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Abstract

Background Drug-related problems (DRPs) are common
in aged care facilities and few studies have been conducted
to determine the impact of the pharmacist-conducted
medication review services. Studies determining the prev-
alence of chronic kidney disease (CKD) and data regarding
inappropriate prescribing of renally cleared medications in
aged care facilities in Australia are also lacking.
Objectives To investigate the number and nature of DRPs
identified and recommendations made by pharmacists in
residents of aged care facilities. To determine the preva-
lence of CKD and estimate the magnitude of inappropriate
prescribing of renally cleared medications in residents of
aged care facilities.

Methods DRPs identified and recommendations made by
pharmacists were classified using the adapted version of
the DOCUMENT classification system. The modification
of diet in renal disease formula was used to estimate the
prevalence of CKD, and the Cockcroft—Gault formula was
used to estimate the magnitude of inappropriate prescribing
of renally cleared medications.
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Results  Over 98 % of residents of aged care facilities had
at least one DRP. Most (83.8 %) recommendations made by
accredited pharmacists to resolve DRPs were accepted by
general practitioners. CKD was prevalent in 48 % of resi-
dents, and inappropriate prescribing of renally cleared med-
ications was identified in 28 (16 %) residents with CKD.
Conclusions DRPs are common in aged care facilities
and the impact of medication review services appears to be
high. CKD is also common among residents of aged care
facilities, and inappropriate prescribing of renally cleared
medications was also prevalent, warranting attention to
regular renal function monitoring and appropriate drug and
dose selection in residents of aged care facilities.

Key Points

The collaborative Residential Medication
Management Review service can significantly
reduce drug-related problems encountered in
residents of the Australian aged care facilities.

Chronic kidney disease and prescribing of renally
cleared medications in residents of the aged care
facilities in Australia is prevalent and residents
should be routinely monitored for decline in kidney
function.

1 Introduction

Older people with multiple chronic conditions take multi-
ple medications and are therefore at an increased risk of
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experiencing a drug-related problem (DRP) and an adverse
drug event (ADE) [1]. A DRP is an event or circumstance
which occurs when a drug treatment actually or potentially
interferes with the patient experiencing an optimum out-
come of medical care; high dose, drug interaction, and
ADE are some examples of DRPs [2].

Prescribing in older people is often guided by consensus
statements or guidelines informed by clinical trials per-
formed in ‘younger’ people without significant co-mor-
bidities [3, 4]. Therefore, prescribing in older people
remains challenging. Prescribing in residents of aged care
facilities is even more challenging as they are often the
frailest old and take up to four times more medications than
their age-matched community-dwelling counterparts [5]. In
addition, residents generally have age-related changes in
pharmacokinetics and pharmacodynamics, which increase
their risk of developing ADEs [6, 7]. This risk is further
increased when drugs are prescribed inappropriately.

Inappropriate prescribing is defined as a situation where
risk from the adverse effects of a prescribed medication
outweighs the desired clinical benefits of treating a par-
ticular condition [3]. Previous studies have reported pre-
scribing in aged care residents as being relatively poor in
quality, particularly with respect to overuse of inappro-
priate drugs and underuse of beneficial therapies [8—11].
Inappropriate prescribing is often implicated as the cause
of DRPs and increased risk of hospitalisation and death in
this population [12, 13].

There is also evidence that aged care residents are not
ideally managed with respect to chronic conditions, espe-
cially chronic kidney disease (CKD) [14, 15]. CKD occurs
when the glomerular filtration rate (GFR) falls below
60 ml/min/1.73 m> [14, 16] and the prevalence of CKD
increases disproportionately in older people because of the
age-related decline in GFR of approximately 8 ml/min/
1.73 m* with each decade of life after the age of 40 years
[17]. Furthermore, age-related decline in kidney function in
older people may not be associated with obvious compli-
cations of CKD but impaired kidney function that could
markedly affect the clearance of drugs by the kidney [14,
18].

