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Abstract

Background

Kidney function reduces with age, increasing the risk of harm and hospital admission
from medicines. This project aimed to investigate the extent to which
recommendations for prescribing drugs are applied for older people with reduced

kidney function in primary care, and what needs to change to improve patient safety.

Research design and methods
A pragmatic sequential mixed methods design was used:

1. Cross-sectional case-note review.

2. Scoping literature review.
3. Primary Care Trust (PCT) wide cross-sectional survey of prescribing data.
4. GP interview study using the Theoretical Domains Framework.
5. Expert and stakeholder consensus group study.
Results

For 8 study drugs across a large PCT, a kidney function too low for recommended use
was found for 3.5-39.6% in O 6 $ear olds, and 24.2-79.5% in O 8 Bears. The Cockcroft
Gault equation provides a more accurate estimate of kidney function when prescribing
for older people; 68.9-95.3% of patient drug events where kidney function was too low

would have been missed if an estimated glomerular filtration rate had been used.

GPs expressed a lack of awareness and knowledge about prescribing when kidney
function is reduced. Although they monitored kidney function, it was not thought of
when prescribing. Not having warnings and prompts at medication review was a
particular barrier identified by GPs, and that the British National Formulary information

on prescribing in renal impairment information needs to be clarified.

The priorities for intervention and research agreed were to increase awareness of the
need to assess kidney function in the prescribing process for older people, and to
provide patient and drug specific warnings and prompts at medication review as well

as initiation.

Conclusion

Many older people were taking medication that needed altering, or stopping, because
of their reduced kidney function. This research has mapped the prevalence of
inappropriate prescribing, and explored the behaviour determinants of GP prescribing,
in reduced kidney function in primary care, identified what needs to change in practice,

policy, and further research required, to improve patient safety.
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Kidney function estimation terms and abbreviations

A table of the kidney function estimation abbreviations used throughout the thesis are
presented in Table 1. A full explanation of the terms is given in Chapter 1 (1.2.3), buta
brief explanation is included in the table below to provide a simple reminder that is

easily accessible.

Kidney function estimation terms and abbreviations

Creatinine clearance (CrCl) i historically used for drug and dosing prescribing
decisions, and used for the dosing studies of most available drugs.

CG - Cockcroft Gault equation

CrCI-CG - creatinine clearance calculated using the CG equation.

CrCI-CG AW - creatinine clearance calculated using the CG equation
and actual body weight in the equation.

CrCI-CG IBW - creatinine clearance calculated using the CG equation

and ideal body weight (or actual if lower) in the equation.

Estimated glomerular filtration rate (eGFR), reported by pathology
laboratories across the UK with kidney function blood test results, and used to
stage kidney disease, but not designed for prescribing decisions.

MDRD - eGFR calculated using the Modification of Diet in Renal
Disease equation (used by pathology laboratories at the time of
this research).

CKD-EPI - eGFR calculated using the Chronic Kidney Disease
Epidemiology Collaboration Equation (a revised version of the
MDRD equation and begun to be introduced into primary care in
2016).

Table 1: Summary table of kidney function terms and their abbreviations.
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ARThe pen is mightier than the scal pel

patient by writing the wrong drug

Participant C1, renal physician with a national role (2015)

1 Chapter 1. Background

1.1 Introduction

Reducing the risk of medication for older people has been a focus for most of my
career as a pharmacist. On the Elderly Care wards at Leeds General Infirmary, |
worked on ensuring parameters such as kidney function were assessed in relation to
prescribing, as there are changes with aging, and many clinicians did not seem to be
aware that doses might need reducing or alternative drugs used. For the last fifteen
years | have worked in Bradford primary care. In that time there has been an
increased awareness of kidney disease with the introduction of the National Institute
for Health and Care Excellence (NICE) guidelines for chronic kidney disease (NICE
CG73, 2008; CG182, 2014) and acute kidney injury (NICE CG169, 2013), and a
National Service Framework (NSF) for Renal Services (NSF, 2005). However, my
professional experience working in GP practices led me to believe that kidney function

was still not routinely assessed in relation to prescribing.

Another concern was that the NICE guidelines introduced a different kidney function
estimation equation to assess risk to the kidney, presented as t h estintation of
glomerular filtration rate (eGFR)6 This new equation was giving very different results to
the Cockcroft Gault equation (Cockcroft and Gault, 1976) | had always used for
decisions on drug use and dosing, when used for assessing the kidney function in

older people.

When raising the issue with clinicians they would ask whether it was really a problem.
An Elderly Care consultant and researcher, unconvinced that there was an issue,
suggested that | should do a study in my workplace that could provide the basis for
research if required. So, as a pilot study to prove the concept before applying to do a
PhD, I undertook a case-note review at the GP practices where | am a practice
pharmacist in Bradford. The results of this study are presented in this chapter as it
formed the background for the future research, and supported my application to read
for a PhD. The case-note review also started me thinking about prescribing behaviour,
and how that might be changed to get prescribing recommendations in reduced kidney

function (RKF) applied in practice.

n

t e

and
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1.2 Context

1.2.1 Risk of harm from drugs
Paracelcus (1493-1 54 1) is credited ansthifigiisrwighoutpoison;o gni si ng t h
the dosage makes it either a poisonoraremedy.6 The toxic potency of a ch
ultimately defined by the dose (the amount) that will produce an adverse reaction in a

biological system (Hodgson, 2010).

Minimising risk, to ensure medicines use is as safe as possible, is a key aim of

prescribing (Barber, 1995), and one of the four guiding principles of medicines

optimisation (Royal Pharmaceutical Society, 2013). However, 6 An Or gani sation with
Me mo r y partmem ef Health, 2000) reported that every year thousands of people

are reported to have experienced serious adverse events related to medicines. The

Audit Commission report O6A Spoonful of Sugardo (20
errors account for about one-fifth of deaths due to all types of adverse events in

hospital and are an increasingly common stimulus to litigation.

Over half a million medication incidents were reported to the National Patient Safety
Agency (NPSA) between 2005 and 2010, with 16% involving actual patient harm

(Cousins et al, 2012). There are reports of potential harm for all healthcare sectors:

Hospital inpatients:theGener al Medi cal Council 6s EQUI P study

prescribing error rate of almost 9% (Dornan et al, 2009).

Hospital admissions: adverse drug reactions (ADRs) have been found to account for
6.5% of all hospital admissions (Pirmohamed et al, 2004), with over half judged to be

preventable (Howard et al, 2007).

Primary care: an estimated 1.7 million serious prescribing errors occurred in 2010
(Avery et al, 2012).Two recent studies found 13.9% of vulnerable patients were
prescribed one or more high risk drugs (Guthrie et al, 2011), and Stocks et al (2015)
found the prevalence, of different types of potentially hazardous prescribing, varied

between practices from almost zero to 10.2%.

Care homes: over two thirds of residents were exposed to one or more medication
errors (Barber et al, 2009).

Adverse drug reactions result in high costs for the healthcare systems, as well as for
patients. A systematic review (Wiffen et al, 2002) estimated the overall ADR impact on
England to be 4 out of 100 hospital bed-days at a cost of about £380 million a year to
the NHS in England. Factors associated with increased incidence of ADR were

increasing age, especially over 70 years, increasing number of medicines, and
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particular classes of medicine. Non-steroidal anti-inflammatories (NSAIDs) were found
to be responsible for between 60% and 70% of all ADRs leading to hospital admission,

or causing ADRs within a hospital episode. A recent report commissioned by the

Departmentof Health, S Ex pl oring the costs oclowedthaaf e

hospital admissions for ADRs, and harm related to medicine given during inpatient
stays, cost £770 million in 2007, and that £6m was spent on litigation for drug-related
medical errors between 1995 and 2007 (Frontier Economics, 2014).

Elimination of drugs via the kidney is a process where there is the potential for patient
harm if the kidneys are not functioning normally. Hydrophilic drugs and metabolites are
removed from the body more slowly when kidney function is reduced and blood levels
rise, increasing the risk of harm (Ashley, 2008). The importance of following
recommendations for medicines use in RKF is illustrated by the 6 n e w amtivy a |
coagulantd (N Qdakgptran, where the documented lower dose schedule in renal
impairment was not followed leading to a number of cases of serious and fatal

haemorrhage reported in elderly patients in Japan (MHRA, 2011).

1.2.2 Drug elimination and reduced kidney function
Elimination from the body of hydrophilic drugs and metabolites via the kidney is by
glomerular filtration, renal tubular secretion, and resorption (Matzke and Frye, 1997).
Where kidney function is impaired, reduced glomerular filtration and tubular secretion
results in higher plasma levels of the drug, and the reduction in resorption causes a
higher concentration of drug in the urine. The extent to which drugs are affected
depends on the percentage of active drug and/or metabolites that would normally be
excreted by the kidney (Ashley and Morlidge, 2008). The Renal Drug Handbook 3™
Edition (Ashley and Currie (Eds), 2009) states that the use of drugs in patients with
RKF can give rise to other problems for several reasons:
1 Altered pharmacokinetics of some drugs that are variable and complex.
9 For many drugs, some or all altered pharmacokinetic parameters are not
known.
Sensitivity to some drugs is increased.

1
1 Many side-effects are particularly poorly tolerated by renally impaired patients.
1 Some drugs are ineffective when kidney function is reduced.

l

Kidney function generally declines with age.

There are recommendations for use of drugs in RKFinthed Summar i es of
Char act ¢SPCs} the Medidnes and Healthcare products Regulatory Agency

(MHRA) approved and regulated prescribing information for licensed medicines. The

car

Prod
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SPC also has a 6pharmacokineticsd section which m
elimination of the drug. An example of the effect of kidney function on blood levels is

showninthephar macoki netic section of theat®PC for enal:
creatinine clearanceo f <3 0 ml / mi [area urtder thedphash@ @oncentration-

time curve] is 8 times that at normal kidney functiond .  Asldi€Cindicator of the

amount of drug that reaches the body over time. Giving a dose of 5mg daily to a

person with a kidney function <30ml/min would be giving the equivalent of 8 times the

dose i.e. 40mg/day.

The reduction in kidney function affects the pharmacological effects of many drugs,

including those of toxic or active metabolites that are excreted by the kidney.

1.2.3 Assessment of kidney function
Kidney function needs to be assessed to inform prescribing decisions, as well as to
give a marker of kidney disease and an indication of risk to the kidney. Assessment
involves a measurement of glomerular filtration rate which is estimated from the
clearance of a solute present in a stable concentration in the plasma and freely filtered
by the kidney. A naturally occurring solute used is creatinine, a product of muscle
breakdown, which is currently the one used in practice (Ashley and Morlidge, 2008).
Twenty-four hour urine collection gives a direct measurement of the clearance of
creatinine, but is not usually practical. Kidney function is normally estimated using the
serum creatinine level and a calculation using a standard equation, which introduces
limitations; for example the terms for age, sex, and race only capture some of the
determinants of creatinine concentration in blood plasma, and the coefficients
represent average effects observed in the population used to develop the equations.
The kidney function estimation equations, and their limitations, are discussed in more
detail in the following sections (1.2.3.1, 1.2.3.2). Table 2 provides a summary of the
equations with the abbreviations used throughout the thesis. This table is reproduced
at the end of the abbreviations list (Page 22, Table 1) to provide an easily accessible

reference.

Up until the first CKD UK guidelines were introduced in 2005 (Joint Specialty

Committee for Renal disease of the Royal College of Physicians of London and the

Renal Association, 2005), the most widely used equation to estimate kidney function

was the Cockcroft Gault equation (Cockcroft and Gault, 1976). However, the new

guidelines introduced theuseof @ st i mat ed gl omer edFBR)rcalcblatddt r at i on r a
using the Modification of Diet in Renal Disease (MDRD) equation (Levey et al, 1999),

and in the recently updated NICE guidelines (NICE CG182, 2014) the &hronic Kidney
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Disease Epidemiology Collaboration6(CKD-EPI) equation has been introduced to

estimate glomerular filtration rate of creatinine.

Kidney function estimation terms and abbreviations

Creatinine clearance (CrCl) i historically used for drug and dosing prescribing
decisions, and used for the dosing studies of most available drugs.
CG - Cockcroft Gault equation

CrCI-CG - creatinine clearance calculated using the CG equation.

CrCI-CG AW - creatinine clearance calculated using the CG equation
and actual body weight in the equation.

CrCI-CG IBW - creatinine clearance calculated using the CG equation

and ideal body weight (or actual if lower) in the equation.

Estimated glomerular filtration rate (eGFR), reported by pathology
laboratories across the UK with kidney function blood test results, and used to
stage kidney disease, but not designed for prescribing decisions.

MDRD - eGFR calculated using the Modification of Diet in Renal
Disease equation (used by pathology laboratories at the time of
this research).

CKD-EPI - eGFR calculated using the Chronic Kidney Disease
Epidemiology Collaboration Equation (a revised version of the
MDRD equation and begun to be introduced into primary care in
2016).

Table 2: Summary table of kidney function terms and their abbreviations

(reproduced on Page 22 with the abbreviations table).

Recent publicationsonuseoft he dédnew or al NOACS)ihaveibustrattdant s 6 (
the difficulty of applying the recommendations for use in RKF because of the different

equations used for estimating kidney function, concluding that CrClI calculated using

Cockcroft Gault should be used to reduce the risk of overdose and bleeding, and not

eGFR (Heidbuchel et al, 2013; Wood et al, 2013).

The complexity and limitations with using the kidney function estimation equations is
initially explored in the following sections. The uncertainty in using each equation this

engenders suggested the need for a scoping review of the available evidence for
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assessing kidney function when prescribing for older people, and is explored in more

depth in the literature review (Chapter 2, 2.6).
1.2.3.1 Creatinine clearance (CrCl)

CrCl calculated using the Cockcroft Gault equation

Creatinine clearance is the originally used estimate of kidney function, calculated by

the Cockcroft Gault equation (Cockcroft and Gault, 1976). It has been used historically

in drug company dosing studies and the SPCs quote recommendations for dosing in

renal impairmentas CrCl. Th e BNF publishecirdormatioa dn thé effects of

renal i mpairment on drug elimination is wusually
Some SPCs emphasise the need to use the Cockcroft Gault equation by writing it out

in full, for example for gabapentin, pregabalin and edoxaban. The Cockcroft Gault

equation is shown in Figure 1. Where creatinine clearance has been estimated using

the Cockcroft Gault equation, rather than, for example, directly measured, the

abbrevi atCiGdn h@Gr ®leen used throughout the thesis.

The Cockcroft Gault equation (Cockcroft and Gault, 1976)

Creatinine clearance (CrCI-CG) ml/min = F x (140 i _age) x IBW (kq)

Serum creatinine (micromol/l)

Where F = 1.23 for males or 1.04 for females

IBW = ideal body weight (or actual body weight if lower)).

Figure 1: The Cockcroft Gault equation for kidney function estimation.

Limitations

The Cockcroft Gault equation has been criticised as it was developed using only a
small sample of Caucasian men (Cockcroft and Gault, 1976) and so would have
limitations in being generalised to other populations such as women, older people, and
different ethnic groups. Helou (2010) comments that the success of the Cockcroft
Gault equation is not due to the original study, but to its validation in several later
studies for different populations, including for older people, compared to both

measured CrCl values and reference glomerular filtration rate measurement methods,.

The Cockcroft Gault equation includes a weight factor. Creatinine is formed from
muscle turnover and so the weight element needs to give an indication of muscle

mass, and not excess body fat; for this reason, ideal body weight (IBW) is
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recommended in the British National Formulary (BNF70, 2015). The need for a weight

to calculate CrCI-CG was suggested to reduce the feasibility of reporting in primary

care. Patients may not have a weight on the record, and pathology laboratories would

nothave accesstoa pati ent ds wei ght -C6Gwihlddneytuhcgont o r e

monitoring results.

Primary care patient record systems do not all have a calculator to help prescribers
calculate CrCI-CG. Even wherethereisa c¢c al cul at or , such as on t
calculatordo, the prescriber would need to kn

there are no prompts or sign-posts to its use.

Hel | ou 6 £010)dound that, although there were major limitations in the original
Cockcroft Gault equation development study, later studies have validated its use,
including for older people. Hudson & Nyman (2011) state that, as dosing regimens for
most currently available drugs are based on pharmacokinetic studies that have used
CrCI-CG as the measure of kidney function, it is the most appropriate estimate to use

when making prescribing decisions.
1.2.3.2 Estimated glomerular filtration rate (eGFR)

a) eGFR calculated using the MDRD
In 2008 the NICE guidelines for chronic kidney disease (CKD) (NICE CG73, 2008)
established the term @stimated glomerular filtration rate6(eGFR) calculated using the
4 variable MDRD equation (Figure 2). The guidelines recommend use of MDRD as
this equation does not require a value for patient weight and can therefore be easily
calculated using clinical laboratory instrument software. The eGFR is now reported by
pathology laboratories across the UK with kidney function blood test results, and is

used to stage kidney disease.

The Modification of Diet in Renal Disease equation (Levey et al, 1999)

eGFR ml/min/1.73m? = 175 x [serum creatinine (micromol/l)]**** x age (years)?-2%
88.4

x 0.742 if female
x 1.21 if African American or African Caribbean

Figure 2: The MDRD equation for kidney function estimation.
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Limitations

The MDRD equation was not designed to give a kidney function estimation for drug
dosing decisions. It was developed to give an indication of risk to the kidney and allow
staging of kidney function to guide monitoring and treatment of CKD. For drug
prescribing it is not important whether the reduced kidney function is a factor of
senescence, kidney disease or acute kidney injury. Section 1.2.4 discusses further the
effect of old age on kidney function and that a reduced kidney function is not
necessarily as a result of disease. Even for assessment of kidney disease, the
validation studies for eGFR did not include people aged over 65 years (Spruill, 2008).

Across the UK eGFR is now reported from pathology laboratories with all kidney
function blood tests (urea and electrolytes (U&ES) including serum creatinine) making
it readily available on the patient record to give an indication of kidney function level.
One problem with its use highlighted byt he O0Ki dney Di sease: | mproving
Out comes Foun d aidthaothre @GFR 6 Bepo@Ged per body surface area
(BSA) of 1.73m? but the figure is never adjusted in practice for individuals where BSA
is different, which could lead to error. For example, a male patient with a BSA of
2.28m? has a larger body surface area and so should have the eGFR adjusted: a
reported eGFR of 70 ml/min/1.73m? should be adjusted for the BSA to 53.1 ml/min. A
threshold for CKD is 60 ml/min and whether the BSA had been accounted for or not
would alter the assessed stage of kidney disease for this patient, and the consequent

management.

Since 2010, the British National Formulary (from BNF59, 2010) has quoted renal

impairmentr e comme ndat i on s hediguredaee@keR omkhe trugtSPCs,

where exactly the same figures are CrCI-CG. The BNF states that, although CrCl and

eGFR are not interchangeable, for most patients the eGFR is an adequate

approximation of CrCl, but that calculation with the Cockcroft Gault equation should be

used for @otentially toxic drugs with a small safety marging and the Cockcroft Gault

equation is provided in the O6Prescribing in Renal

As the abbreviation 0eGFRO® is used widely where t
MDRD equation, eGFR will be used in the rest of this thesis to mean estimated

glomerular filtration rate calculated using the MDRD equation (see Summary

Table 1 and 2).
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b) eGFR calculated using the Chronic Kidney Disease Epidemiology
Collaboration equation (CKD-EPI)
The most recent NICE guidance for chronic kidney disease (NICE CG182, 2014) has
introduced the change that clinical laboratories should use the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation to estimate the glomerular filtration

rate of creatinine (Figure 3).

CKD-EPI is based on the same four variables as the MDRD Study equation, but uses
a different model for the relationship between estimated glomerular filtration rate and
serum creatinine, and an altered relationship for age, sex and race. It has been
reported to gperform betterd and with less bias, than the MDRD Study equation,
especially in patients with higher glomerular filtration rate, which results in reduced
misclassification of CKD (Levey et al, 2009).

The Chronic Kidney Disease Epidemiology Collaboration equation (Levey et
al, 2009)

eGFRmImin/1.73m?= 141 1T min (Scr [/ 4.209%0.993A0e xm
1.018 [if female] x 1.159 [if black]

where:Scr is serum creatinine in mg/dL,

9 is 0.7 for females and 0.9 for males
U 40.829 for females and -0.411 for males,

min indicates the minimumofScr /& or 1, and

max indicates the maxi mum of Scr [ 8 or

Figure 3: The CKD-EPI equation for kidney function estimation

Limitations

CKD-EPI has similar limitations to MDRD in relation to use for drug prescribing
decisions.lthasbeen devel oped, and declared to
kidney disease and assessment of risk to the kidney, not for prescribing decisions. It
does not have a weight element to the equation, and is also reported as ml/min/1.73m?
so it is also unlikely to be adjusted to body surface area. Like MDRD, the validation

studies did not assess performance for older people.

Since the recent change in NICE recommendation (NICE CG182, 2014), reporting of
eGFR using CKD-EPI is not yet widespread in routine use. For the duration of this

research MDRD was the equation used by pathology laboratories, and in this thesis

6perf
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the abbreviation 6eGFRO6 will mean that the MDRD
Summary Table 1 and 2).

1.2.4 Kidney function and prescribing for older people

1.2.4.1 Kidney function reduces with age
Glomerular filtration rate slowly decreases with aging as a normal biological
phenomenon linked to cellular and organ senescence (Beers and Berkaw, 2000;
Grimley-Evans et al, 2000; Glassock and Winearis, 2009). On average the decline has
been found to be approximately 0.9-1ml/min annually after the age of 30 years, and
decreases more rapidly after 65 years (Lindeman et al, 1985). Confounding factors
such as hypertension, coronary heart disease, congestive heart failure, the use of
nephrotoxic drugs, and super-imposed kidney disease contribute to the rate and
magnitude of the kidney function decline (Ponticelli et al, 2015). The Renal Drug
Handbook states that many older people have a glomerular filtration rate of <50ml/min
which because of reduced muscle mass, may not be reflected by an elevated
creatinine. Both muscle mass and creatinine turnover reduce at a similar rate with
increasing age leading to serum creatinine levels tending to remain normal and not
reflecting a decline in kidney function for older people (Ashley and Currie, 2014).
Although they state that O6mild renal i mpair ment
complexity of natural decline, and the effects of disease and drugs, means that an
assessment of kidney function needs to be made in order to make decisions on doses

of drugs excreted by the kidney (Ashley and Morlidge, 2008).

Glassock and Winearis (2009) arguet hat t he O6new paradigmbé introduc ¢

years of &ée GFRO&6thedDRZ agquaton is uwhadjusted forghe effects of
age. The combination of eGFR and the introduction of the new classification for
diagnosis and staging of CKD used in the NICE guideline (National Kidney
Foundation, 2002) has led to the unintended consequence of misclassification of many
older people, often females, as having CKD when they are within a normal range for
their age. The fact that the MDRD equation is unadjusted for the effects of age would
also affect assessment of the level of kidney function for drug prescribing decisions,

irrespective of whether it is a factor of senescence or disease.

1.2.4.2 Risk of harm for older people
Older people are therefore more at risk from drugs that are affected by renal
impairment because of a naturally reduced kidney function as age increases. The
effects of chronic conditions can have an added effect. Older people are more likely to

be taking regular medications, with around 75% of those aged 60 years and older, and
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over 90% in the over 70s taking at least one prescribed medicine (Petty et al, 2014).
The mean number of medicines per patient on repeat prescriptions is over 5 for the
60-69 year olds, and up to 7.1 for the over 80s (Petty et al, 2014). The Health and
Social Care Information Centre (2014) reported that about 600 million (60 per cent) of
the one billion drug items dispensed in the community in 2013 were for people aged
65 years or over. As discussed in section 1.2.1., factors associated with increased
incidence of adverse drug reactions were increasing age, especially over 70 years,
and increasing number of medicines (Wiffen et al, 2002). Helldén et al (2009) found
that 14% of hospital admissions of elderly patients in Sweden were primarily caused

by ADRs and one-third were related to impaired kidney function.

1.2.4.3 Kidney function within the context of other age-related functional
decline

With ageing, there is a progressive loss of the functional capabilities of most body
organs, changes in responses to receptor stimulation and a decrease in homeostatic
mechanisms, which have implications for drug handling. Of these changes, excretion
is the most significant and important age-related pharmacokinetic change and is both
predictable and measurable. Two-thirds of people aged 70-80 years having
approximately half the kidney function of a young adult (Beers and Berkow, 2000;
Grimley-Evans et al, 2000).

Ot her pharmacokinetic changes also impact on
reduces in size and blood flow declines, but overall metabolism of drugs tend to be

only slightly impaired in the absence of liver disease. Drugs with a high first pass

metabolism, such as morphine, will have higher blood levels where blood flow to the

liver is reduced. However, liver function is not easily measurable; liver function tests

indicate liver damage, but not metabolic effectiveness. Also, the clinical significance

varies widely between individuals. Abnormal liver function tests can indicate the need

for caution when prescribing drugs that are metabolised, but not specific levels that

determine effect (Beers and Berkow, 2000; Grimley-Evans et al, 2000).

Absorption of drugs is largely unchanged with ageing, but changes in body
composition can mean water soluble drugs such as digoxin have a reduced volume of
distribution and so higher blood levels needing reduced initial doses. Lipid-soluble
drugs such as diazepam are concentrated in the larger volume of body fat and the
half-life increases. There may be significant reductions in serum proteins in extreme
old age, and in disease, that may affect highly protein bound drugs such as phenytoin.

These effects are not easily measurable, and so the recommendations are for caution
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and reduced dosing for older people (Beers and Berkow, 2000; Grimley-Evans et al,
2000).

Individuals vary widely as to whether, and to what extent, changes in receptor effect
(pharmacodynamics) and homeostatic changes, would affect prescribing. For example
cardiovascular changes such as a reduced orthostatic circulatory response leading to
postural or orthostatic hypotension and falls. Drugs can add to this effect and
exacerbate increased blood levels, for example where kidney function is reduced
(Beers and Berkow, 2000; Grimley-Evans et al, 2000).

