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SUMMARY

What is known and Objective: It is often necessary to adjust drug
therapy if renal function is impaired in elderly patients taking
drugs for diabetes and/or cardiovascular disease that are cleared
by the kidneys. Although clinical guidelines recommend regular
monitoring of renal function in these patients, in practice
adherence to these recommendations varies from 28% to 75%.
To determine whether drug dosing is appropriate, pharmacists
need have up-to-date information about patients’ renal function.
In this study, the feasibility of point-of-care creatinine testing
(POCCT) in a community pharmacy was evaluated as part of
monitoring the drug therapy of ambulatory elderly patients.
Methods: Elderly patients on maintenance therapy with renally
excreted drugs for diabetes or cardiovascular disease were
eligible for POCCT. After informed consent was obtained,
POCCT was performed by trained personnel. A pharmacist
assessed the clinical relevance of electronically generated drug
alerts based on the patient’s calculated renal function and the
Dutch guidelines for adjusting drug dosage in patients with
chronic kidney disease. If appropriate, the patient’s general
practitioner (GP) was consulted and adjustments to treatment
were communicated to the patient. The feasibility of POCCT
was evaluated by means of questionnaires completed by
patients and healthcare professionals (GPs and pharmacists).
Results: Of 338 potentially eligible patients, 149 (44%) whose
renal function was not known were asked, by letter, to
participate in the study. Of these individuals, 46 (31%) gave
their informed consent and underwent POCCT. Response rates
for completing the patient and professional questionnaires were
87% and 100%, respectively. More than half of the patients who
underwent POCCT had mild-to-moderate renal impairment. On
the basis of information provided by patients and healthcare
professionals, POCCT would appear to be feasible in commu-
nity pharmacies.
What is new and conclusion: POCCT improves the management
of drug therapy by community pharmacists and is feasible in
daily practice.

WHAT IS KNOWN AND OBJECTIVE

Elderly patients with diabetes and/or cardiovascular disease often
use drugs that are cleared by the kidneys. Clinical guidelines
recommend regular monitoring of renal function in these patients
to ensure that drugs are prescribed in safe and effective doses.1,2

Dosage adjustment or drug substitution is often necessary in
patients with impaired renal function.

Renal impairment is a patient-related risk factor for medication-
related hospital admissions.3,4 A Dutch study revealed that drug
dosage had not been adjusted in 40% of patients with chronic
kidney disease discharged from hospital.5 Although monitoring of
renal function is frequently recommended in the drug labels of
drugs cleared by the kidneys (28%)6 and in clinical guidelines1,2,7,
the adherence of healthcare professionals to these recommenda-
tions varies from 28% to 75%.8–13 Non-adherence to recommen-
dations can lead to preventable drug-induced harm. Pharmacists
can contribute to a safer use of medication as a result of their
clinical pharmacological knowledge, and skills and ability to
perform patient assessments, order laboratory tests, administer
drugs, and monitor and, when relevant, adjust drug regimens.5,14

However, to do this, they need up-to-date information about the
patients’ renal function. If these data are not available, point-of-
care creatinine testing (POCCT) might prove useful. This simple
and fast method has the same clinical validity as central laboratory
testing if quality issues are guaranteed by laboratory profession-
als.15,16 Point-of-care testing is available in general practice and is
considered both acceptable and satisfactory.17–19 To our knowl-
edge, point-of-care testing has not been studied in community
pharmacies. In this study, we investigated the feasibility of POCCT
in community pharmacies for monitoring whether drug therapy is
appropriate in ambulatory elderly patients prescribed drugs that
are cleared by the kidneys.

