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Given the paucity of actual guidance provided for managing pediatric drug therapy, prescribing
caregivers must be able to draw on the limited published information in pediatrics and/or guidance
provided in adults with some account for expected pediatric response. Guidance for managing drug
therapy in children is clearly desirable. Our objectives were to construct key performance indicators
(KPIs) for pediatric pharmacotherapy guidance to identify drugs where pharmacotherapy guidance
would be most beneficial. A pilot survey to assess variation in caregiver appreciation for pediatric
dosing guidance has also been constructed to provide a complementary subjective assessment.
Three KPI categories, drug utilization (based on hospital admission and billing data collected from
2001 through 2006), medical need, and guidance outcome value along with a KPl composite score
have been proposed. Low scores are favored with respect to prioritization for pharmacotherapy guid-
ance.The pilot survey consisted of 15 questions to assess 1) physician knowledge regarding dosing
guidance, 2) attitudes toward dose modification and patient individualization, 3) the accessibility,
ease of use and appropriateness of existing data stores, and 4) frequency of dosing modification,
consultation of dosing compendiums and estimate of success rate in dosing guidance. Pilot results
suggest that dosing guidance is generally viewed as important and that the existing resources are
insufficient to guide recommendations for all drugs. While the majority of respondents check more
than one resource less than 25% of the time, at least 25% of the respondents check more than one
resource 25-50% of the time. The majority viewed the relevance of dosing guidance very important to
the management of drug therapy. The questionnaire is being extended to the primary care centers,
the Kids First Network and specialty care centers. Results will guide the development of decision sup-
port systems (DSS) that provide patient-specific pharmacotherapy guidance as part of our pediatric
knowledgebase initiative. For the top 25 most utilized agents at our institution over the last 6 years,
KPI score ranged from 35 (dexamethasone) to 77 (cefazolin and ampicillin) with an average score of
55. Prototype DSS for tacrolimus and methotrexate are strongly supported by the KPI scoring which
ranks their selection in the top 5% of drugs on formulary. KPI metrics provide an objective means of
ranking agents for which pediatric pharmacotherapeutic guidance is clearly needed.
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INTRODUCTION

Pediatric pharmacotherapy can be challeng-
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ing due to developmental changes that may al-
ter drug kinetics, pathophysiologic differences
that may alter pharmacodynamics, disease eti-
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ologies that may be different from adults, and
other factors that may result in great variation
in safety and efficacy outcomes. The paucity of
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information available to health care providers
to derive dosing guidance in children is likewise
problematic and places an additional burden on
the management of pharmacotherapy within
a hospital setting where polypharmacy issues
prevail as well. The reauthorization of both
the Best Pharmaceuticals in Children Act and
the Pediatric Research and Equity Act in 2007
highlights the appreciation for the gains made
to close this knowledge gap! and the support for
the continuation of efforts to further improve
child health outcomes.? The recent adoption of
the Paediatric Investigation Plan proposal by
the European Medicines Agency also indicates
that this is a global perspective that will hope-
fully broaden research efforts and expedite the
closure of these knowledge gaps.?

Getting from label to practice is not a foregone
conclusion, however. An important final step in
this evolving process will be the mechanism by
which such information is conveyed to the pe-
diatric prescribing community and ultimately
the patient. Improving drug monographs with
pediatric data alone will be inadequate in this
regard and practical guidance on the relation-
ship between pharmacotherapeutic manage-
ment and outcomes must ultimately be derived
by caregivers relying on their own experience
in conjunction with “tools” which incorporate
current clinical pharmacologic knowledge
regarding drug therapy in children and that
have the potential to “learn” from accumulated,
individual patient histories. In attempt to ad-
dress many of these issues we are developing
a Pediatric Knowledgebase at The Children’s
Hospital of Philadelphia (CHOP).* Our goals for
the Pediatric Knowledgebase include: 1) to pro-
vide dosing guidance consistent with formulary
standard of care, 2) to examine patient pharma-
cotherapeutic indices with respect to individual
agent performance relative to historical con-
trols derived from the hospital data warehouse,
3) to explore treatment— diagnosis—drug
correlation in conjunction with utilization, and
4) to educate health care providers on clinical
pharmacologic principles specific to populations
and drug combinations of interest. Static com-
pendial information (Lexi-Comp, Physician’s
Desk Reference, etc.) can be searched, indexed
and summarized for easy viewing; forecasting
of relevant drug exposure or clinical markers
(Iaboratory values, pharmacodynamics, adverse

events) is made available in the “Drug Dash-
board” module. Drug dashboards are designed
for and by the physician therapeutic area in
collaboration with clinical pharmacology and
information technology.

