions and Associated Variables

Year*
Variable 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total

Total 
interventions

1,643 1,350 1,713 1,622 1,829 2,481 3,318 2,996 3,456 3,799 3,566 27,773

Therapy 
changes made

1,404 
(85.4)

1,074 
(79.5)

1,286 
(75.0)

1,272 
(78.4)

1,494 
(81.6)

2,058 
(82.9)

2,633 
(79.3)

2,359 
(78.7)

2,685 
(77.6)

2,987 
(78.6)

2,913 
(81.6)

22,165 
(79.8)

Order error 
interventions

475 
(28.9)

427 
(31.6)

420 
(24.5)

414 
(25.5)

418 
(22.9)

588 
(23.7)

728 
(21.9)

653 
(21.8)

454 
(13.4)

589 
(15.5)

701 
(19.7)

5,867 
(21.1)

PICU 
admissions

868 875 1,000 869 825 928 1,085 1,092 1,159 1,150 1,112 10,963

PICU, pediatric intensive care unit
*Values are No. or No. (% of total interventions)

S Tripathi, et al
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= 0.01; controlled for PICU admis-
sion). Each extra hour of pharmacist 
presence in the PICU led to 191.5 ad-
ditional interventions (p = 0.01) (data 
not shown). During the study period, 
pediatric pharmacists prevented 5867 
order entry errors. The exact number of 
adverse drug events (ADEs) prevented 
is difficult to estimate from our data. 
However, on the basis of a previous 
study,9 we believe that up to 18% of 
order entry errors may have resulted in 
an ADE. Clinical pharmacist presence 
in the PICU has thereby resulted in the 
prevention of 1,056 ADEs in the past 11 
years. Although the total interventions 
increased, the percentage of interven-
tions that were order errors decreased 
over time from 28.9% in 2003 to 19.7% 
in 2013 (Table 1).

Pharmacy Intervention Categories
We documented 22,165 accepted 

therapy changes by pharmacy recom-
mendations during the study period 
(Table 2). The 2 most common change 
categories were changes in drug dose 
regimen (11,586 [52.3%]) and appropri-
ate drug selection (4,733 [21.4%]). Drug 
interaction or incompatibility (336 
[1.5%]) and drug monitoring (1,155 
[5.2%]) were least often recommended. 
The drug dosing interventions as a 
percentage of total interventions de-
creased from 65% in 2003 to 42% in 
2013 (Table 2).

Effects on Patient Care
The perceived effects on patient 

safety from the therapy changes de-
scribed in Table 1, as evaluated by the 
pediatric pharmacists, were catego-
rized as “life-threatening,” “moderate 
impact on patient outcome,” or “minor 
impact on patient outcome.” Of 19,252 
interventions implemented (2003 to 
2012), 304 (1.6%) were deemed to be 
life-threatening or to potentially have 
life-threatening consequences. Most 
interventions were deemed as having 
a moderate impact on patient outcome 
(10,767; 55.9%) (Table 3).
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Effect of Change in Pediatric Pharmacist Staffing 
Model

To assess the effect of the increased pharmacy 
staffing model, we compared the data on phar-
macy interventions during 2 distinct periods: 
2003-2007 and 2008-2013. The mean (SD) number 
of clinical interventions accepted increased from 
the first period (1,306 [158]) to the second period 
(2,605 [349]) (p < 0.001). Significant increases were 
also noted in all categories of pharmacy interven-
tions, including drug-dosing recommendation, 
drug interactions, drug monitoring, route and 
method of administration, drug selection, and 
profile or order clarification (Table 4).

Patient Safety and Outcomes
Pharmacists’ recommendation of IV to PO con-

version of medications can affect central line en-
try rate. From 2007 to 2013, we collected data on 
the number of central line entries, after a quality 
initiative in our unit aiming to coordinate labora-
tory draws and medication administration. The 
number of central line unique entries (CLUEs; 
total central line entries/patient observations) 
decreased from 25.2 in 2007 to 12.4 per 1,000 
central line days in 2013 (p = 0.006) (Table 5). The 
mean (SD) CLUE rate from 2008 to 2013 was 14.5 
(2.2), which was also significantly decreased from 
the 2007 value (p = 0.006, t test assuming equal 
variance) (Table 4). The yearly average number 
of changes in drug route/method of administra-
tion intervention by the pharmacist for 2003 to 
2007 was 111 and doubled to 218 for the years 
2008-2012, a significant increase (p < 0.001). The 
year-over-year increase in drug route adminis-
tration intervention showed a strong negative 
correlation with the CLUE rates on univariate 
analysis (r = −0.83, p = 0.026) (Table 4).