METHODS

Setting and study population

The study was conducted in January–May 2011 in three commu-
nity pharmacies in collaboration with five general practitioners
(GPs) in two cities located in the south of the Netherlands. All
ambulatory patients aged 70 years or older who were being
treated with renally cleared drugs for diabetes and/or cardiovas-
cular disease were identified using the pharmacies’ patient
management system (Fig. 1). The GPs indicated whether up-to-
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date information about renal function (defined as an estimated
glomerular filtration rate (eGFR) measured within the last year)
was available for these patients. Patients with documented end-
stage renal failure (<10 mL/min/1�73 m2) were excluded. The
pharmacists sent patients without current renal function data a
letter explaining the study and asking them to participate. An
informed consent form was enclosed. Patients who gave their
consent and visited the pharmacy during the study period were
included. Patients did not have to pay for POCCT. The study was
approved by the Medical Ethics Committee of the University
Medical Center Utrecht (NL32180.041.10).

Point-of-care creatinine analysis

Point-of-care operators (pharmacists or pharmacy technicians) in
the participating pharmacies were trained by accredited techni-
cians of the Department of Clinical Chemistry and Haematology of
the University Medical Center Utrecht (Utrecht, the Netherlands).
Creatinine levels were measured in a capillary blood sample
(finger prick, 65 lL) using the i-STAT� System and the CHEM8+
cartridge (Abbott Point-of-care, Wiesbaden, Germany), according
to standard procedures. The central laboratory of the above-
mentioned department monitored the performance of the i-STAT�

System according to Clinical and Laboratory Standards Institute
(CLSI) protocols EP15-A2 and EP09-A2. Throughout the study, the
same cartridge batch numbers were used to avoid differences in
test results. Calibration of the i-STAT� System is automated by
software updates. The i-STAT provided results consistent with
those obtained with the standard IDMS (isotope dilution mass
spectrometry) method used in the central laboratory. Potassium
levels were measured simultaneously as an indicator of collection-
induced haemolysis and therefore of the difficulty of blood
collection. Glomerular filtration rate was estimated using creati-
nine concentrations and the 4-variable Modification of Diet in
Renal Disease (MDRD) equation.20 If MDRD results were difficult
to interpret because the calculated eGFR was within 10% of a drug-
specific threshold value, the patient was asked to undergo POCCT

1 week later. The GPs received the POCCT results daily. Renal
function was classified according to the European dosing guide-
lines for drugs in renal impairment: no renal impairment
(>80 mL/min/1�73 m2), mild renal impairment (50–80 mL/min/
1�73 m2), moderate renal impairment (30–49 mL/min/1�73 m2),
severe renal impairment (10–29 mL/min/1�73 m2) and end-stage
renal failure (<10 mL/min/1�73 m2).21

Drug therapy management

Once a patient had undergone POCCT, his/her medication,
including drugs prescribed for a short duration (antibiotics), was
reviewed in relation to renal function, with drug alerts being
generated by a pharmacy medication alert system (PMAS). This
system was used because the participating pharmacies used
different patient management systems.13 The PMAS generates
alerts for renally cleared drugs if the eGFR is below the drug-
specific eGFR threshold given in guidelines for drug dosing in
chronic kidney disease.21,22 It also provided information about
selecting, initiating, monitoring, continuing and adjusting drug
regimens, based on the same guidelines. Pharmacists assessed the
clinical relevance of the computer-generated alerts for correct dose,
dosing frequency, initiation of a drug, chronic use and the
pharmacotherapeutic context. If applicable, the patient’s GP was
consulted by the pharmacist and treatment changes were commu-
nicated to the patient.

Questionnaire development

The feasibility of POCCT in community pharmacies was evaluated
among the three stakeholders (patients, GPs and pharmacists),
using a self-administered structured questionnaire that we devel-
oped because no such questionnaire is available. The items were
based on validated questionnaires about satisfaction with point-of-
care testing in general practice18 and commonly used methods for
questionnaire development.23–26 POCCT in community pharma-
cies was considered feasible by each stakeholder if 60% (arbitrarily

Renal function unknown 
or not actual, 
n = 149 (44%)

Eligible population,
n = 338 

Pharmacy population/GP
≥ 70 years, n = 695

Inclusion:

• Treatment with renally cleared drugs for diabetes 
and/or cardiovascular risk management

• Not living in a nursing home or home for the 
elderly

Exclusion: n = 189

• Actual renal function known

Fig. 1. Flow diagram of the study design.
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chosen) of the answers to each question were given a score of 3 or
higher, indicating that the majority was satisfied with the item.