Key Performance Indicators (KPI) are gener-
ally thought of as metrics (usually financial)
used to help an organization define and mea-
sure progress toward organizational goals.
In our setting we are attempting to define a
multimetric KPI score to focus the prioritiza-
tion of decision support systems to address the
most critical deficiencies in the management of
drug therapy for children. Our approach to the
definition of the KPI scoring variable was based
on the methodology described by Blocksom?®
and is guided by the need to recognize that
prioritization for pharmacotherapy guidance
needs to reflect several components and be as
objective as possible. The goals for the research
presented herein were to define and develop a
KPI score to be used as a baseline assessment
for pediatric pharmacotherapy outcomes. A
survey to assess the appreciation for pharma-
cotherapy in general as well as the necessity
of dosing guidance and modification among our
prescribing community was also constructed
to support the requirements for additional
resources to provide pharmacotherapy guid-
ance and serve as a complementary subjective
assessment of pharmacotherapy prioritization.
The defined KPI will also provide a measuring
stick by which the benefit of such drug dash-
boards can be judged once implemented.

METHODS

Questionnaire Development

A survey consisting of 15 questions was
constructed to assess 1) physician knowledge
regarding dosing guidance, 2) attitudes toward
dose modification and patient individualiza-
tion, 3) the accessibility, ease of use and ap-
propriateness of existing data stores, and 4)
frequency of dosing modification, consultation
of dosing compendiums and estimate of success
rate in dosing guidance. The questionnaire
was developed with the Survey Monkey soft-
ware to make the questionnaire available in a
web-based format (http://www.surveymonkey.
com/Default.aspx). The survey questions were
developed from informal interviews with phy-
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Table 1. Pilot questionnaire design features to assess pediatric caregiver prescribing attitudes and opinion regarding

pharmacotherapy management

Category Questions

Response Options / Type

Demographics

What is your specialization?

Where are you located?

Attitude toward
available
pharmacotherapy
resources

How useful are the current dosing

compendiums?

Experience and
necessity of dosing
adjustment

dose?

practice?

On what criteria would you scale adult

doses to pediatric doses?

How convenient is it to obtain dosing

guidance information?

How often do you modify dosages beyond

the norm?

Please give an estimate of your dose

adjustment’s success rate

Preliminary
requirements

for alternative
pharmacotherapy tool

propose to improve it?

What medications are the most difficult to

manage?

Would it be valuable to have access to an

on-line dosing guidance tool?

What is your status as a clinical caregiver?

How do you obtain dosing information?

How often do you have to reconfirm your

How important is dose adjustment in your

Do you use any tools that allow you to
check dose requirements? Specify

What are the drawbacks of such dosing
guidance tools and how would you

Nurse, Respiratory Therapist, Resident
Fellow, Attending, Clinical Pharmacist,
Other

Comment

Main Hospital, Primary Care, Kid's First
Network, Specialty Care

PDR, Drug monographs, Lexi-comp,
Lexi-comp online, Harriet Lane, Other
Compendiums, Sunrise Clinical Manager,
Scientific Literature, Past experience

Not at all, Not very informative, Somewhat
informative, Very informative

< 25% of the time, 25-50% of the time,
>50% of the time, Never

Not at all, Not very important, Somewhat
important, Very important

Body weight, Height, Body surface area,
Organ Function, Other

Not at all, Not very convenient, Somewhat
convenient, Very convenient

< 1% of patients, 1-10%, 10-20%, > 20% of
patients, Other

< 50% of the time, 50-70%, 70-90%, > 90%
of the time
No, Yes (Specify)

Comment

List

Yes, Maybe, No

sician, nursing and pharmacy stakeholders
that interface with the Division of Clinical
Pharmacology & Therapeutics at the Children’s
Hospital of Philadelphia. Survey categories
included demographics, pharmacotherapy re-
sources, dosing adjustment and modification,
and valuation of additional tools to provide
improved pharmacotherapy guidance. Table
1 contains the various survey questions and
response options developed from our initial
interviews.