Despite the high prevalence of CKD [19, 20] and its
association with mortality, it is often under-recognised in
older people, which could lead to inappropriate prescribing
[21]. Two studies conducted in the US have shown that
renal dosing guidelines are often overlooked in residents of
aged care facilities, and this is a major contributor to
overall inappropriate prescribing and DRPs in aged care
facilities [15, 22]. It is therefore important to identify res-
idents with impaired renal function in aged care facilities
and accordingly adjust the dosage of renally cleared
medications.
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In Australia, the Residential Medication Management
Review (RMMR) is a nationally remunerated clinical ser-
vice available to all permanent residents of Australian
Government-funded aged care facilities [23]. The RMMR
is a comprehensive medication review conducted by
accredited pharmacists and aims to optimise the benefits of
medicine use, improve therapeutic outcomes, and ensure
the appropriate, safe and effective use of medicines in aged
care facility residents [24, 25]. The RMMR service may be
conducted either by an accredited pharmacist alone
[pharmacist RMMR] or in collaboration with a general
practitioner (GP) [collaborative RMMR] [25]. The col-
laborative RMMR process comprises (i) GP referral of the
resident to an approved RMMR service provider; (ii)
pharmacist written report documenting RMMR findings
and recommendations sent to the GP; (iii) discussion by the
GP and pharmacist to develop a medication management
plan based on the findings and recommendations; and (iv)
consultation with the resident to obtain agreement to the
medication management plan [25]. A recent retrospective
study reported that over 96 % of aged care facility resi-
dents had potential DRPs identified by accredited phar-
macists [26]. Other studies have shown that pharmacist-
conducted medication reviews can improve medication use
by reducing DRPs in aged care facility residents [11, 27,
28]. However, there is limited research on the impact of the
collaborative RMMR service on DRPs in general and on
therapeutic outcomes for residents with renal impairment.
The main objectives of this study were:

e To investigate the number and nature of DRPs iden-
tified by accredited pharmacists.

e To investigate the number and nature of recommenda-
tions made by accredited pharmacists to resolve DRPs.

e To investigate the GP acceptance of accredited phar-
macists’ recommendations.

e To estimate the prevalence of CKD in residents of aged
care facilities.

e To determine the extent of inappropriate prescribing
(defined as the use of contraindicated medication or use
of higher-than-recommended dosage based on renal
function) of renally cleared medications in residents
with CKD.

2 Methods
2.1 Ethics and Study Population
The Human Research Ethics Committee (Tasmania) Net-

work exempted this study from ethical review as the study
was identified as being of negligible risk.
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This retrospective study involved the collection of de-
identified RMMR reports pertaining to 911 residents of
aged care facilities from a single Sydney-based RMMR
service provider (Meditrax Pty Ltd). The RMMR service
was conducted by accredited pharmacists in collaboration
with GPs between August 2011 and December 2012. All
pharmacists were accredited either by the Australian
Association of Consultant Pharmacy (AACP) or the Soci-
ety of Hospital Pharmacists of Australia (SHPA) [25].

2.2 Exclusion Criteria

RMMR reports were excluded from the study if they met
any of the following criteria: (i) age and sex in the RMMR
report did not match the same on the pathology report; (ii)
duplicate RMMR report; (iii) medication chart was missing
from the RMMR report; (iv) pharmacists’ recommenda-
tions were missing in the RMMR report; and (v) the
identification number of the resident on the RMMR report
did not match the same on the pathology report.

2.3 Data Extraction and Coding

One study investigator (PAG) performed a thorough review
of the 911 RMMR reports, and performed data extraction
and coding. Drugs taken by the residents of aged care
facilities were coded according to the Anatomical Thera-
peutic Chemical (ATC) classification system, an interna-
tional standard for drug utilisation studies identified by the
World Health Organization [29]. Medical diagnoses were
categorised according to the International Classification of
Diseases, 10th revision (ICD-10) disease categories [30].