Pharmacy Intervention and Patient Demographics
To better identify the categories of patients 

who most often require pharmacy interventions, 

we compared the demographics and outcome 
of all patients with any pharmacy intervention 
(7,069, 64.4% of all admissions) with those who 
had no pharmacy interventions (3,894, 35.5% 
of all admissions). Patients who required more 
pharmacy interventions were significantly 
younger at admission (7.3 years vs. 8.1 years; 
p < 0.001) and had longer ICU (4.3 days vs. 1.1 
days; p < 0.001) and hospital stay (11.5 days vs. 
3.6 days; p < 0.001). Patients who required more 
pharmacy interventions also were on mechanical 
ventilation significantly longer (4.8 days vs. 0.8 
days; p < 0.001) and had more deaths during the 
study period (150 vs. 27; p < 0.001). There was 
no statistically significant difference in mortal-
ity rate between those without and those with 
pharmacy interventions (1% vs. 2%; p = 0.55) 
(data not shown).

DISCUSSION

To our knowledge, this study is the largest to 
report data showing that having a pediatric clini-
cal pharmacist dedicated to the PICU promotes 
the care of patients. We showed that increased 
pharmacist presence in the PICU is positively 
associated with increased interventions and 
prevention of order entry errors. Patients who 
are sicker and younger require more pharmacist 
involvement in their management.

Clinical pharmacy is a relatively younger 
branch of pharmacy, having branched out of 
general pharmacy in the mid 1960s. Clinical phar-
macists are focused on patient pharmacotherapy 
rather than drug product dispensing. The need 
for specialized clinical pharmacists arose out of 
dissatisfaction with old practice norms and the 
pressing need for a health professional with a 
comprehensive knowledge of the therapeutic 
use of drugs.10 The American College of Clinical 
Pharmacists defines clinical pharmacy as “the 
area of pharmacy concerned with the science and 

Table 3. Pharmacists’ Perceived Effect of Intervention on Patient Outcomes

Year
Effect 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Total

Life-threatening 35 24 23 30 14 46 54 29 21 28 304

Moderate impact on patient 
outcome

1053 774 997 952 1313 1431 1130 1174 843 1100 10,767

Minor impact on patient 
outcome

316 276 266 290 167 581 1449 1156 1821 1859 8181

S Tripathi, et al
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practice of rational medication use.”11 Clinical 
pharmacists are the experts in therapeutic use of 
medications and a primary source of scientifically 
valid information and advice regarding the safe, 
appropriate, and cost-effective use of medica-
tions.12 Depending on the institution and staffing, 
the role of a clinical pharmacist can vary from 
medication consulting to medication prescrib-
ing. Clinical pharmacists not only improve drug 
safety13 but also can help to decrease health care 
costs,14 improve quality of pharmacotherapy,15 act 
as a liaison between pharmacy and other depart-
ments,16 and refine a patient’s drug knowledge.17

Although clinical pharmacists have been a 
part of the ICU team for many years, descrip-
tion of their involvement has been limited to 
small studies with limited time frames. Laro-
chelle and colleagues7 previously described the 
extent and nature of pharmacy interventions in 
the PICU. During 8 months they evaluated 893 
interventions on 159 patients (5.5 interventions 
per patient). Our rate of pharmacy interventions 
was 2.5 interventions per patient, although it 
ranged from 1.9 in 2003 to 3.2 in 2013. Dosing 
recommendations were the most common type 
of intervention in the study of Larochelle and 
colleagues7 (28.8%) as in our study (52.7%). Our 
percentage may be higher because Larochelle 
et al7 considered dosing recommendations and 
pharmacokinetics (21.4%) separately. The medi-
cal team’s acceptance of the pharmacist’s recom-
mendation was lower in our study (79.8%) than 
in other studies in literature (98% in Larochelle et 

al7; 95.8% in Strong and Tsang18). Our study data 
were self-reported by the pharmacist over a much 
longer period, which may explain the low accep-
tance rates. Moreover, we try to foster a culture 
of open discussion in the PICU. The pharmacists 
are encouraged to bring forth any idea that they 
feel merits consideration by the team, even if it 
is an idea that may not have a high likelihood 
of being implemented, but something the team 
should keep in mind. These conversations are 
recorded as interventions.

Medication error rates as reported in the pedi-
atric literature are much higher than in the adult 
population, possibly because most available 
drugs have been developed for use in adults.19 
The rate of potentially dangerous medication er-
rors is 3 times higher for pediatric patients than 
for adult patients.9 Drugs used for children are 
often unlicensed and used off-label because of 
lack of appropriate strengths or suitable formu-
lations. Many drugs with a narrow therapeutic 
index can have serious adverse effects if used 
with incorrect dosing. These challenges provide 
unique opportunities for pharmacists to improve 
the quality of care for pediatric patients. In a 
before-after study in adult ICU patients, Leape 
et al20 showed a decrease in preventable ADEs by 
66%. A similar study by Kaushal et al21 in a PICU 
also showed a reduction in the rate of serious 
medication errors from 29 per 1,000 patient days 
to 6 per 1,000 patient days within 3 months. In 
an observational study in pediatric and adult in-
patients, the rate of pharmacist interventions per 

