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A Regional Pharmacokinetic 
Consultation Service 

Mario Bedard and William McLean 

ABSTRACT 
Clinical pharmacokinetics represents a way to ensure 
that a patient is receiving an optimal dose of a given 
drug for a specific indication. Pharmacokinetic 
consultation services have been implemented in many 
teaching hospitals and tertiary care facilities in the 
past. This project evaluated the feasibility of 
expanding the process to several community hospitals 
with one coordinator. Twenty-seven hospitals, 
members of the Ottawa Valley Regional Drug 
Information Service, were approached. 

Fifty-two pharmacists from 21 sites agreed to 
participate. Four modules were taught: basic 
principles, theophylline, aminoglycosides, and 
digoxin. Regular follow-up meetings were arranged 
so pharmacists from different hospitals could share 
their administrative and patient-specific problems 
and solutions. 

After two years, 16 departments have implemented 
a clinical pharmacokinetic service and monitor 82% 
of targeted drug levels. The pharmacists trained in 
clinical pharmacokinetics through the project 
recommended changes in the regimen in 45% of all 
their consultations. Eight-one percent of these were 
accepted and implemented by physicians. These 
results indicate that pharmacists from small 
community hospitals can be trained by one individual 
to provide clinical pharmacokinetic services with 
minimal supervision. It also shows that these hospitals 
have a need for such services. 
Key words: clinical pharmacokinetics, regional 
services. 
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RESUME 
La pharmacocinetique clinique represente un moyen 
de verifier qu 'un patient rer;oit la dose optimale d'un 
medicament donne pour une indication specifique. 
Par le passe, des services de pharmacocinetique ont 
ete crees dans de nombreux hopitaux universitaires 
et etablissements de soins tertiaires. Le projet suivant 
avait pour but d' evaluer lafaisabilite d' etendre cette 
methode a plusieurs hopitaux communautaires, avec 
unseulcoordonnateur. En tout, 27 hopitauxmembres 
du Service regional d'information pharmaco­
therapeutique de l'Outaouais ont ete sollicites. 

Ci~quante-deux pharmaciens de 21 centres ont 
consenti a y participer. Quatre modules ont fait 
l'objet de la formation, soit principesfondamentaux; 
theophylline; aminosides et digoxine. Des rencontres 
de suivi ont ete planifiees de far;on a ce que les 
pharmaciens des diff erents hopitaux puissent partager 
leurs problemes administratifs et ceux lies aux patients 
et les solutions a chacun. 

Apres deux annees, 16 departements de pharmacie 
ont mis sur pied un service de pharmacocinetique 
clinique et ont fait le controle de 82 % des 
concentrations des medicaments cibles. Les 
pharmaciens formes a la pharmacocinetique clinique 
au cours de ce projet ont recommande des 
changements posologiques dans 45 % des cas de 
consultations. Dans 81 % de ces cas, les recom­
mandations ont ete acceptees et prescrites par le 
medecin. Ces resultats indiquent que les pharmaciens 
des petits hopitaux communautaires peuvent etre 
formes par une seule personne pour leur fournir des 
services de pharmacocinetique clinique, avec un 
minimum d 'encadrement. /ls montrent egalement 
que de ces etablissements de sante ont besoin de ces 
services. 
Mots cles : pharmacocinetique clinique, services 
regionaux 

INTRODUCTION 
The latest concept of pharmacy 
practice, Pharmaceutical Care, is 
described as the responsible 
provision of drug therapy for the 
purpose of achieving definite 

outcomes that improve a patient's 
quality of life. 1•2 Tools to achieve 
this goal include medication history, 
patient counselling, review of drug 
therapy and more. One of these, 
clinical pharmacokinetics (CPK), is 

a way to ensure that a patient is 
receiving an optimal dose of a given 
drug for a specific indication. 
Pharmacokinetics is defined as "the 
specialized study of the mathema­
tical relationships between a drug 
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dosage regimen and resulting drug 
concentrations (usually in serum or 
plasma)."3 Clinical pharmacokin­
etics is further defined as "the 
application of pharmacokinetic 
principles to the management of 
patient drug therapy."3 

The importance of CPK is 
documented in the literature. Patients 
taking theophylline or aminoglyco­
sides and who were followed by a 
CPK service have had better out­
comes than those who were not.4