Each RMMR report written by the accredited pharma-
cist was divided into two parts: (i) DRPs identified, and (ii)
recommendations made to resolve those DRPs. These
DRPs and recommendations were then classified using the
adapted version of the DOCUMENT classification system
[2]. One new category of DRP and six new subcategories
of recommendation were appended to the original catego-
ries of DRPs and recommendations of the DOCUMENT
classification system, which are as follows: U4—condition
resolved, R3a—add drug to therapy, R3b—cease/withdraw
therapy, R9a—start drug/supplement, R9b—review pre-
scribed medications, R9c—change drug to a combination
formulation, and R20—information for nursing staff. An
explanation and example of each category of DRPs and
recommendations are described in electronic supplemen-
tary material (ESM) Tables S1 and S2.

The prevalence of CKD was estimated by calculating
the estimated GFR (eGFR) using the modification of diet in
renal disease (MDRD) formula [17, 31], and residents with
CKD were then categorised into five stages of CKD based
on their eGFR [16]. These five stages are: stage 1—kidney

damage with normal or increase in GFR (>90 ml/min/
1.73 m?); stage 2—kidney damage with mild decrease in
GFR (60-89 ml/min/1.73 m2); stage 3—moderate decrease
in GFR (30-59 ml/min/1.73 mz); stage 4—severe decrease
in GFR (15-29 ml/min/1.73 m?); and stage 5—kidney
failure (<15 ml/min/1.73 m? or on dialysis). Stage 3 is
subdivided into 3A (GFR 45-59 ml/min/1.73 mz) and 3B
(GFR 30-44 ml/min/1.73 m?) [16].

The Australian Medicines Handbook (AMH) [32] has
specific guidelines for dosage adjustments of renally
cleared medications based on the creatinine clearance
(CLcR) value and, therefore, it was used as a reference to
determine the inappropriate prescribing of renally cleared
medications in residents with CKD in whom the estimated
CLcr (eCLcr) value could be calculated using the
Cockroft-Gault (CG) formula [33]. Recommended dosing
guidelines for renally cleared medications inappropriately
prescribed in the study are described in ESM Table S3. The
eGFR value based on the MDRD formula was used to
assess the appropriateness of prescribing if weight was not
recorded [31]. Also, DRPs identified and recommendations
made by the accredited pharmacists for inappropriately
prescribed renally cleared medications, and GP acceptance
of these, were recorded.

2.4 Statistical Analysis

Data analysis was carried out using Microsoft Excel and
Microsoft Access (Microsoft Corporation, Redmond, WA,
USA). Descriptive statistics are presented as means. The
inter-rater reliability of the DRP and recommendation
coding was tested for 40 randomly selected cases by two
study investigators (PAG. and RLC). The inter-rater reli-
ability was assessed with Cohens’ Kappa using R 3.0 [34].

3 Results

A total of 911 RMMR reports were provided by the
medication review service provider. Sixty-four reports
were excluded from the final analysis using the exclusion
criteria shown in Fig. 1. Table 1 shows the characteristics
of the study population at baseline. The mean (£SD) age of
residents was 84.9 (8.8) years, and 31 % of residents were
male. The mean (£SD) number of medical diagnoses
identified per resident was 7.3 (2.9), and the mean (£SD)
number of medications prescribed per resident was 11.2
(4.8).

3.1 Drug-Related Problems

Table 2 shows the various types of DRPs identified by the
accredited pharmacists, classified according to the adapted
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Fig. 1 Exclusion criteria used

and number of cases reported by
the RMMR service provider
accordingly excluded from the

Total number of cases from the RMMR service
provider =911

Exclusion criteria

final analysis. RMMR
Residential Medication

e

Age and sex in the RMMR report did not
match the same on the pathology report

Management Review

Cases excluded = 26

ﬂ—»