The pilot survey was submitted to 30 testers
representing the various stakeholders compris-
ing the pharmacotherapeutic caregiver com-
munity at our institution. The intention of this
pilot survey was to gauge the appropriateness
of the questions to this community, uncover
any potential bias in the questions or response
options and assess the relevance of the initial
results to define the baseline needs assessment
for our pediatric knowledgebase project. Post
survey interviews were conducted with initial
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stakeholder team that provided input into the
pilot questionnaire design to review the survey
output, assess the performance of the question-
naire and suggest changes before creation of a
final questionnaire to be submitted to a broader
prescribing community within our institution.
Survey output was summarized in Microsoft
Excel and plotted in Graphpad Prism.

Drug Utilization

Drug utilization has been assessed based
on the review and summarization of hospital
admission and billing data collected from 2001
through 2006. From the transaction data pro-
vided from the Siemen’s accounting database,
we have constructed a separate utilization da-
tabase, which contains 12,656,008 records and
85 fields (approximately 81 tables, 3393 MB
Oracle 8i database). Relevant fields of interest
for query and data summarization include Dis-
position, Admission, Service, Physicians, Proce-
dures, Treatment, Patient, Nursing Station, and
Diagnosis. From this database, drug exposure
can be calculated as total drug administered
and as administration per patient encounter.
The entire CHOP formulary consists of 998
drugs with 7,553 formulation-dose entries
(unique formulations and dosage strengths)
at present. As part of the continuous review of
the therapeutic standards committee, the for-
mulary is periodically re-evaluated and drugs
are added or removed from the list. Hence, uti-
lization rankings over the 6-year interval were
filtered by the current formulary list.

Utilization stratification across the evalu-
ation period and within therapeutic area
and age strata has been summarized. Each
inpatient or outpatient visit/admission was
considered a patient encounter and, therefore,
patients that were hospitalized more than once
during each year were included for each sepa-
rate encounter. Likewise, patient encounters
were summarized with age strata and corre-
lated with diagnosis to assess the association
of drugs with therapeutic areas. The assign-
ment of therapeutic area has been based on
the most common indication for which the drug
is utilized; drugs have not been cross-listed in
this analysis across multiple areas in which
an individual agent may be utilized. Utiliza-
tion data was queried directly in Oracle. Data
summarization (merging, counting, quintile

assignment and ranking) was performed us-
ing SAS version 9.1 (PC/Windows platform).
Graphical presentation of utilization data and
trend analysis over time was performed using

S-PLUS and SAS.

Assigning Attributes for Prioritization, Scoring
and KPIs

Key Performance Indicators (KPI) proposed
to assess the value of targeted pharmacothera-
peutic intervention for drugs administered to
children have been defined in three categories:
drug utilization, medical need, and guidance
outcome value. Within each category a set of at-
tributes has been defined from which each drug
candidate can be scored to measure the com-
parative subset and composite scores against
each drug evaluated. Attribute definitions and
the scoring criteria within each category are
provided in Table 2. These raw sets of values
(indicators) are combined into category scores
for drug utilization, medical need, and guidance
outcome value, respectively, and an overall
KPI score which is the transformed sum of the
various category scores. In the proposed scoring
system, category and KPI scores which are low
in number reflect drugs for which the value of
pharmacotherapeutic guidance is high. Like-
wise, higher scores are consistent with drugs
that are well managed, understood and/or not
extensively utilized in children in general. The
equation for KPI score is shown below:

KPI = X (2 * Medical need + Utilization + 6 * Guidance Outcome)

The component attributes are all unitless
numbers so transformation of conversion is
not required. The scaler multipliers for Medi-
cal Need and Guidance Outcome are intended
to equalize the range of the maximum scores
for each of the three categories so that the
KPI composite reflects equal weight for each
category. As the various component attributes
are newly proposed as well, their distributional
properties have not been previously character-
ized. As Blocksom has pointed out, keeping the
variation in response of the component metrics
similar should improve the repeatability and
reliability of the composite metric.?