·
6 

CPK has also been shown to be one 
factor involved in the decrease of 
mortality in patients treated for 
bacteremia or severe pneumonia 
with aminoglycosides.7·8 The same 
has been shown in burn patients.9 

Furthermore, a cost-benefit analysis 
study showed CPK services to be 
beneficial in severe burn patients 
treated with aminoglycosides. 10 

With a CPK service in place, length 
of stay and cost of hospitalisation 
have also been shown to decrease. 11 

CPK services are not uniformly 
available. Whereas pharmacies in 
most large teaching hospitals provide 
a CPK service, pharmacists from 
smaller community institutions do 
not, primarily due to lack of expertise 
or lack of time available to obtain 
adequate training to perform these 
duties. But patients in these 
institutions are taking the same drugs 
and are exposed to the same risks as 
those admitted to larger teaching 
hospitals. Drug levels are thus 
interpreted by physicians who are 
not always trained in CPK. 
Consequently, inappropriate deci­
sions are sometimes made in drug 
therapy based on these results and 
funds are wasted on the inappropriate 
use of drug levels. The Canadian 
literature supports these obser­
vations; 12

•
13 for instance, a study 

performed in Ottawa suggested that 
there were risks in removing a 
previously instituted pharmaco­
kinetic service. 13 It is, therefore, 
reasonable to suggest that expanding 
CPK services to regional hospitals 
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would improve patient care. If 
training and support were given to 
pharmacists interested in starting a 
CPK service, interpretation of drug 
levels would be improved, leading 
to an improvement in drug therapy 
and a decrease in funds wasted due 
to their inappropriate use. 

This joint venture between the 
Ontario Ministry of Health, the 
Ottawa Valley Regional Drug 
Information Service (OVRDIS) and 
the Ottawa General Hospital (OGH) 
evaluated the feasibility of providing 
training in CPK to pharmacists from 
27 regional hospitals with the goal 
of expanding the number of hospitals 
with a CPK service. The base 
hospital (OGH) had considerable 
experience in CPK service. 14 It also 
evaluated a regional service aimed 
at providing these pharmacists with 
support through regular meetings 
and telephone consultation. 

METHODS 
The project was open to all hospital 
pharmacists who were members of 
the Ottawa Valley Drug Information 
Service (OVRDIS) from September 
1991 to August 1993. The Coordi­
nator met with each director of 
pharmacy to explain the benefits. 
The six requirements of the project 
were: interest in setting up or 
expanding a CPK service; agreement 
to seek approval from their Phar­
macy and Therapeutics Committee 
for a CPK service; collection of pre­
and post-training data for the project; 
commitment to 20 hours of class­
room teaching; completion of pre­
and post-training tests on knowledge 
of pharmacokinetic principles; and 
performance of CPK consults once 
the training was complete. 

It was emphasized that these 
training sessions were not continuing 
education programs but that phar­
macists were expected to use their 
expertise in their institution. All the 
background information was col­
lected by the Coordinator in late 
1991 with the help of two ques-

tionnaires during a meeting with the 
director of pharmacy from each of 
the 27 hospital members ofOVRDIS. 
Twenty-three members were com­
munity acute care institutions, two 
were chronic care, and two were 
specialty hospitals (psychiatric, 
pediatric). 

The project had five main 
objectives: 

The first objective was the 
training of pharmacists in the basics 
of CPK and the interpretation of 
drug levels. The baseline phar­
macokinetic knowledge of the 
pharmacists from the 21 partici­
pating hospitals was evaluated with 
a pre-training test to be completed at 
home before the first training 
session. The hospitals were divided 
into three groups to maximize 
attendance at the training sessions 
since the 21 hospitals were located 
in seven different counties. The 
training of each group of pharmacists 
required 20 hours of classroom 
teaching. A pertinent review article 
was also included with each handout. 
The main topics included: basic 
pharmacokinetic principles, theo­
ph y 11 i ne, aminoglycosides and 
digoxin. Cases were done at home 
and discussed during sessions with 
the Coordinator. Six hours of 
optional training was added for the 
pharmacists interested in the CPK 
monitoring of the following drugs: 
carbamazepine, phenobarbital, 
phenytoin and valproic acid. A post­
training test, of similar difficulty to 
the pre-training test, was given to 
evaluate the improvement of the 
participants. Six clinical pharmacists 
from outside the project, with a min­
imum of one year experience in CPK, 
served as a control group for both 
tests. At least six months after the 
end of the training period, a certi­
fication exam was mailed to all the 
participants and pharmacists passing 
the exam were awarded a certificate 
acknowledging their successful 
completion of the training program. 
The passing grade was set at 70%. 
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The second objective was to seek 
commitment of the pharmacists to 
review certain drug levels in their 
institution and to provide written 
consultation on a regular basis. The 
pharmacists were asked to officially 
inform and obtain approval from 
their Pharmacy and Therapeutics 
Committee for the initiation or the 
expansion of a CPK service in their 
hospital. Support for the pharmacists 
was offered by the Coordinator by 
performing literature searches on 
request and by giving expert advice 
on questions brought up by 
physicians. To help promote the 
CPK service, newsletters were 
prepared by the Coordinator and 
distributed to nurses and physicians 
as deemed appropriate by the 
director of pharmacy. 