The questionnaire for the patients consisted of 11 questions in
two domains: 2 questions about ‘information in advance’ and 9
questions about ‘perception’. Participants were asked to score the
degree of satisfaction with each question on a 5-point Likert scale
from poor (1 point), moderate (2 points), sufficient (3 points), good
(4 points), to very good (5 points).23,27 Two additional questions
assessed patients’ preferences with regard to the intervention. In a
free text box at the end of the questionnaire, patients were asked
to make any supplementary comments. Patients were mailed the
questionnaire 1 week after the last POCCT. We chose to send the
questionnaire later, instead of at the time of testing, because we
expected patients would be more objective 1 week later, which
would result in less social desirability bias.

Structured questionnaires to evaluate the GPs’ and point-of-care
operators’ views on testing consisted of 9 questions in three
domains: 2 questions about ‘information in advance’, 3 questions
about ‘efficiency’ and 4 questions about ‘perception’. Two addi-
tional questions evaluated the healthcare professionals’ views on
POCCT in a pharmacy. The professionals were asked to give any
supplementary comments in a free text box. The questionnaires
were returned at the end of the study period.

Data analysis

Data were analysed using SPSS Statistics 19.0 (IBM Inc., Armonk,
NY, USA) for descriptive statistics (mean, frequency, 40th percen-
tile, range, standard deviation). The patients’ questionnaire was
validated using the proportion of missing data to test acceptability.
Cronbach’s alpha was used to test the internal reliability after
factor analysis, and face validity was assessed by the research
group. Group differences between the GPs and the point-of-care
operators were tested using the Mann–Whitney U-test. The
comments of the stakeholders in the free text box were summa-
rized qualitatively.

RESULTS

Of the 338 patients identified as using antidiabetic or cardiovas-
cular drugs that are excreted by the kidney, 149 (44%) were invited
to participate because their renal function was not known or had
not been updated in their GP’s patient record (Fig. 1). Of these
patients, 46 (31%) gave their informed consent and underwent
POCCT in the pharmacy. In two patients, the POCCT failed due to
technical problems in one pharmacy (Table 1). Twenty-four of the
44 patients who successfully underwent POCCT were found to
have mild-to-moderate renal impairment and were eligible for
therapy adjustment. Three patients needed to undergo repeat
testing after 1 week. In one of these patients, the eGFR calculated
after the second measurement was higher than the threshold and
so drug therapy no longer needed to be assessed; in the two other
patients, the first calculated eGFR value was not recorded. The
PMAS generated nine alerts for seven patients because the eGFR
was below the threshold value. Six alerts were not relevant
because the prescribed dose was according to the guideline or it
was not an initiation of drug therapy, two alerts were relevant but
the clinical effect was established (diabetes, hypertension) without
relevant side effects, and in one alert, the pharmacist gave
therapeutic advice that was accepted by the GP. No obvious
collection-induced haemolysis occurred, suggesting that capillary
blood sampling went well.

Forty patients (87�0%), five GPs (100%) and five POCCT
operators (100%) completed the questionnaires. The demographic
characteristics of the ten professionals are shown in Table 2. After
analysis of the responses, POCCT was deemed feasible in
community pharmacies because more than 60% of the responses
per item were awarded a score of 3 or higher by each stakeholder
group (Tables 3 and 4). The GPs gave lower scores for the domain
‘efficiency’, but the scores were not statistically lower than those of
the POCCT operators. The patients’ questionnaire was valid
because face validity and acceptability were appropriate, and
Cronbach’s alpha was high for both the domains (0�843 for
‘information in advance’ and 0�895 for ‘perception’), reflecting
good internal reliability.