Medical need and drug utilization are
relatively straightforward in their meaning.
Within the Medical Need category, the first
three attributes (life saving intervention,
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Table 2. Attributes of KPIs to Assess Pediatric Pharmacotherapy Guidance

Rank Criterion Scale
Medical Need

1 Life saving intervention [0-5]*

2 Disease / condition in which few pharmacotherapeutic treatment [0 - 5] grade
options exist [No options - Many options]

3 Pediatric pharmacotherapeutic data and dosing guidance [0-5] grade
availability in pediatric populations [No data — Adequate data]

4 Target agent requires titration to effect without acceptable dosing [0-1]
guidance [Yes titration — No titration]
Poor outcomes associated with subtherapeutic exposure [0-11*

6 Toxic events associated with supratherapeutic exposure [0-11*
Toxicity associated with chronic administration (exposure or dose [0-17*
intensity)

Drug Utilization

1 Exposure rank - overall [1-5]gradet

2 Exposure rank — within therapeutic class [1-5] gradet

3 Exposure rank — neonates [1-5] gradet

4 Exposure rank - infants [1-5] gradet

5 Exposure rank - children [1-5] gradet

6 Exposure rank — adolescents [1-5] gradet

7 Exposure rank - young adults [1-5]gradet

Guidance Outcome Value

1 Established relationship between activity (or efficacy) and drug [0-17*
exposure or biomarker in adults

2 Established relationship between toxicity (or adverse events) and [0-11*
drug exposure or biomarker in adults

3 Established relationship between activity (or efficacy) and drug [0-17*
exposure or biomarker in children

4 Established relationship between toxicity (or adverse events) and [0-11*
drug exposure or biomarker in children

5 Available TDM correlated with outcomes in adults [0-11*

6 Available TDM correlated with outcomes in children [0-11*

* Yes - No

1 top - bottom quintile

treatment options, and pediatric dosing guid-
ance availability) represent ordinal response
variables on a scale of 0 to 5. The remaining 4
attributes in this category (titration to effect,
subtherapeutic exposure, supratherapeutic
exposure and chronic toxicity) are dichotomous
variables scored as 0 or 1 (present or not). The

range of scores in the Medical Need category
will span 0 to 19 which will be scaled to 0 to 38
within the KPI score as illustrated by the equa-
tion above. Utilization criterion are based on
actual patient exposures to drug over a 6-year
period (2001 — 2006) and are defined for the
entire inpatient population, within therapeutic
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Table 3. Patient encounters stratified by age group at the Children’s Hospital of Philadelphia from 2001 through

2006
Age Strata Number of Admissions per year

2001 2002 2003 2004 2005 2006
Neonate (newborn - 1 mo) 1265 1343 1431 1473 1533 1462
Infant (2 mo -2 yrs) 15665 15014 16870 16450 17670 18016
Children (2-12 yrs) 31539 31441 34510 34590 36747 38980
Adolescent (12-16 yrs) 7801 8657 9950 10113 10797 11255
Young Adult (16-21 yrs) 4881 5295 6221 6933 7323 8094
Adult (> 21 yrs) 764 818 957 1175 1193 1276
Total 61915 62568 69939 70734 75263 79083

area classes and subset into 6 different age
strata (neonates, infants, children, adolescents,
young adults and adults). The yearly and total
(6-year) patient encounters for each of these
age strata are shown in Table 3. For each at-
tribute, drugs are ranked based on utilization
within each stratum. Each of the utilization
attributes is scored from 1 to 5 based on the
quintile of the ranks within each category. The
range of scores in the Utilization category will
span 7 to 35 and is not scaled within the KPI
composite score.

Guidance outcome value refers to the extent
to which clinically relevant dosing guidance
can be derived for target agents. Within the
Guidance Outcome Value category, the 6 attri-
butes (adult activity concentration-effect [C-E]
relationship, adult toxicity C-E relationship,
pediatric activity C-E relationship, pediatric
toxicity C-E relationship, adult TDM, pediatric
TDM) are all dichotomous and are identified
based on the existence of these relationships
or monitoring practice based on the Lexi-Comp
compendium (http://www.lexi.com/) or the
published literature. The assignment of TDM
attributes were not based on CHOP practices
per se but the recommendation to monitor drug
or biomarker exposure within Lexi-Comp.