A post-training questionnaire, 
sent to all the directors of pharmacy 
who implemented a CPK service, 
compared the number of different 
drugs monitored before and after 
the project. One question dealt with 
the cost of analyzing serum samples 
for drugs that were monitored 
through a CPK service. During the 
training sessions the pharmacists 
were advised to document their CPK 
interventions either in the patient 
chart or in a consultation sheet kept 
in the pharmacy department. The 
post-training questionnaire included 
a question to evaluate how the 
pharmacists documented their CPK 
interventions. Another question 
requested a subjective evaluation 
by the pharmacists of the physicians' 
appreciation for their CPK service. 
The questionnaire also asked the 
pharmacists to evaluate the impact 
of their CPK recommendations on 
overall patient care from "marked 
improvement" to "deterioration in 
patient care". Finally, pharmacists 
were asked if they wanted to have 
OVRDIS continue some type of 
CPK consultation service after the 
end of the project. 

The third objective was to 
determine the acceptability of the 

CPK service by the medical staff in 
each hospital. A brief questionnaire 
was hand-delivered to the mailbox 
of all the attending physicians 
working in hospitals where a CPK 
service had been implemented. The 
covering letter, signed by the 
Coordinator, included a three-week 
deadline for the return of the doc­
ument in a pre-addressed envelope. 
The results of the questionnaire were 
expected to determine if: the 
physicians were aware that a CPK 
service had been implemented in 
their institution; they followed the 
CPK recommendations made by the 
pharmacists; they felt that these 
recommendations influenced patient 
care; and, based on their experience, 
they thought the CPK service should 
be continued or expanded. 

The fourth objective was to 
establish a regional telephone 
consultation service so that 
pharmacists trained in CPK could 
obtain immediate advice from the 
Coordinator. Any participant 
needing assistance either with 
calculations or with a clinical 
decision based on information 
specific to a patient could call during 
office hours. A log was initiated to 
keep a record of the origin, nature, 
date and duration of the calls, to 
evaluate the workload associated 
with such a service and to identify 
the most common topics and users. 

The fifth objective was to study 
drug level utilization in each of the 
participating institutions, before and 
after introduction of the training 
program and the regional consul­
tation service. Data were collected 
for three weeks before and at least 
six months after implementation of 
the CPK service. The following 
parameters were evaluated: 
1) Number of drug levels reported 
by the laboratory department before 
and after the CPK service implemen­
tation; 
2) Number of drug levels falling 
inside or outside the therapeutic 
range, before and after the CPK 
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service implementation. The thera­
peutic range for each drug was 
defined by the laboratory department 
of each hospital and individualized 
according to the patient's indication; 
3) Number of drug levels falling 
inside or outside the therapeutic 
range, before and after the CPK 
service implementation, subdivided 
into the following four drugs: 
aminoglycosides, digoxin, pheny­
toin and theophylline; 
4) N umberof appropriate drug levels 
based on the sampling time, before 
and after the CPK service implemen­
tation. A drug level was deemed 
appropriate if taken immediately 
prior to the next dose or at least six 
hours since the last dose. For the 
aminoglycosides, the drug levels 
were judged appropriate if a pre­
dose sample was taken within 30 
minutes of a scheduled dose AND a 
post-dose sample was taken 15 to 30 
minutes after the end of the infusion 
of the drug; 
5) Numberof appropriate drug levels 
based on the sampling time, before 
and after the CPK service 
implementation, subdivided into the 
following four drugs: aminoglyco­
sides, digoxin, phenytoin and 
theophylline; 
6) Number of CPK consultations 
done by the pharmacist before and 
after the CPK service implemen­
tation. A consult was defined as an 
activity where a patient's chart was 
reviewed; the drug regimen was re­
evaluated based on drug level results 
and a decision was made whether to 
change the patient's drug regimen; 
7) Analysis of the data collected after 
the training period included: number 
of CPK consultations done by the 
pharmacist after the CPK service 
implementation; number of cases 
where the pharmacist recommended 
a change in drug therapy; and rate of 
acceptance of the pharmacist's 
recommendations by the attending 
physician; 
8) Analysis of the data collected after 
the training period as per #7, sub-
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divided into the following four drugs: 
aminoglycosides, digoxin, pheny­
toin and theophylline; 
9) Analysis of the data collected after 
the training period as per #7, sub­
divided into the drugs monitored by 
the CPK service after the training 
period as reported in the post-training 
questionnaire. 