The endocrine system and particular endocrine organs, including the thyroid, undergo
functional changes during aging (Gesing et al, 2012). The prevalence of thyroid
disorders increases with age but symptoms are more subtle and are often attributed to
normal aging. As changes occur with increasing age, the need for regular monitoring is

important to reduce the risk of harm from drugs.

1.2.4.4 Increasing population of older people
The impact for older patients, and the NHS, will be more significant in the future with
changing population demographics. There willbe 5% mil | i on more people aged O
years by 2030 inthe UK, and 19 million by 2050. People O80 yea
by 2030 reaching 8 million by 2050 (Cracknell, 2010).

1.2.4.5 Research and older people
Avorn (2010) highlights the problem that patients older than 65 years (and especially
over 80 years) remain under-represented in clinical trials despite benefitting at least as
much, and that costs of illnesses prevented or caused by pharmacotherapy are far

greater than drug costs alone.

As discussed in 1.2.3, the MDRD and CKD-EPI kidney function estimation equations
were not designed for drug dosing decisions and the development studies did not
evaluate performance for older people. However, eGFR is the estimate reported by
pathology laboratories. People aged 65 years and older took 60% of all dispensed
medications in England & Wales in 2013 (Health and Social Care Information Centre,
2014) emphasising the importance of including older people in the development and

assessment of these equations, and for research focussed on this age group.

The widespread use of medications by older people, the increased risk because of a
reduced kidney function, and the complexity and confusion arising from the
introduction of eGFR, suggested that a pilot study should be conducted to assess

whether research was required.
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1.3 Are recommendations for prescribing in reduced kidney

function applied in GP practice?

Kidney function reduces with age which affects many drugs, but experience as a
pharmacist in primary care suggested that this was not accounted for when prescribing
for older people. Slower elimination of drugs could mean increased blood levels and
risk of harm. As there had been some scepticism about whether this was really the
case in primary care, it was suggested that a pilot study was undertaken as a proof of
concept before applying to study for a PhD. A cross-sectional GP practice based case-
note review was therefore undertaken which aimed to investigate whether

recommendations for prescribing in RKF were being applied (Wood et al, 2011).

1.3.1 Objectives
The objectives were to assess:
1 The prevalence of patients aged 65 years and older with a documented
eGFR<60mI/min/1.73m? (NICE CG73, 2008) on drugs not recommended to be
prescribed, or which need an altered dose, using the Cockcroft Gault equation

to calculate creatinine clearance (CrCI-CG).
1 Which drugs were prescribed outside the recommended use in this population.

1  Whether using eGFR or CrCI-CG kidney function estimates would alter dosing

decisions.

1  Whether there was any record of harm caused by use of drugs outside the

recommendations in RKF.

1.3.2 Study design
1.3.2.1 Setting
The study was run in 5 GP practices in North Bradford. Each practice had a team of
GPs and had list sizes ranging from 4,993 to 11,926 in the same urban area of
Bradford. Practices A and B were my main places of work and | had done audits and
run workshops on use of drugs in RKF. Practices C, D and E also had practice
pharmacist input and some audit work including checking kidney function for use of

drugs.

1.3.2.2 Participants
The study reviewed the clinical record of people registered at the 5 GP practices aged

65 years or older whose latest kidney function test result recorded was reduced
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(eGFR<60mI/min/1.73m?), as defined by the NICE chronic kidney disease guideline
(NICE CG73, 2008).

1.3.2.3 Sample
All patient records at Practice A aged 65 years and over with the most recent
documented eGFR <60ml/min/1.73m? were reviewed. At practices B, C,Dand E, a
10% random sample of all patients aged 65 years and over with an eGFR <60

ml/min/1.73m? were reviewed, using a random number generator (Stattrek, 2010).

1.3.2.4 Method
Case-note reviews were performed between March and June 2010. For each review:

1 The eGFR was recorded from the patient record and CrCI-CG calculated.

9 Alldrugs on the repeat medication list were reviewed for appropriateness of
drug use and dosing, assessed against recommendations given in the British
National Formulary (BNF, 2010) and the Summary of Product Characteristics
(SPC).

1 Although the study was not set up to systematically assess rates of adverse
drug reactions (ADRS), if any were found relating to the use of medications in

RKF, they were noted.
9 Action required was followed up with the prescriber.

1.3.2.5 Data collection
A data collection form was developed and completed for each review done, to
systematically capture the required data (Appendix 1, 8).

1.3.2.6 Analysis

A quantitative descriptive analysis was performed.

1.3.2.7 Governance approval
Approval was given as a service evaluation by the Primary Care Trust (PCT)
governance lead, and participating practices, as part of the existing prescribing
support service. NHS ethical approval was not required as it was an in-house service
evaluation. Patient identifiable data was kept at the practice at all times, results were

fed back to practices, and high risk cases followed up.



people aged #65yrs and eGFR<60 reviewed number of drug

records reviewed of number of drug it di
. total practice  number aged 65yrs  number aged *G5yrs patients aged . . number on a drug n“mber on a drug items needing : ems_ needlng
Pachce poulation or older and eGFR<60 O65yrs number with number with needing to be needing to be stopping or dose stopdplng, ose
eGFR<60 eGFR<30 CrCI<30 stopped or dose stopped, do;e reducing re uc_mg or
reduced reduced or review revew
n % n % n % n % n % n % n %

A 8,993 1,285 14.3 406 4.5 406 100 29 7.1 118 29.0 88 21.7 96 23.6 123 189
B 11,926 2,019 16.9 706 5.9 71 10 5 7.0 19 26.8 13 18.3 17 23.9 21 29
C 11,446 2,164 18.9 510 4.5 51 10 3 59 15 294 14 275 16 314 24 35
D 10,883 1,673 154 411 3.8 41 10 2 4.8 14 34.1 14 34.1 14 341 22 37
E 4,993 803 16.1 246 4.9 25 10 2 8.0 7 28.0 6 24.0 8 32.0 11 18
Total 48,241 7,944 16.5 2,279 4.7 594 26 41 6.9 173 29.1 135 22.7 151 254 201 308

Abbreviations: eGFR: estimated glomerular filtration rate; CrCl: creatinine clearance

Table 3: Summary of the case-note review results from 5 GP practice
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1.3.3 Results

__ 70900  Highlighted figures in the tables are those mentioned in the text,

results or discussion.

1.3.3.1 Prevalence of inappropriate drug use for older people with RKF
Drugs needed to be stopped, or the dose reduced, for 22.7% (n=135) of the 594
patients reviewed aged 65 years or older with an eGFR<60mI/min/1.73m? (practice
range 18.3%-34.1%), using CrCI-CG to determine the suitability of drug and dose. The
results obtained from the five practices are summarised in Table 3. If drugs needed
review because of a low kidney function are included then the prevalence was 25.4%
(n=151) (range: 23.6%-34.1%).

In practices A and B the proportion of people on drugs that needed stopping, dose
reducing or review were 23.6% and 23.9% respectively (Table 3). For practices C, D,
and E it was 31.4%, 34.1%, and 32.0% respectively.

A total of 201 drugs listed as repeat medication on the 594 patient records reviewed
needed stopping or the dose reducing, and a further 107 drugs needed review (total =
308).

1.3.3.2 Drugs implicated
Seventy different types of drug were found to be used sub-optimally in this group of

patients, listed in Table 4, and in more detail in Appendix 2 (8.2).

The groups of drugs most frequently encountered in the audit are illustrated in Figure 4
with lipid-lowering drugs the highest (30%), followed by angiotensin converting
enzyme inhibitors (ACEIs) and angiotensin-Il receptor blockers (ARBS) (26%),
thiazides (17%), and osteoporosis drugs (14%).

1.3.3.3 Categories of inappropriate drug use in RKF
Four categories of inappropriate drug use were identified from this case-note review
(Table 4):
Avoid: 23% were drugs that are recommended to be avoided at levels of kidney
function below a specified level, including alendronic acid, rosuvastatin and metformin.
Reduce dose: 28% were drugs that are recommended to have the dose reduced at
levels of kidney function below a specified level, including simvastatin, allopurinol and
gabapentin.
Ineffective: 16% were drugs that are ineffective at levels of kidney function below a

specified level, including thiazides and nitrofurantoin.
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Caution: 33% were drugs where the guidance is unspecific caution but are known to
cause ADRs in RKF, including NSAIDs, ACEls and ARBs.

to be avoided in low dose to be reduced in ineffective in low use with caution in low
kidney function low kidney function kidney function kidney function
drug n drug n drug n drug n
alendronic acid 24 simvastatin 52 bendroflumethiazide 24 ramipril 18
metformin 13 allopurinol 300mg 8 indapamide 5 frusemide 13
Calcichew D3 forte 10 atenolol 100mg 7 chlortalidone 5 candesartan 10
rosuvastatin -~ 8 ranitidine 5 hydrochlorthiazide 1 valsartan 10
lercanidipine 5 digoxin 3 nitrofurantoin 1 lisinopril
moxonidine 2 baclofen 2 Zestoretic 1 codeine 30mg
strontium 2 atenolol 50mg 1 ibuprofen gel
anastrazole 1 bezafibrate 1 calcium no vit D
eplenerone 1 ciprofibrate 1 irbesartan
ibandronic acid 1 colchicine 1 spironolactone
risedronate 1 domperidone 1 lamotrogine
sitagliptin - 1 fenofibrate 1 losartan
sulfasalazine 1 gabapentin 1 escitalopram
metoclopramide 1 hydroxyzine 1 ibuprofen
minocycline 1 venlafaxine 1 diclofenac gel
amylobarbital 1 diclofenac
mirtazapine 1 perindopril
pantoprazole 1 prochlorperazine
tramadol 1 telmisartan
bumetanide

buprenorphine patch

citalopram

enalapril

felbinac gel

fosinopril

olmesartan

primidone

propranolol

quinapril

RPlRr|lRr|R|[R|IPIR|RR]R R[NV wlw|lw|[w|lw]s]|o|o©

sertraline

Table 4: The 70 different types of drugs judged to be used inappropriately in
RKF with n = number found to need altering or review in 594 record reviews

(from Appendix 2).

1.3.3.4 Kidney function estimation equations
Figure 5 shows that 29.1% of patients aged (65 years with a documented eGFR
<60ml/min/1.73m? were calculated to have a CrCI-CG of <30ml/min whilst 6.9% had
an eGFR <30ml/min/1.73m?2.

For 22.2% (n=132) the equation used would result in a different decision being made

about whether a drug could be safely used or whether a dose needed altering.
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Abbreviations: ACE: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker; NSAID; non-steroidal

anti-inflammatory.

Figure 4: The most frequently encountered drug classes not used as

recommended in RKF in the case-note review.
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1.3.3.5 Record of harm caused
The study was not set up to systematically assess rates of ADRs so overall rates of
harm were not possible to asess. However, whilst reviewing the case notes, four
examples of ADRs were recognised to be caused by drugs used in RKF and are

described:

Anaemia on sulfasalazine

1 A 78 year old lady had an eGFR recorded as 25 ml/min/1.73m? six months
previously and was taking sulfasalazine 2.5g/day. The lady had been
investigated for anaemia and had blood transfusions but was still on the high
dose of sulfasalazine. The CrC-CGl was calculated as 16ml/min. The SPC
states that levels of sulfasalazine over 50mcg/ml are associated with a
substantial risk of ADRs. The renal clearance constant is 125 ml/min
corresponding to the glomerular filtration rate so, if the filtration rate is reduced
to 16ml/min then the elimination of sulfasalazine would be reduced by
approximately eight times and the plasma levels would be much higher making

ADRs such as anaemia more likely.

Digoxin toxicity causes hospitalisation
1 An 81 year old gentleman had been admitted to hospital in January 2010 with
digoxin toxicity after a bout of diarrhoea. His weight was 39kg and CrCI-CG

calculated as 23ml/min meaning a low renal reserve.

Acute kidney injury on an angiotensin converting enzyme inhibitor (ACEIl) and a
diuretic
1 An 81 year old lady on ramipril 10mg (maximum recommended dose if
CrCl<50ml/min is 5mg) and furosemide 20mg. The serum creatinine had been
risingand a J&Esé k i d n e ychetkihadshowrnan eGFR of 13
ml/min/1.73m? and a CrCI-CG of 11ml/min with a much increased potassium

level, showing acute kidney injury.

1 A 76 year old man with chronic kidney disease, and CrCI-CG calculated as
21ml/min, on lisinopril 20mg, furosemide 80mg and spironolactone 50mg was
admitted to hospital with acute kidney injury shown by a very increased serum
creatinine and raised potassium level. He was admitted to the renal unit and

the ACEI and spironolactone were stopped.

Any high risk cases found that needed action, follow-up or review were highlighted to

the relevant prescriber.



42

1.3.4 Discussion
1.3.4.1 Principal findings

Prevalence of inappropriate drug use in RKF

A quarter of all people reviewed aged 65 years and older with a documented reduced
kidney function estimate on their record were found to be taking a drug that should be
stopped or the dose reduced. As drug levels are likely to be higher when kidney

function is reduced there is an increased risk of harm for these patients.

Practice A and B are both practices that | have worked with for a number of years
where | have done audits that have included checking kidney function, for example
statin and bisphosphonate switches. | have also run workshops at both practices on
prescribing in RKF and use of the readily available resources. At both practices, 24%
of patients with a documented RKF were on drugs that needed stopping, dose
reducing or review. However, the results from the other three practices showed even
higher proportions (31%, 34%, and 32%). My intervention at practices A and B of
education, audit and feedback may have had an effect on prescribing in RKF, but
there were still a quarter of people reviewed with a documented reduced eGFR who

were on drugs or doses that were not within the recommendations.

Drugs found to be used inappropriately in RKF
Seventy different types of drug were used outside recommendations in RKF with 308

instances found for the 594 people reviewed.

Simvastatin was the drug most found to be used inappropriately (52 patients). It has
an alternative that can be used at low kidney function (atorvastatin), so it can be

avoided and reduce the risks of high plasma levels such as rhabdomyolysis (SPC).

Out of 61 ACEI or ARB prescriptions identified, 8 were inappropriate and the rest were
high dose that needed review. As they are partly or mainly excreted by the kidney,
reduced levels of kidney function can increase blood levels and, as they can also be

nephrotoxic, kidney function can drop further leading to acute kidney injury.

Thiazides were the next most implicated drugs 1 bendroflumethiazide, chlorthalidone,
hydrochlorthiazide and indapamide in 35 patients. Thiazides are ineffective at CrCl
<30ml/min (BNF, 2010) and so they will not be having the desired effect for these
patients but may be putting the patient at higher risk of side effects such as electrolyte

disturbance.

Twenty eight patients were on drugs for osteoporosis that were not as recommended:

alendronic acid (24), strontium (2), ibandronic acid (1) and risedronate (1). All have
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recommendations to be avoided at specified levels of kidney function. The
bisphosphonates are deposited in bone and have a terminal half-life of over 10 years
(SPC).

Non-steroidal anti-inflammatories (NSAIDs) can affect all stages of kidney function and
are frequently implicated in making kidney function worse (Ashley & Morlidge, 2008).
They are highlighted in both the NICE and SIGN guidelines (NICE CG73, 2008; SIGN
guideline 103, 2008) as being a risk factor for impairment of kidney function. In the
case-note review 10 patients were found with NSAIDs on their repeat medication list,
with 6 of these being as a topical formulation (systemic levels will be significantly lower
than for oral formulations but the NSAID gels have been implicated in adverse drug
reactions). Although the numbers found were low, there is a high risk of ADR and
hospital admission. Also, many NSAIDs are prescribed acutely or are bought by
patients themselves; these would not have been found in the case-note review, but

could be significant if they have a low level of kidney function.
This case-note review has highlighted four categories of inappropriate use in RKF:

1 Drugs that are recommended to be avoided at levels of kidney function
below a specified level (23%). In RKF the drug will be too slowly excreted by
the kidney, blood levels of the drug will be raised and the risk of harm
increased. An example is alendronic acid which should be avoided at CrCl less
than 35ml/min (SPC).

9 Drugs that are recommended to have the dose reduced at levels of kidney
function below a specified level (28%). The dose should be reduced in RKF
or blood levels are likely to be increased with a risk of side effects. Simvastatin
has a recommendation to not use doses above 10mg if the CrCl is <30ml/min
(SPC).

1 Drugs that are ineffective at levels of kidney function below a specified
level (16%). Not only could harm be caused from ineffective treatment, but
side effects are more likely. Nitrofurantoin is not likely to work at CrClI lower
than 45ml/min (MHRA, 2014) but there is a significant association between
RKF (<50 ml/min/1.73 m?) and pulmonary adverse events leading to

hospitalisation (Geerts, 2013).

1 Drugs where the guidance is unspecific caution but are known to cause
ADRs in reduced kidney function. For example ACEIls or ARBs are used for
patients with reduced kidney function but they need regular review and

assessment of use and dose as they can be nephrotoxic.
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Kidney function estimation

A substantial difference was found between estimating kidney function using eGFR
(calculated using the MDRD equation, 6.9%) and CrCl (calculated using the Cockcroft
Gault equation, 29.1%) for the people reviewed. For 22.2% of the 65 year olds and
over, the equation used would result in a different decision being made about whether

a drug could be safely used or whether a dose needed altering.

Harm caused

Examples of harm were found from drugs when kidney function was reduced. Of the 4
examples, 3 had resulted in admission to hospital. As this study did not systematically
search for ADRs, the rate of harm could have been higher. Applying the
recommendations readily available in the BNF and SPCs might have reduced the risk

of harm.

1.3.4.2 Strengths and limitations
Consistent use of a standard method was used to review the use of medicines for 594
older people with RKF, compared with BNF and SPC recommendations. There are a
number of ways that this case-note review may have not included all relevant patients
and drugs. Only repeat medications were reviewed so drugs prescribed acutely such
as NSAIDs and antibiotics would have been missed, and non-prescription medicine
use was not assessed. Patients with a documented eGFR on their record were
reviewed, but not those who have never had serum creatinine checked. The last
recorded serum creatinine was used, but if it had not been checked recently, the result

may not have still been relevant.

The cross-sectional assessment of the current repeat medication list did not allow for
inclusion of patients who have tried medications in the past but had to stop them
because of ADRs. This could be important in identifying drugs particularly causing

ADRs in the reduced kidney function of the older person.

The GP practices included were in one small urban area of Bradford and so the results

may not be valid in a wider population.

1.3.4.3 What this study adds to the literature
The findings of this study have been presented as a poster at the Royal
Pharmaceutical Society conference 2011 and the Renal Association conference 2012,
with an abstract publication from the former (Wood et al, 2011). Areas that need to be
studied further include:
1 What is the evidence base for prescribing for older people with RKF, including

which equation should be used for drug use and dosing decisions?
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1 Are the case-note review findings generalisable for a wider population?

1.3.4.4 What this study adds to practice and policy
This study has highlighted that practice needs to be improved when prescribing for
older people with RKF in primary care and the findings will inform further research. A
quarter of older people with RKF were at risk from their medications, many drugs were
implicated, and evidence of harm found. A change in practice and policy would need to
be comprehensive and be able to encompass the four different categories of

inappropriate use identified in this study i.e. drugs:

To avoid.

|

I To reduce the dose.
I That are ineffective.
1

Where caution is needed from a high risk of ADRs.

Local practice has been improved in the practice pharmacy team with kidney function
assessment being added to audits for older people and greater awareness of the
issues. However, it needs to be investigated in a wider population before assessing

the need for a change in national policy.

1.3.5 Conclusion from the case-note review
Evidence of harm, and increased risk of harm, for older patients on drugs excreted by
the kidney has been highlighted in this case-note review. A quarter of older people
were prescribed at least one medication that needed altering because of their kidney
function, indicating that the BNF prescribing recommendations are not followed by

prescribers in primary care.

1.4 Prescribing behaviour and behaviour change
The case-note review findings led to further questions on:
1 Why are recommendations for prescribing in RKF frequently not applied in
primary care?
Would an analysis of the prescribing behaviour illuminate the determinants?

How might that behaviour be changed to reduce the risk of harm for patients?

1.4.1 Prescribing behaviour

Aronson (2006), editorofMe y | er 6 s Si de oOa&nfl €hairmanofthe £ditdbal u g s
board of the British Journal of Clinical Pharmacology, states thati Pr escr i bi ng

difficult. It requires a thorough knowledge and understanding of the pathophysiology of

S
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disease, the pharmacological properties of the relevant drugs, and the ways in which
t he t wo Mreserikirngadmkes.tovards the end of a clinical decision-making
process of assessment and diagnosis, where it is concluded and agreed that an
interventonof a drug prescription is réeqghtiaied,maragd her
i nf or ma anialtlemative intervention (Hunink et al, 2001). The World Health
Organisation (WHO) (de Vries et al, 1994) recommends a systematic stepped
approach to prescribing:

1. Define the patientodés probl em.

2. Specify the therapeutic objective.

3. Verify the suitability of the drug, the most effective, safe, suitable and cheap

option.

4. Write a prescription.

5. Give information, instructions, and warnings.

6. Monitor (and stop?) the treatment.
A reduced kidney function would need to be part of the prescribing decision process at
Step 3 as to whether there are any recommendations for prescribing in RKF that would
mean a drug i sd 6whnestuhietra bilte Bwoualnd be O6unsafed unl e:
or alternative were used. It would also impact on Step 6 as kidney function can
change, and so it would need monitoring to ensure the drugs and dose is still suitable.
The level of kidney function would need to be considered at both initiation of a drug,

and at medication review.

1.4.2 Behaviour change
Behaviour change is key to improving health care and changing behaviour is more
effective if interventions are developed on evidence-based principles of behaviour
change (Cane et al, 2012). Designing interventions based on intuition rather than
theory precludes the possibility of understanding the processes that underlie effective
interventions, and of applying this knowledge to inform the design of future
interventions (Abraham et al, 2009). Influencing behaviour change needs an in depth
investigation of all the determinants to fully understand and explore that behaviour.
Using a theoretical approach allows identification of factors and strategies that are
more likely to be successful in influencing behaviour change (Nilsen, 2015). Two main
issues have been identified as reducing the likelihood of success of implementation

strategies (Dyson et al, 2011);

1 Affailure to identify barriers and enablers to implementation of evidence based
practice (Grimshaw et al, 2004; NICE, 2007).
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1 A lack of theoretical basis for the interventions used to support the
implementation of evidence into practice (Grimshaw et al, 2004; Michie et al,
2005).

Foy et al (2011) found that theories provide a way of understanding and predicting the
effects of interventions intended to prevent or mitigate harm caused by healthcare, or
risks of such harm. Also, theory-driven evaluations would help generalise findings to
other contexts and build a cumulative understanding of the nature of change. Use of
theory may explain why some implementation strategies are more effective than
others (Eccles et al, 2005)

There are many theoretical models to explain behaviour change with multiple
contending theories. An example is the Theory of Planned Behaviour (TPB) based on
intentions and motivations (Ajzen, 1991). However, the TPB does not explore habit,
emotion or working environment, for example, which may be important in prescribing.
Michie et al (2005) have highlighted that such a large number of theories and
theoretical constructs cannot be fully applied, critical theories might be missed, and
there was a need for a method to selectamongthem. The o6 Theoreti cal Dom
Framewor kd ( TDF) headsfor andkerarehing detegrminamtdranrework
and was developed to identify individual factors known to influence the gap between
evidence based practice and the routine delivery of health care. It was constructed on
the basis of a synthesis of 128 constructs related to behaviour change found in 33
behaviour change theories, including many social cognitive theories (Cane et al,
2012). The constructs are sorted into 14 theoretical domains such as knowledge,
skills, goals, and beliefs about capabilities. There were originally 12 domains (Michie
et al, 2005) and they were validated and restructured to 14 in 2012. (Cane et al, 2012;
Michie et al, 2014). The TDF domains have been categorised to what influences
capability, opportunity or motivation for the behaviour,t h e éBC Onvb dskolwrdin
Table 5 (Michie et al, 2011, 2014).

For any behaviour to occur there needs to be:

1 Capability - knowing what to do and how to do it.

1 Opportunity - the environment is conducive, both physically and socially.

1 Motivation - both reflective (conscious goals and intentions) and automatic

(impulses and habits).

Understanding the behaviour in context will highlight what needs to change.
Interventonsneed t o change behaviour(s) in one or m
mo t i v & suchbanwvay as to put the system into a new configuration and minimise

the risk of it reverting.



48

COM-B TDF domains

Knowledge
. = Cognitive and interpersonal skills
= Psychological capability . o
Capability Mem ory, attention and decision process

Behavioural regulation

Physical capability Physical skills
Opportunity Physical opportunity Environment
Social opportunity Social influences
Social/ professional role and identity
Motivations and goals
Reflective motivation Belief about capabilities
Motivation Optimism

Beliefs about consequences

Reinforcement
Autom atic motivation .
Em otion

Table 5: COM-B categories and TDF domains (Michie et al, 2014).

The TDF has been successfully applied to understand behaviour in a range of clinical
areas (Francis et al, 2012). It has been used to identify key theoretical domains that
are perceived to influence healthcare professionals (HCPs) to improve appropriate
polypharmacy for older people in primary care (Cadogan et al, 2015), and investigation

of prescribing errors among trainee doctors (Duncan et al, 2012).

Duncan et al (2012) explored beliefs among trainee doctors, including that prescribing
errors were not likely to have consequences for patients, and found that seven
theoretical domains were relevant: social professional role and identity, environmental
context and resources, social influences, knowledge, skills, memory, attention, and
decision making, and behavioural regulation. Potentially important domains were
beliefs about consequences and abilities which could be targeted for an intervention.

The findings show the complex nature of prescribing behaviour.

Cadogan et al (2015) found that all the

considered relevant to the target behavi

pol yphar macy i.Thisplsoiillimstatey theccamplexnature of the
behaviour as well as the challenge faced by the researcher when developing
interventions for change. The authors were able to purposefully select eight key

domains that would assist HCPs in taking action in the clinical setting; they were then

theoretic

our

of

0p
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able to use these to select behaviour change techniques (BCTs) for inclusion in a

future intervention for prescribing for this older population..

