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EXECUTIVE SUMMARY
The Clinical Pharmacy Services Study was a com-

parative study of pharmacist recommendations on

the drug therapy of acute, medical in-patients in
17 Ontario hospitals providing three different levels of
patient pharmacotherapy monitoring (PPM).

Interventions were recorded by pharmacists providing
Drug Order Review (DOR), Basic Patient Pharmaco-
therapy Monitoring (B-PPM), or Concurrent PPM (C-
PPM). Drug Order Review was defined as the regular
screening of drug orders for general accuracy. The
review of a patient for the purposes of evaluating specific
drug therapy was called B-PPM, while C-PPM was de-
fined as the on-going monitoring of patients, their drug
therapy and response to therapy.

During a five-week period, 132 pharmacists provided
3747 hours of monitoring services to 1570 acute medical
beds and recorded a total of 3373 cases with 4559
recommendations. Pharmacists providing C-PPM aver-
aged 11.9 minutes of patient monitoring per patient-day
compared to 4.0 minutes per patient-day for B-PPM, and
2.2 minutes per patient day for DOR.

Pharmacists in hospitals with higher levels of PPM
identified more pharmacotherapy issues and made more
recommendations regarding patient’s drug therapy.

Pharmacists in C-PPM sites reported nine times as many
cases and recommendations per patient-day compared to
DOR sites and three times as many as in B-PPM sites.

Recommendations were more often made pro-actively,
were of a more clinical (less technical or procedural)
nature, and were solicited by other health professionals
more frequently in hospitals providing higher levels of
PPM services. Pharmacists in C-PPM sites were located in
the patient care area at the time of the recommendation
in 93.3% of cases compared to 40.1% and 1.3% in B-PPM
and DOR sites, respectively. One in four C-PPM cases
involved pro-active participation by the pharmacist in
drug decision-making compared to 11.4% for B-PPM
and 4.2% for DOR sites. Drug regimen changes were

more common in C-PPM sites (42% vs 27% for B-PPM
and 27% for DOR) while DOR recommendations most
often involved drug distribution (40% vs 26% for B-PPM
and 14% for C-PPM).

Drug product cost changes resulting from pharma-
cists’ recommendations demonstrated the influence phar-
macists can have on drug expenditures when making
recommendations for changes in drug therapy. All sites
reduced unnecessary drug costs with savings from 21-
96% depending on the recommendation and level of
service. In some cases, costs rose as pharmacists made
changes to improve therapy.

At higher levels of PPM, the focus of pharmacist
recommendations shifted from the drug product being
dispensed to the individual patient receiving medical
care. Similarly, a shift occurred in pharmacists’ assess-
ments of their recommendations towardsimproved thera-
peutic effect and risk reduction for patients, in addition
to decreasing unnecessary drug costs. Physicians’ assess-
ments tended to affirm pharmacists’ opinions of impact.
Pharmacists in C-PPM sites also provided follow-up
monitoring to determine patient response to their recom-
mendations more often than those providing less inten-
sive levels of PPM.
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Increased PPM services to patients required more
resources. Hospitals with more acute care beds, more
pharmacist and pharmacy technician staff compared to
numbers of patients, more pharmacists with hospital
residency and advanced training, and more service hours
per patient-day provided higher intensities of PPM.

Changes in the provision of pharmacy services with C-
PPM observed in this study are consistent with the
philosophy of pharmacy practice embodied in Pharma-
ceutical Care. The provision of Pharmaceutical Care
requires an investment in resources (staff and technol-
ogy), education and training of pharmacists, reorganiza-
tion of resources to maximize a pharmacist’s time for
patient monitoring, and organization of service delivery
so pharmacists have unlimited access to patients.

Pharmacists provided services that were assessed to
have increased the quality of patient care, reduced drug
costs and/or improved drug prescribing to varying de-
grees depending on the level of PPM service.

INTRODUCTION

Background Information
Since the early 1960s, a key development in hospital
pharmacy practice has been the emergence of clinical
pharmacy services.! Clinical pharmacy has been defined
as the provision of structured services by pharmacists to
meet the drug-related needs of patients, physicians, and
nurses in a commitment to the optimization of drug
therapy. In doing so, pharmacists exercise professional
judgment and accept responsibility for the quality of
drug-related patient care outcomes.?> Developments in
clinical pharmacy have taken place internationally and
have received impetus from recognition of the potentially
serious problems for patients associated with inappro-
priate drug use, > escalating drug costs,-® and the need
for adequate measures to promote optimal drug use.”®

Pharmacists acknowledge the necessity of caring for
the drug-related needs of patients and have accepted this
as their professional mandate.! The mission for phar-
macy as stated by the Canadian Society of Hospital
Pharmacists is: “to improve the quality of life of indi-
vidual patients through activities which ensure indi-
vidual patients are receiving drug therapy to achieve
desired outcomes.”

Reports from the United States, Canada, United King-
dom, and the World Health Organization reiterate
the importance of clinical pharmacy practice in hospi-
tals. 1919 The development of reliable research models
that demonstrate the value of clinical servicesis a difficult
process. However, with the support of policy makers,
clinical practice development and investigation have
been possible. A number of clinical pharmacy practices
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have been advocated to improve patient care as cited in
the reports of the Pharmaceutical Inquiry of Ontario (the
Lowy Inquiry)?° and the British Columbia Royal Com-
mission on Health Care.?!

Despite recent information supporting the contribu-
tion of clinical pharmacy, there has been somewhat of a
lag in the development of such services in Canada. While
many pharmacy practitioners provide valuable clinical
services to patients in their institutions, the advances in
clinical practice have occurred more frequently in the
larger teaching hospitals and the extent of development
varies from institution to institution.16-22-27

Assurvey in 1989 by Einarson and Mann illustrated the
variability in clinical pharmacy services in Canada.®’
Central review of a patient’s medication profile prior to
dispensing for >90% of drug orders was reported in 97
(75%) of the 130 responding hospitals. In contrast,
review and monitoring of patients at the ward level was
being performed for 90% of patients in only 8 (6.2%)
hospitals. Appropriateness of drug therapy for an indi-
vidual patient can usually only take place at the ward
level, where the pharmacist has access to the patient,
medical team, and pertinent clinical information.?® Conse-
quently, location is an important constraint on the phar-
macists’ contributions to optimal drug use for patients.

Despite evidence that time spent clinically with pa-
tients can provide up to a 20-fold return on dollars
invested, a survey by the Ontario Hospital Association
demonstrated that approximately 50% of the pharmacist’s
time is spent on non-clinical activities.?®

In response to the need to further develop clinical
pharmacy services, the Clinical Pharmacy Advisory Com-
mittee (CPAC) of the Canadian Society of Hospital Phar-
macists released a working paperin 1990 called “A White
Paper on the Establishment and Elaboration of Clinical
Pharmacy Services”. This document outlined a patient-
oriented philosophy of pharmacy practice, a manage-
ment model and a practice model for clinical services to
assist pharmacy directors and hospital administrators in
prioritizing the use of staff and resources to implement
and expand clinical programs >

The Pharmaceutical Care model developed by Helper
and Strand and the White Paper both emphasize the
importance of making patients the central focus of all
services pharmacists provide 2?1 One major difference
between the two models; however, is acknowledgment
in the White Paper that current pharmacist practices and
pharmacy department organization cannot change over-
night. The CPAC proposed development of patient-
oriented services in an incremental fashion with each
pharmacy department’s present structure and operation
as the starting point.>

It was stated by CPAC that the most practical and
feasible clinical pharmacy activity offering the most
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benefit to patient care was drug therapy monitoring or
Patient Pharmacotherapy Monitoring (PPM).30  From
this statement flowed the recommendation that PPM be
given the highest priority in the development of clinical
services based on patient care impact and cost benefit
expectations.®® The systematic review of drug therapy
and patient response and recommendations when ap-
propriate to ensure safe, efficacious and economic drug
use for each patient would be required.

While the incremental approach to the development of
pharmacy services advocated by the CPAC is feasible, the
benefits of this approach need to be identified. Informa-
tion is needed to assist hospital pharmacy directors in
strategic planning and hospital administrators in deter-
mining pharmacy resource requirements in the current
era of fiscal restraint.?’

As the first step towards establishing a policy for future
development, the decision was made to conduct a com-
parative, descriptive study of different levels of clinical
pharmacy services based on definitions in the White
Paper.?0 Most previous studies have been limited to a
particular aspect of clinical pharmacy service in one
hospital. >33 Ontario hospitals provided an ideal popu-
lation for study since there was variation in hospital size,
type and level of pharmacy service, yet common legisla-
tion and overall policy.

Research Goals and Objectives

The overall objective of the Clinical Pharmacy Services
Study was to compare different levels of PPM adapted
from the White Paper on the Establishment and Elabora-
tion of Clinical Pharmacy Services.>® Hospitals at differ-
ent stages of development of their PPM services created
a natural environment for a comparative study of phar-
macist recommendations on the drug therapy of acute,
medical, in-patients in Ontario hospitals.