RESULTS

Survey of Attitudes on Pharmacotherapy in
Children

The complete results of the 15-question pilot
survey are contained in the Appendix. As men-
tioned previously, the survey was distributed to
30 testers, including 23 attending physicians, 5

fellows, one clinical pharmacist and one nurse.
Of the testers surveyed, most (56.7%, n = 17)
were from Oncology. The remainder of the
survey community represented Critical Care
(17.7%, n = 5) and Allergy and Immunology
(6.7%, n = 2). Six other therapeutic groups /
areas of specialization were represented by one
person each. Most of the respondents (96.7%,
n = 29) work in the hospital inpatient campus
as opposed to our specialty care centers and
outpatient Kid’s First Network.

Survey results describing pediatric caregiver
response to pharmacotherapy resources, the
value of existing, available compendial resourc-
es, the frequency with which dosing guidance
is sought by the caregiver and the relevance
of dosing adjustments to individual caregiver
practice are presented in Figure (panels A
through D, respectively). As the results suggest,
survey respondents use a diverse array of com-
pendial sources to provide guidance on pediatric
pharmacotherapy with the online Lexi-Comp
application being the most popular resource
across the various caregiver communities.
These resources were more commonly referred
to as somewhat informative as opposed to very
informative. In addition, while the majority
of respondents check more than one resource
less than 25% of the time, at least 25% of the
respondents check more than one resource 25-
50% of the time. Not surprisingly, the majority
of respondents viewed the relevance of dosing
guidance very important to the management of
drug therapy for patients in their care.

Drug Utilization
The summarization of utilization results
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A

Past Experience
Scientific Literature
SCM

Other Compendiums
Harriet Lane Handbook
LEXI-COMP Online
LEXI-COMP Handbook

PDR

Count

More than 50% of the time

Between 25-50% of the time

Less than 25% of the time

0 5 10 15 20 %
Count

20 4

Somewhat Informative

Very Informative

Very Important

Somewhat Important

Not very Important

25

Count

Figure. Pilot questionnaire results describing pediatric caregiver response to (A) pharmacotherapy resources, (B) the
value of existing, available compendial resources, (C) the frequency with which dosing guidance is sought by the
caregiver and (D) the relevance of dosing adjustments to individual caregiver practice.

SCM = Sunrise Clinical Manager, PDR = Physician’s Desk Reference.

W Attending physician E Fellow physician [ Clinical pharmacist N Nurse

across age and therapeutic area strata are
presented in Tables 4 and 5. Table 4 shows
the ranking of agents based on administration
exposure across the 2001 to 2006 evaluation
period hospital wide (overall) and within age
strata. As the table indicates, the ranking
of agents is not the same within the various
age strata. While there are agents which are
clearly highly utilized across all age strata
(e.g., acetaminophen, midazolam, etc.), others
are unique with respect to their utilization
pattern within a particular age strata (e.g.,
nystatin for neonates and infliximab for young
adults). Of course, some of these trends are due
to the nesting of therapeutic areas within the
age strata and the overall utilization pattern
for our institution which also reflects local /

regional therapeutic bias based on the patient
indications for which the institution is most
established in treating. It is also clear that the
utilization exposures are strongly influenced by
the admissions within each age strata as shown
in Table 3; the ranking within age strata for
KPI scoring was an attempt to reflect the per-
centage of utilization within age grouping.
Table 5 shows the utilization outcomes for
the top 5 agents (based on total utilization
over the 6-year observation period) within
therapeutic areas from 2001 through 2006.
Only the therapeutic areas representing the
top 25 most utilized agents are shown, though
the assessment and ranking were completed for
all drugs on formulary. These data also show
time-dependent utilization patterns which
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Table 5. Utilization outcomes for top 5 agents (based on total utilization over the 6 year observation period) within
therapeutic area from 2001 through 2006

Barrett JS, et al

Utilization (Exposure/year)