The statistical analysis of the 
results was limited to descriptive 
statistics since no control group and 
no randomization process were used, 
due to the nature of the project. 

RESULTS 
Twenty-one hospitals (78%) decided 
to participate. Of the six which did 
not participate, two were excluded 
because they did not have a phar­
macist on staff; one terminated its 
membership with OVRDIS; two had 
existing CPK services which they 
did not wish to change, and one 
declined to participate as CPK was 
not a priority of the pharmacy 
department. Of the 21 who joined 
the project, 16 (76%) actually had 
implemented some type of CPK 
service in their institution. Of the 
five departments that dropped out, 
two did so due to staff reduction; 
one had its CPK service proposal 
turned down by the Pharmacy and 
Therapeutics Committee, and two 
had too many other commitments. 

Of the 21 hospitals initially 
included in the project, 11 pharmacy 
departments had no CPK service at 
all (52% ). The pharmacists in six 
departments (29%) would help 
physicians with unusual drug levels 
upon request; they performed an 
average of five consults a month. 
Four departments already had some 
type of CPK service in place ( 19% ); 
they documented an average of 30 
consults a month on selected drugs. 

The fifty-two pharmacists from 
the 21 hospitals completed the 
required 20 hours of training. See 
Table 1 for the details on their 
background. 

Background information pertinent 
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Table I. Background information on pharmacists. 

Number of pharmacists 52 

Average number of years since graduation (range) I 6(1-34) 

Average hospital pharmacy experience in years (range) 11 (1-30) 

Pharmacokinetic training in school Yes=33 (63%) 
No= 19 (37%) 

CPK experience since graduation Yes= 23 (44%) 
No= 29 (56%) 

Continuing education program done in CPK Yes= 15 (29%) 
No= 37 (71%) 

Table 2. Results of pre-training and post-training tests. 

Pre-Test 
Result ± SD (n) 

Participants 57.7% ± 20.0 (39) 

Control group 90.0% ± 6.3 (6) 

n = Number of pharmacists who returned the test 

to this project was collected 
regarding the laboratory department 
of each institution. Fourteen of the 
21 hospitals (67%) sent their blood 
samples to an outside laboratory to 
be analyzed and seven provided 
analysis on the premises. The turn­
around time, defined as the number 
of hours between time of sampling 
and time of reporting to the pharma­
cist, was 42 hours on average, with 
a range of 24 to 168 hours. Blood 
samples were drawn by a laboratory 
technician in most hospitals ( 18/2 l; 
86%). An important piece of 
information needed to evaluate a 
drug level is the time of sampling. It 
was present on most of the laboratory 
requisitions ( 18/21; 86% ). 

As of July I 993, the 16 pharmacy 
departments involved in the project 
had approval from their respective 
Pharmacy and Therapeutics 
Committees to institute or expand a 
CPK service. 

Results from the first objective 
are summarized in Table 2. An 
increase was shown from pre­
training to post-training test results, 
indicating an improvement in the 
pharmacokinetic know ledge base of 
the participants. Results from the 
control group remained constant 
between the two tests. The decrease 

Post-Test Certification exam 
Result ± SD (n) Result ± SD (n) 

95.4% ± 6.4 (30) 92.2% ± 7.5 (28) 

86.3% ± 4.8 (4) -

from six to four people in the control 
group between the tests was due to 
two pharmacists leaving the region. 
The 28 participants who took the 
certification exam were awarded a 
certificate, as all scored 70% or 
higher. The large standard deviation 
for the pre-training test in the 
participant group confirmed the wide 
variation in baseline knowledge of 
pharmacokinetics among pharma­
cies as seen in Table 1. 