1.5 Summary

This chapter has highlighted that assessment of kidney function is important when
prescribing, as many drugs and metabolites are excreted from the body by the kidney,
and RKF can increase the risk of harm. This is particularly important for older people
as kidney function reduces with age. Whilst kidney function is easily measured, there
is now more than one equation to calculate the estimated level: eGFR is reported by
the pathology laboratories when kidney function blood tests are done and so is easily
available, but not designed to inform drug dosing decisions; CrCI-CG has historically
been used for drug dosing decisions, and has been used by drug companies for
dosing studies and reported in the drug SPCs. A case-note study has found that many
older people are prescribed drugs that are not recommended at their level of kidney
function, and has suggested that using eGFR or CrCI-CG gives different results in
older people. This suggested a need to explore further to find if there is supporting
evidence in the literature for which equation should be used for prescribing for older

people.

The pilot study in primary care reported in this chapter has suggested that
recommendations for prescribing in RKF are not applied, and an investigation in a
wider population might show if this finding is generalisable, and whether an

intervention is needed to help prescribers.

An analysis of the complex prescribing behaviour, and an exploration of the
determinants, could provide an in-depth understanding of the factors involved in
recommendations for prescribing in RKF not being applied. If a change in prescriber
behaviour is found to be needed to reduce risk of harm for patients, it is more likely to
be effective if an intervention is developed on theory and evidence based principles of

behaviour change.

The questions raised informed the mixed methods research plan.
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1.6 Research Plan

1.6.1 Methodology
A pragmatic sequential mixed methods design (Robson, 2011) was proposed to
produce a comprehensive picture of prescribing for older people with RKF in primary
care. From the case-note review, the inquiry would be driven by the research
questions, and derived from the integration of methods and results from the previous
studies (Bazeley, 2009). The programme of research was planned to combine both
guantitative and qualitative methods, and resulting data, to address the different
research guestions and enhance the validity of the findings (Cresswell, 2009; Robson,
2011).

1.6.2 Research question
Are recommendations for prescribing applied for older people with reduced kidney

function in primary care, and if not, what are the barriers to implementation?

1.6.3 Aims
The aims of this mixed methods programme of research were to:
1 Systematically determine the size and nature of the current evidence base on
prescribing for older people with reduced kidney function, identify any gaps in

the literature, and use this to inform the ongoing research plan.

1 Investigate whether recommendations for prescribing in reduced kidney
function (RKF) were being applied for older people across a (former) Primary

Care Trust (PCT) population.

1 Explore why GPs do not apply the drug licence recommendations when

prescribing for older people with reduced kidney function.

1 Prioritise a strategy for intervention and research.

1.6.4 Research plan
The sequential research plan and chapter numbers are shown in Figure 6. To provide
an overview, the research questions, data collection and analysis procedures for this

mixed methods project are presented in Table 6.
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1.6.5 Funding and support
This research project has been self-funded and supported by the Academic Unit of
Pharmacy, Radiography and Healthcare Science, and the Leeds Institute of Health

Sciences, University of Leeds.

Cross-sectional case-note review in 5 GP practices (Chapter 1)

<
Scoping literature review (Chapter 2)
< Z
Primary Care Trust—wide cross-sectional survey of prescribing N
data (Chapter 3)
N Z
N
Qualitative GP interview study (Chapter 4) I
<
N

Consensus group study (Chapter 5)

Figure 6: The sequential mixed methods research plan.
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chapter

method

research questions

theoretical/
conceptual basis

data sources

data analysis

integration

Cross-sectional Case-

Are recommendations for prescribing in reduced

Variable relationship

Case-note review.

Quantitative descriptive

A Provided

the

bas

note Review kidney function being applied in 5 GP practices?  testing. analysis. subsequent studies in the project.
What is the size and nature of the evidence A 6 key areas to r
Scoping Literature base on prescrlblng for c‘)Ider‘ people with Arksgy &.O Malley Research Framework analysis in 6 Case-note Review findings
2 Review reduced kidney function in primary care, are scoping literature databases Key areas
there gaps in the literature, and what future review. ’ Y ’ A Update in 2015,
primary research is needed? re-analysis of the PCT survey data.
A Vvariables tested
found in the Case-note Review.
Are drugs. thatreqire Kidney fuction A Methods and vari.
PCT-wide Cross- assessment, prescribed accoraing to Variable relationship  PCT wide Quantitative descriptive similar studies from hospital and
3 . recommendations for use in reduced kidney ) L . . . )
sectional Survey - testing. prescribing data. analysis. other countries found in the Scoping
function for people aged 65 years and older . )
- Literature Review.
across a PCT population?
A Re-analysis of d
missed', after Scoping Review update.
. ) ) A Participant re-
o . . Why are prescribing recommendations not Behaviour change . pa p
Qualitative GP interview f . ) ) ) ) - . guide based on the findings from the
4 applied for older people with reduced kidney theory - theoretical GP interviews. Qualitative TDF analysis. . .
study o f Case-note Review and PCT-wide
function in primary care? domains framework.
survey.
A Statements for r
GP interview study findings.
L . T Consensus gro
Do experts in fields relating to prescribing in ensus group . .
. ) s ) questionnaire on- o - A Group discussion
RAND Appropriateness reduced kidney function find the evidence from . A Quantitative descriptive . . .
B h " Behaviour change line survey, group . L Case-note Review, Scoping Literature
5 method Consensus the four project studies generalisable, ) } analysis and a qualitative ) )
- . . theory - TDF. discussion, and . Review, PCT-wide Survey, and GP
Group Study acceptable, and feasible for an intervention, and TDF analysis.

what are the priorities future research?

final statement
rating.

Interview studies.

A Continued

us e

from the GP Interview study.

of

Abbreviations: PCT: Primary Care Trust; TDF: Theoretical Domains Framework

Table 6: Research questions, data collection and analysis procedures for this mixed methods project.
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@ he use of drugs in patients with impaired renal function can give rise to problems for
severalr easonsé. many of these problems can be a
of drugs. 6
The Renal Drug Handbook 4" Ed" (Ashley & Currie (Eds), 2014)

2 Chapter 2: A scoping literature review to identify the
evidence base on prescribing for older people with reduced

kidney function

2.1 Background

A quarter of people aged 65 years and older with reduced kidney function (RKF) were
prescribed a drug that is recommended to be avoided, or the dose reduced, and
evidence of harm was found in the case-note review in 5 GP practices in Bradford
(Chapter 1). Also highlighted was that there are two different kidney function
estimation equations, creatinine clearance calculated using the Cockcroft Gault
equation (CrCI-CG) and eGFR calculated using the MDRD equation which gave
different results for older people. For 22% of the older people reviewed, the prescribing

decision would have been different depending on which equation had been used.

This study aimed to review the literature and systematically determine the size and
nature of the current evidence base for prescribing to older people with reduced kidney

function, identify gaps in the literature, and inform the ongoing research plan.

2.2 Research question and objectives for the literature

review
Research question
Whatisthesi ze and nature of the evidence base on
years) with reduced kidney function in primary care, whether there are there gaps in

the literature, and what future primary research is needed?

Objectives
1 To outline what is already known, and identity gaps in the existing literature, on
the prevalence of prescribing for older people with reduced kidney function in
UK primary care.

1 To formulate the key areas for review of the evidence base in this field.
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I To investigate the extent, range and nature of any research in each key area,
quantitative or qualitative as appropriate.

1 To consolidate the research plan.

2.3 Methodology

A comprehensive, and systematic, mapping of the literature for a broad topic was the

aim of this study, so the required breadth needed to answer the research question

suggested a 6scoping l|literature reviewd methodol o
Di ssemination at York University (2009) state tha
size and nature of the evidence base for a particular topic area, which can in turn be

used to identify gaps in the literature and make recommendations for future primary

researchoé. The | iterature search should be as ext
standard systematic reviews in that a scoping review does not attempt to synthesise

the evidence and that it is not appropriate to use a scoping review to answer a clinical

question. Armstrong et al (2011) from the Cochrane Public Health Group state that

published scoping reviews are a valuable resource that can be of use to researchers,

policy-makers and practitioners, reducing duplication of effort and guiding future

research. A scoping review methodology was used for this study as the aim was not to

answer a precise question, but to explore the range of literature in the area of

prescribing for older people with reduced kidney function.

A key methods paper for scoping reviews is the methodological framework by Arksey

and OO6Malley in 2005. Levac et altofsd009) has sinc
clarify and enhance each stage, which may increase the consistency with which

researchers undertake and report scoping studies. Clarifying and linking the purpose

and research question, balancing feasibility with breadth and comprehensiveness of

the scoping process, and identifying the implications of the study findings for policy,

practice, or research were suggested.

Arksey and Ob6Malley state that a key strength of
provide a rigorous and transparent method for mapping areas of research. It provides

a O6narratived or Odescriptived account of availab
that a scoping review does not formally appraise the quality of evidence and there can

be a large quantity of data generated leading to decisions on breadth versus depth.

Levac et al (2009) discusses the need to assess included studies for methodological

quality, and Brien et al (2010) state that a lack of quality assessment makes the results

of scoping studies more challenging to interpret. Grant and Booth (2009) imply that a

lack of quality assessment limits the uptake of scoping study findings into policy and
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practice, but Levac concluded that it remains unclear whether not including quality
assessment impacts the uptake and relevance of scoping study findings. An
assessment of the quality of the included studies would give an indication of where the
current literature is of sufficient quality to answer the research question, or if there is a
need for further, higher quality, investigation to have greater confidence in the findings.
Levac states that it is a challenge to assess quality among the vast range of published
and grey literature that may be included in scoping studies. By including a quality
assessment, to be feasible there necessarily needed to be a reduction in the scope of
the searches, so only published studies were included, and opinion and discussion
articles were excluded. Inclusion of only published empirical literature introduces the
risk of publication bias, by not assessing the effect of unpublished studies that are

more likely to be negative, and by a reduction in the breadth of the investigation.

Studies were charted as described in the Ark
Appropriateness of study design and study quality were assessed. A hierarchy of

evidence was developed for each scoping review area based on the Oxford Centre for
Evidence-Based Medicine (OCEBM) levels of evidence (Oxford Centre for Evidence-

Based Medicine, 2011) (Table7) . The tabl e Xkd&,0wsr tdhlee WeIt elpd
studies that are likely to give the highest level of evidence for the type of question

posed, reductermpg 5dbgwmrt L&Y el 56, for the stu
lowest degree of confidence in the results. Levels of evidence were developed for

each scoping area based on the research question and adapted from Table 7. This

was an iterative process with additional levels being added where required having

reviewed the studies found.

The studies were also critically appraised using the Critical Appraisal Skills

Programme (CASP) checklists for appraising systematic reviews, randomised

controlled trials (RCTSs), cohort studies, case-controlled studies, and qualitative

research, the Centre for Evidence Based Management (CEBM) checklist for surveys,

and in addition the 6Consolidated criteria f
for appraisal of the qualitative studies. The checklists aided assessment of whether

the conclusions of each study were valid in that they were supported by the results

presented and consistent with the methods used, and the reported detail of the

methods were sufficient to repeat the study and obtain similar conclusion.
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IQuestion

lStep 1
(Level 1*)

Step 2
Level 2#)

Step 3
Level 3*)

Gtep 4
(Level 47)

IStep 5 (Level 5)

lproblem?

iHow common is the

lsurveys (or censuses)

Local and current random sample

Systematic review of surveys
that allow matching to local
circumstances**

Local non-random sampla**

[Case-series™*

n/a

imonitoring test
accurate?
(Diagnosis)

1s this diagnostic or

Systematic review

of cross sectional studies with
consistently applied reference
istandard and blinding

Individual cross sectional
studies with consistently
lapplied reference standard and
blinding

Non-consecutive studies, or studies without
lconsistently applied reference standards**

iICase-control studies, or

reference standard**

‘poor or non-independent

Mechanism-based
reasoning

we do not add a

What will happen if

[Systematic review
lof inception cohort studies

Inception cohort studies

Cohort study or control arm of randomized trial*

Case-series or case-
control studies, or poor

n/a

lintervention help?
(Treatment Benefits)

of randomized trials or n-of-1 trials

lor abservational study with
dramatic effect

Non-randomized controlled cohort/follow-up
study**

therapy? quality prognostic cohort
Prognosis) study™*
Does this ISystematic review Randomized trial

ICase-series, case-control
studies, or historically
lcontrolled studies**

Mechanism-based
reasoning

What are the
ICOMMON harms?
Treatment Harms)

ISystematic review of randomized
trials, systematic review

of-1 trial with the patient you are
raising the question about, or

effect

of nested case-control studies, n-

jobservational study with dramatic

Individual randomized trial
lor (exceptionally) observational
Istudy with dramatic effect

Non-randomized controlled cohort/follow-up
listudy (post-marketing surveillance) provided
there are sufficient numbers to rule out a
comman harm. (For long-term harms the
lduration of follow-up must be sufficient,)**

arms?
(Treatment Harms)

hat are the RARE

ISystematic review of randomized
trials or n-of-1 trial

[Randomized trial
lor (exceptionally) observationa
istudy with dramatic effect

ICase-series, case-control
lor historically controlled
ktudies**

,Mechanism-based
reasoning

Is this (early Systematic review of randomized [Randomized trial Non -randomized controlled cohort/follow-up Case-series, case-control,|Mechanism-based|
detection) test trials study™** or historically controlled [reasoning
worthwhile? studies**

(Screening)

* Level may be graded down on the basis of study quality, imprecision, indirectness (study PICO does not match questions PICO), because of inconsistency between
studies, or because the absolute effect size is very small; Level may be graded up if there is a large or very large effect size.

** As always, a systematic review is generally better than an individual study.

Table 7: The hierarchy of evidence from the Oxford Centre for Evidence-Based Medicine (2011)
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CASP gives the three broad issues to be considered when appraising a study report
as:
9 Are the results valid i.e. does the study provide an unbiased estimate of what it
claims to show?
What are the results?
Will the results help locally?
The screening questions provided in the checklists were used to appraise each
included study.

2.4 Study design

2.4.1 Method
The framewor k pr opos ed(200b), with tked evgc ezah(2D09D 6 Ma | | e
recommendations, has been used to conduct and structure the literature review to

provide a rigorous, robust and reproducible method.

Once initial search plans and criteria had been drafted, advice was sought from Mark
Clowes (University of Leeds Health Library Services) to ensure the search terms and
strategies were comprehensive enough to find the relevant literature. One researcher

(myself) conducted all stages of the scoping literature review.

2.4.1.1 Stage 1: identify the key areas for review and the research
question for each
Arksey and O6Malley recommend maintaining a
coverage, and that parameters can be set once the scope of the field has been
assessed. The findings from the case-note review (Chapter 1) were interrogated using
a mind map approach to identify the key areas for review and the research question

for each.

Figure 7 is the mind map showing the case review findings leading to the six key areas
for review:
1. To what extent are older people (065 year

recommended at their level of kidney function in primary care?

2. How should kidney function be estimated when prescribing for older people in

primary care?

3. What are the risks to the older person in primary care of not following the
recommendations for prescribing in reduced kidney function?
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From the case-note
review

Kidney function does
not seem to be
adequately taken into
consideration when
prescribing for older
people

The Cockeroft Gault
equation highlights
more older patients
to need drug
alteration or review

Mind map for scoping literature review

Corroboration of
the audit findings
that
recommendations
are not applied
Resources
available/ how
easy to use?

Why are
recommendations
not followed?

ncreased risk 0
hospital
admissions

What is the risk to
patients?

What has been
tried already to aid
prescribing decision
making?

eGFRvs
Cockeroft
Gault?

Reduced kidney
function of older
people and how it is
measured?

Reducing kidney
function (natural
or disease)?

Key areas for review

guidelines?

1. To what extent are older
patients on drugs and doses
not recommended at their
level of kidney functionin
primary care?

2. How should kidney
function be estimated when
informing dosing decisions

| for older people.

3. What are the risks to the
patient of not following
recommendations?

4. Why do prescribers not
implement prescribing
recommendations in
reduced kidney function in
primary care?

5. What guidelines and
resources are available on
drug use and dosing in the
reduced kidney function of
older people?

6. Have interventions been
evaluated to help
prescribers in primary care
to apply recommendations
for use of drugs in reduced
kidney function?

Abbreviations: ADRs: adverse drug reactions; eGFR: estimated glomerular filtration rate.

Figure 7: Mind map to identify key areas for the scoping literature

review from the case-note review findings.
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4. Why do prescribers not apply prescribing recommendations in reduced kidney

function in primary care?

5. What UK national guidelines and resources are available on drug use and

dosing in the reduced kidney function of the older person?

6. Have interventions been evaluated to help prescribers in primary care to apply

recommendations for use of drugs in reduced kidney function?

The development of the research questions was an iterative process and only fully

defined through the initial literature search.

2.4.1.2 Stage 2: identify relevant studies for each key area for review
The aim was to be as comprehensive as possible. The literature for key areas 1,2,3,4,
and 6 was identified by database literature searches. For key area 5, guidelines and
resources were identified through expert advice (renal, elderly care, clinician and
pharmacist). For each key area the review was based on stages defined by Hagell and
Bourke Dowling (1999).

The database searches were first run between October 2011 and March 2012. They
were then re-run in October 2012 to update for the transfer report, and updated again
in October 2015.

A preliminary map of the issues in the area.
The case-note review findings, mind mapping, and an initial unstructured search of the

literature identified the relevant topics.

Research reviews

The Cochrane Library database of systematic reviews was searched to identify any
reviews relating to prescribing for older people with reduced kidney function in the 6
key areas. The Database of Abstracts of Reviews of Effects (DARE) was also checked
for existing or ongoing reviews. Research reviews were searched for in Medline and

then highlighted from each database searched.

Database search

The search for each key area aimed to comprehensively identify relevant studies, and
was run on each of the following databases: Medline, Embase, PsychINFO (for the
psychological perspective on healthcare), CINAHL (for a nursing perspective), and

Web of Science.

The search terms for each key area were set up using the following categories where
appropriate. Appendix 3 (0) details the subject headings, and key word, search terms,

and synonyms under each of the following categories:
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1 Prescribers (which includes physician as well as the misspelling
O6phycisiand as the Ilibrary expert

term that is frequently misspelled). Non-medical prescribers were

includedbyt he use of theé.term O6prescriber

Prescribing.

1 Guidelines/recommendations (which includesé6 gui dancedé and
mi sspelling édguideanced).

1 Primary Care.

1 Renal impairment.

1 Elderly.

9 Adverse drug reactions (ADRS).

9 Decision support tools.

1 Prescriber Behaviour.

1 Kidney function Equations/diagnostic tests.

1 Additions i English language/reviews/qualitative.

Within each category the synonyms were

categories were then used in the searches

example of a Medline search strategy is given in Appendix 4 (8.3) for key review area
4.

Type of research for each key area
The type of research searched for is dependent on the research question and is

discussed under each key area section (2.4.1.2 - 0).

Reference organisation
EndNote X5 was used to organise and manage the references found for each key

area and background to the research.

2.4.1.3 Stage 3: study selection for each key area for review
By aiming to keep the search sensitive, in order to be comprehensive, specificity can
be reduced so that many irrelevant studies are picked up. To eliminate irrelevant
studies inclusion and exclusion criteria were developed and listed under each key area

section.

The resultant list of articles found for each search were initially reviewed by title and
abstract. The selected articles were exported to EndNote and then the abstracts
reviewed having removed any duplicates. Full text copies were obtained for the

studies identified to be included for review.

t he

for

advised

searched u

eac
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2.4.1.4 Stage 4: chart the data
The significance of the included studies was then considered, and the quality
assessed. A data charting form was developed based on the criteria used by Arksey
and O6Malley (2005) to collect:

1 Author(s), year of publication, study location.

Intervention type and comparator (if any); duration of intervention.
Study populations.
Aims of study.
Methodology.

Outcome measures.

= =4 4 A -8 -A

Important results.

The form also listed the CASP screening questions to aid appraisal. All studies
identified for review were charted. This stage allowed further scrutiny as to whether the

study fitted the search criteria, or whether the search criteria needed amendment.

The level of evidence for the review area question was also assessed, and the
selected literature appraised. The OCEBM Levels of Evidence applicable to the
research question were used to develop a hierarchy of evidence table, adapted for
each key review area (Oxford Centre for Evidence-Based Medicine, 2011). Each study
was then assessed for level of evidence and methodological quality using the relevant
checklists (CASP, CEBM or COREQ), which was added to the charting process, and

allowed ordering of the included studies.

2.4.1.5 Stage 5: collate, summarise, and report the results
The final literature to be included in each key search area was assessed and the
findings scrutinised. The studies were categorised and evaluated for common themes

and findings to collate and summarise the results of the review.

2.4.1.6 Stage 6: consultation (optional)
Arksey and ObMalley (2005) discuss an option
practitioners and consumers can contribute to the work. They state that contributors
can provide additional references and valuable insights about issues that the scoping
review alone may not provide. Time limits have meant that this stage has not been

included, but a consultation is intended before publication.

2.4.2 Ethics and governance
As a literature review with no participant involvement, no ethics or governance

approval was required.
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2.5 Keyreview area 11 evidence on whether prescribing
recommendations are applied for older people with

reduced kidney function in primary care.

2.5.1 Research question for key review area 1
To what extent are older people (G65 years) on drugs and doses not recommended at
their level of kidney function in primary care?

2.5.2 Identification of relevant studies - search criteria

The search categories were O6Prescribingd AND O6Ren
6Pri mary CrylistelanguAgd 3eeBppendix 3, 0, for the subject headings

and key words for each search category). The sear

Medline search to highlight any relevant review papers.

2.5.3 Study selection i inclusion/exclusion criteria
The research question is focussed on primary care, however other healthcare settings
were included in case the primary care evidence was limited, and for comparison. No
date range was applied to the searches so that the scope would include studies from

prior to the introduction of the national CKD guidelines in 2005.

Study selection from the search results were based on the following criteria:
Inclusion
1 English language.
1 Primary empirical research and reviews.
1 Outcome relating to assessment of compliance with prescribing
recommendations in reduced kidney function.
Exclusion

9 Opinion or discussion articles.

2.5.4 Hierarchy of evidence and appraisal
The research question asked O6hOUEBNE besetsofn i s t he pr
Evidence (2011) gives the 6Level 16 evidence, whi
the findings, to be 61 ocal and current random sanmn
level 1 evidence is not found then studies of lower level relevance, and non-local
evidence, would give an insight into whether further research is needed. Table 8 lists

the hierarchy of evidence developed for key review area 1 based on the OCEBM
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Levels of Evidence. Non-l o ¢ a | |l evel s have been added, and
evidence is not current or not based in primary care, which would reduce the external
validity for current UK primary care.

higrarchyof description

evidence

Level 1 Local and current random sample surveys (or censuses)

Levellb Local random sample surveys (or censuses) - not current/ not primary care

Level 2 Systematic review of surveys that allow matching to local circumstances

Level 2b Systematic review of surveys that allow matching to local circumstances - not current/ low quality for primary care

Level 3 Local non-random sample

Level 4 Local case series

Non-local level 1 Non-local and current random sample surveys (or censuses)

Non-local level 1b Non-local random sample surveys (or censuses) - not current/ not primary care

Non-local level 3 Non-local non-random sample

Non-local level 3b Non-local non-random sample - not current/ not primary care

Non-local level 4 Non-local case series

Non-local level 4b Non-local case series - not current/ not primary care
Table 8: Hierarchy of evidence table for key reviewareal o6 how common i s |
pr obl edewélaped from the OCEBM Levels of Evidence.
The issues considered when appraising the report of a descriptive survey were
whet her 6the results of the study were valid
results help locallyd, as defthenxGASP.Hoythiscr i t i ca
review, O0locallyd would be applidwbility to
assessment the CEBM 6Crit i wesulUsed Peptedi sal of a
Evidence Based Management). For ot her study designs, the C

informed the review. Studies were assessed and only included where the focus,

methods, recruitment and sampling, valid and reliable objective measurements used,

and outcomes were clearly defined, relevant and appropriate to the research question.

2.5.5 Collation and appraisal

2.5.5.1 Description of studies

Twenty-five relevant studies were identified from the database searches (Figure 8) that

aimed to investigate the extent to which drugs and doses prescribed are not

recommended at their level of kidney function. Table 9 lists the included studies in

order of the level of evidence they provide.
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Screened by Medline Embase Psychinfo CINAHL W.eb of Cochrane
title Science DARE
6,242 13,839 73 2,021 500 0
Screened by

abstract, and >
de-duplicated

25

Figure 8: Number of studies identified for key review area 1.

CKD guidelines began to be published in
the first were introduced (Joint Specialty Committee for Renal disease of the Royal
College of Physicians of London and the Renal Association, 2005), and most of the
studies date from that time onwards, suggesting an increased awareness of kidney
function in relation to prescribing. The earlier studies were all hospital based, with the

first primary care study being published in 2005.

The OCEBM Levels of Evidence for prevalence studies suggest that local studies are
the most appropriate and applicable (Oxford Centre for Evidence-Based Medicine,
2011), but only two UK based studies other than the Chapter 1 case-note review were
found, and those were hospital based. There were no geographical limits put on the
scoping review searches and most studies were based in countries that might be
considered to have similar populations to the UK, although the healthcare systems
may be different, for example the USA (x4), Australia (x2), Canada (x1), and Western
Europe (x11) (see Table 9). Four studies were from differing populations, and were all
hospital based, South Africa (Decloedt et al, 2010), Iran (Emami et al, 2012), South
Korea (Sheen et al, 2008), and Palestine (Sweileh, 2007). These studies, that report a
similar range of substantial non-compliance rates with prescribing guidelines, suggest

it should be recognised as a multi-national problem.