The expectation was that the quantity, nature, and
impact of recommendations made by pharmacists dif-
fered in hospitals providing different levels (intensities)
of PPM. Aswell, the level of PPM would be related to the
number of pharmacy staff employed in relation to the
number of patient beds in each hospital. The institutions
with more staff per bed would be expected to provide
Imore Services.

Specific objectives were to:

1) determine the ratio of acute care beds to the number
of pharmacy staff serving acute beds in study sites
and compare results among the three levels of PPM;

2) describe the frequency of issues and recommenda-
tions reported during the data collection period and
compare results among the three levels of PPM;

3) describe the types of issues and recommendations
and compare results among the various levels of
PPM,;

»
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4) evaluate the pharmacists’ and physicians’ assess-
ments of the impact of the recommendations and
compatre results among the levels of PPM; and,

5) measure the financial consequences of pharmacists’
recommendations in terms of changes in drug prod-
uct costs in a sample of cases and compare results
among the PPM levels.

METHODS

General Approach
D uring a five-week study period, pharmacists provid-
ing PPM services to patients in designated medical,
acute care patient areas (study areas) within each hospi-
tal were asked to record all patient-specific recommenda-
tions on each day services were provided. Pharmacists
also provided assessment on the perceived impact of their
recommendations. Physicians who received the recom-
mendations were surveyed to determine their assessment
of the impact of the recommendation. Drug product cost
changes were calculated for a sample of cases.

Study Sample
Ninety-six public, general hospitals located in the prov-
ince of Ontario were surveyed to obtain a description of
the potential study hospitals. Of 81 responses, 19 were
ineligible for consideration as study sites (three sites had
fewer than 100 acute beds and two sites were specialty
pediatric hospitals, ten sites did not meet minimum DOR
service requirements and four sites provided unclearly
defined services). The remaining 62 hospitals were strati-
fied by level of pharmacy monitoring service and consti-
tuted the sampling framework for the study. For the
purpose of ourstudy, the following definitions were used:
1) Drug Order Review (DOR): The regular screening
of drug orders for general accuracy and completeness as
described in the White Paper.°
2) BasicPatient Pharmacotherapy Monitoring (B-PPM):
The review of patient information for the purposes of
evaluating specific drug therapy with access to patient
specific information. This encompasses both Selective
PPM and Comprehensive/Universal PPM asdescribed in
the White Paper since, although the selection of which
patients received PPM differed, the intensity of monitor-
ing provided to an individual patient was the same.>
3) Concurrent Patient Pharmacotherapy Monitoring
(C-PPM): The routine (usually daily) on-going monitor-
ing of patients, their drug therapy and their response to
therapy, usually aided by the development and imple-
mentation of a patient-specific therapeutic plan.
Criteria used to categorize hospitals into service levels
are shown in Appendix A. Based on time and resource
limitations, the possibility of drop-outs, and results from
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a pilot study in three British Columbia hospitals, a
sample of 17 sites was taken. (Appendix B)

Data Collection

Designated study areas were selected from each study
hospital (acute care, medical, in-patient areas) where the
most developed PPM services were consistently pro-
vided. Data collection occurred over a five-week period
in September and October 1992. Pharmacists received
training on data collection including verbal instructions,
an orientation manual, sample cases and cases for prac-
tice prior to the start of the study. Each site had one or
more designated study coordinators responsible for or-
ganization and study administration.

Data Collection Form

A data collection form was designed specifically for use
in this study (Appendix C). The form was extensively
field tested, revised and re-tested in the pilot study prior
to use in this study.

The form was organized into three parts to be com-
pleted by the pharmacist each time a recommendation
was made.

Part One:  Background information was recorded
including date, time, location, study site,
pharmacist identification, and patient de-
scriptive information.

Part Two:  The pharmacotherapy issue and recom-
mendations made were described to cre-
ate a written record of the work done by
the pharmacist while providing monitor-
ing services.

Part Three: The results of the recommendation, in-
cluding pharmacist assessment, whether
it was accepted by the responsible physi-
cian and any follow-up of patient re-
sponse resulting from the recommenda-
tion were documented.

Pharmacists were asked to record all names, doses,
dosage forms, and dosing schedules for drugs involved
with the issues and recommendations.

The purpose of the data collection form was to:
— describe the pharmacotherapy issue identified (or
solicited) during patient monitoring that prompted
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available) for up to seven days.); and,

~ delineate the pharmacists’ self-assessment of impact

of their recommendation(s).
In order to reduce ambiguity, the following definitions

were used in the study:

Pharmacotherapy issue: A situation arising in con-
junction with drug therapy monitoring where the
pharmacist was asked to contribute, or the pharmacist
independently deemed input was required in order to
ensure optimal drug therapy and/or minimize drug-
related problems for a specific patient.
Optimal drug therapy: The most appropriate, safe,
efficacious, and economical drug use in a specific
patient based on the characteristics of the patient, the
patient’s response to therapy, and the desired thera-
peutic outcomes for the patient.
Drug-related problem: An actual or potentially inap-
propriate response to drug therapy including insuffi-
cient response (e.g., because dose too low), excessive
response (e.g., toxicity, therapeutic duplication), un-
expected response (e.g., allergy), or different response
(e.g., adverse effect, drug interaction, wrong drug
selection).
Pharmacist recommendation: The response by the
pharmacist in the form of a recommendation as to what
should be done for the specific patient in order to
resolve the pharmacotherapy issue. One pharmaco-
therapy issue may result in more than one pharmacist
recommendation. Recommendations were further
categorized as follows:

1 Drug Selection — the choice of which drug
should be given to a patient.

2)  Drug Regimen - the decision of what form and
the dosage of a chosen drug which should be
given to a patient.

3) Drug Distribution - the technical requirements
of accuracy and conformity for a drug order
(including formulary status) before it is dis-
pensed to the patient.

4)  Monitoring - the use of laboratory or other tests
to follow the progress of treatment for a patient.

5)  Other - all remaining areas of concern regarding
drug therapy for patients.

the pharmacist to make a recommendation;

describe the pharmacist’s recommendation(s) in re-
sponse to the issue;

identify the information that was available to the
pharmacistat the time the recommendation was made;
— measure acceptance and patient follow-up rate after
the recommendation (cases were followed for patient
response when the pharmacist deemed follow-up was
required and/or in circumstances when follow-up was
feasible (e.g., patient still on ward, monitoring time

Pharmacist Time Log

Each study pharmacist recorded on a time log the num-
ber of hours they spent each study day providing DOR
and/or PPM services to patients in the study areas. Drug
order review time was the number of hours the pharma-
cist spent reviewing drug orders for patients located in
the study areas. Drug order review usually took place
within the pharmacy but also occurred on the study ward
if the orders were screened there by a pharmacist prior to
being filled in the dispensary.
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If DOR time for the study areas could not be
separated from the total time spent servicing the
entire hospital, the time to service the study areas
was estimated. For example, in a 500 acute bed
hospital with 100 beds (1/5 of all beds) designated
as being in the study, if a pharmacist spent five
hours providing DOR services to all acute beds then
1/5 of the time (one hour) was spent serving the
study areas.

Patient pharmacotherapy monitoring time was
the number of hours spent by pharmacists monitor-
ing patients and their drug therapy while located in
the study areas. Time spent on medical and nursing
rounds could be included as part of PPM time if the
pharmacist was an active participant in the rounds.

Activities that were not recorded as study time
included: administrative duties/meetings, lunch and
coffee breaks, departmental projects, inventory/
technical distributive functions, and attending/pre-
senting in-service education.

The pharmacist time log was an indicator of the
actual number of hours pharmacists had available
to provide the service being measured in this study.
All time was interpreted as reported by the pharma-
cist, except in the case of pharmacy residents. It
was assumed that residents spent approximately
half of their time working as a member of the
pharmacy department and half of their time study-
ing. Therefore, all PPM time reported by pharmacy
residents was halved before inclusion in the time
total for each study site.

- A time-out day was a contingency allowed in the
study to enable a data collection day to be removed
if the usual level of service to the study area was
compromised in any way. The entries pharmacists
made in their time logs for each “time-out” day
were zero hours, since, for the purposes of the
study, no hours of service were provided where
data could be generated.

Site Physician Assessment

Once recorded, pharmacists’ recommendations were
sorted by the site coordinator and those targeted to a
physician (medical resident, intern, or attending phy-
sician) were sent to that individual for assessment of
the impact of the recommendation. This assessment
did not require any additional chart review on the part
of the physician since a description of the issue and
recommendation were recorded on the form (see Ap-
pendix C). A maximum of five randomly chosen
assessment requests per physician per twice-weekly
mailing was set based on an informal workload sur-
vey of attending physicians and residents at the
Ottawa General Hospital.
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Background Information

Descriptive information about the study hospital
and study areas was provided by the pharmacy
director from each site. A demographic and profes-
sional profile was also obtained from each pharma-
cist submitting data.