Table 4. Effect of Increased Pharmacy Presence on Number of Interventions

Period*
Measure 2003-2007 2008-2013 p Value

Change category
 Drug-dosing regimen 849 (87) 1,223.1 (109.4) <0.001
 Drug interaction or incompatibility 22 (61) 32.6 (12.5) 0.02
 Drug monitoring 58.2 (18.1) 144 (26) <0.001
 Drug route/method of administration 111 (17) 218 (31) <0.001
 Drug selection 155.8 (24.9) 659 (204) 0.001
 Medication profile/order clarification 109.6 (52.6) 324 (95) 0.001
Yearly total therapy changes 1,306 (158) 2,605 (349) <0.001
Admissions 887 (66) 1,087 (83) 0.002
CLUE
Pharmacist hr/day‡ 

25.2† 
5

14.5 (2.2)
10

0.006

CLUE, central line unique entry rate (central line entries per 1000 central line days)
*Values are mean (SD) value for period
† 2007 only
‡ Estimated value

Impact of Pharmacists on PICU Practice
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10,000 orders written was 75.3 for children and 
only 4.8 for adults.22 The corresponding incidence 
of drug-related problems per 10,000 orders was 
165 for children, compared with 8.7 for adults.

In this study, pharmacists in our ICU identi-
fied and corrected 5,867 medication order errors 
in 10,963 patients (0.53 errors/patient). It is not 
possible from our study to calculate how many 
of the order errors may have led to an ADE, but 
a previous study9 reported 115 potential ADEs 
among 616 medication order errors (18%). That 
study also found that 79% of the potential ADEs 
occurred during drug ordering, and a unit-based 
clinical pharmacist could have prevented 94% 
of the potential ADEs. Extrapolating their rates 
to our study, we believe that clinical pharma-
cists may have prevented 1,056 ADEs. We have 
shown that pharmacists influence various aspects 
of care in the PICU. Improvement in many of 
these outcomes is closely related to other qual-
ity improvement efforts, which thus limits our 
ability to accurately predict pharmacist impact 
on cost-effectiveness. Although the actual cost 
savings may be much more, ADE prevention has 
been shown in previous studies to result in the 
highest cost-benefit ratio.23

In our study, the percentage of interventions 
that are order errors decreased over time, al-
though the total number of interventions in-
creased. This may be related to more organized 
computerized pharmacy order entry, as well as 
other electronic decision support tools—such as 
electronic Micromedex (Truven Health Analytics, 
Greenwood Village, CO), which is easily available 
while ordering medications, and Internet access 
on all computers—that have been implemented 
over the years. The clinical pharmacist’s role has 
also evolved from only medication order correc-
tion to being more involved in decision making 
and therapeutics. The overall decrease in the 
CLUE rates in the past 11 years is probably due 
to multiple factors and measures implemented 
in our unit over the years. We hypothesize that 
pharmacist intervention in intravenous to oral 
drug conversions led to a decrease in CLUE rates, 
but this needs to be verified in an independent, 

sufficiently powered study.
In our study, patients who had pharmacy in-

terventions had longer ICU and hospital stays. 
They also had more ventilator days. In contrast, 
other studies have shown a favorable outcome 
with pharmacist presence in the PICU.24 How-
ever, in the absence of baseline disease severity 
scores or mortality risk scores, it is not possible 
to compare patients with and without pharmacy 
interventions. We hypothesize that, in our study, 
pharmacist interventions were only needed in 
sicker and younger patients. In fact, the mean age 
of patients who had pharmacy interventions was 
significantly younger than that of the patients 
without interventions.

Our study has similar limitations to those of 
previous studies. The interventions were self-re-
ported by the intervening pharmacist, which may 
lead to bias and underreporting of interventions 
owing to time constraints or omission of activi-
ties not deemed important in the pharmacist’s 
opinion. We also did not have a defined control 
phase, with no pharmacist presence; this limited 
our ability to quantify the impact.

On the basis of our study and previous studies, 
we believe that the dedication of pharmacist time, 
the improved clinical expertise of the pharmacist 
in PICU patient care, and the physical presence 
on the unit working in a multidisciplinary fash-
ion with physicians and providers all result in 
optimization of pharmacotherapy. In view of the 
substantial impact of pharmacists in the care of 
critically sick children, pharmacist participation 
during rounds and order entry should be en-
couraged. Future studies should evaluate more 
innovative use of the pharmacy resources in drug 
prescribing and error prevention.
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Abbreviations ADE, adverse drug event; CLUE, central 
line unique entry; ICU, intensive care unit; IV, intravenous; 
PICU, pediatric intensive care unit, PO, oral

Table 5. Central Line Infections and Entry Rates Over the Course of Study Period

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

CLUE NA NA NA NA 25.2 17.9 14.6 16.1 14.2 12.3 12.4
CLUE, central line unique entry rate (central line entries per 1,000 central line days); NA data not available
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