Only seven studies found were based in primary care, and none in the UK other than
the case-note review. The prescribing systems and procedures are different to those in
hospitals, including advanced computerised patient record systems used in UK

primary care that could mean different findings to hospital based studies.

t

he

early
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hierarchy of

P . prospective, cross- . participant -
principal author evidence (based on year country study type E e setting " participant type outcomes
OCEBM)
Wood Level 1 2011 UK survey cross-sectional primary care 594 065yrs 25% had repeat medication that was inappropriate for their level of kidney function.
. . 5 > 70 years with eGFR <60 56% of consecutive cases were prescribed at least one medication that was
Jones Level 1b 2013 UK survey - case review retrospective hospital 100 mlimin/L.73m? potentially inappropriate.
. . discharged from geriatric ward ~ 20% with CrCI 10-20ml/min had drug prescriptions on discharge that contradicted
Wong Level 1b 1998 UK cohort retrospective hospital 1162 with CrCl <20 ml/min the BNF recommendations, and 67% of those with CrCl<10ml/min.
- )-69Y
Long Level 2b 2004 USA systematic literature review  mixed mixed 6 studies included Ren.al dos!ng guideline non compliance rates ranged from 19-69% across all
settings with the largest in ambulatory care.
Breton Non-local level 1 2011 France cohort prospective primary care 8,701 O065yrs 13.3% overall prevalence of inappropiate drug use in RKF.
Schmidt-Mende Non-local level 1 2012 Sweden survey cross-sectional primary care 3,345 #p5 years with hypertension 48% drugs prescribed were potentially inappropriate.
] o . ) . ) N
Khanal Non-local level 1 2015 Australia survey retrospective primary care 4,035 O65yr s 28.1% had inappropriate prescrlblng of the 31 drugs analysed; only 25% had a
documented kidney function.
193 prescriptions . 2 . . . . . .
. " . " eGFR §0 mlI/min/1.73m?ona  23.2% of orders written for patients with varying degrees of renal impairment
Emarmi Nonrlocallevel 16 2012 ran suney prospective primary care M;:ZZ :ﬂiﬂ?n?:;d drug that might need adjustment ~ required adjustment but were performed in only 45.5% of these cases.
Yap Non-local level 1b 2005 USA survey retrospective primary care 224 <50ml/min 25% were prescribed an inappropriately high dose.
Blix Non-local level 1b 2006 Norwa cohort rospective hospital 515 medical admissions with 17% of drugs on admission, and 34% of drugs started in hospital, needed dose
Y prosp P eGFR<60 ml/min/1.73m? adjustment.
Decloedt Non-local level 1b 2010 South Africa survey prospective hospital 97 eGFR &0 ml/min/1.73m? 71% received one or more drugs that required dose adjustment.
: 2
Falconnier Non-local level 1b 2001 Switzerland case control prospective hospital 1648 eGFR %0 ml‘/jr:lulg/USm ona  g796 regimens not adjusted in RKF in the control group.
Sheen Non-local level 1b 2008 South Korea survey retrospective hospital 431,119 prescriptions Overdose rates: 1.3% mild RKF, 27.8% moderate RKF, 29% severe RKF.
Cantu Non-local level 3b 1992 USA survey prospective hospital 60 CrCl <40 ml/min 45% were receiving dosages in excess of the manufacturers' recommendations.
. 2
Drenth van Non-local level 3b 2015 Netherlands cohort retrospective hospital 1,327 eGFR 19750 ml/_mln/1.73m 46% non-adherence with the Dutch dosing in RKF guideline.
Maanen prescribed defined drugs
Falconnier Non-local level 3b 2001 Switzerland case-control prospective hospital 70 CrCl <50 mi/minand onadrug  67% did not have doses adjusted to renal function
Gibert Non-local level 3b 2013 France survey cross-sectional hospital 412 X5 years When kidney fuction calculation was present, an inappropriate dosage was
performed for 30% of drugs requiring adjustment.
> 80 years prescribed the stud Dosing errors were identified in all of the antibiotics studied; overall dosing error
Hu Non-local level 3b 2001 USA survey- chart review retrospective hospital 1,044 ¥ ;mibiotics Y rate was 34%; factors predictive of dosage errors were advanced age and low
body weight
. . . . CrCl <40 ml/min prescribed 42.2% of doses were inappropriately high on admission, and 29.3% were
Pillans Non-local level 3b 2003 Australia survey prospective hospital 192 defined drugs continued
N - - o bt o AR -
Salomon Non-local level 3b 2003  France survey prospective hospital 164 inpatients with a raised Srcr 3470 Were inappropriate, 14% being contra-indicated and 20% with inappropriate
dosage given the patient's renal function.
. . . . CrCl <60ml/mi ibed at . . N
Sweileh Non-local level 3b 2007 Palestine survey cross-sectional hospital 78 rel< IZESTT srr:gscn edal 74% of relevant drugs were prescribed inappropriately.
Van Dijk Non-local level 3b 2006 Netherlands survey retrospective hospital 237 eGFR <51 ml/min/1.73m? 79.3% had 1 or more drugs needing dosage adjustment, 23.9% of prescriptions.
- - - v
Vanier Non-local level 3b 2011 France survey - note review retrospective hospital 170 O065yr s g::;i?ﬁr:e for renal function was required for 82.9%, for at least one
Farag Non-local level 4 2014 Canada case series prospective primary care 1,464 prescriptions #66yrs with CKD 4-5 64% antibiotics prescribed where kidney function was too low.
Ingrasciotta Non-local level 4 2014 ftaly case-series retrospective primary care 1,989 diagnosis of CKD 49.8% prescribed 1 or more nephrotoxic drugs; 35.6% had NSAIDs for > 3 months.

Abbreviations: CrCl: creatinine clearance; CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; NSAID: non-steroidal anti-inflammatory; RKF: reduced kidney function; SrCr:

serum creatinine.

Table 9: Studies found for scoping review area 1, listed in order of level of evidence.
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Also the hospital patients would be likely to be acutely ill, and the drugs studied might
be for acute conditions making these studies less applicable to primary care. All the
primary care studies found dated from 2011, suggesting a recent awareness about
prescribing in RKF.

The research question was to focus on prevalence in older people, and 9 of the
studies had older participants only. Other studies were included as many discussed
that older people are more likely to have reduced kidney function, and statistical
analyses in some highl i gladrsothe stubies withgue a s
defined age inclusion or exclusion criteria, the study populations were reported to have
mean ages over 65 years; for example, mean ages of 70 years (Salomon et al, 2003),

73 years (Pillans et al, 2003), and 75 years in the Flaconnier et al (2001) study.

2.5.5.2 Heterogeneity
The included studies showed considerable variation in the characteristics of healthcare
settings, patients versus prescriptions, drugs studied, and kidney function
measurement and estimation. Where it was defined that older people would be
studied, there were age thresholds of 65 year and older (x4 studies), (66 years, >70,
075 aver®0 years (Table 9). All the studies clearly defined the way kidney
function was recognised, measured and levels estimated, but many different methods
and thresholds were used: CKD stages 3-5 or 4-5; eGFR <40, (60, 10-50, <60
ml/min/1.73m?; CrCl <20, <40, <50, and <60 ml/min. The subjects for most of the
studies were patients, but two studies (Emami et al, 2012; Sheen et al, 2008) focussed
on the drugs prescribed. Most of the studies assessed any drugs that might need dose
adjustment in RKF, but some studies were more defined, for example Hu et al (2001)
looked specifically at antibiotic prescribing, whilst Drenth van Maanen et al (2015) and
Khanal et al (2015) had a defined list of drugs. Schmidt-Mende et al (2012) only

looked at patients with a diagnosis of hypertension.

As a consequence of the wide variation, it is inappropriate to make direct comparisons,

or pool data. The studies were reviewed by healthcare setting.

2.5.5.3 Methodological quality
Use of the OCEBM hierarchy of evidence levels reveals that only four of the studies
would be considered as relevant to a local UK population, and three of those were
hospital-based rather than primary care, or not recent and so may no longer reflect
what is currently happening (Table 9). The research question was focussed on primary
care, however other healthcare settings were included in case the primary care

evidence was limited, and for comparison; inclusion of international studies has

a

6ri sk
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allowed review of the evidence in many different countries and healthcare settings.
Three studies wer-eocbdhskbéeVvekbdlaswb&dloe CEBM s
suggested acceptable or good quality primary care based design and reporting.
Khanal et al (2015) reported that 25% of their retrospective sample on a decision
support database of 30,898 elderly patients (aged 65 years or over) had a recorded
kidney function level. Those who had their renal function reported (n = 7,625) were
selected for further analysis, and out of these, a total of 4,035 patients who were
taking at least one of the 31 renally cleared drugs on their defined list were included in
the final sample. For the other 75% of the database population it was not reported how
many were taking the 31 drugs, and so total in the population could not be assessed.
The studies that used CKD or eGFR, for example, to identify their study population,
would not be able to show the degree to which they might be missing cases that
should be assessed. Some studies analyse the participants who were excluded to
show that they were similar to the study population, but it is still unknown what the
kidney function levels are for that group, and whether it might change the findings of
the study, introducing the possibility of bias. However, these studies do show that even

with a kidney function test available, prescribing was not adjusted.

Most of the studies found were designed as surveys and they were included for review
as they met most or all of the criteria required of a survey by the Centre for Evidence
Based Medicine. A well designed cross-sectional survey in a local setting is likely to
give the best evidence for a prevalence study as it provides a locally applicable picture
of relevant data. Lower quality evidence may introduce biases that reduce the
confidence in the findings being applicable. If the survey is not local, does not have a
similar population, or if it was completed so long ago that circumstances may have
changed, then the findings are less likely to be applicable. The cohort, case control
and case series studies were not specifically designed to assess prevalence, although
prevalence was an outcome reported. The longitudinal studies may have attrition bias
if not all patients are followed up to the end, and the retrospective studies may have
missing data from selection bias and information bias where the exposure, record

keeping or outcome assessment cannot be controlled.

2.5.5.4 Prevalence outcomes: level 1 evidence UK primary care
No studies, other than the pilot study case-note review (Chapter 1; Wood et al, 2011),
were found to provide current local evidence of the extent to which older people are on
drugs and doses not recommended at their level of kidney function in UK primary care.
This study found 25% of people aged 65 years or older with documented RKF were on

at least one repeat medication that was inappropriate for their level of kidney function.
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The limitations of this study, such as the being based in one small urban area of
Bradford meaning that the results may not be generalisable in a wider population, and
the design leading to only those with a kidney function test on the record being
included, suggest that a prevalence study in a wider population would provide greater

confidence on the extent of the problem generally in UK primary care.

2.5.5.5 Prevalence outcomes: reviews
Only one prevalence review paper was found, Long et al (2004). It reported a robust
method but is now over ten years old and only found six studies for inclusion. None of
the studies were large and the studies showed considerable variation in setting, design
and population. The studies, published between 1996 and 2002, included four of the
hospital based studies found for the current review, Cantu et al (1992), Falconnier et al
(2001), Hu et al (2001), and Wong (1996). The other two were a care home study from
Canada reporting a non-compliance with prescribing recommendations rate of 34%,
and the ambulatory care pilot study was an abstract from the USA indicating a 69%
non-compliance. The authors suggest the paucity of evidence found suggested a need
for more research, particularly for ambulatory care settings where the majority of

patients with reduced kidney function receive care.

2.5.5.6 Prevalence outcomes: primary care evidence from other
countries

The French primary care study by Breton et al (2011) was of high methodological
quality, and as the population is likely to be similar to the UK, the findings could be
considered in relation to the UK. It is a prospective cohort study so selection and
information biases should be reduced as missing data is less likely, and the exposure,
record keeping and outcome assessments can be controlled. However, as it is
longitudinal, it is sensitive to drop out of participants over time (attrition bias) (Green et
al, 2011). This was a multi-centre trial in three cities designed to focus on prescribing
for older people with RKF in primary care and included 8,701 participants with only 8
lost to follow-up when they assessed mortality at 6 years, so attrition bias was very
low. Although recruitment was for all those with an available baseline eGFR, they
compared the population with those without an eGFR to show that they were similar
populations. There was an objective validated measurement of kidney function, a clear
and objective procedure for assigning an eGFR threshold for all prescribed drugs, all
subjects were classified using the same procedure, and there was detailed a reliable
system for detecting exposure. There was no blinding, but confounding factors were
taken into account by use of logistic regression and mortality hazard ratios, both crude

and adjusted for many factors such as socio-demographic variables, cardiovascular
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disease or risk, and co-morbidities. Exposure to the risk of inappropriate drug use was
foundin13. 3% of part i gearpwith RKF, 535 eirdtho§eévih eGFR

30-59 ml/min/1.73m?, and 96% in eGFR<30ml/min/1.73m? over 4 years. The authors

state that they may have underestimated the extent of the problem as participation

rate was low and those participating were at the younger end of the age group.

Analysis also highlights that they used eGFR as their kidney function estimation

equation based on the Froissart et al (2005) study on the predictive performance of the
MDRDandCrCI-CG equations for estimating kidney f1
conclusions are based on kidney disease staging and not drug dosing and they do

statethat CrCI-CGi s mor e precise and accurate for age
function. This might also have meant that they have underestimated the problem.

Kidney function estimation equations will be discussed further in the next key review

area, section 2.6.

Schmidt-Mende et al (2012) in Sweden used a cross-sectional study to assess all the
cases on a cardiovascular database with a diagnosis of hypertension; 3,345 older
people were dispensed 27 different antihypertensive drugs in CKD stages 3-5 with

over half being judged inappropriate.

Emami et al (2012) and Yap et -ladalleyeRlQliRe5) wer e
the previous two studies, but graded 6b6 as
population, and the Yap study was retrospective which could mean there was

selection bias and information bias where the exposure or outcome assessment

cannot be controlled, but instead there is a need to rely on others for accurate record

keeping. Emami et al randomly selected 142 patients with an elevated SrCr; 830 drug

orders were evaluated and 23.2% were found to need dose adjustment. Yap et al

found 25% of patients who came to an ambulatory care clinic with CrCl <50 ml/min

were prescribed inappropriately high doses.

Khanal et al (2015) used a retrospective survey design to find that 28.1% of 4,035
Australians aged (65 years had inappropriate dosing of 31 different drugs. As only
25% of the original 30,898 cases reviewed had a documented kidney function, three
quarters of the population could not be included in the survey, even though they may

also be taking the relevant drugs.

In Canada older people with RKF prescribed antibiotics had excess dosing in 64%,
and nitrofurantoin had been prescribed 169 times when contra-indicated in the 1,464
prescriptions studied in the prospective cohort study (Farag et al, 2014). This study

was designed as a case-series to look at whether the introduction of eGFR reporting
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had made a difference to prescribing in RKF. Case-series lack a comparator group
and so can mean that intervening variables may not be recognised and the internal
validity is compromised (Polgar and Thomas, 2013). In this study there was no
difference seen before and after eGFR reporting, and here the prevalence figures are
used. Also designed as a case-series was a retrospective assessment of patients with
CKD in Italy which found 49.8% received at least one prescription for a nephrotoxic
drug, and that 35.6% had taken NSAIDs for longer than 3 months (Ingrasciotta et al,
2014).

2.5.5.7 Prevalence outcomes: evidence from a hospital setting
Two studies were UK based so were classified as higher level evidence as they were
local, but the hospital setting might mean they are not as relevant to primary care.
Wong (1998) reported a prospective cohort note review of discharges from an elderly
care ward in Oxford over three years and found that 25% had inappropriate drug
prescribing based on their kidney function. A much more recent study retrospectively
analysed case records from consecutive patients aged over 70 years medically
admitted to a Hull hospital (UK) (Jones and Bhandari, 2013). They showed 56 of 100
consecutive records had one or more potentially inappropriate medication prescribed
during the acute admission period, and 81 out of the 622 medications prescribed were

Oi nappropriat ed wihypértersives dcdounting forche magonitgd. a nt i

In studies from many countries the non-compliance rates with recommendations for
prescribing in RKF in the hospital setting ranged from 17% to 82.9% (Table 9).
Salomon et al (2003) reviewed 886 hospital prescriptions and found 34% were
inappropriate, 14% contra-indicated and 20% with inappropriate dosage given the

1

patient's kidney function. I n 2009 they went on
prescribing behaviour in RKF through a simulated clinical setting where 62% of
residents wrote an inappropriate order for gentamicin, 42% for diclofenac, 52% for
enalapril and 28% under-dosed amlodipine. Sheen et al (2007) was a retrospective
interrogation and the largest study found. They also found drug over-dosing was
common in hospital patients with reduced kidney function having analysed four years
of prescriptions totalling 21,768; 28% of those with moderate to severe RKF had
excessive doses. Hu et al (2001) and Drenth van Maanen et al (2015) were the other
larger studies found. Hu et al looked at antibiotic use for 1,044 patients aged over 80
years in a retrospective chart review. Dosing errors were found for all the antibiotics
surveyed and the overall error rate was 34%. Drenth van Maanen et al was the largest

prospective study and so may have fewer potential sources of bias and confounding.
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They looked at the discharge medication for 1,327 participants and found 46% did not
follow prescribing recommendations, and 71% of those were felt to have the potential

to cause moderate to severe harm.

2.5.5.8 Drugs implicated
Very many different drugs were found to be prescribed where the kidney function was
too low in the studies found. In primary care, Breton et al (2011) reported contra-
indicated drugs were mainly antidiabetic agents and antihistamines, with 29 different
classes of drug reported. The main classes of drugs implicated in the Level 1 primary

care studies were:

1 ACEIls and ARBs (Breton et al, 2011; Khanal et al, 2015; Schmidt-Mende et al,
2012).

1 Antidiabetic drugs including metformin and gliptins (Breton et al, 2011; Khanal
et al, 2015; Emami et al, 2012).
Bisphosphonates (Breton et al, 2011; Khanal et al, 2015).
Lipid-lowering drugs (Breton et al, 2011; Khanal et al, 2015).

Other drugs frequently mentioned were other antihypertensives, analgesics and

digoxin.

In the UK hospital studies, similar drugs were implicated, but antibiotics were the
highest reported drug class, reflecting both the high acute use in hospital, and that the
primary care study designs focussed on repeat medication (Jones and Bhandari,
2013).

2.5.6 Summary
No UK primary care studies were found that would corroborate the case-note review
findings from Chapter 1 to show the extent to which older people are on drugs and
doses not recommended in RKF. However, evidence from primary care in other
countries, where the populations are likely to be similar to the UK, has shown that
prescribing for patients with reduced kidney function does not always follow the
recommendations. The Breton et al (2011) French primary care large prospective
cohort study found 13.3% of older people were exposed to the risk of inappropriate
drug use, and 52.5% where eGFR was 30-59 ml/min/1.73m?, giving a good indication
that there was likely to be inappropriate prescribing in reduced kidney function in a
wider primary care UK population, and that it should be investigated in the UK. Older
people were highlighted as a particular group where prevalence of inappropriate

prescribing in RKF is higher.
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2.6 Keyreview area 21 evidence on kidney function

estimation for older people

2.6.1 Research question for key review area 2

How should kidney function be estimated when prescribing for older people?

2.6.2 Identification of relevant studies - search criteria
The UK national guidelines and resources now reco
function estimation and disease staging, so first the relevant guidelines were reviewed
for any recommendations on prescribing drugs in RKF and whether there is any

assessment in relation to use for older people.

The literature was then searched to identify relevant studies. The search categories

were OKidney function Equations/diagnostic testso
i mpairment ®&s ANDaaBonglheod 0 foetle subjpcpheadidgs and 3 ,

keywords for each search categorygpdtothiehe search ter |

Medline search to highlight any relevant review papers.

2.6.3 Study selection i inclusion/exclusion criteria
Study selection from the search results were based on the following criteria. Although
the research question is focussed on prescribing for older people, studies were
included that compared kidney function estimation for drug dosing without an age

limitation, as many older people have RKF and would be affected.

Inclusion
1 English language.
1 Primary empirical research and reviews of primary empirical research.
1 Comparison of kidney function estimation equations for drug dosing.
1 Comparison of kidney function estimation equations for prescribing for the
older patient.
Exclusion
9 Opinion or discussion articles.
1 Comparison of equations for CKD, research or any other reason other than

prescribing.

2.6.4 Hierarchy of evidence and appraisal
The OCEBMLevel s of Evidence (2011) question 06is the

best with the Key review area 2 aim to assess which kidney function estimation should
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be used to inform prescribing decisions. The
greatest confidence in t hSystematiordviewofsrgss-woul d t
sectional studies with consistently applied reference standard and blindingd Table 10

lists the hierarchy of evidence developed for key review area 2 based on the OCEBM

Levels of Evidence. A grade 6b6é has been add
the ideal, for example where a systematic review has not clarified or considered

blinding.

As this search was looking for evidence to compare equations for prescribing, studies
looking at patient outcomes would be the best test of whether an equation for
estimating kidney function was effective. Studies on outcomes were searched for
initially but, as this was a scoping review, the search criteria were left open to capture
all relevant studies to give an overview of the evidence on kidney function estimation

equations when prescribing for older people.

hierarchy of .

evidence description
Level 1 Systematic review of cross-sectional studies with consistently applied reference standard and blinding
Level 1b Systematic review of cross-sectional studies with consistently applied reference standard but blinding not considered
Level 1c Systematic review but use of mathematical calculation for comparison rather than in-vivo study
Level 1d Narrative review, unclear method of study selection
Level 2 Individual cross-sectional studies with consistently applied reference standard and blinding
Level 2b Individual descriptive studies with consistently applied reference standard (clinical outcomes) to compare equations
Level 2¢c Individual descriptive studies with consistently applied reference standard (drug blood levels) to compare equations
Level 2d Individual descriptive studies with consistently applied reference standard (drug effect marker) to compare equations
Level 2e Individual descriptive studies with consistently applied reference standard (kidney function marker) to compare equations
Level 3 Non-consecutive studies, or studies without consistently applied reference standards
Level 4 Case-control studies, or poor or non-independent reference standard
Level 5 Mechanism-based reasoning

Table 10: Hi erarchy of evidence table for key re
testaccurate?d0 t o i nform pr es davelapéedrirgm theeQCEBM o n s ,

Levels of Evidence.

The issues considered when appraising the report of a cross-sectional study were

whether the results of the study were valid, what were the results, and would the

results help locally in UK primary care? To
Appraisal of a 8GdenteéyEridenoe Bdsed Managementhvas

used. For other study designs,the CASP 6 Study checklistsd infor

Studies were assessed and only included where the focus, methods, recruitment and
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sampling, valid and reliable objective measurements used, and outcomes were clearly

defined, relevant and appropriate to the research question.

2.6.5 Collation and appraisal

2.6.5.1 UK national guidelines
Since 2005 when the first CKD guidelines were published (Joint Specialty Committee
for Renal disease of the Royal College of Physicians of London and the Renal
Association, 2005), and continued in the most recent NICE CKD guideline (NICE
CG182, 2014), it is recommended that kidney function is estimated using eGFR
calculated using the MDRD equation. The eGFR is now reported by pathology
laboratories in the UK, making it a readily available estimate of kidney function.
However, as discussed in Chapter 1 (1.2.3.1) the pharmaceutical companies have
historically used creatinine clearance as calculated using the Cockcroft Gault equation
for their dosing recommendations in the SPCs. The UK Renal Pharmacy Group in
2006 stated that Cockcroft Gault should remain the gold standard when adjusting drug
dosestoan i ndividual 6aGFRshaukl roybe tisechta adjusbdnug
doses (Devaney et al, 2006).

The NICE guidelines do not discuss use of eGFR for prescribing, or specifically in the
older population. The Scottish Intercollegiate Guidelines Network (SIGN) CKD
guidelines (2008) discuss the fact that only 3 out of 14 studies cited found that CrClI-
CG was more accurate, but that these studies looked at older patients; they also state

that the MDRD equation is not validated for older people.

The BNF quotes the | evels of kidney function for
figures are those from the drug companies that have used Cockcroft Gault creatinine

clearance.

International and national guidelines for prescribing in RKF will be discussed further in

section 0.

2.6.5.2 Description of studies
Forty-one relevant studies were found from the database searches (Figure 9)
investigating how kidney function should be estimated when prescribing, particularly
for older people. Table 11 lists the included studies in order of the level of evidence

they provide.

unt i | e GFR was intr oduc-E@wasthe onhkanegfanctiory 20006s Cr C
estimate used, so all the studies found were published no earlier than 2004 when the

guestions first started to be raised about whether the new equation was appropriate for
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drug dosing. Over half the studies found were published in the last 5 years suggesting

an increased awareness and guestioning of the issues.

Screened by Medline Embase Psychinfo CINAHL ng of Cochrane
title Science DARE
9,731 578 3 82 512 0
Screened by

abstract, and
de-duplicated

41

Figure 9: Number of studies identified for key review area 2.

The studies found were from a wide spread of countries, although most were from the
USA (21) where eGFR was first introduced. Fifteen of the studies were from Europe, 3
of which were UK based. There is much discussion in the literature on the different
creatinine assay methods and the effects that might have on the equation use and
accuracy. This might mean that it is difficult to compare studies from different
countries, however, if there is good evidence from many different countries, it lends

confidence in the generalisability of the findings.

Nearly half the studies included focussed specifically on the effect for older people,
although the age thresholds varied with G865/ 70/ 75/ 80 years being used.