Duplicate RMMR report

Cases excluded = 4

ﬂ—

Medication chart missing

Cases excluded = 8

ﬂ—

Pharmacist’s recommendation missing

Cases excluded = 13

ﬂ—

The identification number of the resident
on the RMMR report did not match the

Cases excluded = 13
Total number of cases included = 847

same on the pathology report

Table 1 Baseline
characteristics of the

demographics, medical
diagnoses and medication
exposure of the study
population (n = 847)

Characteristics Value
Mean (£SD) age (years) 849 + 8.8
Sex (% female) 69

Mean (£SD) number of medical diagnoses 73 +29

Top five medical diagnoses classified according to ICD-10 disease categories [n (%)]

1. Disease of the circulatory system

2. Mental and behavioural disorders

3. Disease of the musculoskeletal system and connective tissue
4. Endocrine, nutritional and metabolic disease

5. Disease of the nervous system
Mean (£SD) number of medications

1,309 (21.3)
878 (14.3)
770 (12.6)
496 (8.1)
396 (6.5)
112 +£48

Top five medication classes of drugs classified according to ATC classification system [n (%)]

1. Alimentary tract and metabolism

2. Nervous system

ICD-10 International 3. Cardiovascular system

Classification of Disease, 10th
revision, ATC Anatomical

h 3 5. Respiratory system
Therapeutic Chemical

4. Blood and blood forming organs

2,793 (28.2)
2,629 (26.6)
1,693 (17.1)
755 (7.6)
429 (4.3)

version of the DOCUMENT system of classification. A
total of 2,712 DRPs were identified by the pharmacists in
98 % of residents. The mean (£SD) number of DRPs
identified per resident was 3.2 (1.7). Recommendations
made by the pharmacists to resolve these DRPs were
classified using the adapted version of the DOCUMENT
system of classification, as shown in Table 3. Of 3,054
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recommendations made, 2,560 (83.8 %) were accepted by
the GP. The mean (£SD) number of recommendations
made per resident by the pharmacist was 3.6 (1.9) and
mean (+SD) number of recommendations accepted by the
GP per resident was 3.0 (1.9). The inter-rater reliability
assessed was high, with a Cohen’s Kappa statistic of
k = 0.88 for DRP and k = 0.94 for recommendation.
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Table 2 Drug-related problems
identified by clinical
pharmacists and classified using
the adapted version of the
DOCUMENT classification
system

Drug-related problem Total [n (%)]

Drug selection (problems relating to the choice of drug prescribed or taken)

D1. Duplication 5(0.2)
D2. Drug interaction 99 (3.6)
D3. Wrong drug 13 (0.5)
D4. Incorrect strength 0
D5. Inappropriate dosage form 89 (3.3)
D6. Contraindications apparent 165 (6.1)
D7. No indication apparent 41 (1.5)
DO. Other drug selection problem 100 (3.6)
Total 512
Over- or under-dose (problems relating to the prescribed dose or schedule of a drug)
Ol1. Prescribed dose too high 81 (2.9)
02. Prescribed dose too low 53 (1.9)
03. Incorrect or unclear dosing instructions 51 (1.9)
00. Other dose problem 36 (1.3)
Total 221
Compliance (problems relating to the way the consumer takes the medication)
C1. Under-use by consumer 67 (3.1)
C2. Over-use by consumer 0
C3. Erratic use of medication 6 (0.2)
C4. Intentional drug misuse (including non-prescription medicines) 0
C5. Difficulty using dosage form 20 (0.7)
CO0. Other compliance problem 26 (0.9)
Total 119
Undertreated (problems relating to actual or potential conditions that require management or prevention)
Ul. Condition undertreated 171 (6.3)
U2. Condition untreated 103 (3.8)
U3. Preventive therapy required 170 (6.3)
U4. Condition resolved 143 (5.3)
UO0. Other untreated indication problem 21 (0.8)
Total 608
Monitoring (problems relating to monitoring the efficacy or adverse effects of a drug)
MI1. Laboratory monitoring 167 (6.1)
M2. Non-laboratory monitoring 50 (1.8)
MO. Other monitoring problem 0
Total 217
Education or information (consumer requires/requests further information about a drug or disease state)
El. Consumer requires/requests drug information 2 (0.1
E2. Consumer requires/requests disease management advice 1 (0.0)
EQ. Other education or information problem 0
Total 3