An increase in the number of 
participating hospitals monitoring 
drug levels for the aminoglycosides, 
digoxin, phenytoin and theophylline 
through a CPK service occurred 
between the pre-training and the 
post-training periods as seen in 
Table 3. It showed that 88% of all 
participating centres now monitor 
aminoglycosides; an increase from 
25% in the pre-training period. 

In the post-training questionnaire, 
the directors of pharmacy were asked 
to indicate the cost of a drug level 
analysis. The results could not be 
used as different centres included 
different units to evaluate the cost of 
a drug level, such as labour or 
handling fee. 

The documentation of CPK 
interventions improved following 
the training sessions. Before the 
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training, 11 of 16 hospital phar­
macies did not make any CPK 
interventions (68% ); two docu­
mented interventions in a file in the 
pharmacy department (13%); one 
documented its interventions in the 
Progress Notes section of the 
patient's chart (6%), and only two 
departments had documentation 
both in the pharmacy and in the 
chart of the patient ( 13% ). After the 
training, all 16 departments kept a 
written record of their CPK inter­
ventions: two ( 13%) in the pharmacy 
department, three ( 19%) in the 
patient's chart, and 11 (68%) at both 
locations. 

The results from the pharmacists' 
evaluation of the physicians' 
appreciation of their CPK service 
are summarized in Table 4. Although 
subjective in nature, the results 
indicate a significant apparent 
acceptance. 

The participants were also asked 
to subjectively evaluate the impact 
of their CPK interventions on patient 
care. The results in Table 5 indicate 
that pharmacists felt they were 
responsible for a moderate to marked 
improvement in patient care with 
81.0% of their interventions. 

When asked if they wished to see 
the pharmacokinetic consultation 
service continued as part of 
OVRDIS, 13 pharmacists answered 
"yes" (81 % ) and three abstained. 

Eight hundred and nineteen 
questionnaires were sent to the 
participating pharmacy departments 
to be distributed to physicians from 
the 16 participating hospitals. Six 
hundred and seventy were actually 
distributed in 13 hospitals. The 
questionnaires were not distributed 
in three hospitals due to internal 
difficulties. Two hundred and seven 
were returned to the Coordinator 
and the summary of the answers is 
available in Table 6. Ninety-five 
percent of the physicians who 
answered the question felt that rec­
ommendations from CPK services 
had an impact on patient care. 

Table 3. Number of hospitals with a CPK service for specific drugs. n = 16 hospitals. 

Pre-training Post-training 
n(o/o) n(o/o) 

Aminoglycosides 4 (25) 14 (88) 

Digoxin 2 (13) 7 (44) 

Phenytoin 1 (6) 10 (63) 

Theophylline 1 (6) 10 (63) 

Table 4. Subjective evaluation by the pharmacists of the physicians' appreciation 
of the CPK service. 15 questionnaires were returned. 

Average Range 
percentage ± SD 

Percentage of M.D.s who will seek your advice 
and generally follow your recommendations 19.1 ±20.9 0- 80% 

Percentage ofM.D.s who will generally follow 
your recommendations but will not actively ask 
for your opinion 56.1 ± 26.8 10- 90% 

Percentage of M.D.s who will follow your 
recommendations only when you discuss the 
case at length with them 10.4 ± IO.I 0- 30% 

Percentage of M.D.s who will rarely follow 
your recommendations 6.9 ±6.3 0-20% 

Percentage ofM.D.s who actively try to prevent 
your involvement with their patients 2.3 ±3.6 0- 10% 

Table 5. Impact of CPK interventions on patient care: subjective evaluation by 
the pharmacists. 