2.6.5.3 Heterogeneity
Studies included showed wide variation in study design, kidney function measurement,
estimation and analysis, which equations investigated, what drugs or reference
markers, and different healthcare settings. There was also a lack of consistency in the
reporting of outcome measures. As a consequence, it is inappropriate to make direct
comparisons, or pool data, but by grouping according to outcome measures it has
allowed independent comparison. The outcomes for the kidney function equation

review are ordered in relation to level of evidence in comparing equations.
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hierarchy
S of .
rincipal . . articipant .
princip evidence year country study type setting particip drugs/ reference studied outcomes
author number
(based on
OCEBM)
Hellou Level 1b 2010  Erance literature review 27 studies CG was safer and less biased than MDRD in an older population in the 1 most relevant study found
(Lamb et al, 2005).
There are substantial mathematical differences inherent in the prediction equations that make any
Spruill Level 1c 2008 USA literature review 28 studies clinical comparison difficult; the decline in kidney function with age is expressed linearly with CG
and exponentially with MDRD.
Substantial discrepancies exist in estimates of kidney function in the elderly, and that dosing
Hudson Level 1d 2011 USA literature review 10 studies regimens for most currently available drugs are based on pharmacokinetic studies that use
creatinine clearance.
Nyman Level 1d 2011 USA literature review The available evidence did not support substitution of CG with MDRD for drug dosing purposes.
Corsonello  Level 2b 2012 ltaly retrospective survey hospital 10,442 older patients CKD-EPI-based estimates out-performed CG, and particularly MDRD-based estimates as a
predictor of ADRs with hydrosoluble drugs.
. . . . . Older patients with reduced kidney function were more likely to need a follow up course of an
Howard Level 2b 2013 UK cross-sectional surve: rimary care 37 older people taking nitrofurantoin - PSR X .
W v ! urvey primary peop ing nitrotu ' alternative antibiotic if MDRD was used to calculate the kidney function.
Melloni Level 2b 2008 USA retrospective survey hospital 46,942 Anticoagulant GP IIb/Illa inhibitors MDRD. identified fewer patients for dose adjustment and increased the likelinood of dose-
associated bleeding.
: New retrospective . - CG was associated with the highest percentage equation result within 30% of the reference
Chin Level 2¢ 2013 Zealand pharmacokinetic analysis hospital 240 gentamicin clearance gentamicin marker: 69%, adjusted p<0.001 compared with MDRD, and p=0.001 with CKD-EPI).
Glatard Level 2¢ 2015  France pharmacokinetic analysis  hospital 78 vancomycin clearance The use of an equation different from that used in the original dosing studies could significantly alter
predictive performance.
Australia & MDRD overestimated kidney function as age increased (29% and up to 69%) and CG
Roberts Level 2¢c 2009 Denmark pharmacokinetic analysis  hospital 68 gentamicin clearance underestimated kidney function, though this was of a smaller magnitude (10%), consistent across
age.
retrospective . . X
Ryzner Level 2¢c 2010 USA - . hospital 55 gentamicin clearance CG was found to have a better agreement with actual drug clearance than MDRD.
pharmacokinetic analysis
Dufour Level 2d 2012 France prospective survey hospital 92 enoxaparin CG equation was able to predict the risk of higher anti-Xa levels, whilst MDRD did not
" . . - CG gave a better prediction for measured creatinine clearance than MDRD, the result within 30%
Chauvelier  Level 2e 2012 France prospective cohort hospital 157 measured creatinine clearance of the reference were 63% for CG and 37% for MDRD.
. . ! - MDRD and CKD-EPI equations significantly overestimated measured creatinine clearance in
Dowling Level 2e 2013 USA cross-sectional survey primary care 269 measured creatinine clearance S . a g y X
elderly individuals which would lead to dose calculation errors for many drugs.
Pequinot Level 2e 2009 France prospective cohort hospital 121 measured creatinine clearance ce sIlghtIyAur?derestlmates creatlnlpg cleaerance, and MDRD strongly overestimates it. CG gave a
better prediction of measured creatinine clearance than MDRD
Rimon Level 2e 2004 Israel prospective cohort hospital 154 measured creatinine clearance Found no equations to be accurate.
- . iodine-1257iioth - . .
Stevens Level 2e 2009 USA pharmacokinetic analysis 5,504 clearance Conclude that MDRD can be used for pharmacokinetic studies and drug dosage adjustments.
Denetclaw Level 4 2011 USA case report hospital 2 taking dofetilde For an 83 year old wqman, anq a.92 .year old man, calculations with MDRD caused significant
increases in the QTc interval, indicating an adverse effect on the heart.
Cabello- Level 5 2015 Spain cross-sectional survey hospital 222 nephrotoxic drugs 145 (65%) dose would have been different (CG lower).

Muriel
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nursing home 177 NH " . . .

Corsonello Level 5 2011 ltaly survey hospital 4389 hosp general CG different to MDRD/CKD-EPI in up to a 1/3 of patients.
Daniel Level 5 2011 USA retrospective survey hospital 495 general CG most appropriate for drug dosing.
Dowling Level 5 2009 USA correspondance Using |0d|ne.—125||_0thalamate urinary clearanc

was what was used to derive the equation.
Farnier Level 5 2013 USA prospective survey hospital 249 general Use of MDRD or CKD-EPI would give an overdose in 20-25% of older patients.
Gill Level 5 2007 Canada cross-sectional survey care home 180 digoxin and amantadine MDRD 20% fewer patients would have qualified for a dose reduction.
Golik Level5 2008 USA prospective survey hospital 207 general :]estlggglcant difference in drug dosing regimens between the MDRD method and the Cockcroft Gault

o - ; — - o ;

Hanlon Level 5 2011 USA longitudinal survey nursing home 1,304 general 11.89 @_patlems via CG and only 5.98% wg MDRD had evidence of potentially inappropriate

prescribing of at least 1 renally cleared medication.
Helldén Level 5 2013 Sweden retrospective survey primary care 790 dabigatrin, gabapentin,valaciclovir MDRD would result in higher doses.
Hermsen Level 5 2009 USA retrospective survey hospital 372 antimicrobials 40% would get different doses.
Huang Level 5 2014 USA cross-sectional survey hospital 356 metformin MDRD higher odds of inappropriate dose.

allopurinol, enoxaparin,
Hudson Level 5 2014 USA retrospective survey hospital 4,160 gabapentin, piperacilin/ MDRD and CKD-EPI give higher KF estimates than CG.
tazobactam and
sulfamethoxazole/trimethoprim
) hospital & ) ]
Laroche Level 5 2006  France retrospective suvey . 2,765 general Clearance values higher with MDRD.
primary care

Lessard Level 5 2013 USA retrospective survey primary care general Only 59.6% of patients would have been recommended the same dose.
McCallum Level5 2013 UK cross-sectional survey primary care 4120 NOACS MDRD would mean many elda_arly patients with AF would either incorrectly become eligible for a

NOAC or would receive too high a dose.
Moranville Level 5 2009 ltaly retrospective survey hospital 4,698 general Total dosing errors for MDRD ranged from 9.8% to 18.2%, depending on the medication (p < 0.01).
Norris Level 5 2009 Canada retrospective survey care home 538 oseltamivir MDRD would have meant no dose changes.
Nyman Level5 2015 USA prospective cohort hospital 6.881 general gl(lsmcally and statistically significant differences in estimated GFR were found for CKD-EPI versus
Park Level 5 2012 USA cross-sectional FDA 36 drugs multiple Using MDRD in place of CG for dosage modification yielded higher dosing recommendations.
Roblin Level 5 2009 France prospective cohort hospital 140 general CG was 61 mL/min vs. 78 ml/min/1.73 m? for MDRD (p<0.0001).
Wargo Level 5 2006 USA survey hospital 409 antimicrobials Different doses in 21-37% of patients.
Wargo Level 5 2010 USA survey hospital 409 antimicrobials A discordance rate of 15-25%.

] N - : ; - ] o

Wood Level 5 2011 UK cross-sectional survey primary care 504 665 years 28.7% had a kidney function level of <30ml/min calculated using CrCI-CG but only 6.6% with

MDRD.

Abbreviations: CrCl: creatinine clearance; CG: Cockcroft Gault; CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration equation; MDRD: Modification of Diet in Renal Disease equation; NOAC: Novel oral anticoagulant.

Table 11: Studies found for scoping review area 2, listed in order of level of evidence.
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2.6.5.4 Methodological quality
More than half the studies f olasedreiars otnhing d0sear ch
(Level 5, see Table 11) in that they investigated a potential risk by calculating the
different kidney function estimation equations and commenting on the degree to which
they differ and would alter prescribing decisions. This is useful to highlight the potential
problem, particularly for older people, and has been assessed for many different drugs
and healthcare settings in the 23 studies. Better quality of evidence, that would provide
greater confidence in the need to change practice, would be well designed studies to
show whether any difference in the equation results would affect clinical outcomes, or
which equation gives a better indication on the effect of kidney function on blood
levels. Thirteen studieswerec | assi fied as OLevel 26

1 3 studies looked at clinical outcomes which would give the greatest confidence
in what is the best estimate to reduce the risk of harm for patients (Level 2b).

1 4 studies looked at the effect on drug levels which would be the next best
indicator as a high drug level would be an increased risk of ADR (Level 2c).

1 6 made comparisons with measured creatinine or in-vitro markers which are
not directly linked to risk of harm but have been shown to be an indicator
(Levels 2d & 2e).

The included studies used objective and validated measurements and outcomes with
analyses such as linear regression analysis and analysis of variance to investigate

correlation and account for confounding factors.

No good published Level 1 systematic review evidence was found of the use of kidney

function estimation for prescribing decisions.

2.6.5.5 Outcomes: Level 1 evidence - reviews

Four reviews were found that aimed to explore differences between the historically
used CrCI-CG and the now widely reported eGFR for prescribing decisions, and/or use
for estimating the kidney function of older people. Helou (2010) reviewed 27 studies,
included if they used a gold standard glomerular filtration rate measure. This review
did not assess use for prescribing, but did look at older people as a defined group. A
systematic method was described, performance and bias measures discussed, but
issues of blinding were not considered. The sample populations varied considerably,

so they did not pool the data, but stratified to gather homogenous samples based on

patient characteristics, i naitMDBRBDwagmoteger i atri cso.

precise, safe and accurate than CrCI-CG in predicting the glomerular filtration rate
except in CKD patients with normal serum creatinine, where CrCI-CG was 6cl earl vy

s u p e rThreerstadies were identified investigating the equation use in the older

W
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patient, and one further study that allowed extraction of an older age sub-group.
However, they identified weaknesses with all but one study (Lamb et al, 2005) which
found that CrCI-CG was safer and less biased than MDRD in their study population
(age range 69-92 years, mean 80+5). The author comments that the success of the
Cockcroft Gault equation is not due to the original development study itself, which
contained several weaknesses, but to its validation in several later studies compared

to both measured CrCl values and reference GFR measurement methods.

Spruill et al (2008) identified 28 studies in their review to make mathematical
comparisons between the equations. They discuss that there are substantial
mathematical differences inherent in the prediction equations that make any clinical
comparison difficult; the decline in kidney function with age is expressed linearly with
CrCI-CG and exponentially with MDRD. None of the articles identified found that the
use of the MDRD equation in the older person was better than the Cockcroft Gault
equation for estimating renal drug elimination. The authors conclude that, although
MDRD may be useful for estimating glomerular filtration rate, CrCI-CG should still be

used for drug adjustments.

Two narrative reviews were found on estimating glomerular filtration rate for drug
dosing, and considering older patients as a special population in this field. Both were
not systematic reviews, and the method for study selection was not given. The
Nephrology Practice and Research Network of the American College of Clinical
Pharmacy (Nyman et al, 2011) reviewed the evidence comparing kidney function
estimation equations. They concluded that the available evidence did not support
substitution of CrCI-CG with MDRD for drug dosing purposes. Hudson & Nyman
(2011) highlight that substantial discrepancies exist in estimates of kidney function in
the elderly, and that dosing regimens for most currently available drugs are based on
pharmacokinetic studies that use creatinine clearance estimated by Cockcroft Gault as

the measure of kidney function.

2.6.5.6 Outcomes: use of patient based clinical outcomes to compare
equations
Use of clinical outcomes to test the validity of the kidney function estimates for
prescribing decisions, and for older people, would provide evidence of what actual
harm might be caused. Four studies were found that investigated patient based clinical
outcomes. Two were high quality, large trials. The other two were one case study
report and a small single practice pilot study that give an indication of other possible

differences in patient outcomes with use of the different equations.
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Melloni et al (2008), surveyed patient records on a registry of those admitted for non-
ST-segment elevation acute coronary syndromes, and whether the kidney function
estimation equation used would inform the dosing of injected anticoagulants
(glycoprotein-lib-lla-inhibitors e.g. eptifibitide, or low molecular weight heparins e.g.
enoxaparin). There was a linear relationship between glomerular filtration rate and risk
of bleeding. The sample of 46,942 patients only needed 5.5% to be excluded for the
final analysis because of key variables not being available (such as SrCr, age, weight).
Objective validated measurements and outcomes were clearly defined and there was
a detailed analysis of possible confounding factors such as race, diabetes, or prior
myocardial infarction. Major bleeding events were more frequent in individuals who
received doses of glycoprotein-llb-lla-inhibitors as assessed by the MDRD equation
versus CrCI-CG (21.8% vs 17.8%; odds ratios MDRD 1.57 [95%CI: 1.35-1.84], CrClI-
CG 1.31 [95%CI: 1.12-1.54]). MDRD identified fewer patients for dose adjustment and
increased the likelihood of dose-associated bleeding. From a safety perspective, the
authors state that their results support current recommendations for use of the CrCl-

CG formula for antithrombotic dosing in an acute coronary syndrome population.

Corsonello et al (2011) surveyed data from a large collaborative observational study
group 6The Italian Group of Pharmacoepidemiology
surveys drug consumption and occurrences of ADRs. Records for 17,186 patients,
mean age 70.2 £14.9 years, were reviewed. In this study 39% needed to be excluded
because variables were not available, which is a limitation of this design. The 6,744
patients excluded were significantly older (age >80 years 40.1% vs 28.8%, p<0.001),
more likely to be female, and have functional and cognitive impairment, which might
impact on the results of this study. In the 10,442 hospitalised patients CKD-EPI-based
estimates out-performed CrCI-CG, and particularly MDRD-based estimates as a
predictor of ADRs with hydrosoluble drugs. They state that this study shows there is a
difference, but that it does not prove use of any of the equations would lead to a

reduction in ADRs, but that it strengthens the need for a formal trial.

Two case studies of older patients have been reported where the USA antiarrhythmic
agent dofetilde dose calculations with MDRD, as opposed to CrCI-CG caused
significant increases in the QTc interval, indicating an adverse effect on the heart
(Denetclaw and Dowling, 2011). A small pilot audit on the effectiveness of
nitrofurantoin suggested that older patients with reduced kidney function were more
likely to need a follow up course of an alternative antibiotic if MDRD was used to
calculate the kidney function (Howard & Wood, 2012). The records of 37 older patients

who had had a course of nitrofurantoin at one GP practice were reviewed. Where CrCl
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was >60ml/min, 15 were reviewed and none needed further antibiotics or had any
record of still being symptomatic; for the 22 with CrCl <60ml/min 18 had further
antibiotics or were recorded as still symptomatic. Only 7 of the latter group had an

eGFR <60 ml/min/1.73m? so many would have been missed.

2.6.5.7 Outcomes: Use of drug levels to compare equations
Drug levels are used in healthcare to indicate whether effective levels have been
reached, or risk of ADR if levels are too high. Use of drug levels is therefore a good

indicator for comparison of kidney function estimation equations.

Gentamicin

Three studies have used gentamicin as a marker for comparison of the equations.
Gentamicin is a highly water-soluble antibiotic that undergoes complete renal excretion
via filtration so it is well suited as a marker of kidney function, and there is standard
pharmacokinetic monitoring. Roberts et al (2009) studied the gentamicin clearance for
68 patients in 2 hospitals. They describe objective and validated measurements and
outcomes with linear regression analysis and analysis of variance to investigate
correlation and account for confounding factors. They found that MDRD overestimated
kidney function as age increased (29% and up to 69%) and CrCI-CG underestimated
kidney function, though this was of a smaller magnitude (10%), consistent across age,
and thus the CrCI-CG is better suited for dose calculation, especially for older people;

age significantly influenced MDRD overestimation in their population (p = 0.037).

Ryzner (2010) did a retrospective review of patients receiving aminoglycoside therapy

(e.g. gentamicin). Fifty-five patients were identified on a hospital internal pharmacy

database. CrCI-CG was found to have a better agreement with actual drug clearance

than MDRD. The concordance correlation coefficient was 0.53 (0.18-0.88) for CrCI-CG
and041(0.04-0. 78) for MDRD, and this was agreed w
(0.76 for CrCI-CG, and 0.65 for MDRD). Subgroup analysis showed highest

correlations for the CrCI-CG equation was for >65 year olds, females, and African

Americans.

Chin et al (2013) reviewed data for 240 patients on a gentamicin dosing database.
They found that CrCI-CG was associated with the highest percentage equation result
within 30% of the reference gentamicin marker: 69%, adjusted p<0.001 compared with
MDRD, and p=0.001 with CKD-EPI. CKD-EPI performed better when adjusted for
body surface area, but that is not done in practice. The authors state that their study

adds to the evidence base for using CrCI-CG for drug dosing.
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Vancomycin

The rate of elimination of vancomycin is directly related to creatinine clearance.
Glatard et al (2015) compared the abilities of different kidney function estimation
equations to describe vancomycin pharmacokinetics in 78 elderly patients. Their
analyses showed considerable variation for the different estimation equations and they
conclude that the use of an equation different from that used in the original dosing

studies could significantly alter predictive performance.

2.6.5.8 Outcomes: use of a drug effect marker to compare equations
Older people have an increased risk of low molecular weight heparin accumulation
leading to an increased bleeding risk from raised @nti-Xablevels. In 92 consecutive
hospitalised patients older than 65 years receiving prophylactic enoxaparin treatment,
the CrCI-CG equation was able to predict the risk of higher anti-Xa levels, whilst
MDRD did not (Dufour et al, 2012). A significant correlation was observed between
anti-Xa activity and glomerular filtration rate estimated with the CrCI-CG (r=0.43; p
=0.0002), but no significant association between anti-Xa levels and MDRD estimated

glomerular filtration rate (p=0.33) was observed.

2.6.5.9 Outcomes: use of kidney function markers to compare
equations

Comparison with measured creatinine clearance
When comparing results using kidney function estimation equations with measured
creatinine clearance, 3 of the 4 studies looking at the effect in older people found that
MDRD was least effective. Pequignot et al (2009) compared the MDRD and CrCI-CG
formulae with 24hr urine creatinine for 121 consecutive patients aged over 70 years;
they concluded that in elderly hospitalised patients, CrCI-CG slightly underestimates
creatinine clearance, and MDRD strongly overestimates it. CrCI-CG gave a better
prediction of measured creatinine clearance than MDRD. Dowling et al (2013) report a
cross-sectional analysis of data from 269 community-dwelling volunteers (mean age
81 %6 years) randomly selected from the Baltimore Longitudinal Study of Aging. They
found the MDRD and CKD-EPI equations significantly overestimated measured
creatinine clearance in elderly individuals which would lead to dose calculation errors
for many drugs. Chauvelier et al (2012) conducted a prospective, cross-sectional,
observational study in four hospital geriatric wards, and recruited 157 consecutive
patients admitted to the wards who were aged >75 years and had an indwelling urinary
catheter. They too found CrCI-CG gave a better prediction for measured creatinine
clearance than MDRD, the result within 30% of the reference were 63% for CrCI-CG

and 37% for MDRD. Rimon et al (2004) found no equations to be accurate in their



83

prospectve, observational study of 8Dfecdrswito nsecut i\
urinary catheters, admitted over a 12-month period to the acute geriatric ward,
although their threshold was set at + 10% from measured creatinine clearance which

is lower than other studies.

Comparison with chemical markers

Stevens et al (2009) is frequently quoted as having the largest study population to
compare drug dosing recommendations based on measured glomerular filtration rate
and kidney function estimating equations. They used a pooled data set of 5,504
patients from 6 studies and 4 clinical populations, and they concluded that MDRD can
be used for pharmacokinetic studies and drug dosage adjustments. However, the
mean population age was 47 years and so there cannot be confidence that this finding
is applicable to an older population. Comments on this study by Hudson & Nyman
(2011) highlight that the reference was to measured iodine-125i iothalamate
glomerular filtration rate, which is different to how drug pharmacokinetic studies are
done, making comparisons less valid. Dowling et al (2009) points out that using
iodine-125i iothalamate urinary clearance as a reference inherently favours MDRD as

that was what was used to derive the equation.

Froissart et al (2005) used renal clearance of the marker *chromium edetic acid
(*!CreEDTA), which is not metabolized and is excreted solely by the kidney, to compare
using either the CrCI-CG equation or the MDRD formula in a cohort of 2,095 adult
Europeans. Their conclusions were based on staging kidney disease, not drug dosing,
but they did state that MDRD was more precise and accurate except for women aged
@65 years with low kidney function.

2.6.5.10 Outcomes: comparison of the effect of equation choice by

calculation
The difference in dosing resulting from calculations using the different equations has

been reported on in many studies. This6 me c halmadassemd reasoning6é has
classified as OLevel 56 in the OCEBM Levels
Based Medicine, 2011) and the 23 studies found are listed in Table 11as 6 L eAll e | 56.
these studies suggest that there would be a significant difference in the dose of drugs,

or use of drugs, depending on whether eGFR (calculated using MDRD) or CrCI-CG

has been used. The largest prospective cohort study (n=6,881) found clinically and

statistically significant differences for CKD-EPI versus CrCI-CG (Nyman et al, 2015),

and a retrospective study (n=4,698) found total dosing errors for MDRD ranged from

9.8% to 18.2%, depending on the medication (p < 0.01) (Moranville, 2009). In the case

note review (Chapter 1) 28.7% had a kidney function level of <30ml/min calculated
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using CrCI-CG but only 6.6% with MDRD. However, the study designs do not include
any reference markers or outcomes to see if there are actually any differences on the

effect of the drug for patients, or ADRs caused.

2.6.5.11 The need to use estimation equations not serum creatinine
Several studies have shown that older people can have significantly low kidney
functi on ndbaamil tbe sanimdlenel (Br€re Rot example, in a prospective
assessment of 2,781 people referred for a SrCr level in Canada, 91.4% were normal
but for 12.6% of those aged 60-69year s Cr ClI was O50ml / min, and 47. 3%
aged 70 years and older (Duncan et al, 2001). Also in Canada, a look back at out-
patients found that just 15 of the 55 people with severe renal failure had been referred
to nephrology because only SrCr had been assessed (Swedko et al, 2003). Gianelli et
al (2007) compared SrCr to measured CrCland 25% 0f t hos e yeagwitha O6 5
normal SrCr had a measured CrCl of <60ml/min, and Malyszko et al (2011) found that
t hose a geams ha®® significantly lower kidney function compared to younger

people despite identical SrCr.

2.6.5.12 Drugs implicated
The range of studies found highlight that prescribing decisions for many drugs would
be affected by which equation is used; examples include gabapentin, antibiotics, and

anticoagulants (Hudson and Nyman, 2011; Melloni et al, 2008; McCallum et al, 2013).

2.6.6 Summary
Only two good quality outcome studies were found that would give the most valid
measure of effect for patients, and they were for specific drugs only. However, drug
blood level studies, and chemical marker studies, using different drugs and methods,
show that the Cockcroft Gault calculation should still be used for drug dosing decisions
and, in particular for the older patient because the MDRD equation is likely to
overestimate the kidney function level. The theoretical calculation studies suggest that
a wide range of drugs would be affected by the choice of estimation equation used for

prescribing decisions.
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2.7 Key review area 31 evidence on the risks of prescribing

in reduced kidney function

2.7.1 Research question for key review area 3
What are the risks to the older person in primary care of not following the

recommendations for prescribing in reduced kidney function?

2.7.2 Identification of relevant studies- search criteria

The search categories were ORenal iDnpairment
®rimaryCare 6 ( s e e AQ forehe dubject hgadings and key words for each

search category). The search term O6reviewd w

any relevant review papers.

2.7.3 Study selection T inclusion/exclusion criteria
Study selection from the search results were based on the following criteria. Although
the research question is focussed on primary care, other healthcare settings were

included for comparison.

Inclusion
1 English language.
1 Primary empirical research and reviews of primary empirical research.
9 Intervention or outcome relating to assessment risks associated with not
applying the prescribing recommendations in reduced kidney function.
Exclusion

1 Opinion or discussion articles.

2.7.4 Hierarchy of evidence and appraisal
The research question asked o6what are the ri
risk of harm is from drugs with a known ADR
problemé of ADRs when kidneyntfu.rOCEBMiaevels s not
of Evidence (2011) would then give the O6Leve
random sample surveys (or censuses)oO6, where,
hospital admission. Some ADR effects may need to be studied over time, for example

mortality, where a longitudinal study would be required. If good level 1 evidence is not
found then studies of lower level relevance, and non-local evidence, would give an

insight into whether further research is needed. Table 12 lists the hierarchy of

evidence developed for key review area 3 based on the OCEBM Levels of Evidence.
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The issues considered when appraising the report of a descriptive survey were

whether the results of the study were valid, what were the results, and would the

resul
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Studies were assessed and only included where the focus, methods, recruitment and

sampling, valid and reliable objective measurements used, and outcomes were clearly

defined, relevant and appropriate to the research question.

hierarchy of

evidence description

Level 1 Local and current random sample surveys (or censuses)

Levellb Local random sample surveys (or censuses) - not current/ not primary care

Level 2 Systematic review of surveys that allow matching to local circumstances

Level 2b Systematic review of surveys that allow matching to local circumstances - not current/ low quality for primary care
Level 3 Local non-random sample

Level 4 Local case series

Non-local level 1

Non-local and current random sample surveys (or censuses)

Non-local level 1b

Non-local random sample surveys (or censuses) - not current/ not primary care

Non-local level 3

Non-local non-random sample

Non-local level 3b

Non-local non-random sample - not current/ not primary care/ very different population

Non-local level 4

Non-local case series

Non-local level 4b

Non-local case series - not current/ not primary care

Table 12: Hierarchy of evidence table for key review area 3

6how

pr obl édewélaped from the OCEBM Levels of Evidence.

common

As this search was looking for evidence of the risks of not following the prescribing

recommendations for RKF, a prospective investigation would give more precise

estimates of the relative risk of the outcome based on exposure, and have fewer

potential sources of bias and confounding than retrospective studies. However, where

a risk might be small, the large numbers needed might require a retrospective design

to make it feasible. The search criteria were left open to capture all relevant studies.

2.7.5 Collation and appraisal

2.7.5.1 Description of studies

Thirty-two relevant papers were found from the database searches (Figure 10) on the

risks to patients if prescribing in reduced kidney function does not follow the

recommendations. Table 13 lists the included studies in order of the level of evidence

they provide.

ADRs resulting from inappropriate prescribing in RKF seems to have been recognised

in the literature from the 1990s, with studies found dating from that time. Most of the
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studies found come from the early 2000s onwards suggesting an increased awareness

and enquiry into the risks of drugs when kidney function is reduced.