Drug Cost Assessment

Each issue and recommendation description was
reviewed and coded to identify cases for the evalu-
ation of drug costs. Cases were excluded from the
drug cost study if the drugs involved were used on
an “as needed” or “PRN” basis since the frequency
of drug administration per 24-hour period could
not be determined. Cases were also excluded if the
drugname was missing, no direct drug cost changes
occurred (e.g., allergy verification), or costs could
not be assigned to drug orders as written (e.g., due
to drug order errors).

The costs to provide 24 hours of drugs in the
dose, form and schedule described in the issue and
recommendation sections of each case in the sample
were calculated. The Ontario Hospital Association
Hospital Purchasing Plan Contract Prices (1992),
the Ontario Drug Benefit Formulary (Best Available
Price), or the List Price [rom the manufacturer were
used as sources for prices paid by Ontario hospitals
for a specific drug.

Drug product cost changes per 24-hour period
were calculated as the difference between the costs
of relevant drug products used for therapy during
the 24-hour period before the recommendation
was made (described in the pharmacotherapy is-
sue), and the 24-hour period alter the recommen-
dation was made (described in the recommenda-
tion). Drug product costs did not include the time
or supply costs of drug preparation or administra-
tion nor the costs of wastage or the costs of drug
products not involved with the issue or recommen-
dation. The cost of one intravenous minibag was
included in the cost of each dose that was to be
administered by that route.

DATA PROCESSING AND ANALYSIS

Confirmation of Study Groups

SLudy sites were grouped into one of the three PPM
service levels based on the anticipated intensity of
monitoring to the study areas. The groups were estab-
lished using results from the initial Ontario hospital
survey and on-site interviews. This grouping was then
evaluated using a cluster analysis of baseline data
collected during the study. The baseline indicator of
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the actual intensity of service during the study was
PPM time per patient-day and reflected the allocation
of pharmacy resources to provide PPM services to that
specific area. The higher this value, the more pharma-
cist time was spent monitoring patients relative to the
numbers of patients present during the study period.
By definition, DOR sites were not expected to report
any PPM time on the wards, whereas C-PPM sites
would have higher values than B-PPM sites because of
the greater intensity of monitoring provided in C-PPM
sites.

Data Processing

All information from the data collection forms and phy-
sician assessment surveys were manually edited and
coded, then entered into a computer using SPSS/Data
Entry IIR. All editing and coding was completed by the
research coordinator. Patient morbidity data were
coded using the International Classification of Diseases
Codes (ICD-9). Editing was checked during data entry,
which was contracted to The Statistical Consulting
Centre at Carleton University, Ottawa, Ontario. Data
entry was 100% verified. Descriptive and statistical
analyses were performed using SPSS/PC+R, Version 5.0.3%

Data were interpreted in a multiple
response format. Each study hospital
was considered as one subject with all
cases collected from the site viewed as
multiple responses that, when combined,
described the level of PPM provided
during the study. The cases from each
hospital were compiled to create a sum-
mary value for each variable.

Total beds

Data Analysis

Summary values for key variables were
used in a comparative analysis across
the three different service levels exam-

Acute care beds
Acute (in-patient) admissions'
Acute occupancy rate' (%)

Acute (in-patient) pharmacist FTE
(resident= 0.5 FTE)

Acute (in-patient) technician FTE
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RESULTS

Il seventeen sites completed the entire

study. Sites were grouped by level of service - sixsites
provided DOR services, five sites provided B-PPM and six
were C-PPM sites. A total of 3373 cases with 4559
recommendations were submitted by 132 pharmacists
providing a total of 3747 hours of monitoring services for
patients in the study areas.

STRUCTURE OF THE SERVICES

Hospitals
tudy hospitals are described in Table I. All DOR
hospitals were non-teaching facilities. One B-PPM
site was a teaching hospital and the other four sites were
community hospitals. All C-PPM hospitals were univer-
sity-affiliated teaching hospitals.

Larger hospitals employed a greater number of phar-
macists. The number of pharmacy staff compared to the
number of patient beds was also related to the level of
PPM as described in Table II. The acute bed: acute care
pharmacist ratio differed significantly among all three
levels of service.

Table 1: Description of Hospitals
mean (standard deviation)

281 (73) 327 (188) 620 (322)
207 (39) 294 (144) 585 (343)
9845 (2692) | 12,503 (6383) | 23,471 (11,099)
82.0(5.9) 85.3 (8.3) 83.5 (6.6)
441 (0.9) 8.2 (4.4) 30.6 (19.9)
47 (1.6) 8.2 (4.3) 28.4(14.2)

ined. In preparation for analysis, data
were tested for normality of distribu-
tion and consistency of variances using
the Lilliefors Test.3* Any data that
were normally distributed or could
be made normal through transforma-
tion by loglO(x+1) were reported as
mean (£ SD) and analyzed using One-
way Analysis of Variance (ANOVA) and
Duncan’s Multiple Range Test (MRT) for
inter-group comparisons. If transforma-
tion did not normalize the data, median

1 For time period April 1991 - March 1992
FTE = Full-Time-Equivalents

Table II: Ratio of Acute Beds : Pharmacy Staff
mean (standard deviation)

Acute care bed : pharmacist FTE*

Acute care bed : technician FTE**

Acute care bed : Pharmacist + technician FTE**

data were reported and the non-para-
metric Kruskal-Wallis ANOVA and
Dunn’s Test for multiple comparisons
were used.

1 excluding staff serving non-acute care areas (e.g., out-patient, chronic care)
FTE = Full-Time-Equivalent
* p<0.05 (One-way ANOVA). Differences between all three service levels are significant (Duncan’s Multiple Range Test).
**0<0.05 (One-way ANOVA). Differences between DOR and C-PPM sites, and between B-PPM and C-PPM sites
are significant (Duncan's Multiple Range Test).
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Designated Study Areas
Study areas are described in Table [II. During the five
weeks, the actual number of days of data collection varied
because of “time-out” days. In hospitals with B- or C-PPM
services, “time-out” days usually occurred on weekends
when pharmacy staff was at a minimum and services were
reduced to DOR only. Drug Order Review sites were
usually able to maintain their weekday level of service on
weekends.

The pharmacists’ time spent providing services was
dependent on the number of beds served, the number of
days the beds were served and ultimately, the number of
patients in the study beds on each study day (patient-
day). Pharmacist time per patient-day was considered to
be the best baseline representation of time spent. It
allowed for exclusion of beds that were empty on a
particular day and comparisons between
hospitals with study areas of different sizes.
Monitoring time was reported as the total
time required to provide all monitoring ser-
vices to patients in the study areas (total
pharmacist time) and the time spent moni-
toring patients specifically on the wards (PPM
time).

. . Study days'
Approximately twice as much total phar-

Acute care beds

S11
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established pharmacy residency training programs,
whereas a program was offered in only one B-PPM site
and no DOR sites.

Patients Involved in the Study

Descriptive data provided by the pharmacists were used
to give a general overview of the patients receiving
pharmacist recommendations. Patients ranged in age
from 16 to 100 years with a mean age of 64 (£17) years
with females making up 52% of patient subjects. Exclud-
ing patients who remained hospitalized longer than 30
days, the median length of stay per site was nine days
with a range of six to 11 days.

The most frequently cited reasons for admission among
all service levels were circulatory-cardiovascular disor-
ders, respiratory disorders, neoplasms and ill-defined

Table [ll: Description of Study Areas
mean (standard deviation)

macist time per patient-day was spent pro-
viding B-PPM services compared to DOR.
Hospitals providing C-PPM services reported
spendingapproximately three timesas much
total time per patient-day as did pharmacists
providing B-PPM services. Drug Order Re-
view sites did not report any time spent
monitoring patients on the wards. Sites with
C-PPM services provided a mean of 7.3
minutes of ward-based patient monitoring
per patient-day which was significantly
higher than the 1.8 minutes per day in
B-PPM sites.

Data Collection Pharmacists

A greater number of pharmacists partici-
pated in data collection at C-PPM sites com-
pared to other service levels. Examination of
pharmacist demographics also revealed dif-
ferences among pharmacists from the differ-
ent service levels (Table V).

Pharmacists in hospitals with C-PPM ser-
vices were more recent graduates than phar-
macists from other sites. Significantly more
C-PPM pharmacists had completed a hospi-
tal residency, compared to pharmacists from
B-PPM and DOR sites. A higher percentage
had also received post-baccalaureate train-
ing. All C-PPM hospitals in the study had

Patient—days?
Total pharmacist time (hours)?
PPM time (hours)*

Total pharmacist time per patient— day*
(minutes)

PPM time per patient—day* (minutes)

71(11) 92 (32) 114 (52)
31 (4) 27 (4) 25 (1)
2015 (413) | 2082 (731) | 2405 (1225)
76 (55) 135 (55) 436 (112)
0(0) 64 (39) 272 (99)
2.2(1.6) 40(1.4) 11.9(3.3)
0(0) 18(1.1) 7.3(2.4)

Number of days data were collected

RO —

are significant (Duncan's Multiple Range Test).