Percentage of your CPK interventions Average Range 
that resulted in: percentage ± SD 

A marked improvement in the patient's condition 34.1 ±24.9 5-80% 
(Major decrease in toxicity and/or major increase in efficacy; 

possible impact on patient outcome) 

A moderate improvement in the patient's condition 46.9 ± 23.0 10- 90% 
(Noticeable change in toxicity or efficacy; probably no impact 

on patient outcome) 

A minimal impact in the patient's condition 17.4 ± 13.5 0-50% 
(Small or no change in toxicity of efficacy; no impact on 

patient outcome) 

A deterioration in the patient's condition l.0 ± 2.0 0-5% 
(Increase in toxicity and/or decrease in efficacy) 

A telephone log documented calls 
from November 1991 to July 1993. 
Over the 20-month period, 167 calls 
were made to the consultation 
service. The average duration of the 

calls was 9 .4 minutes with a range of 
two to 28 minutes. Aminoglycosides 
were the topic of 62% of the calls 
followed by general pharmaco­
kinetic information (16% ), and 
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phenytoin ( 13% ). The remaining 9% 
of the calls were divided into 
vancomycin (3%), theophylline 
(2% ), digoxin (2% ), valproic acid 
( 1 % ) and carbamazepine ( 1 % ) . Four 
hospitals accounted for 46% of all 
the calls received. 

Results for the fifth objective are 
summarized in Tables 7 to 10. A 
global evaluation of the results 
comparing pre-training and post­
training data collection of drug levels 
isshowninTable7.A 17%decrease 
in the number of drug levels ordered 
occurred between the pre-training 
and the post-training periods. The 
most noticeable change was seen in 
the percentage of drug levels for 
which a pharmacokinetic consult 
was done by a pharmacist. It rose 
from 36% to 62% between the two 
data collection periods. 

The drug levels were evaluated 
based on the therapeutic range for 
each of the four drugs most com­
monly followed by a CPK service, 
and the results are shown in Table 8. 
Whereas no difference was seen 
globally in the percentage of drug 
levels falling inside therapeutic 
range between the pre-training and 
the post-training periods, the results 
for individual drugs showed some 
changes. We noted an increase in 
the number of drug levels falling 
inside the therapeutic range for the 
aminoglycosides (35% to 47%) but 
a decrease for theophylline (51 % to 
28%). The latter can be partially 
explained by the decrease in the 
number of drug levels collected in 
the post-training period compared 
to the pre-training period (small 
sample size). 

The evaluation of the drug levels 
based on the sampling time is 
compiled in Table 9. The number of 
drug levels that were sampled at the 
appropriate time increased for each 
drug category in the post-training 
period. The same was seen in the 
global results. The category "unable 
to assess" accounted for a large 
percentage of all drug levels and did 
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Table 6. Results of the survey sent to physicians practising in participating 
institutions. 670 surveys were distributed; 207 (31 %) were returned. 

Yes No 
n (%)* n (%)* 

Are you aware that your hospital provides a pharmacokinetic 
consultation service through its Pharmacy Department? 121 (58) 86 (42) 

In general, do you follow the recommendations made by the 
pharmacokinetic consultation service? 69 (95) 4 (5) 

Do you feel their recommendations have an impact on 
patient care? 79 (95) 4 (5) 

Based on your experience with the service, do you think it is 
worthwhile continuing? 81 (94) 5 (6) 

* % based on total number of respondents to each question. 

Table 7. Evaluation of number, range and sampling time of drug levels collected in 
each three-week period. 

Pre-study Post-study 

Number of levels collected 405 336 

Evaluation of drug level results: 

Inside therapeutic range 200 (49%) 163 (51%) 

Outside therapeutic range 186 (46%) 155 (48%) 

Unable to assess 19 (5%) 2 (1%) 

Evaluation of drug level based on sampling time: 

Appropriate 112 (28%) 115(36%) 

Inappropriate 69(17%) 24 (8%) 

Unable to assess 224 (55%) 181 (56%) 

Number of CPK consults done by a pharmacist 147 (36%) 208 (62%) 

Table 8. Evaluation of the drug levels based on therapeutic range. 

Pre-Training 

Within Outside 
range range 
n(%) n (%) 

Aminoglycosides 52 (35) 84 (56) 

Digoxin 60 (65) 32 (35) 

Phenytoin 23 (52) 21 (48) 

Theophylline 26 (51) 25 (49) 

Other 39 (57) 24 (35) 

Global 200 (49) 186 (46) 

not change between the two data 
collection periods (55% to 56%). 