Medline Embase Psychinfo CINAHL Web of Cochrane
Science DARE

5,083 10,696 28 1,261 394 0

Screened by
title

Screened by
abstract, and
de-duplicated

32

Figure 10: Number of studies identified for key review area 3

The OCEBM Levels of Evidence state that local evidence is best to understand how
common a problem might be (Oxford Centre for Evidence-Based Medicine, 2011), but
only three studies were identified from the UK, and all were drug specific (NSAIDs,
heparin, and nitrofurantoin). There were no geographical limits put on the scoping
review searches and most studies were based in countries that might be considered to
have similar populations to the UK, although the healthcare systems may be different,
for example the USA (x7), Australia (x2), and Western Europe (x13) (see Table 13).
Seven studies were from differing populations, and were all hospital based, Taiwan
(Chen et al, 2014), Israel (Zaidenstein et al, 2002), India (Cestalino et al, 2011; Joshua
et al, 2007), Malaysia (Hassan et al, 2011), and 2 from Dubai (both Sharif-Askari et al,
2014). These studies, that report a wide range of ADRs related to prescribing in RKF,

suggest it should be recognised as a multi-national problem.

Only six studies found were based in primary care, one in the UK. Three further
studies looked at ADRs on admission which were most likely to have originated in
primary care, one of which was UK based focussing on NSAIDs as a cause of
hospitalisation (Evans et al, 1995). The prescribing systems and procedures are
different to those in hospitals, including advanced computerised patient record
systems used in UK primary care that might mean different findings to hospital based

studies.



88

hierarchy of

rincipal ’ . articipant .
princip evidence (based on year country study type setting particip participant type outcomes
author number
OCEBM)
Evans Level 1b 1995 UK case control hOSp.Ital. 207 admission with AKI Recent exposure to NSAIDS and prt.avpus ‘exposure to aspirin were
admission independently associated with hospitalisation for AKI.
Marcum Level 2b 2011 USA narratlve literature anti-hypertensives The most commonlADRs associated Wllth antlhyper_tenswe use in CKD
review include hyperkalemia, AKI, and orthostatic hypotension.
cross-sectional older people takin Older patients with reduced kidney function were more likely to need a
Howard Level 3 2013 UK primary care 37 ' people taking follow up course of an alternative antibiotic if they had RKF and
survey nitrofurantoin ; ) .
nitrofurantoin was prescribed.
Farooq Level 3 2004 UK case-note review  hospital 10 on heparin 8% ADR rate found related to use of drugs in RKF
— o - -
Breton Non-local Level 1 2011 France prospective cohort primary care 8,701 #p5 years Mortality ' ncreased_by 40% for older people on drugs inappropriate for
level of kidney funciton.
cross-sectional . . - - . .
Borchelt Non-local Level 1 1994  Germany survey primary care 336 O70 year s 258% had a definite and specific ADR, related to kidney function.
Adams Non-local Level 1 2011  Australia longitudinal survey primary care 357 general population 30.8% on NSAIDs had Stage 3 or higher CKD.
Helldén Non-local Level 1 2009  Sweden retrospective hosp'ltall 154 %65 years 11.1/0 of hospital admissions were prlma'nly caused.by ADRs and one:
survey admission third of these were related to impaired kidney function.
retrospective . had a course of Risk of pulmonary adverse events leading to hospitalisation was
Geerts Non-local Level 1 2013 Netherlands cohort primary care 21,317 nitrofurantoin significantly increased (HR 4.1, 95 % CI 1.31-13.09).
Handler Non-local Level 1 2014 USA retrospective nursing home 249 nursing home resident with ~ AKl alerts fqr 249 patients still led to 70 cases of kidney injury and 44
survey AKl alert cases of failure
Chen Non-local Level 1b 2014  Taiwan case control hospital 295 65 years Increased concentration of serum creatllnlr_le was an independent risk
factor for an ADR caused hospital admission.
cross-sectional . *#65 years registered for RKF is associated with ADR at hospital admission (odds ratio [OR] =
Caamano Non-local Level 1b 2005  ltaly survey hospital 19,070 home care 1.76: 95% Cl: 1.4112.55) .
O'Connor Non-local Level 1b 2012 Ireland prospective hospital 513 >65 years 26% of 513 had an ADR, and RKF increased the risk of ADR
Leendertse Non-local Level 1b 2012  Netherlands prospective case- hospital 714 medlcatu_)n-_r elated 10% of admissions were considered to be related to renal impairment.
control admission
} . . . 62% had drug realted problems linked with renal risk drugs, and 26% of
- 2 ,
Blix Non-local Level 1b 2006 Norway prospective survey hospital 201 eGFR<60 ml/min/1.73m the renal risk drugs were associated with DRPs.
Cestac Non-local Level 1b 2003  France prospective survey hospital 334 on heparin 10.5% ADR rate found related to use of drugs in RKF
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Henry Non-local Level 1b 1997  Australia retrospective hosplta! 110 acute admission with raised Assoma'mon found pemgen consumption of NSAIDs and the development
survey admission SrCr of functional renal impairment.
Melloni Non-local Level 1b 2008 USA retrospective hospital 46942 Antlcoa'gulla r.“ GP lib/lia There was an increased risk of bleeding.
survey inhibitors
Corsonello Non-local Level 1b 2012 Italy L?:\([)j;[)ectﬁe hospital 10442 older patients Increased ADRs with hydrosoluble drugs.
Corsonello Non-local Level 1b 2005 Italy retrospective hospital 11,687 ¥65 years Both concealed and overt renal failure were associated with ADR to
cohort hydro-soluble drugs.
Corsonello (2) Non-local Level 1b 2005 ltaly retrospective hospital 2,257 diabetic patients Both concealed and overt renal failure were associated with ADR to
cohort hydro-soluble drugs.
Zaidenstein Non-local Level 3b 2002 Israel prospective survey hospital 496 on CVD drug Higher urea levels (RKF) associated with ADRs
Castelino Non-local Level 3b 2011 India prospective cohort hospital 308 RKF 19% had an ADR on a nephrology ward
0, 0, i i 0,
Hassan Non-local Level 3b 2011 Malaysia prospective cohort hospital 300 CKD 44% ADRs, 2.2'7 % su_spgcted as the cause for admission, and 21.3%
happened during admission
Hug Non-local Level 3b 2009 USA prospective cohort hospital 900 reduced CrCl 10% ADR rate found related to use of drugs in RKF
Schuler Non-local Level 3b 2008  Austria prospective cohort hospital 543 X/5 years 17.8% ADR rate found related to use of drugs in RKF
Sharif-Askari Non-local Level 3b 2014  Dubai prospective cohort hospital 512 stage 3-5 CKD 12.1% ADR rate found related to use of drugs in RKF
Sharif-Askari Non-local Level 3b 2014 Dubai prospective cohort hospital 488 unfractionated hgparln or  Major blegdlng occu.rred in a third of CKD patients who received
enoxaparin enoxaparin or heparin
. retrospective . )
Joshua Non-local Level 3b 2007 India survey hospital 244 ADR on a nephrology ward  17% ADR rate found related to use of drugs in RKF
i Significantly higher risk of death and an over 2 fold increase in major
Fischer Non-local Level 3b 2013 USA retrospective hospital 7,413 Acute coronary syndrome o I . yhg : . 5 v : ! d
cohort on clopidogrel bleeding in eGFR <60 ml/min/1.73m
For an 83 year old woman, and a 92 year old man, calculations with
Denetclaw Non-local level 4b 2011 USA case report hospital 2 taking dofetilde MDRD caused significant increases in the QTc interval, indicating an
adverse effect on the heart.
Lazarou Not classified 1998 USA narrative literature kidney function was a factor rarely reported in the studies sampled and

review

so they could not determine the effect on ADR rate

Abbreviations: ADR: adverse drug reaction; AKI: acute kidney injury; CKD: chronic kidney disease; DRP: drug related problem; MDRD: Modification of Diet in Renal Disease equation; NOAC: Novel oral anticoagulant; NSAID:
non-steroidal anti-inflammatory; RKF: reduced kidney function; SrCr: serum creatinine.

Table 13: Studies found for scoping review area 3, listed in order of level of evidence.
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The research question was to focus on older people, and 9 of the studies had older
participants only. Other studies were included as many discussed that older people
are more likely to have reduced kidney function; also, many studies reported older

mean ages.

2.7.5.2 Heterogeneity
The included studies showed considerable variation in the characteristics of healthcare
settings, patients versus drugs analysed, age thresholds, and kidney function

measurement and estimation differences, similarly as discussed in previous sections.

How renal risk drugs were defined and recognised also varied considerably, with
different reference sources quoted, although many mentioned the BNF as well as their
local reference sources. Some studies looked at ADRs from all drugs affected by RKF,
whilst some focussed specifically on one drug or drug class, e.g. NSAIDs or

anticoagulants.

Definition, recognition and measurement of ADRs and their frequency were also

widely varied. Nine studies describe using the World Health Organisation (WHO)

defintionof ADRas 6éa noxi ous, uni ntended, and undes
occurs at doses in humans for prophylaxis, d
Organisation, 1966). OAdverse drug eventodo (A
resulting from administ eri ng a drugdé (Bates et al, 1993)

administration, although that would not be relevant for this review. One study used
6drreladed-pr obl embd defined by the Pharmaceutical
6an event or vohing drugtherapythat astuallyror potentially interferes
with desired health outcomes6é, which differs
Another study use 6dmedication related proble

classification by Strand et al (1990).

As a consequence of the wide variation, it is inappropriate to make direct comparisons
for the whole set of included studies, or pool data. The studies were therefore grouped
by healthcare setting to allow comparison, and then further organised into ADR type,

for example, mortality, general ADR rate, NSAIDs, and anticoagulants.

2.7.5.3 Methodological quality
Use of the OCEBM hierarchy of evidence levels, and CEBM/CASP appraisal
checklists, reveal only 4 of the studies would be classified as there were just3 6 | o c a |
OUK studi es f o (Tahle 13)aThedrevidw hacno methed reported and
was specific to ADRs associated with antihypertensives among older adults with

chronic kidney disease. The 3 UK studies had a narrow drug focus and so, again,
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would not provide generalisable evidence. However, the evidence from other countries

was classifbpedl asbadahodalLevel 16 in 6 studies, and
mostly where they were hospital based rather than primary care. A further 9 studies

were given al dealel| oefelo Nd& where the study popul a
be similar to UK patients, or where it was not clear that the sampling was randomised

or census.

The longitudinal studies may have attrition bias if not all patients are followed up to the
end, and the retrospective studies may have missing data from selection bias and
information bias where the exposure, record keeping or outcome assessment cannot

be controlled.

2.7.5.4 Risk of harm outcomes: reviews
No reviews were found that looked specifically at the effect of reduced kidney function
on ADR rate.

In Lazarou and Pomeranzés USA review (1998) it was
was a factor rarely reported in the studies sampled and so they could not determine
the effect on ADR rate.

Marcum and Fried (2011) reviewed the literature to describe the potential medication

errors and ADRs associated with antihypertensives among older adults with chronic

kidney disease. Thi s was a narrative review with no method
have reviewed the I|iteratureb6, consequently this
but Level 3 at best. However, it is interesting that they state that few studies have been

published describing ADESs in older adults with CKD, and that there is a paucity of

clinical trial data in older adults with hypertension. They report the most common

ADEs associated with antihypertensive use in this high risk population of older adults

with CKD include hyperkalaemia, acute kidney injury, and orthostatic hypotension.

2.7.5.5 Risk of harm outcomes: local studies based in UK primary care
No studies were found to provide evidence of what the risks are to the older patient of
not following the recommendations for prescribing in reduced kidney function in the UK

primary care.

2.7.5.6 Risk of harm outcomes: primary care based studies in other
countries
Mortality
The high quality French prospective cohort study in primary care by Breton et al (2011)
has been discussed previously regarding its prevalence data (2.5.5.6). This

longitudinal study also aimed to assess any effect on mortality for older people taking
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one or more drugs inappropriate in reduced kidney function. The 6-year mortality was
assessed by active follow-up of all 8,701 participants, with only 8 for whom it remained
unknown. Exposure of older people (865 years) to inappropriate drug use in RKF was
independently related to higher all-cause mortality (hazard ratio 1.4, 95% CI 1.0 1.9)
in participants with eGFR <60ml/min/1.73m?; all-cause mortality was significantly

increased by 40%.

General ADR rate

Borchelt and Horgas (1994) report from the Berlin Aging Study where a representative
sample of the primary care population aged 70 years and older (n=336) were screened
for ADRs, fluid and electrolyte balance, and kidney function. They found 25.8% had a
definite and specific ADR related to level of kidney function. Nursing home residents
(mean age 74.2 years) in the USA were studied by Handler et al (2014) in a
retrospective survey to determine the incidence of drug-associated acute kidney injury
(AKI). They found that 668 AKI alerts for 249 patients still led to 70 cases of kidney
injury and 44 cases of kidney failure. The most common medication classes included

in the AKI alerts were diuretics, ACEIs/ARBs, and antibiotics.

NSAIDs

Non-steroidal anti-inflammatory drugs (NSAIDs) are a common cause of reported
adverse drug side-effects including toxicity to the kidney. Adams et al (2011) analysed
data from 3,206 adults attending first follow-up of the North West Adelaide Health
Study in 2004-2006, a longitudinal representative population study. Objective and
validated measurements were described and Pearson's Chi-square tests determined
significant differences in proportions and multiple logistic regression was used to
examine associations of socio-demographic characteristics with use of NSAIDs. They
found that there was a high prevalence of NSAID use in Australia among groups at-
risk for significant drug-related adverse events: 60.8% had hypertension, 30.8% had
Stage 3 or higher chronic kidney disease, 17.2% had a history of cardiovascular
disease and 20.7% had a > 15% 10-year CVD risk.

Nitrofurantoin

Geerts et al (2013) used a large retrospective cohort study to determine whether
treatment with the antibiotic nitrofurantoin in women with urinary tract infection (UTI)
and renal impairment in primary care is associated with a higher risk of ineffectiveness
and/or serious adverse events than in women without renal impairment. The
secondary outcome in the design of this study was the occurrence of serious adverse
events of nitrofurantoin leading to hospitalisation within 90 days. In the cohort of

21,317 people who had taken nitrofurantoin the overall incidence density for adverse
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events was 0.02 per 1,000 person-days, but in patients with renal impairment (<50
ml/min/1.73 m?) the risk of pulmonary adverse events leading to hospitalisation was
significantly increased (HR 4.1, 95 % CI 1.31-13.09). In the Howard at al (2013) pilot
study discussed in Key review area 2 (1.6.5.6) older patients with RKF were more
likely to need a follow up antibiotic indicating a lack of effect of nitrofurantoin and an

increased risk from the infection.

2.7.5.7 Risk of harm outcomes: hospital admissions
Although these studies are based in hospital, by focussing on admissions the causes

are most likely to have originated in primary care.

Olderpeople( 065 year s) r e glomehealtheate atmtted tetoee i v e
emergency department of a Swedish hospital were studied by Helldén et al (2009) to
look at ADR rate and whether level of kidney function was a factor. This retrospective
cohort study of 154 participants found that 14% of hospital admissions were primarily
caused by ADRs and one-third of these were related to impaired kidney function.
Creatinine clearance was significantly lower in the group with ADRs than those

without. This cohort was more likely to be admitted than the comparison group who
were not registered for homecare; they were older and more fragile. This study
highlights the particular importance of kidney function assessment for very elderly and

frail patients to reduce hospital admission.

In a much larger cross-sectional database study, Caamafio et al (2005) aimed to
identify and to measure the association between socio-demographic factors and the
prevalence of adverse drug reaction at hospital admission in an elderly population in
Italy. They assessed 19,070 admissions and found that 4.3% were diagnosed with an
ADR and that the presence of RKF is associated with ADR at hospital admission (odds
ratio [OR] = 1.76; 95% CI: 1.411 2.55). They used logistic regression to assess the
effect of hepatic and renal diseases, number of diseases, number of drugs used,
albumin index (indicator of nutritional condition) and cognitive function. Other factors
associated with admission were number of drugs consumed (OR = 1.74; 95% CI: 1.47-
2.08) and, to a lesser extent, a low nutritional status (OR = 1.39; 95% CI: 1.17-1.64).

In the Netherlands, 714 medication-related hospital admissions reported in the
prospective multicentre study HARM (Hospital Admissions Related to Medication)
were analysed. The patients (mean age 68 years) were divided into 3 groups based on
the availability of creatinine levels: group A, the home-monitored group (n = 227);

group B, the hospital-monitored group (n = 420); and group C, the unmonitored group
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(n = 67). After adjustment for confounders, 70 admissions (10%) were considered to

be related to renal impairment (Leendertse et al, 2012).

One study was found based in Taiwan where the population and healthcare system is
likely to be different to that of the UK. It also shows that RKF can be a factor in ADRs
leading to admission. This prospective case-control study used logistic regression
analysis to show that increased concentration of serum creatinine was an independent
risk factor in 295 ADRs in older people that led to an emergency department visit
(adjusted OR=1.5; 95% CI: 1.1-2.2); diuretics, analgesics, cardiovascular agents, anti-
diabetic agents and anticoagulants were the medications most commonly associated
with an ADE (Chen et al, 2014).

NSAIDs

NSAIDs are frequently cited as a factor in causing hospital admission. Two case-
control studies highlight that NSAIDS are an important cause of RKF and AKI. Henry
et al (1997) analysed the relationship between recent use of NSAIDs and the presence
of functional renal impairment present at the time of hospitalisation with a range of
clinical problems. In 110 consecutive hospital admissions, with 189 controls, the
association between consumption of NSAIDs (including non-prophylactic aspirin) and
the development of functional renal impairment, adjusted OR, was 6.6 (0.75, 57.8) in

subjects with a previous history of renal disease.

A UK case-control study of patients hospitalised with AKI showed that recent exposure
to NSAIDs and previous expaosure to aspirin were independently associated with
hospitalisation for AKI, with adjusted odds ratios of 2.20 (1.49-3.25) and 2.19 (1.46-
3.30), respectively (Evans et al, 1995). There is an approximate doubling of the risk of
hospitalisation with AKI with use of oral NSAIDs.

2.7.5.8 Risk of harm outcomes: studies based in hospital
ADR rate
ADR rates relating to RKF ranged from 3% to 62% in the fourteen hospital based
studies found. The largest is an earlier retrospective study of the hospital data from the
6l talian Group of Pharmacoepidemiology in th
observational study group to that discussed in 1.6.5.6 on risk of ADRs in RKF and
which equation would be a better predictor (Corsonello et al, 2012). Analysis of 11,687
older people (>65 years) consecutively admitted to the participating centres revealed
that 8% had an ADR during their hospital stay, and a third of those were from hydro-
soluble drugs (Corsonello et al, 2005). The 3 categories studied were grouped

according to creatinine level and eGFR. After adjusting for potential confounders, both
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concealed (OR, 1.61; 95% CI, 1.15-1.25) and overt (OR, 2.02; 95% CI, 1.54-2.65)
renal failure were associated with ADR to hydro-soluble drugs. &é Concepah | e d 6
failure was defined as renal insufficiency despite a normal serum creatinine, as is
more likely for older people because of loss of muscle mass (and consequently lower
production of creatinine). As has been highlighted for many other studies, 5,499 (32%)
of the patients had been excluded, most of whom because a kidney function
estimation was not available, although they were analysed to show that the excluded
patients did not differ otherwise from the study population. The authors found similar
results when they studied 2,257 older diabetics, where RKF is highly prevalent, from
the same GIFA study group where 10% had an ADR during their hospital stay, and
42% of those were to hydrosoluble drugs (Corsonello et al (2), 2005). Multivariable
Cox regression analysis showed that both concealed (hazard ratio = 1.90; 95%
confidence interval, 1.04-3.48; p =.036) and overt (hazard ratio = 2.23; 95%
confidence interval, 1.40-3.55; p =.001) renal failure were significantly associated with

ADR to hydrosoluble drugs.

In the prospective multi-centre design used by Blix et al (2006), fewer participants

were enrolled (827), but only 2.3% needed to be excluded because of kidney function

data not being available, a stren@RPFs) of this desi
linked to the renal risk drugs were found for 62% of the patients with eGFR

<60ml/min/1.73m?, and 26% of the renal risk drugs were associated with DRPs. The

most common drug classes associated with DRPs were antibacterials, antithrombotic

agents, angiotensin-converting enzyme (ACE) inhibitors, opioids and non-steroidal

anti-inflammatory drugs (NSAIDs).

06 C o nenab (R102) prospectively studied 513 acutely ill patients aged >65 years in
a hospital in Ireland; 26% of 513 had an ADR, and RKF increased the risk of ADR
(OR: 1.81, 95% CI: 1.12-2.92). Schuler et al (2008) studied hospital patients aged 75
years and older and found ADEs for 17.8%, half of which had caused the admission to
hospital; renal dysfunction was one of the risk factors found for ADE. In the 90 ADEs
found in 900 USA community hospital patients with RKF exposed to nephrotoxic
drugs, 51% were serious, 4.6% life-threatening and 91% were judged preventable; this
report had a minimal description of the method used, but a comprehensive

presentation of results (Hug, 2009).

Five further studies were found from countries that are likely to have a very different
population, but they have been included to compare whether ADRs from renally
excreted drugs are a problem in other parts of the world. A retrospective study of

inpatients with ADRs (July 2005-June 2006) in a nephrology ward in India found that of
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1,464 case records reviewed, 267 drugs contributed to 294 ADRs. Serious ADRs

accounted for 12% of the total ADRs, including acute renal failure (22%),
hypo/hyperglycaemia (13%), hyper/hypokalaemia (13%), bone marrow suppression

(5%) and hepatic injuries (4%). Three patients died out of the 244 included

participants. Polypharmacy, serious ADRs, multiple ADRs, longer time to recover, and

longer period of hospitalisation were found to be more frequent among the renal

dysfunction group (p < 0.05) (Joshua et al, 2007). In another Indian renal unit study of

308 patients, 1 9% had a &émedi c a(Castelinoetat 20dl).ed eventd

A prospective cohort study of patients on a Malaysian nephrology ward showed a high
rate of 44% ADEs, 22.7% suspected as the cause for admission, and 21.3%
happened during admission. The medication classes most frequently involved in ADEs
were diuretics, antibacterials, drugs used for diabetes mellitus, antithrombotic agents,
mineral supplements and antihypertensive drugs (Hassan et al, 2010). In Dubai,
12.1% of 512 CKD patients experienced an ADR whilst in hospital (Sharif-Askari et al,
2014), and in Israel Zaidenstein et al (2002) found that serious ADEs were developed
by 4% of hospitalised patients taking cardiovascular drugs. Those at highest risk were

older, were receiving multiple drug therapy, and had higher urea levels indicating RKF.

Anticoagulants and antiplatelets

Anticoagulants have been studied in relation to kidney function and risk of bleeding if
blood levels are too high. As discussed in the previous Key review area 2 (2.6.5.6), the
Melloni et al (2008) study showed that RKF increased the risk of major bleeding when
the anticoagulant GP lIb/llla inhibitors such as eptifibitide were prescribed. Cestac et
al (2003) and Farooq et al (2004) studied patients with RKF given low molecular
weight heparin and found an ADR rate of 10.5% and 8% respectively. The Cestac
study was a larger prospective survey (n=334, whilst the Farooq case-note review had
10 participants) and showed that a decrease in creatinine clearance (by 10 ml/min)
was associated with an increased haemorrhagic risk (RR = 1.34, 95% ClI: 1.12-1.65; p
< 0.05). Major bleeding occurred in a third of CKD patients who received enoxaparin or
heparin during hospitalisation (HR, 4.61 CI: 2.05-10.35) in a Dubai hospital (Sharif-
Askari et al (2), 2014). The two case studies discussed in 2.6.5.6 highlighted that the
USA anticoagulant dofetilde can cause a significant increase in the QTc interval

indicating an adverse effect on the heart (Denetclaw and Dowling, 2011).

Fischer (2013) retrospectively studied 7,413 acute coronary syndrome patients
discharged on clopidogrel. There was a significantly higher risk of death for the 34.5%
with an eGFR 30-60ml/min/1.732 (HR 1.45; 95% CI: 1.18-1.76) and the 11.6% <30
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ml/min/1.732 (HR 2.48; 95% CI: 1.97-3.13), with an over two fold increased risk of

major bleeding.

2.7.6 Summary
Examples of frequent serious ADRs have been shown in well-designed studies from
many different countries, although only two studies were found in UK primary care,
one on NSAIDs causing hospital admission, and the other on the ineffectiveness of
nitrofurantoin prescribed for older people with RKF. The reported figures may be an
underestimate as the studies are based on recognised ADRs. Many may have been
missed such as a falls that could have been related to high blood levels of some
drugs. The inclusion of hospital based studies has shown that the prevalence of RKF
related ADRs is high across the sectors, and that further research to identify how to

implement effective interventions in hospitals as well as primary care is hecessary.
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2.8 Key review area 41 evidence on why prescribers do not

apply the recommendations

2.8.1 Research question for key review area 4
Why do prescribers not apply prescribing recommendations in reduced kidney function

in primary care?

2.8.2 lIdentification of relevant studies - search criteria
The search categorieswere Pr escri bers o6AbNDOMIMEGoddel bnesbHA
Prescribing 6ANDO6 Prescriber Behaviour OANDS®G
6 A NEndlish language (see Appendix 3, 0, for the subject headings and key words
for each search category). As this search was looking for evidence of why prescribing
recommendations are not applied in RKF, the search was limited to qualitative studies.
The search term 6reviewd was added to the Me

papers.

2.8.3 Study selection i inclusion/exclusion criteria

Study selection from the search results were based on the following criteria.

Inclusion
1 English language.
1 Primary empirical qualitative research and reviews of primary empirical
gualitative research.
1 Relating to prescribing in reduced kidney function.
1 Primary care.
Exclusion

1 Opinion or discussion articles.

2.8.4 Hierarchy of evidence and appraisal
The research question asks why prescribers not apply prescribing recommendations in
RKF in primary care and so a qualitative enquiry would be needed to give an in-depth

understanding of human behaviour and the reasons that govern that behaviour.

The OCEBM (Oxford Centre for Evidence-Based Medicine, 2011) states that a
systematic review is generally better than an individual study; a meta-synthesis of
qualitative studies would aim to combine themes and interpret the thematic findings to

generate a new all-encompassing theory. Table 14 shows the hierarchy of evidence
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developed for this review where the Level 1 evidence, which would give greatest

confidence in the findings, would be a meta-synthesis of qualitative studies relevant to

the research queston. The tabl e was updated to include ORel at
studies were found specifically exploring why recommendations are not applied for

prescribing in reduced kidney function. The search was therefore widened to find

studies with a more general focus of inappropriate prescribing.