In the free text box, 10 patients (25%), 3 GPs (60%) and 3 POCCT
operators (60%) commented on POCCT. Five patients were
positive about POCCT, two in whom the test failed wanted to
know why and three commented with miscellaneous remarks.
Two GPs preferred to order tests and communicate with patients
themselves, but they appreciated the therapeutic advice given by
the pharmacists and one preferred to receive the test results
electronically. One point-of-care operator thought that a fee should
be charged for this type of care in future and commented further
that the software tool that generated the alerts was very helpful,
one stated that the immediate availability of the test result was
vital, and one had a remark about the patient information.

Table 1. Demographic and quantitative outcomes of POCCT
patients

Outcome

POCCT (n = 44)*

n %

Female gender 22 50�0
Age groups (years)
70–79 36 81�8
80–89 7 15�9

90–99 1 2�3
Renal function group (mL/min/1�73 m2)
1. Normal (>80) 20 45�5
2. Mild (50–80) 19 43�2
3. Moderate (30–49) 5 11�4

Renal function at inclusion
Unknown 10 22�7
Not actual (older than 1 year) 34 77�3

Comorbidity
Diabetes mellitus 2 4�5
Cardiovascular diseases 38 86�4
Both 4 9�1

Patients with therapeutic advice 1 2�3
Number of alerts (max n = 84) 9 10�7

Median Range (SD)
Age (years) 76 70–91 (4�7)
Drugs (frequency) 5 2–13 (2�4)
Renally cleared drugs (frequency) 2 1–4 (1�0)
eGFR (mL/min/1�73 m2) 77 37–149 (26�0)
Potassium (mM) 4�4 3�7–5�3 (0�4)
Duration of testing (minutes) 15 7–47 (6�7)

*Data of two patients not available because POCCT failed.
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate;
POCCT, point-of-care creatinine testing.
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The cost per test using the i-STAT� analyzer was about $ 7�94
(2013 prices), including disposables ($ 1�52), cartridge ($ 4�70) and
labour ($ 1�72). This excludes the cost of the analyser ($ 6500) and
the cost of training personnel to use the analyser, because
calculation of the cost per test depends strongly on the number
of tests performed per year and deprecation of the analyser. It costs
$6�66 to measure creatinine levels in the central laboratory. The
time it took pharmacists to review patients’ medications was not
included because this would be the same regardless of how or
where creatinine concentrations were measured.

DISCUSSION

In this observational study, ambulatory elderly patients, GPs and
point-of-care operators considered POCCT in community phar-
macies feasible. At the time of study recruitment, information on
renal function was missing for 4 of 10 potentially eligible patients
who were using antidiabetic or cardiovascular drugs cleared by
the kidneys.

High-quality point-of-care testing services have been introduced
in primary care, run by qualified laboratory professionals to

guarantee efficiency and quality.28,29 These services are increas-
ingly being used in diabetes managed care programmes and for
monitoring lipid and anticoagulant therapy.17,18,30–32 In this study,
the operators who performed POCCT had been trained by hospital
technicians. In two cases, analysis failed, probably because non-
acclimatized cartridges were used or insufficient blood was
collected for testing. Blood sampling was good because there
was no obvious collection-induced haemolysis.

The patient questionnaire showed good internal reliability, face
validity and applicability, and the response rate was high. POCCT
was therefore considered appropriate for use in community
pharmacies. Participating patients were very satisfied with this
service, because the pharmacist could immediately evaluate their
medication(s) in relation to their renal function. Possible reasons
for non-participation (not giving consent or not visiting the
pharmacy) are the need to give informed consent, a preference
for their own doctor/specialist to order tests, inability to reach the
pharmacy or lack of interest in their renal function. Further
research is necessary to investigate the reasons why patients
potentially at risk of renal impairment did not give consent and
why renal function had not been measured in the last year in
nearly half (44%) of the elderly patients taking drugs that are
cleared by the kidneys, especially because more than half of the
included patients had mild or moderate renal impairment. Renal
function had been measured previously in most patients (86%), but
not in the last year at the time of inclusion.