Not classifiable (problems that cannot be classified under another category)
NO. Clinical interventions that cannot be classified under another category 613 (22.6)

Toxicity or adverse reaction (problems relating to the presence of signs or symptoms that may be attributed
to a drug)

T1. Toxicity, allergic reaction or adverse effect present 419 (15.4)
Total 2,712
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Table 3 Recommendations

made by clinical pharmacists Recommendation Total no. Accepted [n (%)]
class.iﬁed using the adapted Change of therapy
version of the DOCUMENT .
classification system, and R1. Dose increase 146 106 (72.6)
general practitioner acceptance R2. Dose decrease 321 241 (75.0)
rate R3. Drug change 217 156 (71.9)
R3a. Add drug to therapy 89 66 (74.2)
R3b. Cease/withdraw therapy 145 111 (76.6)
R4. Drug formulation change 109 88 (80.7)
RS5. Drug brand change 0 0
R6. Dose frequency/schedule change 130 101 (77.7)
R7. Prescription not dispensed 0 0
R8. Other changes to therapy 95 65 (68.4)
Referral required
R9. Refer to prescriber 94 79 (84.0)
R9a. Start drug/supplement 184 141 (76.6)
R9b. Review prescribed medication 423 371 (87.7)
R9c. Change drug to a combination formulation 17 16 (94.1)
R10. Refer to hospital 0 0
R11. Refer for medication review
R12. Other referral required 42 38 (90.4)
Provision of information
R13. Education or counselling 14 14 (100.0)
R14. Written summary of medication 30 28 (93.3)
R15. Recommend dose administration aid 0 0
R16. Other written information 35 35 (100.0)
Monitoring
R17. Monitoring: non-laboratory test 190 173 (91.1)
R18. Monitoring: laboratory test 656 617 (94.1)
Other
R19. No recommendation necessary 6 5 (83.3)
R20. Information for nursing staff 111 109 (98.2)
Total 3,054 2,560 (83.8)

3.2 Prevalence of Chronic Kidney Disease
and Inappropriate Prescribing of Renally
Cleared Medications

The prevalence of CKD was determined for residents with
reported serum creatinine value using the MDRD formula.
Overall, 154 (48 %) of 323 residents with reported serum
creatinine value had CKD (eGFR below 60 ml/min/
1.73 m?*. RMMR reports of 18 residents did not have a
serum creatinine value recorded; however, the eGFR value
was recorded in the RMMR report, which confirmed that
these residents had CKD. Therefore, a total of 172 residents
of the aged care facilities were identified with CKD. Resi-
dents with CKD were then categorised into five stages based
on the eGFR; of these, 76 (44 %) had stage 3A, 68 (39.5 %)
had stage 3B, and 28 (16.3 %) had stage 4/5 CKD.

A serum creatinine value was not available for 524
(61.9 %) residents and, of these, 321 (61.2 %) residents
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were prescribed at least one renally cleared medication.
Recommendations were made by the pharmacists in 94
(29.2 %) of these residents to monitor renal function, and
87 (92.5 %) of these recommendations were accepted by
the GP. Twenty-eight residents who had CKD were inap-
propriately prescribed renally cleared medications. DRPs
identified with respect to renally cleared medications and
recommendations made by the pharmacists to resolve these
are shown in Table 4. Twenty of 28 (71.4 %) recommen-
dations were accepted by the GP.