Therapeutic

Area Agent 2001 2002 2003 2004 2005 2006
Infectious Disease
1 Cefazolin 6527 6915 7099 10081 9518 9617
2 Ampicillin 5848 5826 6025 3557 2779 3072
3 Gentamicin 4119 4187 3756 3798 3441 3847
4 Amoxicillin 2823 2632 3447 1696 2059 3275
5 Clindamycin 1059 1127 1428 2229 2589 3391
Oncology
1 Dexamethasone 4868 2530 2716 4942 7756 8567
2 Vincristine 2110 2203 2367 2170 1818 2451
3 Methotrexate 1014 1134 984 1055 563 525
4 Infliximab 360 519 728 1071 1026 1295
5 Cytarabine 496 528 451 359 314 462
CNS-acting Agents
1 Acetaminophen 15758 10063 19188 25045 24172 28316
i Midazolam 14666 12861 18203 23883 23097 26118
3 Morphine 14090 13973 13880 13351 12931 14422
4 Fentanyl 7533 8165 10721 14615 15038 16671
5 Ondansetron 12560 4613 4613 9706 14866 18072
Cardiovascular Agents
1 Dopamine 1347 1585 1881 1975 1573 2113
2 Digoxin 662 634 598 557 573 593
3 Milrinone 389 467 544 623 515 591
4 Enalapril 339 434 398 404 413 476
5 Amlodipine 352 354 408 392 346 407
Allergy & Immunology
1 Prednisone 5884 4725 7056 6838 6631 7448
2 Diphenhydramine 4259 4588 5503 5336 4888 5474
3 Methylprednisone 1719 1869 2193 2306 2210 2585
4 Cetirizine 687 857 935 946 1039 1232
5 Montelukast 565 698 848 953 989 1199

may reflect experience/confidence with any
agent, the introduction of a newer agent with

lization data strongly support the decomposi-
tion of utilization into attributes which more

perceived benefit or superiority or simply a re-
flection of changes in the density or admission
of particular patient population. Most of the top
agents within the therapeutic area sub-strata
are remarkably consistent in their utilization
over this 6-year observation period. These uti-

appropriately reflect the dispersion in patterns
across age and therapeutic area strata.

KPI Metrics
Table 6 shows the results of the various medi-
cal need, utilization, and guidance outcome
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Table 6. KPI scores for top 25 prescribed agents (overall exposure) at the Children’s Hospital of Philadelphia relative
to agents for which decision support systems have been developed

Agent Exposure Rank* Category Score KPI Scoret
Utilization Medical Need  Guidance Value
Acetaminophen 1 7 15 4 61
Midazolam 2 7 16 2 51
Morphine 3 7 15 2 49
Fentanyl 4 7 13 2 45
Ondansetron 5 9 15 6 75
Atropine 6 7 14 4 59
Albuterol 7 7 7 6 57
Vecuronium 8 7 15 2 49
Neostigmine 9 7 10 4 51
Cefazolin 10 7 17 6 77
Lidocaine 1 7 13 2 45
Oxycodone 12 9 14 2 49
Prednisone 13 9 13 2 47
Dexamethasone 14 7 8 2 35
Ranitidine 15 7 16 6 75
Diphenhydramine 16 8 13 4 58
Ibuprofen 17 8 12 4 56
Ampicillin 18 7 17 6 77
Ketorolac 19 8 12 4 56
Pentobarbital 20 9 13 2 47
Bupivacaine 21 7 13 2 45
Gentamicin 22 7 12 2 43
Propofol 23 8 1 2 42
Ipratropium 24 9 12 6 69
Glycopyrrolate 25 8 13 4 58
Methotrexate 52 13 4 0 21
Tacrolimus 99 16 5 0 26

* Based on overall in-patient drug exposure (see Table 4 ranking)

1 KPI =X (2*Medical Need + Utilization + 6*Guidance Outcome Value)

value category and KPI scoring. The KPI scores
for methotrexate and tacrolimus are shown for
reference as they represent drugs for which
prototype decision support systems have been
developed. In the list of top 25 agents, the KPI
score ranges from 35 (dexamethasone) to 77
(cefazolin and ampicillin) with an average score
of 55 (standard deviation, 11.8). By contrast,
the KPI scores for methotrexate and tacrolimus
were 21 and 26, respectively, and rank among
the top KPI scores based on our criteria. Based

on overall utilization ranking, methotrexate
ranked 52 and tacrolimus ranked 99 which
still put these agents in the top third of the 345
drugs on formulary included in this analysis.