Table 10 summarizes the involve-

Post-Training 

Unable Within Outside Unable 
to assess range range to assess 

n(%) n (%) n(%) n(%) 

14 (9) 67 (47) 73 (52) 2 (I) 

- 37 (59) 26 (41) -

- 16 (50) 16 (50) -

- 5 (28) 13 (72) -

5 (8) 38 (58) 27 (42) -

19 (5) 163 (51) 155 (48) 2 (I) 

ment of the participants with drug 
levels after the training period. 
Overall, the pharmacists recom-
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Table 9. Evaluation of the drug levels based on the sampling time. 

Pre-Training Post-Training 

Appro- Inappro- Unable to Appro- lnappro- Unable to 
priate priate assess priate priate assess 
n (%) n(%) n (%) n(%) 

Aminoglycosides 21 (14) 23 (15) 106 (71) 36 (25) 3 (2) 103 (73) 

Digoxin 54 (59) 20 (22) 18 (19) 41 (66) 11 (17) 11 (17) 

Phenytoin 10 (23) 8 (18) 26 (59) 16 (50) 4 (12) 12 (38) 

Theophylline 22 (43) 6 (12) 23 (45) 12 (66) 1 (6) 5 (28) 

Other 5 (7) 12 (18) 51 (75) 10 (15) 5 (8) 50 (77) 

Global 112 (28) 69 (17) 224 (55) 115 (36) 24 (8) 181 (56) 

Table 10. Involvement of the pharmacists with CPK during a three-week period 
after the training period. 

Global Amino- Digoxin Theoph- Pheny- Other 
glycosides ylline toin 

n (%) n (%) n(%) n(%) n(%) n (%) 

Number of drug levels 336 153 (45) 63 (19) 22 (7) 33 (10) 65 (19) 

Number of CPK consults 208 (62) 135 (88) 12 (19) 9 (41) 14 (42) 38 (58) 
done by a pharmacist 

Action recommended 
during consult: 

Recommended a change 93 (45) 66(49) 

Recommended no change 17 (8) 10(7) 

No recommendation made 98 (47) 59 (44) 

Rate of acceptance of 89 (81) 61 (80) 
recommen<'•'.ions by M.D.s 

Percentage of the global 68% 
number of accepted 
recommendations with 
impact on patient care 

mended that changes be made in 
drug therapy in 45% of cases where 
they became involved. The rate of 
acceptance of these recommenda­
tions by the physicians was 81 %. 
The impact of the CPK services was 
seen primarily in the aminogly­
cosides category; 68% of all the 
accepted recommendations were 
made for that group of drugs. The 
"other" category included the 
anticonvulsants ( carbamazepine, 
phenobarbital and valproic acid). 

- 4 (45) 9 (64) 14 (37) 

I (8) 2 (22) - 4 (10) 

11 (92) 3 (33) 5 (36) 20 (53) 

I (100) 5 (83) 7 (78) 15 (83) 

1% 6% 8% 17% 

The post-training data collection 
of drug levels included all categories 
of drugs, whether or not they were 
actually part of the CPK service of a 
specific institution. Upon elim­
ination of drugs not monitored by 
the CPK service of each institution, 
the total number of drug levels that 
could potentially be monitored by a 
pharmacist went down to 254. Based 
on that number, the percentage of 
drug levels for which a consultation 
was actually done by a pharmacist 
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increased to 82% (208 of254) from 
36% (147 of 405) in the pre-training 
period. 

DISCUSSION 
Efficiency is an important aspect of 
a CPK service. The time between 
blood sampling and pharmacist's 
recommendation should be as short 
as possible to make a difference in 
the care of a patient. One limiting 
factor was the turnaround time 
between the blood collection and 
the reporting of the result. The 
average turnaround time in this 
group was 42 hours, longer than in 
most teaching hospitals where a 
result is usually available within 24 
hours. Improvement would require 
the cooperation of the laboratories. 

Evaluation of the potential cost 
savings due to more rational use of 
drug levels was a part of this project. 
However, as stated in the results 
section, the evaluation of the cost of 
a drug level was very different from 
one hospital to the next. The cost of 
a drug level varied from $3 to $50, 
with an average of $13. Savings 
were nevertheless noted during the 
project since the number of 
inappropriate drug levels decreased, 
as did the overall number of drug 
levels ordered by physicians. 