Table IV: Pharmacist Demographics

Total of number of patients in study beds on each study day
Drug Order Review Hours + Pharmacist PPM Hours + 1/2 (Pharmacy Resident PPM Hours)
Pharmacist PPM Hours + 1/2(Pharmacy Resident PPM Hours)
p<0.05 (One-way ANOVA). Differences between DOR and C-PPM sites, and between B-PPM and C-PPM sites

Pharmacists submitting data

Year of pharmacy graduation*
[mean (SD)]

Hospital residency (%)**
Advanced degree (%)
Years in hospital practice*** [mean (SD)]

Years in current position* {mean (SD)]

25 42 65
1976 (8) 1981 (8) 1984 (6)
16 26 52
0 5 11
11.2(8.8) 82(54) | 63(55)
7.4(7.4) 45(4.4) | 3.0(22)

* p<.05 (one-way ANOVA). Differences between DOR and B-PPM sites, and between DOR and C-PPM sites

are significant (Duncan's Multiple Range Test).

** p<.05 (Kruskal-Wallis non-parametric ANOVA). Differences between DOR and C-PPM sites, and between
B-PPM and C-PPM sites are significant (Dunn's Test).
*** p<.05 (one-way ANOVA). Difference between DOR and C-PPM sites is significant (Duncan’s Multiple

Range Test).
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symptoms (e.g, syncope, nausea not yet diagnosed). In
those cases where concurrent medical problems were
known and reported by the pharmacist, the most fre-
quently mentioned conditions were endocrine and meta-
bolic disorders, genitourinary disorders, mental disor-
ders, sequelae of previous injuries, and prosthetics.

Number of Cases and Recommendations

The number of cases (i.e., the number of pharmacotherapy
issues) and recommendations submitted by the study sites
was influenced by many variables including the number of
hours pharmacists provided services and the number of
patient-days. Results are summarized in Table V.

Table V - Cases and Recommendations

Number of cases submitted 53 (30) 123 (50)
[mean (SD)]
Number of recommendations per site 45 (26) 153 (73)

[mean (SD)]

Cases per hour of total pharmacists
time' [median (range)]

0.58 (0.45- 0.97) | 0.87 (0.70-1.27)

Recommendations per hour of total 0.67 (0.53—1.22) | 0.98 (0.88-1.38)

pharmacist time™ [median (range))

Cases per patient day>*~ 0.02 (0.01) 0.06 (0.02)
[mean (SD)]
Recommendations per patient— day?** 0.03(0.01) 0.08 (0.04)
[mean (SD)]

0.92 (0.78-1.36)

1.22 (1.01-2.17)
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Pharmacists in C-PPM sites reported nine times as
many cases and recommendations per patient-day
compared to pharmacists in DOR sites, and more than
three times as many as pharmacists providing B-PPM
services. Reported rates per patient-day were statisti-
cally different amongst all three service levels. For
example, using a hypothetical ward with 33 beds at
100% occupancy, pharmacists providing C-PPM ser-
vices reported nine recommendations per day com-
pared to B-PPM or DOR pharmacists reporting 2.6 and
1 per day, respectively.

How the Pharmacist Became
Involved with the Case

Details of how the pharmacist gotinvolved
with making a therapeutic recommenda-
tion for a patient are provided in Table V1.
When the pharmacist made a recommen-
dation prior to a drug order being written,

415 (100) he or she pro-actively contributed to pa-
tient care independent of the DOR pro-
580 (176) cess. This pro-active participation was

reported more frequently in C-PPM sites
than B-PPM or DOR sites. More cases {rom
C-PPM sites were reported as being initi-
ated by a request from another health
professional than in DOR sites.

The pharmacist was more likely to be
located in the patient care area at the time
of recommendation as the intensity of
monitoring service increased from DOR to

0.19(0.08)

0.27 (0.13)

SD=Standard Deviation

1 Drug Order Review Hours + Pharmacist PPM Hours + 1/2 (Pharmacy Resident PPM Hours).

2 Total of number of patients in study beds on each study day

* p<0.05 (One-way ANOVA). Difference between DOR and C-PPM sites is significant (Duncan's Multiple

Range Test).

** p<0.05 (One-way ANOVA). Differences between DOR and C-PPM sites, and between B-PPM and C-PPM

sites are significant (Duncan's Multiple Range Test)

Table VI: Pharmacist Involvement With the Case
median (range)

Number of recommendations 40(21-102) 145(50-255))
Recommendation made before 4.2 (0-6.5) 11.4 (8.6-18.9)
initial drug order written (%)*

Recommendation solicited by 4.2 (0-15.8) 8.5 (7.9-24.6)
non-pharmacy personnel (%)**

Pharmacist in patient—care area 1.3(0-3.2) 40.1 (34.3-46.0)
at time of recommendation (%)*

Recommendation documented  [65.9 (17.2—72.4) | 28.2 (7.5-59.7)
in the patient’s chart (%)

525(393-825))
245 (19.9-38.1)

14.0 (11.4-25.7)

93.3 (70.5-99.4)

18.7 (1.1-95.9)

B-PPM to C-PPM. In all sites, 80-90% of
pharmacist recommendations were tar-
geted to physicians (staff, residents, in-
terns, or clinical clerks) or nurses.

The proportion of cases in which phar-
macist recommendations were docu-
mented in the patient’s chart varied widely
within service levels such that differences
across the levels were not statistically sig-
nificant. Pharmacists making recommen-
dations to change drug orders usually had
authority to re-write orders that were then
co-signed by the prescriber and put in the
chart, thus creating a record of their ac-
tions. Pharmacists monitoring patients on
the wards had permission to write their
impressions in the form of a consultation
report in the patient’s chart in some hospi-
tals while others had a specific portion of
the chart allocated for pharmacy records.
In some sites, pharmacists were not per-

* p<0.05 (One-way ANOVA). Differences among all service levels are significant (Duncan’s Multiple Range Test).
** p<0.05 (One-way ANOVA). Difference between DOR and C-PPM sites significant (Duncan's Multiple Range Test).

mitted to write in the patient’s medical
record.
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OUTCOMES OF THE SERVICES

Pharmacotherapy Recommendations Made

by Pharmacists by Categories

harmacists recorded pharmacotherapy recommen-
dations on the data collection form in narrative form
and also by category. The categories of recommenda-
tions are shown in Table VII. The majority of DOR site

cases involved recommendations about the
technical aspects of drug distribution such
as correcting errors, clarifying the intent of
an order, and enforcing prescribing guide-
lines according to the hospital formulary.
Sites with more intense service levels re-
ported a significantly smaller proportion of
recommendations dedicated to these prob-
lems. Conversely, the majority of C-PPM
site cases described recommendations in-
volving changes to patient’s drug regimens.
Drugregimen changes, including increasing
the dose, decreasing the dose, changing the
dosing schedule and changing the route of
administration were aimed at providing spe-
cific drug therapy to better fit a patient’s
needs or reduce unnecessary drug costs.

All three service levels reported similar
proportions of recommendations involving
drug selection and other recommendations,
although B-PPM sites reported a higher pro-
portion of recommendations pertaining to
laboratory and serum drug level monitoring
tests.

Key Issues and Recommendations

Categories of recommendations based on
theissuesidentified were reported to a greater
extent by one service level than the others.
This is summarized in Table VIII.
Recommendations with greater frequency
in DOR sites were those involving the gen-
eral accuracy of a drug order. Examples
include: conformity with a hospital formu-
lary, compatibility with a patient’s allergy
status indicated on the patient’s profile, and
consistency with general manufacturer’sdrug
dosing guidelines. Sites providing B-PPM
services had the highest proportion of rec-
ommendations involving serum drug level/
laboratory test monitoring and patient coun-
selling. This observation is likely due to the
selection of patients to receive B-PPM based
on high-risk situations such as drugs with a
narrow therapeutic index (where monitor-
ing utilizes laboratory assessments), or com-
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plex therapeutic regimens (where patient counselling

programs are targeted).

Recommendation categories reported by C-PPM sites

with significantly greater frequency than other sites

progress.

Table VII: Categories of Recommendations Made by Pharmacists
median (range)

involved drug selection, dosing duration, and dosing
schedule issues which would require the pharmacist to
have an on-going knowledge of a patient’s medical

Number of recommendations per site

Drug Selection (%)
(e.g., add drug, stop drug,
change drug)

Drug Regimen (%)*
(e.g., increase/decrease dose,
change route)

Drug Bistribution (%)"
(e.q., clarify/correct drug order,
change to formulary drug)

27 (8-33)

40 (32-51)

Patient Monitoring (%)**
(e.g., request serum drug level,
cancel lab tests)

Other (%)
(e.g., patient counselling, verify
allergy, drug information)

1(0-6)

9 (0-25)

145 (50-255)

19 (16-26)

27 (21-38)

26 (14-44)

10 (4-17)

10 (4-31)

525 (393-825)

26 (16-34)

42 (34-45)
14 (5-26)
7(5-17)

11 (4-17)

* p<0.05 (One-way ANOVA). Difference between DOR and C-PPM sites.