The issues considered when appraising the report of a qualitative study were whether

the results of the study were valid, what were the results, and would the results help

|l ocally, i.e. in UK primary care. To aid the qual
checklistd for qualitative research informed the
Reporting Qualitative Research (COREQ) checklist was also used to assess for

completeness of reporting and potential for bias in studies of interviews or focus

groups (Tong et al. 2007).

2.8.5 Collation and appraisal
2.8.5.1 Description of studies

No studies were found specifically exploring why recommendations are not applied for
prescribing in reduced kidney function. The search was then widened to include
qualitative studies and reviews on why inappropriate prescribing in general occurs in
primary care. Seven studies were included for review (Figure 11). Prescribing errors
and potentially inappropriate prescribing were the focus for the 2 meta-syntheses and
1 further study published since. Prescribing decisions was the focus for 3 studies, and

1 on implementation of prescribing guidelines (see Table 15).

21/?;?5:;’ O} description

Level 1 Meta-syntheses of qualitative studies relevant to the research question.

Level 2 Qualitative studies relevant to the research question.

Level 2b Qualitative studies relevant to the research question but reduced confidence in applicability e.g. not current.

Level 3 Other studies on prescriber behaviour relevant to the research question.

Related level 1 Meta-syntheses of qualitative studies not specific, but related, to the research question.

Related level 2 Qualitative studies not specific, but related to the research question.

Related level 2b Qualitative studies not specific, but related to the research question - reduced confidence in applicability e.g. not current.
Related level 3 Other studies on prescriber behaviour not specific, but related to the research question.

Table 14: Hierarchy of evidencetable f or key review area 4 o6why are
recommendations in RKF not appliedddeveloped from the OCEBM Levels of

Evidence.
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Screened by Medline Embase Psychinfo CINAHL ng of Cochrane
title Science DARE
1,414 4,019 293 84 30 0
Screened by

abstract, and >
de-duplicated

Figure 11: Number of studies identified for key review area 4.

Six of the included studies were published recently. Only the Bradley et al study was
not current from 1992, which might mean it is not as relevant to GP behaviour today.
Five studies were based in the UK, with the other 2 from The Republic of Ireland and
Australia so similar populations and healthcare systems. The 2 meta-syntheses
included studies from all healthcare settings, whilst the other 5 studies were all UK

primary care based.

2.8.5.2 Heterogeneity
The two meta-synthesis studies included 7 studies (Cullinan et al 2014) and 21 studies
(Anderson et al, 2014), with 4 studies common to both as they aimed to explore
potentially inappropriate prescribing, with Cullinan focussing on prescribing for older
people only. The Slight et al (2013) study was similar to the included studies but was
published later. The other 4 studies differed in that they focussed on decision making

and implementation of guidelines.
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S hierarchy of . . participant
principal author evidence year country study type setting focus participant type number outcome
Many factors were found to be involved which were
. all potentially medical and non- highly interdependent and impacted by considerable
Related level . qualitative . i . i i = . -
Anderson 2014 Australia . healthcare  inappropriate  medical prescribers 21 studies  clinical complexity. In polypharmacy, prescribers
1 metasynthesis . o S ) ! S
settings prescribing to adults could not easily identify which medications were
inappropriate.
Four key concepts were identified as being causal
Related level ualitative all potentially factors: the need to please the patient, the feeling of
Cullinan 2014 Ireland g . healthcare  inappropriate  patients =65 years 7 studies  being forced to prescribe, tension between
1 metasynthesis . o L : o -
settings prescribing prescribing experience and prescribing guidelines,
and prescriber fear.
interviews: Seven categories of high level error-producing
i 34 i o - )
Related level rescribin prescribers interviewed conditions were highlighted: the prescriber, the
Slight 2013 UK qualitative interviews  primary care P 9 focus groups: . patient, the team, the working environment, the task,
2 errors . 46 infocus X
general practice the computer system, and the primary-secondary
groups i
staff care interface.
A change in recommendations may hinder
Related level implementation implementation of guidelines, GPs do not have a
Rashadian 5 2008 UK qualitative interviews  primary care of prescribing  GPs, 13 academic 25 universal view of valid ‘evidence’, and use credibility
guidelines of source or view of influential others to ascertain
validity of guidelines.
i §5% GPs claimed to use clinical evidence in their
14 patients rescribing decisions, but most also incorp orated
Related level qualitative interviews/ . prescribing 8 GPs pre: g P . corporg
Solomon 2013 UK i X primary care . o 24 patient factors and experience into their decision-
2 questionnaires decisions 2 PCT prescribing S . S !
) making, interpreting guidelines in the context of
advisers o i
individual patients.
Highlighted discomfort with prescribing and the
S struggle to balance several disparate
Bradley Related level 1992 UK qualitative interviews ~ primary care pres;nblng GPs, Strainee 74 considerations; also that ignorance was a factor but
2b decisions . i i
that it was often other things that had more impact
such as negotiating change in treatment.
) Both reflective and impulsive processes predict
reflective and ; i ’ )
Related level i . ) . behaviour and that quality improvement interventions
Pressau 2014 UK questionnaire primary care autonomic GPs and nurses 843 . ; : i
3 should consider both reflective and impulsive

decision-making

approaches to behaviour change.

Abbreviations: PCT: Primary Care Trust.

Table 15: Studies found for scoping review area 4, listed in order of level of evidence.
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2.8.5.3 Methodological quality
As no studies were found specifically exploring why recommendations are not applied
for prescribing in RKF, no Level 1-3 studies could be included. The search was
expanded to include studies exploring the wider question of why prescribing errors in
general occur, prescribing decision-making, and why prescribing guidelines are not
always implemented. These studies might highlight some of the determinants likely,
but will not be able to show factors specific to prescribing in RKF, for example where

monitoring is required and kidney function estimation equations used.

The2meta-s ynt heses studies, rated ORedudeded | evel
papers were good quality, meeting most of the CASP/ COREQ criteria. Common

weaknesses were that none of the papers considered the relationship between

researcher and participants so researcher bias could not be excluded. Also methods

for data collection were not justified or data saturation discussed, and most did not

apply triangulation. The other studies included for this review were similar in not giving

any indication of the researcher/ participant relationship, and data saturation was not

discussed. In 2 studies ethical consideration was not apparent, though both did not

include patients (Rashadian et al, 2008; Bradley, 1992). Otherwise the studies met the

CASP/ COREQ criteria. Three studiesodwere r at
quality qualitative studies. One studywas 6 Rel ated | evel 2bd becal
in 1992 and may need extra consideration as to whether the findings are relevant to
prescribers today, and 1 study was rated ORe

gquestionnaire study of decision-making behaviour.

Neither of the meta-analysis studies discuss whether evidence-based theories were

used in their included studies, although the Anderson et al (2014) discuss their results

under overall themes of awareness, inertia, self-efficacy and feasibility. The analysis

by Slight et al (2013) was informed by ReasoO
1990), Rashidion et al (2008) used the Theory of Planned Behaviour (Ajzen, 1991),

and Bradley (1992) used an analysis based on the critical incident technique

(Flanagan, 1954). The Presseau et al (2014) study aimed to clarify and combine

theoretical models, but the other 2 qualitative studies had no evidenced theoretical

base reported.

2.8.5.4 Outcomes - inappropriate prescribing
Anderson et al (2014) reportameta-s y nt hesi s of 21 studies to r
perspectives on factors which shape their behaviour towards continuing or stopping
potentially inappropriate medications. They did a COREQ assessment for all included

studies finding that 8-22 of the 32 items were reported. A limitation was that many of
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the studies focussed on few drug classes (e.g. psychotropic drugs) and only 4 on
polypharmacy. The method describes a thematic synthesis. Many factors related to
prescribers in stopping, or altering a medication a patient has been on for some time,
were found to be involved, which were highly interdependent and impacted by
considerable clinical complexity. The themes broadly fell into awareness, inertia, self-
efficacy and feasibility. They found that where there was polypharmacy, prescribers

could not easily identify which medications were inappropriate.

A meta-synthesis of qualitative studies by Cullinan et al (2014) explored potentially
inappropriate prescribing in older patients and aimed to understand why it happens
from a prescriber's perspective. Seven papers were included which were assessed as
high quality meeting most of the CASP criteria. They describe a clear 7 step method of
meta-ethnography used previously in other healthcare research. Four key concepts
were identified as being causal factors: the need to please the patient, the feeling of
being forced to prescribe, tension between prescribing experience and prescribing
guidelines, and prescriber fear. Restrictions to prescribing appropriately were because

of a combination of factors, rather than any one dominant factor.

Complex underlying causes of prescribing and monitoring errors in English general
practices were highlighted in the recent qualitative study by Slight et al (2013). This

was a good quality qualitative study where all CASP criteria were completed, except

there was no discussion on the relationship between researcher and participants. They
describe semi-structured interviews with GPs on different types of errors. There were

also 6 focus groups with a range of practice staff to discuss safeguards in general
practice. A thematic analysis informed by
(Reason, 1990) was clearly described. Seven categories of high level error-producing
conditions were highlighted: the prescriber, the patient, the team, the working

environment, the task, the computer system, and the primary-secondary care
interface. Some of theerror-pr oducing conditions included
training, drug knowledge and experience, their perception of risk, and the working
environment, extensive workload, time pressures, and interruptions. The authors too

highlighted the computer-related issues of unnecessary or inappropriate alerts.

2.8.5.1 Outcomes - prescribing decision-making
Solomon et al (2013) report an exploration of prescribing and medicine-taking
decisions by patients, GPs and local policy makers. All COREQ criteria were
completed, apart from discussion on the relationship between researcher and
participants. Semi-structured interviewed with 24 participants were analysed using a 4-

step framework analysis. They then used the findings to develop a quantitative

Reasonbo

t

he

pr
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guestionnaire which was completed by 305 GPs and 533 patients. The 2 phases were
then synthesised. They found that GPs were evidence-based, with 85% claiming to
use clinical evidence in their prescribing decisions, but most GPs also incorporated
patient factors and experience into their decision-making interpreting guidelines in the

context of individual patients.

Presseau et al (2014) investigated prescribing behaviours for hypertension and
diabetes in a UK primary care prospective correlational study of GPs and nurses. They
concluded that both reflective and impulsive processes predict behaviour and that
quality improvement interventions should consider both reflective and impulsive
approaches to behaviour change. Prescribing behaviours require the use of an
extensive knowledge base, and have strong potential adverse consequences for
patient health if performed incorrectly, and so they expected the reflective process to
override the impulsive process. However, they found prescribing behaviours were both
driven directly by intention, with action planning, and in parallel by automaticity, for
blood pressure prescribing. This has implications for designing interventions, as
targeting the impulsive system may require a specification of patient and/or

environmental characteristics that would cue behaviour automatically.

Bradley (1992) qualitatively sought to understand how prescribing decisions are made
in primary care using GP interviews and analysis based on the critical incident
technique (Flanagan, 1954). All COREQ criteria were completed, apart from
discussion on the relationship between researcher and participants, and also ethical
considerations were not discussed. The findings exposed the complexity of decision-
making that precedes prescribing. Bradley highlighted discomfort of GPs with
prescribing and the struggle to balance several disparate considerations; also that
ignorance was a factor but that it was often other things that had more impact such as

negotiating change in treatment.

2.8.5.2 Outcomes - clinical guidelines
Rashidian et al (2007) aimed to explore key themes for the implementation of
g ui d e | résoribirgdecommendations using a GP interview study in UK primary
care. Again all COREQ criteria were reported apart from the relationship between
researcher and participants, and also ethical considerations. They reported that a
f ocus on GPaddpersonal beltefs may provide a better insight into
prescribing than historical work on influencing GPs. The main conclusions were that
GPs were critical of guidelines development, relevance and implementation and that
future studies should quantify the relationship between the evidence base of

recommendations and implementation. Practitioners do not have a universal view of



106

val i d 0 eandiGPsuseccedibility of source or view of influential others to

ascertain validity of guidelines.

2.8.6 Summary
No research was found specifically on why recommendations are not applied for

prescribing for the older patient with reduced kidney function in primary care.

Rigorous and credible meta-syntheses and qualitative studies were found on
inappropriate prescribing in general in primary care which highlight that there is
complexity in decision making in prescribing and monitoring, and many factors are
involved in the underlying causes of errors. Although these studies have explored the
factors in UK primary care, there is a need understand the determinants for prescribing
in reduced kidney function where regular monitoring is required and application of
kidney function estimate calculations, for example, which may be important in

developing an intervention that is more likely to be useable and effective.
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2.9 Keyreview area 51 evidence from UK national

guidelines and resources

2.9.1 Research question for key review area 5
What UK national guidelines and resources are available on drug use and dosing in

the reduced kidney function of the older person?

2.9.2 Identification of relevant guidance and resources
The most routinely used and recognised resources and national guidelines in primary
care were scrutinised:

9 The British National Formulary (BNF) was analysed for guidance on
prescribing in reduced kidney function as a key resource for prescribers in the
UK.

1 The regulatory authority drug licence and safety information were considered
from the Medicines and Healthcare products Regulatory Agency (MHRA), the
Summary of product characteristics (drug licence data sheets, SPCs), and the
Food and Drug Administration (United States of America) (FDA).

I The National Institute for Health and Care Excellence (NICE) for England,
Wales and Northern Ireland, and the Scottish Intercollegiate Guidelines
Network (SIGN), websites were searched for relevant guidelines.

I The Kidney Disease Improving Global Outcomes Foundation (KDIGO) was
searched as a global organisation developing and implementing evidence
based clinical practice guidelines in kidney disease to improve the care and

outcomes of kidney disease patients worldwide.

Any further guidelines found during the literature process would be analysed, and

expert advice was sought to ensure the key resources had been included.

Inclusion criteria
Included resources would be in the English language, and be the current guidance for

the management of people with reduced kidney function used in the UK.

2.9.3 Collation and appraisal

2.9.3.1 British National Formulary (BNF)
The BNF is a respected resource, and widely used by prescribers for information

about drugs in the UK. Prior to 2009, the gu
i mpairment & wahe BNFFrAgpsnglix 3, asled anrthe information provided
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in the published SPCs. There was no sign-posting to the guidance in the individual

drug monographs.

From 2009, the BNF changed to having the information on use and dosing in reduced

kidney function in each drug monograph where appropriate, making it much more

accessible. The general guidance on prescribing in renal impairment was moved to a

section in the front of the book version. Also in 2009, the BNF started quoting the

|l evels of kidney function i worestatestllthogdafdmnce as 0eGF
the SPCs that are creatinine clearance calculated using Cockcroft Gault. They state

thatéal t hough the two measures of renal function ar
for most drugs and most patients of average build and height eGFR (MDRD) can be

used to determine dose adj ust mebatthattiopl ace of <cre
potentially toxic drugs with a small safety margin and in some patients (e.g. at

extremes of weight) creatinine clearance Cockcroft Gaults houl d be used?©

After the European guidance on use of the new oral anticoagulants (NOACS)
recommended that creatinine clearance should be used to estimate kidney function
(Heidbuchel et al, 2013), the BNF drug monographs for dabigatran, rivaroxaban and
apixaban were changed from 2014 to specify use of the Cockcroft Gault equation.

2.9.3.2 Regulatory Authorities
For a drug licensed in the UK, the dosing and elimination pharmacokinetic details are
set out in the SPCs including dosing in renal impairment, although it is not always
relevant or complete (Saldago et al, 3013). Since 2010 the USA Food and Drug
Administration (FDA) have required pharmacokinetic studies for new drugs to include
both eGFR and CrCI-CG whilst the European Medicines Agency (EMA) still only need

6baccurate well established methodsdé to be used.

The Medicines and Healthcare products Regulatory Agency (MHRA) has issued Drug
Safety Alerts relating to use of drugs in RKF, for example for dabigatran and the risk of
serious haemorrhage (MHRA, 2012), and ineffectiveness of nitrofurantoin with

increased risk of pulmonary adverse events and hospitalisation (MHRA, 2014).

2.9.3.3 Chronic and acute kidney disease guidelines
In 2003 the UK adopted the US Kidney Disease Quality Outcomes Initiative leading to
the new chronic kidney disease (CKD) guidelines describing the degree of renal
function and detailing clinical care in five stages (Joint Specialty Committee for Renal
disease of the Royal College of Physicians of London and the Renal Association,
2005). The National Service Framework (NSF) for Renal Services was introduced in
2005 and in 2006 Quality Outcome Framework (QOF) markers have led to the
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formation of registers of patients with CKD stages 3, 4 and 5 as calculated by the
MDRD equation to give a glomerular filtration rate estimate normalised for a body
surface area of 1.73m? (eGFR). Then in 2008 the joint National Institute for Clinical
Excellence/Royal College of Physicians (NICE CG73) guideline on CKD and the
Scottish Intercollegiate Guidelines Network (SIGN) guideline were introduced to give
recommendations for early identification and management of CKD in adults in primary

and secondary care.

The NICE/RCP guidelines and the NSF had very little on drugs except the chronic use
of non-steroidal anti-inflammatories (NSAIDs) being a risk factor for reducing kidney
function and also the use of angiotensin-converting enzyme inhibitors (ACEIs) and
angiotensin-Il receptor blockers (ARBSs) in treatment. The NICE guidance was updated
in 2014 (NICE CG182) but there is still no guidance on prescribing in RKF apart from

6review the medicines?o.

The SIGN CKD guideline (2008) states that kidney function is lower in older people but
t h ahere i® uncertainty as to whether age associated decline in glomerular filtration
rate is pathological and should be afforded the same significance as declining function
in other.siThegt do aledtans i drighdasing irdpatients with
reduced renal function should be made on the basis of creatinine clearance as

estimated by Cockcroft Gault.6

&irtually all published recommendations for dose adjustment in patients with

reduced renal function, including the British National Formulary (BNF), and

manufacturers 6 s ummari es of pravedasedton acehtmineact er i s
clearance estimated by the Cockcroft-Gault formula. There is no evidence that

this estimate can be used interchangeably with the four variable MDRD

formula. The current practice of using the Cockcroft-Gault formula for drug

dosing should be continued until such evidence is forthcoming&(SIGN103,

2008, p.11).

Acute kidney injury guidance has been recently introduced (NICE CG169, 2013). This,
and initiatives such as t h®HSERandh2015Ki dney s
include reducing the risk of nephrotoxic drugs on the kidney, and also highlight the

need to review use of drugs excreted by the kidney.

The international foundation Kidney Disease: Improving Global Outcomes Foundation
(KDIGO) published a paper in 2011 (Matzke et al) on drug dosing consideration in
kidney disease. They had many recommendations for clinical practice, further

research and regulatory authorities. They recommend that eGFR should be reported in
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ml/min rather than ml/min/1.73m?, as it is never adjusted for body surface area (BSA)
in practice. The report did not review prescribing for the older person with RKF as a

separate group.

2.9.4 Summary
National and international policies and guidance have advised on management of
kidney disease but do not cover dosing of drugs that need altering in the reduced
kidney function of the older patient. The introduction of a different kidney function
estimation equation for eGFR (MDRD) has not been clarified in relation to use for

prescribing decisions for older people.
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2.10Key review area 6 1 evidence of intervention evaluation

to aid prescribing in reduced kidney function

2.10.1 Research question for key review area 6
Have interventions been evaluated to help prescribers in primary care to apply

recommendations for use of drugs in reduced kidney function?

2.10.2 Identification of relevant studies - search criteria
The search categories wer e0 RrDeesccirsiiboinn gséu pAND tc
i mpairmentd AND OPmgli mar YyaGguadgeANDBitlE Append
subject headings and key words for each search category). The search term

was added to the Medline search to find any relevant review papers.

2.10.3 Study selection i inclusion/exclusion criteria
Study selection from the search results were based on the following criteria. Although
the research question is focussed on primary care, other healthcare settings were

included in case the primary care evidence was limited, and for comparison.

Inclusion
1 English language.
1 Primary empirical research and reviews of primary empirical research.
1 Intervention or outcome relating to evaluation of how to improve prescribing in

reduced kidney function.

Exclusion

1 Opinion or discussion articles

2.10.4 Hierarchy of evidence and appraisal
The research question asked O0QGEBMLetelsofs i nter
Evidence (2011) gives the O6Level 16 evidence
t he f i ndiSystematic review df mnddmised trials, or n-of-1 triald6 , and
individual randomised controlled trials as level 2. Table 16 lists the hierarchy of
evidence developed for key review area 6 based on the OCEBM Levels of Evidence. A
grade O6bdé has been added where t heexampleel may
where a systematic review is not only of randomised trials. As this search was looking
for evidence of intervention evaluation, an RCT method would be the gold standard to

research effectiveness (Robson, 2011, p.99). RCTs and reviews of RCTs would be the
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studies searched for initially but, as this was a scoping review, the search criteria were

left open to capture all relevant studies to give an overview of interventions tried.

The issues considered when appraising were whether the results of the study were

valid, what were the results, and would the results help locally in UK primary care? To

aid the quality assessmentthe CASP 6 Study checklistsdé informed th
were assessed and only included where the focus, methods, recruitment and

sampling, valid and reliable objective measurements used, and outcomes were clearly

defined, relevant and appropriate to the research question.

hierarchy of A

evidence description

Level 1 Systematic review of randomised trials, or n-of-1 trial

Level 1b Systematic review of prospective trial, not all randomised

Level 2 Randomised trial, or observational study with dramatic effect

Level 2b Randomised trial, or observational study with dramatic effect; not primary care
Level 3 Non-randomised controlled cohort/ follow-up study

Level 3b Non-randomised controlled cohort/ follow-up study; not primary care

Level 4 Case series, case-control studies, or historically controlled studies

Level 4b Case series, case-control studies, or historically controlled studies; not primary care
Level 4c Non-randomised, non-controlled survey where appropriate

Level 4d Non-randomised, non-controlled survey where appropriate; not primary care
Level 5 Mechanical-based reasoning

Table 16: Hi erarchy of evidence tdeesthis for key review

intervention help@developed from the OCEBM Levels of Evidence.

2.10.5 Collation and appraisal
2.10.5.1 Description of studies
Thirty-one relevant studies were found from the database searches (Figure 12) on
evaluation of interventions to improve prescribing in reduced kidney function. Table 17
lists the included studies in order of the level of evidence they provide, and whether

the intervention had a positive effect or made no change.

All the studies included date from the early 2000s, since CKD national guidelines in
many countries were introduced. Computer systems have become more developed in

that time, and pharmacist roles have advanced.
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Screened by Medline Embase Psychinfo CINAHL W§b of Cochrane
title Science DARE
180 578 7 53 289 0
Screened by

abstract, and
de-duplicated

31

Figure 12: Number of studies identified for key review area 6.

Only one UK based study was found that had some relevance. Avery et al (2012)
showed that a pharmacist-led information technology intervention (PINCER) is an
effective method for reducing a range of medication errors in general practices with
computerised clinical records. They did not include an outcome that assessed the
effect on inappropriate prescribing in RKF, but they did find that kidney function testing
when taking an ACEI or diuretic could be improved. All but three of the other studies
were from countries where the populations are likely to be similar to that of the UK
(Western Europe x16, USA and Canada x10, Australia x1) (see Table 17), but
healthcare systems and information technology may be different to the UK. Taiwan,
Iran, and Saudi Arabia, where the other 3 studies were from, are likely to have

populations that differ more from the UK population.

Eleven studies were based in primary care, and 19 were hospital interventions which
may be less relevant to a primary care setting, but may give insights into what might

be effective or ineffective, especially if there is an assessment of the reasons why.

2.10.5.2 Heterogeneity
The included studies aimed to assess the effectiveness of an intervention, but varied
widely in design, focus, population, measures, and outcomes assessed. Some study
designs were intervention compared with a control, some were pre and post
assessments, whilst others sought to investigate how an intervention was used. The
populations studied varied in age, 4 looked at older people; some defined certain

drugs to study, such as antibiotics, or a diagnosis such as hypertension or diabetes.

As in the other review areas, kidney function measures were well defined but the

estimate equation used, and threshold levels, differed.

The type of interventions were also diverse. Information technology solutions included

alerts provided in various forms, and to varying degrees of specificity, and other
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decision support tools, either linked to the patient record system, or needing separate

operation. Interventions involving pharmacists were investigated in 6 of the studies.

The wide variation means it is inappropriate to make direct comparisons for the whole
set of included studies, or pool data. The studies were therefore grouped by
healthcare setting to allow comparison, and then further organised into interventions
used.

2.10.5.3 Methodological quality
No O6Level 16, but one OLevel uatbggCDSSwwms emati c revi e
found (Tawadrous et al, 2011) which addressed a clearly focused relevant question
and looked for prospective studies with clinical or patient outcomes, although not all
studies were RCTs that would be likely to give the least biased results. Patient-
important outcomes such as adverse drug events were considered in 7 of the 32
included studies, which would be the best evidence to show whether there is a
reduced risk for patients. All the studies found since this review assessed the
intervention effect on reducing inappropriate prescribing, rather than on patient-based
outcomes. Although the review was reported within the last 5 years, there have been
many studies published since, and computer technology solutions have been further

developed, so reviewing more recent literature is likely to add to the evidence.

Four o6Level 286 RCTs bas e dhatiane thestudyrdesigrymostar e wer e f o
likely to give the least biased evidence for whether an intervention to improve

implementation of the recommendations for prescribing in RKF, although there are

limitations to each that might reduce the generalisation to UK primary care. The

6 P 1 N aralRAvery et al, 2012) was large multicentre, cluster randomised, controlled

trial (RCCT) in UK primary care. It was a high quality study which found that the

pharmacist led intervention is an effective method for reducing a range of medication

errors in general practices, but, more specifically, they assessed whether the

intervention could improve the testing of kidney function level for patients taking an

ACEI or a diuretic, not whether that reduced inappropriate prescribing.