4 Discussion

Inappropriate prescribing, which potentially leads to DRPs,
is responsible for a significant burden on the healthcare
system and is associated with risks of hospitalisation and
death [8, 9, 11-13]. Over 98 % residents in this study were
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identified to have at least one DRP; similar to the 96 %
identified by Nishtala et al. [26] and Finkers et al. [35]. The
mean number of DRPs per resident (3.2) was also similar to
Finkers et al.’s [35] value (3.5) of mean DRPs identified
per resident. Most of the DRPs identified in this study were
associated with the alimentary tract and metabolism, ner-
vous system and cardiovascular system categories of the
ATC classification system, and this finding is consistent
with that of the previous studies [26, 36, 37].

This study used an adaptation of the DOCUMENT
classification system to classify the DRPs and recom-
mendations. Most of the problems identified by pharma-
cists were grouped as not classifiable (NO). This category
of classification was used frequently when the reviewing
pharmacist gave detailed information on a drug to the GP
for consideration of further monitoring and review. The
second most common category associated with DRPs was
toxicity or adverse reaction (T1), and is defined as a
situation when the patient is showing signs and symptoms
of drug-associated adverse effects or toxicity. The most
common nature of DRP identified in this study is different
from the study by Nishtala et al. [26], which identified
risk of ADR as the most frequent DRPs identified by
reviewing pharmacists. Previous studies performed have
specifically looked into inappropriate prescribing and
associated ADE in aged care facility [36-38]; however,
this study covers a broader range of DRPs encountered in
aged care facilities.

Also, a high proportion (84 %) of recommendations
made by accredited pharmacists in this study was accepted
by GPs. The acceptance rate of pharmacists’ recommen-
dations in this study was higher than the 74 % acceptance
rate in the study by Nishtala et al. [26]. This finding was
also higher compared with previous studies conducted in
nursing homes in Australia and the US, which showed
acceptance rates of 38 % [27] and 66 % [39], respectively.
Most frequent recommendations made by the pharmacists
in this study were R18 (monitoring: laboratory tests) fol-
lowed by R9c (review prescribed medication), and the GP
acceptance rate of these recommendations was also high.
However, GPs seemed more reluctant to accept recom-
mendations such as change the drug, decrease the dose of
the drug and add drug to therapy; similar to the findings
from the study by Nishtala et al. [26]. Although the exact
reasons regarding the uptake of pharmacists’ recommen-
dations are unclear, previous studies have highlighted
several plausible explanations as to why GPs may be
reluctant to accept pharmacists’ recommendations. These
include suboptimal communication between specialists and
GPs and inadequate models of shared care, which may
result in GPs being reluctant to make changes to regimens
initiated by specialists [40, 41]; the reluctance of GPs to
change medications in residents who are stable and

compliant [42]; and GPs balancing the risks of therapy
against the clinical need for the drug [42].

This study showed that actual or potential DRPs are
common among residents of Australian aged care facilities.
Moreover, findings of this study suggest that accredited
pharmacists can efficiently identify DRPs in residents of
aged care facilities, and GPs acknowledge the majority of
these recommendations. Thus, the pharmacist-conducted
collaborative RMMR service with the GP can significantly
reduce the number of actual or potential DRPs and has a
high impact in improving the medication regimen for res-
idents of aged care facilities in Australia.

This study estimated that 48 % of residents with a
reported serum creatinine value had CKD, based on the
MDRD formula. This finding is consistent with the 50 %
identified by McClellan et al. [43] who also used the
MDRD equation to determine the prevalence of CKD in
aged care facility residents. The majority of residents
(44 %) with CKD in this study were stage 3A, which was
consistent with the findings of McClellan et al. [43] where
47.6 % of the study population with CKD had stage 3A.