While more formal sensitivity analyses of the
criteria are ongoing, it is obvious that the Guid-
ance Value category scoring which has zero as
a lower limit can strongly influence the KPI
scoring as can be shown from the tacrolimus
and methotrexate values. This was an inten-
tionally derived property as it was felt that,
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while balanced scoring across the categories
was desirable, a data driven bonus for agents
for which guidance value was highest should
be made.

DISCUSSION

Increased appreciation of the need to propose
and implement child health quality measures
is slowly evolving. While Shaller® has recently
provided a perspective on the state of practice
in this area, the major issues and challenges
as well as the obstacles cited in this interview-
based analysis still exist. Of the top 5 needs
that Shaller identified in this analysis, the
investment in building research capacity via
a trained pool of users of quality measures
and the capacity to use and understand qual-
ity improvement methods and tools requires
the dedicated engagement of the end-user
community.

The benefit of surveys to provide baseline
assessment of performance initiatives around
hospital informatics has been previously
demonstrated.” Our pilot survey is now be-
ing modified for submission to our broader
caregiver community with the main hospital,
specialty care centers and outpatient (Kid’s
First) network. Based on post-survey inter-
views with our initial survey development
team, it was clearly viewed as a priority that
we expand the survey access to include broader
representation of our caregiver community
ensuring that the final survey elicits greater
participation from the nursing and pharmacy
community at CHOP. The pilot survey was
largely representative only of our physician
community with 28 of 30 test responders being
either an attending physician or fellow. Recent
studies by Beuscart-Zephir!® and Handler!!
examining differences in caregiver attitudes
to computerized physician order-entry systems
suggest that such differences may extend to
dosing and pharmacotherapy guidance as well.
We also intend to expand our survey questions
in order to obtain more detail on the satisfac-
tion with existing compendial resources and
the identification of drugs and drug classes
which are most difficult to manage. Our in-
tention is to compare the prioritization for
pharmacotherapy guidance suggested from our
survey community with the KPI score in order

to evaluate the overlap between subjective and
presumably more objective measures.

While the proposed KPI scoring system was
envisioned to provide an objective means of
prioritizing medicines for which more extensive
pharmacotherapy guidance is warranted, we
also recognize the need to further refine the
KPI proposal to assess the sensitivity of the KPI
score to the various sub-attributes. The need
to prioritize is valid for many areas of drug re-
search as well as project planning and resource
allocation. Particularly in the area of pediatric
drug development and clinical pharmacologic
investigation, prioritization has been the goal
of the NICHD, the FDA and law makers seek-
ing to address the gaps in drug knowledge in
children. Prioritization methods put forward
have been largely based on sequential filtering
criteria and have been viewed as highly sug-
gestive. Our KPI approach may offer a more
objective alternative and, with minor modifica-
tion, could be applicable to other areas in which
prioritization of pediatric pharmacotherapy
research and development may be valuable.
Likewise, it would also seem to be relevant for
other institutions seeking to develop decision
support systems to manage pharmacotherapy
in children. Ongoing efforts include the further
investigation of the KPI components with ex-
ploration of the sensitivity of the KPI score to
the various sub-attributes.

One of our goals for the KPI scoring was to
facilitate the identification of drug candidates
for development of drug dashboards within
our pediatric knowledgebase initiative. These
drug-specific decision support systems are
envisioned to provide patient-specific pharma-
cotherapy guidance based on the integration of
hospital-based electronic medical records sys-
tems with data visualization tools, forecasting
algorithms and drug-specific clinical pharma-
cologic guidance. Our intention was to create
a balanced approach to the selection of these
agents so that their selection was not entirely
based on either medical need or utilization. Ini-
tial efforts in this area have produced prototype
dashboards for methotrexate and tacrolimus.*
While their selection as dashboard candidates
was not based on the KPI score, the KPI scoring
system does support their selection, as both
drugs are ranked higher than the top 25 most
utilized drugs at our institution. We are also in
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APPENDIX, Pilot Questionnaire Results, n =30
1. What is your status as a clinical caregiver?