**<0.05 (One-way ANOVA). Differences between DOR and B-PPM sites, and between DOR and C-PPM sites.

Table VIIi: Key Recommendation Categories'
median (range)

Number of recommendations per site 40 (21-102)
Categories:

Add Drug (%)* 0(0-3)
Suggest Starting Dose (%)* 3(0-5)
Change Route of Administration (%)** 0(0-3)
Change Order to Formulary Drug (%)*** 32 (8-36)
Request Serum Drug Level (%)t 0 (0-3)
Provide Patient-Specific Education (%)*** 0(0)
Verify Patient Allergy Status (%)** 1 (0-5)

145
(50-255)

4(1-8)

2 (1-8)

1(0-12)
12 (3-24)
6 (1-14)
6 (0-16)
1(0-1)

525 (393-825)

9 (4-10)
9 (6-11)
3 (2-5)
4 (2-6)
4 (2-10)
3(1-3)
0(0-1)

1 expressed as the percent of all recommendations per site

p<0.05 (Kruskal-Wallis One-way ANOVA). Difference between DOR and C-PPM and B-PPM and C-PPM.

(Dunn's Test).

** p<0.05 (Kruskal-Wallis One~way ANOVA). Difference between DOR and C—PPM. (Dunn’s Test).

*** p<0.05 (Kruskal-Watlis One—way ANQVA). Difference between all levels. (Dunn’s Test).

1t p<0.05 (Kruskal-Wallis One-way ANOVA). Difference between DOR and B-PPM and DOR and C~PPM.

(Dunn’s Test).
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Relationship Between Issues and
Recommendations

When the issues and resultant recommendations are
examined on a case-by-case basis, one observes that the
issues leading to certain pharmacist recommendations
vary across the three levels of service (Table IX). Drug
Order Review sites rarely requested a new drug be added
to a patient’s regimen whereas other sites did make “add
drug” recommendations. The most frequent issues re-
sulting in an “add drug” recommendation were “drug
needed but not ordered” or “drug selection needed”.

When a recommendation to stop a drug or order for a
patient was made, the reason for the request in DOR sites
was most often because the drug ordered was a therapeu-
tic duplication of a second drug. In B-PPM, the “stop
drug” request was made because of therapeutic duplica-
tion, excessive duration of treatment or the drug inter-
acted adversely with another. Concurrent PPM sites
requested drugs be stopped most often due to therapeu-
tic duplications, excessive duration of treatment, or cases
where no treatment was needed.

A request to change a drug (to a different agent in the
same therapeutic class) was made in DOR sites most
often because an allergy or drug interaction was detected
on review of the patient profile, whereas, for B-PPM and
C-PPM sites, the most common reasons were the avail-

Table IX: Selected Drug Recommendations by Issue Category

Number of “Add drug” recommendations 4 25 281
Issue category:
drug needed but not ordered (%) 50 68 78
drug selection needed (%) 25 32 18
drug allergy detected (%) 25 0 <1
more effective drug available (%) 0 0 3
Number of “Stop drug” recommendations 39 80 439
Issue category:
therapeutic duplication (%) 82 37 33
drug allergy detected (%) 13 3 1
drug ordered but not needed (%) 3 9 13
drug interaction detected (%) 3 9 4
duration adjustment needed (%) 0 35 37
adverse drug reaction detected (%) 0 3 4
Number of “Change drug” recommendations 16 24 119
Issue category:
allergy detected (%) 38 17 9
drug interaction detected (%) 19 4 3
more effective drug available (%) 13 21 38
drug order error detected (%) 13 0 0
less costly alternative available (%) 6 29 24
less toxic alternative available (%) 6 25 24
Number of “Dose adjustment” recommendations | 33 48 326
Issue category:
drug order error detected (%) 79 39 17
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ability of less costly, less toxic or more effective alterna-
tives.

Finally, although recommendations involving dose
adjustments were observed in all sites, 79% of the dose
adjustment issues for DOR sites were requests secondary
to an error in the original drug order, whereas, only 39%
and 17% of dose adjustment issues were because of drug
order errors in B-PPM nd C-PPM sites, respectively. The
remaining recommendations for dose adjustments were
based on pharmacist judgment of dose adjustments
needed.

Drugs Mentioned in Issues and
Recommendations

Of the 3373 cases submitted, 1462 cases (43%) identi-
fied the specific drug therapy in the description of the
issue and recommendations. The remaining cases con-
tained either descriptions where the drug name was
missing or no specific drug product was involved. The
majority of the drugsnamed were from the following four
therapeutic classes as defined by the American Hospital
Formulary Service: anti-infective agents (33%), gas-
trointestinalagents (17%), central nervous system agents
(15%), and cardiovascular agents (11%). Other thera-
peutic categories represented less than 5% of drugs
mentioned. The most frequently reported individual
drug from all three service levels was gentamicin.

Drug Product Cost Changes

A random sample of cases was assessed to enable costs to
be assigned. Sampling was proportionately larger from
DOR and B-PPM cases than C-PPM cases to account for
the disproportionately lower numbers submitted from
these service levels. Of the 552 cases in the sample, 89
(16%) were from DOR sites, 140 (26%) were from
B-PPM sites and the remaining 323 (58%) were from
C-PPMsites. These cases were examined in detail for the
cost analysis. Results are summarized by recommenda-
tion category in Table X, Overall, the average drug
product cost change per recommendation resulted in a
40% reduction in drug costs, equivalent to a mean of
$4.75 savings per 24 hours of drug therapy. Other factors
such as the cost of pharmacy preparation time, nursing
administration time, and laboratory tests were not quan-
tified but would also have been avoided.

The cost reduction per recommendation was the great-
est from DOR sites. However, DOR sites made the fewest
recommendations that resulted in increased costs
(e.g.,add drugorincrease daily dose). The direction and
magnitude of cost changes observed depended on the
category of the recommendation made. The recommen-
dations “add drug” and “increase daily dose” resulted in
cost increases with the intent at ensuring that patients
received the needed drug therapy.
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Table X: Drug Product Cost Changes*

de
All categories All 552 - 40 ~$4.75 (20.67)
DOR 89 -50 - $5.84 (25.39)
B—PPM | 140 -39 —$4.59 (13.67)
C-PPM | 323 -38 —$4.52 (21.75)
Change of Route All 35 - 87 —$15.90 (15.34)
Administration DOR 0 N/A N/A
B-PPM 6 -96 —$16.93 (14.26)
C-PPM | 29 - 86 - $15.79 (15.79)
Decrease Daily Dose All 90 - 52 - $14.02 (32.81)
DOR 6 - 66 - $46.31 (83.99)
B-PPM | 17 —44 - $10.50 (17.52)
C-PPM | 67 -51 - $12.02 (27.22)
Change Drug All 44 - 48 —$11.96 (11.96)
(same therapeutic class) DOR 9 -30 —$3.64 (10.42)
B-PPM | M1 -39 - $6.94 (31.77)
C-PPM | 24 -52 - $17.39 (41.55)
Stop Drug All 137 N/A —$5.89 (14.62)
DOR 19 N/A - $6.28 (16.32)
B—PPM | 33 N/A - $6.88 (19.27)
C-PPM | 85 N/A ~$5.42 (12.12)
Change Dosage Form All 23 - 68 ~$2.50 (4.63)
DOR 5 -31 ~$1.51 (4.25)
B-PPM 5 - 95 —$5.60 (5.28)
C-PPM | 13 -70 —$1.69(4.33)
Change to Formulary Drug All 83 —-34 —$1.66 (7.30)
DOR 39 -39 - $2.94 (10.47)
B-PPM | 23 -22 - $0.60 (1.38)
C-PPM | 21 -2 —$1.43(0.43)
Jncrease Daily Dose All 44 +73 +5.75(13.95)
DOR 5 +82 +$6.69 (8.90)
B—PPM 5 +125 +$7.71 (14.82)
C-PPM | 34 +65 +$5.32 (14.72)
Add Drug Al 59 N/A +$7.48 (19.46)
DOR 1 N/A +$7.48 (N/A)
B-PPM 6 N/A +$2.20 (2.36)
C-PPM | 52 N/A +$8.22 (20.62)
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ommendation categories with large cost differences
among service levels included “change a drug within
the same therapeutic class”, and “decrease daily dose”.
The percentand dollar savings were variable within
a recommendation category and depended on which
drug was involved in a particular case. Although cost
data are skewed, results are reported as a means to
include the impact of extreme costs or savings.

Acceptance Rate for Pharmacist
Recommendations

Overall the mean acceptance rate by physicians of
pharmacist recommendations was high with over
88% of the recommendations being accepted uncon-
ditionally or accepted in principle with modifications.
Results are summarized in Table XI.

Table XI - Acceptance Rate
mean (standard deviation)

Number of recommendations 53 153 580 268
(30) (73) | (176) | (263)
Accepted (%) 84 82 84 83
U] (6) (8) (7)
Rejected (%) 5 8 6 6
) ) (4) (3)
Modified and accepted (%) 6 5 4 5
6) (2) (1) (3)
Unknown (5)* 5 5 6 6

* Those cases in which the pharmacist was unable to determine if the recommenda-
tion was accepted or rejected.