This study found that serum creatinine values were not
routinely recorded in the clinical notes for more than half
of the residents of aged care facilities. Furthermore, a high
proportion (61 %) of these residents was prescribed at least
one renally cleared medication. It is possible that the res-
ident would have previously had a serum creatinine test
and the GP would have a record of this. However, this data
was not available to the accredited pharmacists and
requires careful attention as pharmacists would require
relevant clinical chemistry data to assess the appropriate
use of not only renally cleared medications but also other
medications, such as for diabetes, heart disease, etc., in
residents of aged care facilities. In addition, the residents’
height and weight was not recorded on a regular basis.
Current guidelines recommend using the CG formula to
guide dosing of renally cleared medications [31, 33]. For
example, ‘number 3 metformin’ in Table 4 has an eCLcgr
value of 79 ml/min and an eGFR value of 116 ml/min/
1.73 rnz, and recommendation was made by the accredited
pharmacist to reduce the dose of the prescribed drug based
on the eCLcg value. Hence, it is important to record the
weight in order to calculate the eCLcr so that dosage
adjustment of renally cleared medications could be done
accurately.

It is also important to note that recent studies have
highlighted that there is inconsistency among drug infor-
mation sources with regards to dosage adjustment in renal
impairment [44-46]. Moreover, a recent study evaluating
the product information of brands of the same drug high-
lighted the lack of consistency in the product information
to guide prescribing in renal impairment [47]. This lack of
consistency could create uncertainty and ambiguity among

A\ Adis



832

P. A. Gheewala et al.

Table 4 Inappropriate prescribing in a setting of renal impairment, and classification of inappropriately prescribed renally cleared medications

according to the ATC classification system

CCLCR
(ml/min)

eGFR
(ml/min/1.73 m?)

Drug

DRP/recommendation

GP acceptance (Y/N)

Alimentary tract and metabolism

1. Famotidine 28 44 Prescribed dose too high/reduce dose Y
2. Metformin 21 26 Prescribed dose too high/reduce dose N
3. Metformin 79 116 Prescribed dose too high/reduce dose Y
4. Metformin - 15 Prescribed dose too high/reduce dose Y
5. Metformin 26 36 Prescribed dose too high/reduce dose Y
6. Metformin - 27 Contraindicated/cease drug N
7. Metformin 43 66 Prescribed dose too high/reduce dose Y
8. Metformin 42 - Prescribed dose too high/reduce dose N
Cardiovascular system
1. Atenolol <50 - Prescribed dose too high/reduce dose Y
2. Candesartan 24 27 Adverse effect present/monitor EUC Y
3. Irbesartan 35 - Prescribed dose too high/reduce dose N
4. Perindopril 40 - Prescribed dose too high/change drug Y
5. Perindopril 33 41 Prescribed dose too high/reduce dose/change drug N
6. Perindopril 13 23 Contraindicated/cease drug Y
7. Perindopril 25 45 Prescribed dose too high/reduce dose Y
8. Perindopril 15 21 Adverse effect present/medication review Y
9. Spironolactone - - Prescribed dose too high/reduce dose Y
Genitourinary system and sex hormones
1. Hexamine hippurate 37 55 Ineffective in a setting of renal impairment/change drug Y
Antineoplastic and immune-modulating agents
1. Methotrexate 45 - Prescribed dose too high/reduce dose Y
Musculoskeletal system
1. Alendronate 30 - Contraindicated/cease drug Y
2. Allopurinol 38 55 Adverse effect present/cease drug Y
3. Risedronate 21 35 Contraindicated/cease drug Y
Nervous system
1. Gabapentin 22 44 Prescribed dose too high/reduce dose N
2. Memantine 25 45 Prescribed dose too high/reduce dose Y
3. Tramadol 39 64 Contraindicated/cease drug/change drug Y
4. Tramadol 23 33 Contraindicated/cease drug N
5. Venlafaxine <30 - Prescribed dose too high/reduce dose N
6. Venlafaxine 24 31 Prescribed dose too high/reduce dose Y

ATC Anatomical Therapeutic Chemical, eCLcg estimated creatinine clearance, eGFR estimated glomerular filtration rate, DRP drug-related
problem, GP general practitioner, Y yes, N no, EUC electrolytes/urea/creatinine, — indicates value not available

prescribers [44]. More recently, consensus guidelines have
been published to aid prescribers to guide prescribing in
renal impairment [48, 49].