Most of these patients used drugs for cardiovascular disease.
Renal function was regularly monitored in patients with diabetes,
probably because a diabetes managed care programme had been
implemented in this setting. The Dutch GP clinical guideline for
cardiovascular disease recommends monitoring renal function at
least once a year in patients at risk of chronic kidney disease and in

Table 2. Demographic characteristics of 10 professionals

Female (n,%) 5 50%
Age, years (median, SD) 52 34–63 (10�8)
Pharmacists accredited (n,%) 4 40%
Pharmaceutical care technician accredited (n,%) 1 10%
General practitioner not accredited (n,%) 4 40%
General practitioner accredited (n,%) 1 10%

Table 3. Patients’ view on feasibility of POCCT in community pharmacy

Itemsa

Responders n = 38*

Percentiles
Valid Mean (SD) 40

Information in advance (Cronbach’s a = 0�843)
1. Was the written information in advance comprehensible? 36 4�08 (0�60) 4�0
2. Was the information given in advance complete? 36 4�14 (0�68) 4�0

Perception (Cronbach’s a = 0�895)
3. What do you think of the information you were given before testing? 37 4�43 (0�60) 4�0
4. What do you think of the attention paid to you by the POC operator? 37 4�62 (0�55) 5�0
5. What do you think of your privacy during the visit? 37 4�59 (0�50) 4�2
6. How did you experience POCCT? 37 4�43 (0�50) 4�0
7. What do you think of the explanation given for the test result? 37 4�30 (0�66) 4�0
8. What do you think of the opportunity of POCCT in pharmacy? 38 4�53 (0�56) 4�0
9. Would you have POCCT again in the future?b 37 4�76 (0�43) 5�0
10. What is your final assessment of the testing and advice? 38 4�50 (0�51) 4�0
11. What is your final assessment of the time that it took? 38 4�34 (0�53) 4�0

Additional questions on the handling of the intervention
What is your impression about the consultation between pharmacist and general practitioner? 5 4�20 (0�45) 4�0
With whom would you prefer to discuss the test result? General practitioner (n = 4)

No opinion (n = 1)

*Data of two patients not available because POCCT failed.
aScored on a 5-point Likert scale ranging from 1 = bad to 5 = very good.
bScored on a 5-point Likert scale ranging from 1 = strongly disagree to 5 = strongly agree.
SD, standard deviation; POCCT, point-of-care creatinine testing.
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patients with heart failure every half year.33,34 Therefore, there was
a potential need for POCCT and advice about adjusting drug
therapy in patients using cardiovascular drugs, even though in
practice such advice was given on one occasion only.

The healthcare professionals’ satisfaction and acceptation of
POCCT was sufficient to good, but two GPs indicated that they
would prefer to perform POCCT and communicate with patients
themselves. This might be because GPs bear final responsibility for
changes to drug therapy. However, in an integrated care setting,
GPs and pharmacists have to collaborate and make use of each
other’s clinical and pharmacological expertise with the mutual
objective of improving medication safety. In addition, four patients
preferred to discuss the test results with their GP, probably
because of confidentiality issues. Although a creatinine testing
service in community pharmacies has potential advantages such as
the immediate availability of test results, well-adjusted drug
therapy and improved patient satisfaction, these advantages
would also be present if testing were performed in general
practice. Regardless of where testing is performed, it is essential
that test results are shared real time by linking laboratory data to
medical and pharmacy data.35,36

One point-of-care operator was concerned about the cost of
providing POCCT in the pharmacy. The median time to perform
the assay and to evaluate drug therapy was 15 min (range 7–47),
but none of the healthcare professionals made additional com-
ments about this even though they gave low scores to the question
on time saving or the time a test took. It might be necessary to
charge for this professional service, with the fee covering the cost
of test materials, to increase its acceptability in daily practice. It is
difficult to estimate the cost-effectiveness of point-of-care testing,
because many complex factors have to be taken into consider-
ation.37 Point-of-care testing is more expensive on a unit-cost basis
than central laboratory testing, but costs will probably vary with
the type of point-of-care device, practice volume, workflow in the

pharmacy, reimbursement rates, time savings for patients and
GPs, pharmacist labour costs and the costs of central laboratory
testing. Another point of concern is that the GPs had doubts about
the feasibility of POCCT in the pharmacy, but this may be because
they would prefer to order tests and communicate findings to their
patients themselves.