Clinical Pharmacist

Nurse

Fellow Physicians

Attending Physicians

T T T T T T T 1
1020 30 40 50 60 70 80

% Response

I
0

2. What is your training expertise (Area of specialization,
e.g., Neonatology, Pediatric Oncology)?

e pe e Response Response

Specialization Percent Count
Pediatric Oncology 56.7 17
Pediatric Critical Care 16.7 5
Allergy and Immunology -

: . 6.7 2
Infectious Disease
Other 20 6

3. What is your location within the CHOP system?

Speciality Care Facility

Main Hospital

T T
20 30 40 50 60 70

% Response

T T 1
80 90 100

4.How do you currently obtain dosing information when
prescribing a medication?

Past Experience
Scientific Literature
Sunrise Climical Manager
Other Compendiums
Harriet Lane Handbook
Lexi-Comp Online
LexkComp Handbook
PDR

T T T T T T

T
0 10 20 30 40 50 60 70 80 90
% Response

5. How informative are the existing dosing compendi-
ums?

Somewhat Informative

Very Informative

I T T T T T T T

0 10 20 30 40 30 60 70

% Response

6. How often do you have to check more than one source
to obtain the dosing guidance you require?

More than 50°% of the Time
Between 25-30% of the Time
Less than 25% of the Time

%o Response

7. How important is dose adjustment in the care of your
patients?

Not Very Important
Somewhat Important

Very Important

I

I T T T T 1
0 10 20 30 40 50 60 70

% Response

8.The criteria upon which you would scale adult doses or

patient groups in which you would make dosing adjust-
ments?

Other

Organ Function
Body Surface Area
Height

Body Weight

T T
0 1 20 30 40 50 60 70 80

% Response
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9. How convenient is it for you to obtain information
pertaining to dosing guidance?

Not Very Convenient
Somewhat Convenient
Very Convenient

T T T T T T 1
0 10 20 30 40 50 60

% Response

10. How often do you modify or are asked to modify dos-
ages beyond the standard dose requirements for your
patients?

Other
More than 20% of patients
Between 10 and 20%
Between 1 and 10%
Less than 1% of patients

I T T T T

0 10 20 30 40

% Response

11. Can you give an estimate of how effective (success
rate) is your dose adjustment history?

More than 90% of the time
Between 70 and 90%
Between 50 and 70%

T T T T T
0 10 20 30 40

%o Response

12. Do you use any tools (software, calculator, etc) that al-
low you to check dose requirements? If so what tool(s)?

Yes

No

—

I 1 1 1 I ) I ) ) I 1
0 10 20 30 40 50 60 70 80 90 100
% Response

13. Would it be valuable for you to have an online tool to
provide dosing guidance that would let you individual-
ize patient dosing and examine dosing history relative
to best practices?

Yes

I 1 1 1 1 1 1 ]
0 10 20 30 40 50 60 70
% Response

1
80 90 100

the process of externally qualifying this scor-
ing criterion via external collaborators. Drug
utilization is most certainly geographically and
population dependent and is likely influenced
by other factors as well.'? Likewise, medical
need, while presumably defined via objective,
quantitative attributes, would yield different
results if applied to countries where access to
medicines and disease conditions differ from
the United States.!?

There exists a heightened awareness for
pharmacotherapy guidance and the develop-
ment of algorithms across therapeutic areas
and pediatric indications. Excellent examples
for both pharmacotherapy management and
patient outcome benefit exist in the areas
of pediatric immune thrombocytopenic pur-
pura,* hyperlipidemia in pediatric heart
transplant recipients,’® pediatric migraine,'¢
lung disease,'” insomnia in primary care,®
and bipolar disorder.’ It is also clear that
facilitating the guidance discussed in these
examples would be greatly enhanced with an
integrated, hospital informatics solution. Our
emphasis with the pediatric knowledgebase
is to build such a system. Future emphasis
for this project will focus on broadening col-
laborations with global thought leaders in
this area and increasing the pool of informed
end-users who would both benefit and utilize
such a system. The proposed KPI scoring
system should provide a means of focusing
efforts in this area.
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