Overall, the study found that pharmacists made rec-
ommendations to monitor kidney function in 29 % of
residents who did not have a serum creatinine value
recorded and were prescribed renally cleared medications.
These 29 % of residents were considered high-risk for
receiving a renally cleared medication based on their risk
factors for CKD, such as diabetes, hypertension, etc., and
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therefore warrant a kidney function test. Almost 93 % of
the recommendations to monitor kidney function were
accepted by the GP. These findings reveal that kidney
function of the aged care facility residents should be
routinely monitored, and, if it is, then relevant pathology
values should be routinely recorded in the clinical notes
of aged care facility residents as this will allow the
pharmacist to conduct the medication review services
more efficiently and determine the appropriate use of
renally cleared medications.
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A total of 145 of 172 residents with CKD were pre-
scribed at least one renally cleared medication. Of these, 28
(16 %) residents were inappropriately prescribed a renally
cleared medication. This finding is lower than the 17.9 %
identified by Hanlon et al. [14], and significantly lower
than the 42 % and 46 % identified by Papaioannou et al.
[22] and Rahimi et al. [15], respectively. There are many
possible reasons for this, with the most likely being that the
RMMR service is provided annually and, from the data
collected for this study, it could not be determined whether
an RMMR for a particular resident in previous years had
been conducted. Our study and previous studies [24, 26]
have shown that positive impact of the RMMR service is
high; therefore, if any DRPs pertaining to renal impairment
were identified by accredited pharmacists and implemented
by the GP in previous years, it could not be recognised.
Hence, research investigating the previous RMMR reports
for inappropriate prescribing of renally cleared medications
in aged care facilities would be of importance.

The most common inappropriately prescribed renally
cleared medications identified in this study were metformin
and perindopril. Metformin was also one of the common
inappropriately prescribed renally cleared medications in
the study by Papaioannou et al. [22]. These findings are
very different from the American study conducted by
Hanlon et al. [14], which found ranitidine, sulfamethox-
azole/trimethoprim, ciprofloxacin and gabapentin as the
most common inappropriately prescribed renally cleared
medications.

4.1 Limitations

This was a retrospective study and the data collected for
this study could not be validated for accuracy. The RMMR
data collected from a single RMMR service provider was
performed by approximately ten accredited pharmacists
who received additional training by the RMMR service
provider and, therefore, the DRPs identified and recom-
mendations made by them could not be generalised for
those identified by other accredited pharmacists nationally.
Also, from the data provided for the purpose of this study,
it could not be inferred whether the DRPs encountered in
the residents were actual or potential; hence, all DRPs were
classified using the adapted version of the DOCUMENT
classification, which categorises DRPs irrespective of their
actual or potential nature.

The RMMR data provided for this study were conducted
between August 2011 and December 2012. However, this
data did not contain information on whether the residents
had previously received the RMMR service and if any
changes had been made to their medication regimen based
on a previous review. Therefore, this study may have under-
or over-estimated the number of DRPs identified by

accredited pharmacists, and also the number of residents
identified with inappropriate prescribing of renally cleared
medications. GPs’ acceptance of recommendations was
investigated; however, actual implementation of these rec-
ommendations could not be estimated from the data col-
lected for this study. Also, serum creatinine value, weight
and height were not always recorded in the RMMR report
for each resident, and information on the renal dosing
guidelines or any explicit criterion used by the accredited
pharmacists to guide dosage adjustments of renally cleared
medications was not available; hence, this could not be
investigated further for accuracy.

5 Conclusions

DRPs identified by accredited pharmacists in residents of
aged care facilities are common, and the impact of the col-
laborative RMMR service is high. Also, CKD is common
among residents of aged care facilities, and inappropriate
prescribing of renally cleared medications is prevalent in this
elderly group of people. However, serum creatinine values
are not routinely recorded in the clinical notes of these res-
idents even though renally cleared medications are com-
monly prescribed. Residents of aged care facilities should be
regularly monitored for a decline in kidney function, and
serum creatinine value should be routinely recorded.
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