The PMAS proved useful. The system generates alerts, based on
a simple algorithm, when the eGFR is lower than the threshold
value for a specific drug that is excreted by the kidneys. In current
pharmacy practice, an alert is generated each time a drug excreted
via the kidneys is prescribed to a patient older than 70 years. More
sophisticated clinical decision support systems with algorithms for
the prescribed dose or discriminating between initial and chronic
dosages could further reduce the number of alerts, which would
make alerts more clinically relevant and individualized.38–40

However, some studies have raised doubts about the ability of
health information technology to alter the quality of patient
care.41,42

A limitation of our study is that few GPs and point-of-care
operators participated, so that the internal reliability and applica-
bility of the questionnaire for these professionals could not be
tested. Moreover, the results may not be fully applicable to other
populations whose characteristics are different from those of the
current study population. In addition to investigating why
patients did not wish to participate in the study, we also
recommend that a cost-effectiveness analysis be performed before
implementing POCCT in community pharmacies. In the mean-
time, a managed care programme for cardiovascular disease
focusing on regular monitoring of renal function could improve
health outcomes in these patients.

In conclusion, the availability of up-to-date information about
patients’ renal function could improve the monitoring of appro-
priate drug therapy by pharmacists, especially in patients at risk of
renal impairment who use drugs that are cleared by the kidneys.

Table 4. Professionals’ view on feasibility of POCCT in the pharmacy

Items

General Practitioners (n = 5) Point-of-care operators (n = 5)

T-test

Valid Mean (SD)
Percentiles
40 Valid Mean (SD) Percentiles 40 P

Information in advance a

1. Was the written information given in advance comprehensible? 4 4�25 (0�50) 4�0 5 4�00 (0�71) 4�0 0�57
2. Was the written information given in advance complete? 4 4�00 (0�82) 4�0 5 3�80 (1�10) 4�0 0�77

Efficiency b

3. How do you assess the ease of POCCT in the pharmacy? 5 3�20 (1�48) 3�0 5 4�40 (0�55) 4�0 0�13
4. How do you assess the time saving/the time it takes? 5 3�20 (1�48) 3�0 4 3�25 (0�50) 3�0 0�95
5. How do you assess the rapid availability of test results for the patient? 5 3�80 (1�10) 3�0 5 4�60 (0�55) 4�4 0�20

Perception b

6. How do you assess the feedback/availability of test results? 5 3�80 (0�84) 3�4 5 4�60 (0�55) 4�4 0�11
7. How do you assess continuing POCCT in pharmacies? 4 3�50 (1�29) 3�0 5 4�60 (0�55) 4�4 0�13
8. How do you assess the applicability in practice? 4 4�00 (0�82) 4�0 5 3�80 (1�30) 3�4 0�80
9. What is your final assessment of POCCT in community pharmacies 5 3�60 (1�14) 3�4 5 4�00 (0�71) 4�0 0�52

Additional questions on the handling of the intervention b

Ad hoc consultation. 5 4�00 (0�71) 4�0 3 4�67 (0�56) 4�6 0�22
Collaboration between pharmacist and general practitioner. 5 4�20 (1�30) 4�4 5 4�20 (0�84) 4�0 1�00

aScored on a 5-point Likert scale ranging from 1 = poor to 5 = very good.
bScored on a 5-point Likert scale ranging from 1 = strongly disagree to 5 = strongly agree, and no opinion (0).
SD, standard deviation; POCCT, point-of-care creatinine testing.
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POCCT in community pharmacies proved feasible and acceptable
to elderly patients, GPs and pharmacists, but testing should only
be performed by trained personnel and under supervision of a
clinical chemistry laboratory.
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