The acceptance of a CPK service 
by physicians is essential since they 
will ultimately implement the 
changes suggested by the pharma­
cists. A CPK service will not influ­
ence patient care unless it receives 
full support from the Pharmacy and 
Therapeutics Committee and by the 
Medical Advisory Committee. In 
our project, three indicators 
confirmed that physicians from the 
participating institutions were 
supportive of their CPK service. The 
physician survey indicated that 95% 
of the respondents were willing to 
have the pharmacists involved with 
their patients. Ninety-four percent 
also thought that the service was 
worth continuing. But the 
questionnaire had limitations, such 
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as a low response rate (31 % ) and 
potential bias in results since 
unsatisfied MD's may not have 
returned it. The physicians' 
acceptance rate ( 81 % ) of the 
recommendations made by the 
pharmacists was the third indication 
of their cooperation in the service. 

The telephone consultation 
proved to be useful in the early stages 
of the CPK service implementation 
in each institution. The busiest time 
for the consultation service occurred 
in the first six months after the 
training sessions. 

The number of calls then 
decreased until it reached a low at 
the end of the project. The calls 
received in the last six months of the 
consultation service generally dealt 
with more complicated cases where 
the participants needed expert 
advice. 

As indicated in the results section, 
81 % of the participants wished to 
see OVRDIS continue some type of 
CPK consultation service after the 
end of the project. Consultation for 
difficult cases, refresher courses, 
yearly updates on CPK and training 
of new staff seemed to be the major 
areas in which the participants 
wanted OVRDIS to be involved. 
These services would need to be 
handled by a resource person 
qualified in the field of CPK and 
would increase the workload of 
OVRDIS. By the end of the project 
no decision had been made yet at the 
OVRDIS Board of Directors 
regarding the continuation of CPK 
consultation services. 

Only a small increase in the 
percentage of drug levels falling 
within the therapeutic range was 
seen between the two data collection 
periods ( 49% to 51 % ). Even though 
we might have expected to see a 
larger increase in that category, 
several factors could explain this 
result. The information provided 
with the data collection did not allow 
for discrimination between a first 
drug level and a repeat drug level on 
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the same patient. The pharmacist 
usually did a CPK consult after an 
initial drug level was reported. If a 
change in therapy was recommended 
and implemented then a repeat level 
was suggested. The true impact of 
the CPK service would be seen in 
this case. Unfortunately, repeat 
levels were not always done. The 
impact of the pharmacist's inter­
vention was, therefore, difficult to 
evaluate since such a high number 
oflevels were pre-intervention. The 
lack of improvement in the number 
of drug levels falling inside the 
therapeutic range may also reflect a 
lack of change in the prescribing 
habits of the physicians. A period of 
only six months was allotted between 
the implementation of a CPK service 
and the follow-up data collection. It 
may take longer to influence the 
prescribing habits of physicians. 

An important aspect of this project 
was to evaluate the impact of a CPK 
service on patient care. The 
pharmacists recommended a change 
in therapy in 45% of the consults, 
indicating that these patients were 
not getting an optimal drug regimen 
initially. Since 81 % of their 
recommendations were accepted by 
physicians, it may be suggested that 
pharmacists had an impact on the 
care of these patients. 

The most important impact of the 
CPK service was on aminoglycoside 
monitoring. Almosthalfofthelevels 
collected were in that drug category 
and so were 68% of all accepted 
recommendations. This category 
also had the largest increase in the 
percentage of drug levels falling 
within therapeutic range in the post­
training data collection. 

This project has shown that it is 
feasible for one regional coordinator 
to train and provide consultation to 
pharmacists from different hospitals 
on the basics of CPK. The partici­
pants now have a direct impact on 
patient care based on their recom­
mendations and the support of the 
physicians to implement them. 

We feel that a regional clinical 
pharmacokinetic training program 
similar to ours can be implemented 
in other regions of Canada, parti­
cularly if a network is already 
established by a regional drug 
information service. The most 
important limitations are the size of 
the territory to be covered by a single 
person and the number of phar­
macists to be trained. A ratio of one 
coordinator for eight to ten students 
is optimal for classroom teaching. 
Smaller hospitals cannot afford to 
pay the salary of one pharmacist 
solely for the purpose of setting up 
and running a CPK consultation 
service. But, by pooling their 
resources, several hospitals from a 
region can use the services of a 
trained pharmacist to help them with 
CPK related issues. Our project has 
clearly indicated its feasibility. ~ 
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