Pharmacist Follow-up Monitoring of Patient

*

hours of drug after recommendation)
N indicates the number of cases with this recommendation present
% change for ali cases related to the recommendation

cost change = (cost for 24 hours of drug before pharmacist recommendation) - (cost for 24

Concurrent PPM sites reported more recommenda-
tions to add a drug than other sites and this was reflected
in the number of “add drug” recommendations in the
costing sample. Not only did C-PPM sites recommend
drugs be added to patient regimens more often, but the
average cost was also higher per recommendation.

Drug Order Review pharmacists saved an average of
$2.94 per 24 hours when recommendingan order change
to a formulary drug, whereas, the same recommendation
in the other sites generated less savings ($0.60 and
$1.43) for B- and C-PPM sites, respectively. Other rec-

Response
After a recommendation was implemented, pharmacists
were asked to record any follow-up monitoring they
provided pertaining to their recommendation. Results
are shown in Table XII.

Cases were eligible for follow-up data recording if
the recommendation was accepted, modified and ac-
cepted, or if the subsequent action was documented as
being unknown. For these cases, DOR sites were
unable to provide follow-up monitoring. Pharmacists
in B-PPM sites provided follow-up monitoring in a
median of 19% of eligible cases, whereas, C-PPM sites
reported a median follow-up rate of 35%. The differ-
ences in the follow-up rate among the groups was
statistically significant.
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Table XIl: Follow-up of Patient Response
median (range)

Number of cases eligible for follow-up |32 (17-77) | 110 (31-155)
Number of cases with follow-up 0(0-7.7) 19 (7.3-50.3
provided(%)*
Observed patient response:
Monitoring parameters improved(%) N/A 30 (12.5-40.6)
Monitoring parameters worsened(%) N/A 0(0-21.9)
Parameters unchanged(%) N/A 25 (15.4-50)
No parameters present (%) N/A 16.7 (9.4-50)
Respaonse unknown or missing (%) N/A 5.1 (0-12.5)
Reason why monitoring of patient
response ended:
Desired response observed(%) N/A 35 (11.5-5.50)
Patient lost to follow—up (moved)(%) N/A 37.5(16.7-57.7)
7 days of monitoring completed(%) N/A 16.7 (9.25)
Reason unknown or missing(%) N/A 16.7 (0-25)

359 (235-495)
35 (20-58.8)

37.8 (31.7-56.8)
3.2 (2.2-8)
25.7 (10.2-43.8)
27.9 (6.3-42.6)
1.6 (0-5.6)

19.4 (11.2-48.4)

38.2 (28.1-47.7)

220 (14.8-41.6)
13 (1.6-22.7)
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service levels. Conversely, pharmacists re-
ported higher median percentages of cases
with some beneficial therapeutic effect and/
orrisk reduction in B-PPM and C-PPM sites,
although differences did not reach statistical
significance.

The overall focus of pharmacist recom-
mendations was different across service lev-
els. Drug Order Review sites were more often
providing recommendations with the aim of
decreasing drug costs than influencing the
quality or level of risk of drug therapy the
patient was receiving. Basic PPM and C- PPM
sites had higher proportions of cases with
beneficial therapeutic and risk reduction
effects with a higher proportion of cases
perceived as resulting in cost increases.

Site Physician Assessment of the

* p<0.05 (Kruskal-Wallis One-way ANOVA) Significant differences among all three comparisons. (Dunn’s Test)

In those cases with follow-up reported, monitoring
parameters most often improved or remained unchanged.
Less often parameters worsened or no parameters were
available to provide an intermediate measure of patient
response. In over half the cases, patients were lost to
follow-up because they were moved to another ward,
were discharged home, or were treated for conditions
requiring greater than seven days for a therapeutic re-
spomnse to be observed.

ASSESSMENT OF IMPACT OF
PHARMACIST RECOMMENDATIONS
At the time a recommendation was made,
the pharmacist provided a self-assess-
ment of the perceived impact of the recom-

Impact of Recommendations

Cases were sent to physicians involved in the

case as described in the Methods. The re-
sponse rate was above 50% in all but two C-PPM sites
where difficulties arose in following up with medical
residents who had a rotation change during the study.
Physicians were asked to give their assessment of the
perceived impact of the pharmacists’ recommendations
on patient care. These assessments provided insight into
the rationale for the physician’s response to the recom-
mendation. Neither physicians nor pharmacists were
aware of the opinions of the other party at the time their
own opinions were provided.

Table XIII: Pharmacist Assessment of Impact
Median (range)

mendation on the patient and patient care.
These assessments were made prior to any
clinical response exhibited by the patient,
and provided insight into what factors were
motivating the pharmacist to make the rec-
ommendation in the first place.

Pharmacist Assessment of the
Impact of Recommendations

The results of pharmacist self-assessments of
therapeutic effect, risk change, and drug cost
at the time the recommendations were made
are provided in Table XIII. Pharmacists in
DOR hospitals estimated a higher median
percentage of cases with no therapeutic ef-
fect or no impact on risk compared to other

Number of Recommendations

Pharmacists’ opinion of impact on
therapeutic effect of the recommendation:
Beneficial effect (%)
No effect (%)
Detrimental effect (%)

Pharmacists’ opinion of impact on
patient risk:
Reduced risk (%)
No change in risk (%)
Increased risk (%)

Pharmacists’ opinion of impact on
drug costs:
Reduced costs (%)
No change in costs (%)
Increased costs (%)

35 (18-87) | 132 (40-177) | 403 (305- 544)
36 (22-90) | 50 (42-86) 64 (50-76)
61(10-78) | 45 (14-57) 36 (24-50)

2 (0-4) 1(0-3) 1(0-1)
3(26-66) | 56(41-77) 44 (21-58)
67 (32-72) | 42 (22-56) 48 (4067

1(0-2) 1(1-5) 5(1-12)
46 (26-55) | 42 (27-51) 34 (16-40)
52 (35-61) | 46(38-72) | 49(36-74)

7(0-13) | 11(1-14) 15 (10-28)
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The frequencies of therapeutic effect, risk, and
cost opinion responses for physicians across the
service levels are summarized in Table XIV. Physi-
cians in DOR hospitals perceived that a higher
median percentage of cases had no therapeutic
effect and a lower percentage of cases had positive
therapeutic effects compared to physician assess-
ments from other service levels. No significant
differences in opinions were observed between B-
PPM and C-PPM physician responses. Overall, phy-
sician assessments reinforced the observed differ-
ences in the focus of pharmacist recommendations
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results of this study will be used to validate the
perceived outcomes reported by pharmacists and
physicians during the study.

DISCUSSION

he quantity, nature and impact of recommendations
made by pharmacists differed in hospitals providing
different levels of PPM.
At higher service levels, the issues and recommenda-
tions were more often of a clinical, as opposed to a
technical, nature. Similar results have been reported

across service levels.

Recommendations from DOR sites
were more often perceived to be of no
effectin terms of the risk reduction from
recommended changes. Basic PPM and
C-PPM sites had a higher percentage of
cases with moderate beneficial thera-
peutic improvement and moderate risk
reduction, and fewer cases with no el-
fect than DOR (not shown) (p<.05). No
differences between B-PPM and C-PPM
sites were observed. Opinions on the
degree of cost changes resulting from
the recommendations were evenly dis-
tributed among service levels.

Comparison of Pharmacist and
Physician Assessments

Of those cases with both pharmacist and
physician assessments provided, levels
of agreement are summarized for each
assessment category in Table XV. The
proportion of cases with agreement be-
tween assessments on the presence or
absence of a therapeutic effect increased
as the pharmacy monitoring service in-
creased. Conversely, the proportion of
cases with costing assessment agreement
decreased as the level of pharmacist
monitoring increased. As the health pro-
fessional working most closely with drug
products, pharmacists would be ex-
pected to know the cost of drugs, per-
haps more accurately than prescribers.
Agreement on the opinions of changes
in risk to the patient was the lowest of
the three opinion categories evaluated.

An additional phase of the research is
currently underway to assess the per-
ceived impact of a random sample of
cases using an external panel of expert
pharmacist and physician clinicians. The

Table XIV : Physician Assessment of Impact

Response rate {%) 73 76

59
Mean (SD) (14) (6) (19)
Number of cases with physician
assessment. 15 32 124
Median (range) (8-31) (16-81) (98-142)
Physicians’ opinion of therapeutic effect
of the recommendation:
Median (range)
Beneficial effect (%)* 48 (11-54) | 59 (33-81) | 68 (55-75)
No effect (%)* 53 (47-78) 34 (19-60) 31 (26-41)
Detrimental effect (%) 0 (0-13) 0 (0-7) 2 (0-7)
Physicians’ opinion of Patient Risk from
the recommendation:
Median (range)
Reduced risk (%)* 11 (0-33) 32 (32-47) 7 (27-43)
No change in risk (%)* 89 (63-92) 56 (53-65) 58 (55-67)
Increased risk (%) 2 (0-12) 5 (0-12) 6 (3-8)
Physicians' opinion of impact on drug
costs from the recommendation:
Median (range)
Reduced cost (%) 34 (23-49) 43 (31-47) 41 (29-52)
No change in cost (%) 56 (43-77) 51 (36-63) 49 (26-55)
Increased cost (%) 7 (0-14) 13 (6-18) 15 (8-23)

* p<0.05 (Kruskal-Wallis One-way ANOVA). Differences between DOR and B—PPM and DOR and C-PPM (Dunn's Test).

Table XV: Pharmacist and Physician Assessment Agreement

Therapeutic Effect agreement (%) 57 67 68
(N=91) (N=179) (N=707)

Risk agreement (%) 54 55 61
(N=90) (N=179) (N=708)

Drug Cost agreement (%) 74 72 66
(N=86) (N=176) (N=687)

1 percent of cases with the same pharmacist and physician opinions
N indicates the number of cases with both pharmacist and physician opinions present
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elsewhere. Pharmacists reviewing drug orders in the
central pharmacy tend to detect mainly technical prob-
lemswith the way drug orders are written >>-3%37 Pharma-
cists monitoring patients on the wards report not only
more problems identified, but also more clinically-ori-
ented cases involving drug therapy selection, drug regi-
men adjustments, and the use of laboratory tests 2732.38-41
It follows that technical issues surrounding drug distri-
bution should be handled by pharmacy technicians or
the appropriate technology so that pharmacists can focus
on providing clinically-oriented care to patients.

Pharmacists’ assessments of the impact of their recom-
mendations demonstrate the driving forces behind their
recommendations to be both quality of care and cost
containment. Pharmacists in B-PPM and C-PPM hospi-
tals were more likely to make recommendations with
perceived clinical impact than in DOR hospitals. The
changing trend in pharmacist opinions is clinically im-
portant as the focus of the pharmacists’ efforts changes
fromdrug costs to quality of care plus cost considerations
or quality alone. Similar patterns emphasizing quality of
care in pharmacist assessments were reported by Hatoum
et al. In this study, a panel of pharmacist assessors
concluded that 41.7% of the recommendations made by
pharmacists providing clinical services on the wards
reduced drug costs and 83.9% improved the quality of
care for patients.1?

The high acceptance rate of pharmacists’ recommen-
dations reported in all three service levels during the
study indicates that other health professionals within the
institution agree with suggested changes. This accep-
tance is a strong endorsement of the positive work
pharmacists do while providing monitoring services.

Drug product cost changes demonstrated the influ-
ence pharmacists can have on drug expenditures when
making recommendations for changes to a patient’s drug
therapy. The magnitude and direction of drug product
changes in the sample of cases depended on the type of
recommendation. The majority of recommendations,
including stopping drugs, changing to different drugs,
changing routes of administration and dosage forms all
reduced drug product costs, regardless of the level of
service. Some recommendations that typically resulted
in increased costs were more common in hospitals with
ward-based monitoring services where the decision to
change therapy was based on patient needs and not
reducing costs (e.g., add a drug that was needed but not
ordered). The other major recommendation category
where drug costs rose was increasing a dose that was too
low. Regardless of whether doses were increased to
correct a drug order error or because of inadequate
patient response, the patient’s need for adequate therapy
was more important than the increased drug product
costs. Although not quantified, overall health care costs

Volume 49, No. 1, February 1996

would be expected to rise due to inadequate treatment
which would be greater than the increased drug product
costs required to correct the situation.

Drug product costs are only a portion of the costs
involved with delivering drug therapy to the patient, but
have been used as a measure of the value of pharmacist
interventions.*? As health care costs have risen in recent
years, these studies have been used to justify present and
future pharmacy staffing requests.*>**>  Other studies
have attempted to analyze more completely the costs
associated with drug therapy but these efforts also have
limitations.?22® In particular, the drug and administra-
tion costs are counter-balanced by the costs of providing
pharmacist monitoring services, which in turn are offset
by costs from the clinical consequences of not having
pharmacist recommendations in the first place. Given
the wide variety of clinical scenarios in which pharma-
cists make recommendations, estimating and interpret-
ing the indirect costs per recommendation is difficult.’

Some researchers have avoided the problems of deter-
mining cost changes for individual recommendations by
studying the overall changes in drug costs, drug charges
and patient length of stay for groups of patients who did
and did not receive clinical pharmacy services during
their hospitalization.!6-18:46 Patients who received clini-
cal pharmacy services had lower pharmacy costs and
charges compared to control groups. Study patients also
had shorter hospital stays, which were used as a proxy-
measure of quality of care and clinical outcome. In
Canada, systems are being developed to enable phar-
macy billings by individual patients, but results of stud-
ies using this information for economic analysis are not
yet available.

One Canadian study incorporated factors such as
morbidity secondary to inappropriate drug therapy, risk
attributable to drug therapy, and other indirect costs in
their outcome analysis using a panel of physician asses-
sors to predict changes in patient length of stay due to
pharmacist recommendations.?> Using a standard per
diem rate of $600, researchers estimated that 15 selected
interventions by pharmacists resulted in a total cost
avoidance of $17,760.

Results of a survey of Ontario hospitals indicated that
therapeutic intervention programs more than pay for
themselves in terms of costs saved or avoided.*’ Data
from 53 hospitals showed an average of 29 minutes of a
pharmacist’s time to intervene and resolve a drug therapy
problem. Data from 10 hospitals showed a cost savings
oravoidance of $49.34 perintervention. Usingan hourly
wage of $25.00, each intervention cost $12.08 in a
pharmacist’s time and produced a four—fold return on
investment in cost savings/avoidance.47

In the present research, the use of drug product cost
changes per 24-hour period reduced the assumptions
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required when estimating costs. For example, no sup-
position is made of the number of days’ treatment that
would have been consumed by a patient if the pharma-
cist had not changed the therapy. One major limita-
tion is the lack of inclusion of related costs such as
pharmacist and nursing time, laboratory tests, and
other monitoring procedures. The costs associated
with patient outcome, quality of life and the value of
patient satisfaction have also not been quantified.

A study from the United States demonstrated the
beneficial effects of pharmacists on in-patient health
care outcomes.'® Patients receiving care from a health
care team including a ward-based clinical pharmacist
had significantly shorter lengths of stay than patients
in control groups (7.6 days vs 8.2 days). Re-admission
rates were also higher in the control groups which,
although clinically important, did not reach statistical
significance. Drug costs were marginally lower in the
study group but the major difference in costs was in
the total cost per admission, where study patients
averaged US$377 less than their control group coun-
terparts. When the cost to provide pharmacy monitor-
ing services was considered, the authors concluded
the presence of pharmacists on the health care team
was not only important for patient outcomes, but also
cost effective.!® These results confirm similar findings
reported in other studies. 83846

Akey difference between hospitals providing differ-
ent levels of PPM to patients in this study was the
number of pharmacists on staff relative to the numbers
of beds being served. As the level of PPM intensified,
so did the relative number of pharmacists employed
by the hospital. Similar results were observed in the
survey by Einarson and Mann where almost twice as
many pharmacists per bed were employed in sites with
decentralized patient monitoring compared to sites
with central drug order editing services.?” Data from
the 1993 Lilly Canada Hospital Pharmacy Survey
support these trends.>?

Clearly, a prerequisite for the provision of advanced
PPM is sufficient pharmacist staff. Technical support
including pharmacy technicians, computers, and a
drug distribution system that frees the pharmacist
from technical functions is also important. The phar-
macy department must be organized to allow pharma-
cists sufficient time to make patient monitoring a
priority. One problem, identified in sites with B-PPM
and C-PPM, is the lack of continuity of patient moni-
toring services on weekends and holidays. Patients
still require services during these times and pharma-
cists must be prepared to provide them consistently to
retain the credibility of the service.

Pharmacists in sites with higher levels of PPM had
less experience but more training than pharmacists in
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othersites. This may reflect changesin undergraduate
curricula where clinical training is emphasized more
than in previous years. Clinical services also require a
degree of specialization achieved by residency train-
ing. All C-PPM hospitals in the study had established
pharmacy residency training programs, whereas, a
residency program was offered in only one B-PPM site
and no DOR sites. This may have influenced the
proportion of participants with residency training
since many institutions hire their residents after their
year of study is completed.

Expansion of higher levels of PPM requires pharma-
cists with more clinical training.?” Support is needed
for pharmacists to receive advanced training, includ-
ing continuing education programs for staff pharma-
cists and residency training opportunities. With re-
cent cut-backs in hospital funding, money for pharmacy
residencies has been lost. This is bound to have a
negative effect on clinical pharmacy since residents
were active contributors to patient care and pharmacy
development through residency projects.

Pharmacist monitoring time per patient day in-
creased with the service level. This reflected the in-
creased input required to provide more intensive PPM.
The location of the pharmacist during the time of
monitoring was also important. Pharmacists located
in the patient care area were able to detect and act on
drug therapy issues (problems) in a more timely, pro-
active manner than pharmacists located in the central
pharmacy. As well, pharmacists in the central dispen-
sary generally had little knowledge of drug problems
for patients. Even pharmacists providing B-PPM were
limited in their scope of monitoring because of the way
their target patients were identified, which was often
through drug order screening for problems in the
dispensary. Pharmacists’ presence on the wards was a
regular reminder to other staff that they were active
members of the health care team. This was exemplified
by the increased proportion of cases in C-PPM sites
where pharmacists were asked to help resolve a drug-
related issue for a patient. Pharmacists need to work in
the patient care areas if they are to make their maxi-
mum contribution to patient care.

In spite of devoting much of their time to monitor-
ing patients, the majority of pharmacists providing C-
PPM did not document their recommendations in the
patient’s chart as a written record of their clinical
contributions. Pharmacists need to document their
work in continuing care for recognition and credibil-
ity. Aspharmacists get more involved in direct patient
care, this documentation assumes even more impor-
tance as an official record of pharmacist contributions
should they be held accountable and liable for a
patient’s clinical outcome.
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Quality of care is a critical issue that many health
care providers feel has been neglected in today’s era
of fiscal restraint.*® Health care isneither economi-
cal nor effective if hospitalized patients receive
minimal care or are prematurely discharged back
into the community. Costs to individual patients
and society as a whole due to compromises in the
quality of institutional care are potentially enor-
mous.

An important issue is the identification and reso-
lution of drug therapy problems for all patients.
Although we were unable to test for similarity of
patients from the standpoint of disease intensity,
patient mix did not appear to be markedly different
between sites or service levels. Therefore, it is a
concern that, if many more drug issues are being
identified and resolved in sites with higher levels of
PPM, then there may be many unresolved drug
issues for patients in hospitals with lesser PPM
services. The extent and costs associated with
patient morbidity due to unresolved drug problems
deserves further study.

Although the present research provides an over-
view of differences between levels of PPM, other
research questions still need to be addressed. A
longitudinal study to measure outcomes of patient
care with and without PPM is needed to answer the
ultimate question on the impact of PPM. A cost
impact analysis of PPM services using case costing
methods would also be valuable for assessing a
pharmacist’simpact on indirect health care costs as
well as direct drug costs.

Pharmacist and physician opinions on therapeu-
tic effect, risk reduction, and drug cost changes
resulting from pharmacist recommendations need
to be validated. Biases may have been present in the
opinions of those individuals directly involved in
the patient cases reported during the study. To
address this issue, an additional arm of the study
has been developed whereby panels of pharmacist
and physician clinicians are independently evalu-
ating a random sample of study cases. Results of
this validation study will be reported at a later
date.

Practice models for C-PPM are needed to enable
pharmacists to reorganize their workload to focus
on PPM and the resolution of pharmacotherapeutic
issues for patients. Tools for reporting pharmacists’
work and maintaining quality assurance are also
required. Results from the Clinical Pharmacy Ser-
vices Study can be viewed as a reference point of
where the profession of pharmacy is and where the
profession is going as pharmacy services evolve to

i

meet the needs of patients. pz
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APPENDIX A

CRITERIA FOR CATEGORIZING CLINICAL PHARMACY SERVICES INTO DIFFERENT LEVELS OF
PATIENT PHARMACOTHERAPY MONITORING

DEFINITIONS

ALL PATIENTS - for the purposes of this study, all patients means 100% of acute care medical in-patients who have been
identified as study subjects. Study subjects are determined by the level of pharmacy monitoring (DOR or PPM) they receive.

ALL DRUG ORDERS - refers to >90% of drug orders written for a patient. This standard allows for consideration of drug
orders written when the pharmacist is not available (eg. orders written prior to a patient being transferred to a patient care
area)

PATIENT PHARMACOTHERAPY MONITORING — refers to all those activities involved in a pharmacist’s effort to optimize a
patient’s drug therapy. This involves the regular, systematic review of drug therapy and patient response to ensure appropri-
ate, safe, efficacious and economic drug use for each patient.

Three levels of monitoring have been identified as the levels of service to be compared in this study. These levels have been
adapted from the levels originally described in the working paper entitled, “A White Paper on the Establishment and Elabora-
tion of Clinical Pharmacy Services”.®

CENTRAL DRUG ORDER REVIEW
Process Criteria

All drug orders for acute care in-patients are routinely reviewed for general accuracy. The pharmacist will intervene on behalf
of the patient if problems/discrepancies are detected.

Central drug order review involves screening for the following:

recommended usual drug dose, dosing interval and duration of therapy;

potential allergies;

drug duplications/therapeutic duplications;

potential drug interactions;

technical requirements for drug orders (e.g., physician signature, completeness of instructions); and,
formulary requirements.

L T

Structural Criteria

1) Drug order review occurs primarily in the central pharmacy or satellite.
Drug order review occurs with the use of a patient medication profile (manual or computerized).

w N

)
) The pharmacist reviews drug orders after the drug order is written (ie. retrospectively).

) The pharmacist has minimal, if any, face-to-face interaction with patients who receive drug order review services.
)

E

5 The focus of drug order review is on the specific drug ordered. Drug order review is unable to ensure that the pre-

scribed drug is the best choice for a specific patient’s needs.

BASIC PATIENT PHARMACOTHERAPY MONITORING
Process Criteria

Individual patients are monitored with the aim of minimizing or avoiding drug-related problems. Drug therapy is monitored
with the use of patient-specific information. The pharmacist will intervene on behalf of the patient if problems/discrepancies
are detected or anticipated, or opportunities for improving therapy are identified.

Basic PPM involves monitoring for the following:

all DOR criteria;

rational drug dose, dosing interval and duration of therapy for the individual patient’s needs;
appropriate indication;

optimal dosage form and method of administration for the individual patient’s needs;
contraindications/precautions related to patient characteristics and/or disease state; and,
adverse drug reactions.

LI
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APPENDIX A (continued)

Structural Criteria

1) Basic PPM usually occurs on the patient ward.

2)  The pharmacist has access to health record, laboratory data and profiles.

3) Most drug orders are written without the input from a pharmacist. The pharmacist usually becomes involved in the
drug decision-making process retrospectively.

4)  The pharmacist has face-to-face interaction with patients receiving B-PPM services when needed.

5)  The focus of B-PPM is the drug with consideration given to characteristics and needs of the patient who will be
receiving the drug.

CONCURRENT PATIENT PHARMACOTHERAPY MONITORING
Process Criteria

Individual patients are automatically followed by a pharmacist from admission to discharge on as frequent a basis as is
warranted for their condition(s) and drug therapy (minimally once daily) to optimize the overall outcomes of therapy and
improve the patient’s quality of life. Concurrent PPM involves the following:

* all DOR and B-PPM criteria;

* designing a patient-specific therapeutic plan including desired outcomes of drug therapy;

* implementing the therapeutic plan by recommending the most appropriate drug, dose, dosing interval and duration of
therapy for the individual patient;

* following a series of clinical parameters to monitor patient response to therapy;
* providing recommendations to the health team for changes in therapy based on regular assessments of patient
response; and,

* sharing the responsibility for the drug selection process and outcome of drug use through documentation of recom-
mendations in the patient’s chart and the provision of after-hours on-call pharmacist coverage.

Structural Criteria

1) Decentralized concurrent monitoring of patient pharmacotherapy occurs primarily on the patient ward.

2)  The pharmacist has access to health records, laboratory data and profiles.

3)  The pharmacist provides input as part of the health care team both before and after the drug order is written
(i.e., prospectively and retrospectively).

4)  The pharmacist has face-to-face interaction with patients receiving C-PPM services as frequently as needed, usually
daily (excluding times when the department may not be providing these services - e.g., weekends).

5)  The focus of C-PPM is the outcome of therapy and overall health care for a patient.

APPENDIX B

LIST OF STUDY PARTICIPANTS

Pilot Study Hospitals Queensway-Carleton Hospital, Nepean, Ontario
Burnaby Hospital, Burnaby, B.C. Greater Niagara General Hospital, Niagara Falls, Ontario
Lion’s Gate Hospital, North Vancouver, B.C. Ottawa General Hospital, Ottawa, Ontario

Richmond Hospital, Richmond, B.C. Salvation Army Grace General Hospital, Ottawa, Ontario

Hotel Dieu Hospital, St. Catharines, Ontario
Scarborough General Hospital, Scarborough, Ontario

Study Participants Northwestern General Hospital, Toronto, Ontario
Belleville General Hospital, Belleville, Ontario St. Joseph’s Health Centre, Toronto, Ontario
Joseph Brant Memorial Hospital, Burlington, Ontario The Toronto Hospital, Toronto, Ontario

St. Joseph’s Hospital, Hamilton, Ontario Women’s College Hospital, Toronto, Ontario
Kingston General Hospital, Kingston, Ontario Welland County General Hospital, Welland, Ontario

Victoria Hospital Corporation, London, Ontario Woodstock General Hospital, Woodstock, Ontario
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APPENDIX C (Continued)
DATA COLLECTION FORM - ONTARIO STUDY
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