In the Bhardwaja et al (2011) large RCT conducted in primary care in the USA, of the
244,031 people allocated to the intervention group, 75,560 (31%) had no creatinine
clearance measurement. Although this was similar in the control group, it was not
possible from their design to assess how many people taking the study drugs did not
have a kidney function level available, and whether that was significant for reducing
risk of prescribing these drugs. Also, the 20 pharmacies involved would have had
participants from both intervention and control groups, so contamination could be

possible.
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hierarchy
principal of evidence . participant
author (based on year country study type setting number alerts etc used outcomes effect
OCEBM)
Tawadrous Level 1b 2011 Canada systematic literature review 32 studies Results promising.
. . 19.2% vs Patients receiving higher than maximum dose
Erler Level 2 2012  Germany randomised controlled trial primary care 404 Crcl ‘50”"’”"” or 270 year with was reduced from 34.5% to 19.2%; but mostly only for +ve
hypertension
ACEI/ARBs
Field Level 2 2009 Canada randomised controlled trial primary care 833 resident in long-stay unit E]I‘rt]:rL drug orders were appropriate significanity more +ve
) . . . Significantly less likely to be taking an ACE inhibitor or
Avery Level 2 2012 UK c!uster randomised controlled primary care 10,425 pharmcist led inflromation diuretic without having had urea and electrolytes +ve
trial technology : )
measured in the preceding 15 months.
Bhardwaja Level2b 2011 USA randomised controlledtrial  hospital 6,125 ;L%';ﬁ;”s”m'” taking 10f 15 o reduced from 49% to 33% (p<0.001). +ve
Farag Level 3 2014 Canada retrospectwe time-series primary care 1.464 66 years or older with CKD Introdu_cnon of eGFR re_pqm_ng had n_o_lmp_act on the no change
analysis stages 4 or 5 rate of inappropriate antibiotic prescribing in RKF.
Czoch Level 3b 2015  Germany prospective cohort hospital 1,012 ;npaekce_rrli”gore patient and drug Tailoring reduced alert burden. N/A
Diaz Level 3b 2013 Spain non-randomised, pre-post-test hospital 28 ?da&t;fnts for pharmacists when RKF 65% appropriate increased to 86% (p<0.001). +ve
KalenderRich  Level3b 2011 USA retrospective time-series hospital 260 =70 years with RKF Automated eGFR reporting was associated only no change
analysis transiently with improved dosing appropriateness.
e N — i -
Melton Level 3b 2015 USA quarjtrtatrve pre and post, and hospital 20 to assess alert usability 43_/9 fewer prescribing errors with the redesigned alerts e
qualitative (p=0.001).
retrospective and prospective . 260 before . No significant change in inappropriate prescribing of .
Quartorolo Level 3b 2007  USA time-series analysis hospital 198 after reporting of eGFR NSAIDs or antibiotics. no change
Wang Level 3b 2012 Taiwan grr]c;svp;;twe time-series hospital 38,647  antibiotic prescriptions Inappropriate prescribing was decreased by 80%. +ve
Via-Sosa Level 4 2013 Spain historically controlled cohort primary care 354 CrCl =60 ml/min Community pharmaues canincrease the proportion of +ve
adequate drug dosing.
) ) . for prescribers when Slight decrease in inappropriate prescribing (non- .
Desmedt Level 4b 2012 Belgium prospective case control hospital 615 eGER<60ml/min significant) - physicians often ignored the alerts. no change
P - - o
Falconnier Level 4b 2001 Switzerland prospective case control hospital 1,648 CrCl =50 ml/min 81% adjusted to renal function, compared with 33% in +ve
the control group.
Forough Level 4b 2014 Iran case control hospital 137 text alert to physician if CrClI significant increase in dose alteration (p<0.001), but not e

=50ml/min

for drug discontinuation
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for prescribers, re 24 drugs when

Sellier Level 4b 2009 France case control hospital 603 eGER reduced Inappropriate prescribing did not reduce with alerts. no change
. primary care, . . ) Dosing recommendations made for an average of 1 per
Barnes Level 4c 2014 USA prospective survey care home 146 pharmcist dosing service patient and the GP accepted 65.2%. +ve
. . Aged > 70 years with diabetes or 13.7% therapeutic recommendations for patients aged
Geerts Level 4c 2012 Netherlands prospective survey primary care 650 cvD >70 years with diabetes or cardiovascular disease. +ve
p - -
Gheewala Level 4c 2014  Australia survey primary care 28 care home resident with CKD 83.8% of recommendations made by the pharmacist +ve
were accepted by GPs.
- - — - o
Joosten Level 4¢ 2013 Netherlands prospective survey 1,369 for community pharmamsts when A medlcatlor_w error was dete_cted in 15% of the alerts, e
eGFR<40ml/min most were significant or serious.
Boussadi Level 4d 2013 France prospective survey hospital 3,228 for pharmacists when RKF Alerts highlighted more errors than pharmacist review. +ve
Cho Level 4d 2014 USA retrospective survey hospital 584 for prescribers when RKF 78.2% alerts were over-ridden. no change
Frolich Level 4d 2011 Switzerland cross-sectional survey hospital 509 RKF CDSS identified a large number of alerts N/A
- o -
Garcia-Molina Level 4d 2013 Spain prospective survey hospital 29 CrCl < 60ml/min Phgrmamst found 21% of renal risk drugs needed dose +ve
adjustment
Hudali Level 4d 2015 USA survey hospital 6 antibiotics in RKF Errors reduced from 15.4% to 3.7% (p<0.001). +ve
Nielson Level 4d 2014 Denmark  prospective survey hospital 232 eGFR 10-49 ml/min/1.73m? Irgzgft?r)]gnate dosing continued after automatic eGFR no change
— 0 —
Youseff Level 4d 2015 Saudi Arabia retrospective survey hospital 314 for prescribers when RKF Ale@s _over riden .146 contrarindicated but no change
administered despite alert.
Geerts Lev.el."s 2013 Netherlands feasibility study primary care 50 40 patients,5 GPs, 5 pharmacy Point-of-care creatinine testing feasible in a community N/A
(feasibility) staff pharmacy.
Level 5 ilot: qualitative questionnaire Approved automatic presentation of CrCl status on
Helldén ) 2015 Sweden prot- 4 4 primary care 8 GPs opening the medication list, and ability to actively look N/A
(pilot) and focus group - - )
up specific drug recommendations in two steps.
Shemeikka Level 5 2015  Switzerlang Proof-of-concept hospital 86 physicians Pilot of CDSS well received. N/A
(pilot) guestionnaire

Abbreviations: CDSS: computer decision support system; CKD: chronic kidney disease; CrCl: creatinine clearance; CVD: cardiovascular disease; eGFR: estimated glomerular filtration rate; RKF: reduced kidney function.

Table 17: Studies found for scoping review area 6, listed in order of level of evidence.
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Similarly, in the Field et al (2009) RCCT, physicians would prescribe in both
intervention and control groups, even though the healthcare units were randomly

allocated,.

The follow-up analysis of the Erler et al (2012) RCCT revealed that the effect was
mostly related to ACEIls and ARBSs, even though the dosing software covered 800
drugs, which might reduce the usefulness for all drugs affected by kidney function.
Sample size calculation was used, but only 10 patients per practice were recruited
which might have reduced the capacity of the study to pick up a wider drug effect

range.

Studies that are not randomised and controlled are more likely to be subject to biases
that might weaken confidence in the results. Where the intervention and control groups
are not randomly allocated, confounding factors may not be the same for each group,

and in pre and post studies there may be changes over time.

As discussed in Chapter 1 (1.4.2) an intervention is more likely to be effective if it is
developed on evidence-based principles of behaviour change (Cane et al, 2012). Only
the PINCER study protocol (Avery et al, 2009) discussed using theory to develop their
intervention; they used the principles of Human Error theory (Reason et al, 2000) to
consider the causes of medication errors in primary care from their literature review
and empirical research. No other included study defines evidence-based theory for the

development of their intervention other than having found a problem.

2.10.5.4 Intervention outcomes: UK primary care
No studies were found that specifically aimed to provide evidence of what intervention
evaluation to help prescribers in UK primary care to apply recommendations for use of

drugs in reduced kidney function.

The6 PI NCER®& | ar dRECTround that a gharmacist-led information
technology intervention was an effective method for reducing a range of medication
errors in UK general practices with computerised clinical records (Avery et al, 2012).
They included one kidney related outcome, finding that patients aged 75 years and
older in the intervention group were significantly less likely to be taking an ACE
inhibitor or diuretic without having had kidney function measured in the preceding 15
months. Having a recent kidney function test available is required to be able to
prescribe according to the recommendations, but this study does not provide evidence

for whether this would translate to appropriate prescribing.
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2.10.5.5 Intervention outcome: reviews
Tawadrous et al (2011) systematically reviewed 32 studies using clinical decision
support systems (CDSS) for kidney-related drug prescribing. This was a well reported
review which focussed on prospective studies reporting clinical and/or patient
outcomes, but a limitation was the heterogeneity of the designs. The studies were
mostly in academic hospital settings and in 17 studies decision support systems were
computerised, whilst in 15 studies they were manual pharmacist-based systems.
Systems prompted for drug dosing adjustments in relation to the level of decreased
kidney function (25 studies) or in response to serum drug concentrations or a clinical
parameter (7 studies). For computerised systems, clinician prescribing outcomes, such
as frequency of appropriate dosing, were considered in 11 studies, with all 11
reporting statistically significant improvements. Similarly, manual DSSs that
incorporated clinician prescribing outcomes showed statistically significant
improvements in 6 of 8 studies. Patient-important outcomes such as adverse drug
events were considered in 7 studies of CDSSs, with statistically significant
improvements in 2 studies. For manual DSSs, 6 studies measured patient-important
outcomes and 5 reported statistically significant improvements. The authors concluded
that the results were promising; however, only 2 of 5 studies looking at patient-
important outcomes from computerised CDSSs were beneficial which shows that

further research is required.

2.10.5.6 Intervention outcomes: primary care based from other countries
Reporting of eGFR - primary care
The universal reporting of eGFR might have been expected to improve awareness of
kidney function and so allow prescribers to apply the results to prescribing. Dosing
errors for antibiotics in older people with CKD stages 4 or 5 were assessed before and
after the introduction of eGFR reporting in a primary care time-series analysis in
Canada (Farag et al, 2014). Reporting of eGFR had no impact on the error rate (68
per 100 antibiotic prescriptions; P = 0.9). Nitrofurantoin, which is contraindicated in
patients with CKD, was prescribed 169 times throughout the study period. The authors
state tatattr it hetye 6t he dosing errors to poor awaren

t hey 6di d n ccian kaosviedgestecomdihryns it hi s 6.

CDSS - primary care

Erler et al (2012) used a multi-faceted intervention in an RCCT in primary care
practices in Germany. Using a cluster desigh meant there was a reduced likelihood of
contamination between the groups, but blinding was not possible. The intervention of a

workshop, desk-top checklist, patient information and dosing software for over 800
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drugs was aimed at prescribers. Forty-six practices were randomly allocated to
intervention or control, the practices identified a list of potential participants and then
10 patients per practice were randomly identified for the study. In 404 participants (198
intervention and 206 control) the proportion of patients receiving one or more
prescriptions exceeding the recommended maximum daily dose was significantly
lower in the intervention group after 6 months: 19.2% vs 34.5% for the control group
(OR =0.45, 95% CI: 0.29-0.70; p<0.001). However, follow-up analysis revealed that
the effect was mostly related to ACEIs and ARBs which might reduce the usefulness
for all drugs affected by kidney function. The dosing software provided was well
received, but it could not integrate with the patient record system and so the prescriber
needed to remember to use the system for affected drugs, which might be why few
drugs were altered. Sample size calculation was used, but only 10 patients per
practice were recruited which might have reduced the capacity of the study to pick up

a wider drug effect range.

The Canadian RCT in 22 long-term care facilities aimed to assess whether CDSS with
an alert would improve prescribing in RKF over 12 months (Field et al, 2009). The
randomisation was done by unit, though the method was not clear, and the
intervention and control groups were shown to be very similar. Alerts were triggered
when a physician ordered a listed drug for a patient with a reduced creatinine
clearance, and rates of alerts were similar for
whether there was blinding at any stage, and the authors do highlight that physicians
would prescribe in both intervention and control groups. The control group continued
to have the current creatinine clearance displayed as had been happening prior to the
study. Significantly higher proportions of final drug orders were appropriate in the
intervention units: relative risk 2.6 for drugs that should be avoided (95% CI: 1.4, 5.0),
1.8 for alerts to acquire missing information (95% CI: 1.1, 3.4), and overall final drug
orders were appropriate significantly more often in the intervention units relative risk
1.2 (95% CI: 1.0, 1.4). However, the system did not improve the rate at which
appropriate doses were ordered, partly because the control group showed high levels

of appropriate dosing.

Helldén et al (2015) in Sweden has reported a proof-of-concept study of a CDSS in
primary care. This qualitative questionnaire and focus group study found the automatic
presentation of the creatinine clearance status on opening the medication list, and the
ability to actively look up specific drug recommendations in two steps was appreciated.

The GPs wanted to continue the use of the CDSS and to recommend it to others.
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Pharmacist based intervention - primary care

A large randomised controlled trial (n=32,917) showed alerts to pharmacists
significantly reduced errors from 49% to 33% (p<0.001) in ambulatory care in the USA
(Bhardwaja et al, 2011). This study clearly set out the focus and methods, with blinded
random allocation, similar intervention and control (usual care) groups, and a blinded
research pharmacist to decide whether there had been a true medication error. An
alert was triggered in the dispensing pharmacy for patients with CrCI-CG <50ml/min
prescribed one of the 15 investigation drugs; however, of the 244,031 people allocated
to the intervention group, 75,560 (31%) had no creatinine clearance measurement.
Although this was similar in the control group, it was not possible from their design to
assess how many people taking the study drugs did not have a kidney function level
available, and whether that was significant for reducing risk of prescribing these drugs.
The 6dusual cared group had a high I evel
though the 20 pharmacies involved would have had participants from both intervention
and control groups. The alert intervention, which would not allow the prescription label
to be printed, did result in a significant reduction of errors, but at 33%, a third of people

were still at risk from their medication.

Joosten et al (2013) reports in their survey that a medication error was found in 15% of
alerts generated where eGFR <40ml/min/1.73m? for community pharmacists in The
Netherlands, and most were significant or serious. There were 1,369 alerts which was
5.3% of all creatinine assays done, and the median age of patients was 78 years. The
pharmacists recommended 342 medication changes, with 66% accepted by the
physician. This was not a controlled study, but does show the concept that allowing
community pharmacists to have renal data can significantly reduce serious errors. The
authors suggest that this can be done relatively straight forwardly with minimal

expense.

Three further studies showed that community pharmacy interventions might be useful
to reduce the risk of harm. Geerts et al (2013) showed that it was feasible for Dutch
community pharmacists to test kidney function and advise GPs where alterations to
prescribing were needed. They had previously shown in a prospective survey that
community pharmacists provided with kidney function level by the GP practice, and
using alerts, resulted in 13.7% therapeutic recommendations for patients aged >70
years with diabetes or cardiovascular disease, although only half were agreed by the
GP (Geerts et al, 2012). A non-randomised historically controlled study in Spain

showed community pharmacist intervention improved appropriate prescribing for older

of

medi c a
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people with RKF, although only a third of recommendations were followed through by
GPs (Via-Sosa et al, 2013).

A survey of a pharmacist review service to care homes in Australia identified
inappropriate prescribing of renally cleared medications in 16% of residents with CKD;
in this study 83.8% of recommendations made by the pharmacist were accepted by
GPs (Geewala et al, 2014). Also in a pharmacist service to care homes in the USA,
dosing recommendations were made for an average of 1 per patient and the GP
accepted 65.2% (Barnes et al, 2014).

2.10.5.7 Intervention outcomes: hospital based
Reporting of eGFR - hospital
Reporting of eGFR has been associated with improved physician recognition of
chronic kidney disease in elderly hospitalised patients in California, but it did not lead
to a change in physician prescribing in a retrospective and prospective time-series
analysis (Quartarolo et al, 2007). There was only a transient effect of eGFR reporting
on dosing for patients aged Or0 years in the USA (Kalender-Rich et al, 2011), and in
Denmark inappropriate dosing continued after automatic eGFR reporting (Nielson et
al, 2014).

Alerts - Hospital

Three hospital studies found alerts to prescribers led to reductions in inappropriate
prescribing when kidney function is reduced. Hudali et al (2015) used a survey design
to look at the effect of an alert on prescribing antibiotics as recommended in RKF and
found a highly significant reduction in errors from 15.4% to 3.7%. A text alert when
CrCI-CG was less than 50 ml/min led to a significant increase in dose alteration
(p<0.001), but not for drug discontinuation, in a case-control study (Forough et al,
(2014). Melton et al (2015) reported a qualitative exercise and a redesign of their
alerts; when they then tested the new alert there were 43% fewer prescribing errors
compared with the original alerts (p = 0.001). When laboratory links were presented on

the redesigned alert, laboratory information was accessed 3.5 times more frequently.

Other studies revealed some problems with alerts. Both Cho et al (2014) and Youssef
et al (2015) found that alerts were overridden. In the former retrospective survey on
renal alerts, 78.2% were overridden. 14% of the alerts in the latter were contra-
indications but were still administered to the patient; multivariate logistic regression
showed that the odds of receiving the contraindicated drugs increased in those with
severe renal insufficiency (OR = 23.4, 95% CI 9.9-54.9, p < 0.001) after adjusting for

confounding factors. The Desmedt et al (2012) prospective case control study also
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found alerts were ignored and they did not find a significant reduction in prescribing
errors. Sellier et al (2009), in another case-control study, found that inappropriate

prescribing did not reduce with alerts.

Frolich et al (2011) surveyed the effect of a CDSS and found it generated a large
number of alerts. For the 2,729 prescriptions written for the 509 patients enrolled in the
study there were generated 2,558 interaction alerts and 1,849 comments, with only a
minor fraction likely to be of substantial risk to the patient. Czock et al (2015) used a
prospective cohort study to show that a non-specific alert system would yield an
average number of alerts per medication regimen of 2.22, but by tailoring alerts to be
patient and drug specific, the alert burden was reduced by 90% to 0.094 per

medication regimen.

CDSSi hospital

In a recent study, a CDSS to support prescribing in RKF using an integrated electronic
health record system was piloted in a geriatric clinic, an internal medicine admission
ward and two outpatient healthcare centres (Shemeikka et al, 2015). In total 86
physicians completed an initial questionnaire about their expectations on the CDSS,
there was a focus group discussion after 5 weeks, and a follow-up questionnaire was

completed at the end. It was well received with 97% wanting to continue using it.

Wang et al (2012) describe the development of a CDSS for antibiotic prescribing in
RKF. The instances of inappropriate antibiotic dosage prescriptions were decreased
by approximately 80% after the calculator was implemented (RR, 0.18 - 0.23; p <
0.001), and the incidence rates of renal function deterioration were lowered from
12.39% to 9.47%. The frequency of antibiotic calculator utilisation by physicians
increased from 239 times per year in 2005 to 3,480 times per year in 2008, and the
acceptance rate of the calculator's dosage recommendations went from 68.2% in 2005
to 94.7% in 2008. The average acceptance rates of pharmacist recommendations by

physicians were 97.7%.

Pharmacist based intervention - hospital

Falconnier et al (2001) used a case-control study to show that using immediate
concurrent feedback by pharmacists, the dose of 81% of renally eliminated drugs in
patients with CrCI-CG G60ml/min were adjusted to renal function, compared with 33%
in the control group. In a non-randomised, pre-post intervention study, Diaz et al
(2013) assessed a CDSS that helped pharmacists to identify patients with RKF,
identify medication orders that may require dosage modifications based on renal

function, and generate an alert with a recommendation of specific dosage adjustment.
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Before the intervention, the frequency of appropriate prescribing based on kidney

function was 65%, and after was increased to 86% (p<0.001).

Two prospective surveys also suggest that alerts can aid pharmacists in highlighting
errors. Boussadi et al (2013) found a clinical decision rule-based alert system for drug
dose adjustment in patients with renal failure helped pharmacists to find errors, and
suggest that an alert system would be complementary to the pharmacists' activity,
contributing to drug prescription safety. A pharmacist intervention for drug dosage
adjustment of renal risk in patients with RKF during their admission found 293 renal
risk drugs in 29 patients, 21% of them required a dose adjustment (Garcia-Molina et
al, 2013).

2.10.6 Summary
This review found no studies evaluating interventions to help prescribers in UK primary
care to apply recommendations for use of drugs in reduced kidney function. The
reporting of eGFR might have raised awareness of kidney disease but studies in both
primary care and hospital have shown that it has not improved prescribing in RKF.
Evaluations of alerts and more sophisticated CDSSs have shown mixed results, but
the studies that investigated pharmacist-led interventions all showed reductions in
inappropriate prescribing. None of the studies found aiming to improve prescribing in
RKF were based on theory or determinants of why prescribing was not appropriate,
which might be a factor for studies not showing benefit if the intervention was not

addressing the barriers.

2.11 Discussion

Six key areas were identified for this scoping literature review using the mind map
developed from the findings of the pilot case-note review study (2.4.1.1, Figure 7). The
mind map has been developed further in Figure 13 to summarise how knowledge,
themes, and implications for ongoing research have been developed through the key

findings.



Key review areas

UK primary care evidence

Evidence from other
UK settings

Evidence from other
similar countries or
related fields

Key themes

Implications for further
research

1. To what extent are older
patients on drugs and doses
not recommended at their
level of kidney function in
primary care?

N

None found, other than the
pilot case-note review.

~

2 studies only found in UK
hospitals: 25% and 56% of
prescribing was found to be ||
inappropriate for older
people with RKF.

Evidence from many
countries show there is a high
level of inappropriate
prescribing in RKF (17-83%),
particularly for older people.

* High prevalence of
inappropriate prescribing in
RKF.

* Many drugs are implicated.

* Old age is a risk factor.

An investigation is needed into
the prevalence of inappropriate
prescribing in RKF in a wider
population of older people in UK
primary care.

¥

2. How should kidney
function be estimated when
informing dosing decisions
for older people.

|

In many countries, patient outcome and drug blood level studies have shown that there is a
significant difference between the CG and MDRD equations used for older people, and that CG is
the better estimate for drug dosing. eGFR overestimation increases with the age of the patient.
Many different drugs have been highlighted as potentially being affected by which equation is
used e.g. antihypertensives including ACEls, NSAIDs, NOACs, metformin, antibiotics.

* CG should be used for
prescribing decisions.

* eGFR overestimates for older
people, increasingly with age.

* Many drugs are implicated

There is a need to investigate the
prevalence using CG, and how
many patients would be missed
for drug alteration if eGFR is used
in UK primary care.

y

3. What are the risks to the
patient of not following
recommendations?

Only 2 studies found:
NSAIDs caused AKI and
hospital admission, and
nitrofurantoin was
ineffective in RKF.

1 small study showed an 8%
ADR rate for heparin used in
RKF. =

Increased mortality by 40%,
admissions, and ADRs (3-
62%), some serious, were
caused by inappropriate
prescribing in RKF.

Inappropriate prescribing in RKF
causes:

* Increased mortality

* ADRs, hospital admissions

* E.g. NSAIDs, anticoagulants

The risk of harm and hospital
admission emphasises the need
for research into how to reduce
inappropriate prescribing in RKF.

v

4. Why do prescribers not
implement prescribing
recommendations in
reduced kidney function in
primary care?

None found.

2 meta-syntheses, and UK
primary care studies, on
inappropriate prescribing
show complex
interdependent determinants

Prescriber —lack of problem

awareness, fear of consequences

of change, personal ability.
Extrinsic —feasibility of altering,
experience vs guidelines

An exploration of prescriber
behaviour related to prescribing
in RKF in UK primary care is
needed to ensure relevant
factors are recognised.

5. What guidelines and
resources are available on
drug use and dosing in the
reduced kidney function of
older people?

UK: the BNF gives the SPC recommendations in RKF in the
drug monograph, but labels the figures as eGFR, except for
NQACs, rather than the CrCl that they are in the SPC — it states |5
they are similar for most but gives the CG equation for high
risk. NICE CKD guidance only states to ‘review the medicines’.

L 2

KDIGO has published a paper
on drug dosing in kidney
disease but there was no
assessment for older people
as a separate group.

+ BNF presentation does not fit

the evidence for older people.

* NICE does not provide
guidance for prescribing in
RKF.

Evidence in UK primary care
needs to be stronger to support
clarification of the BNF guidance,
and NICE CKD & AKI guidance .

L 2

6. Have interventions been
evaluated to help
prescribers in primary care
to apply recommendations
for use of drugs in reduced
kidney function?

None found.

1 study found that showed
pharmacists can improve
kidney function testing
when a patient is on an ACEI
or diuretic.

None found.

Universal reporting of eGFR
has not improved
prescribing. Studies involving
pharmacists showed positive
results. IT solutions e.g. alerts
showed mixed results.

* Pharmacist interventions have

a positive effect.
+ Alerts have mixed effects.
* No studies informed by
evidence-based behaviour
theory.

A behaviour change theory based
intervention for UK primary care
needs to be developed and
tested to reduce inappropriate
prescribing.

Abbreviations: ACEI: angiotensin-converting enzyme inhibitor; ADR: adverse drug reaction; AKI: acute kidney injury; BNF: British National Formulary; CrCl: creatinine clearance; CG: Cockcroft Gault; CKD: chronic kidney
disease; eGFR: estimated glomerular filtration rate; KDIGO: Kidney Disease Improving Global Outcomes Foundation; MDRD: Modification of Diet in Renal Disease equation; NICE: National Institute for Health and Clinical
Excellence; NOAC: Novel oral anticoagulant; NSAID: non-steroidal anti-inflammatory; RKF: reduced kidney function; SPC: summary of product characteristics.

Figure 13: Summary of the literature review findings in the 6 key review areas from the mind map (Figure 7)



2.11.1 Description of included studies
The Cockcroft Gault equation to calculate creatinine clearance was introduced in 1971
to estimate kidney function (Cockroft and Gault, 1971), but most of the studies
identified for this review were from the early 2000s onwards. Very few studies on
prescribing and RKF were found before 2000; in Lazarou and Pomeranzd6 s USA revi e
(1998) it was reported that kidney function was a factor rarely reported in the studies
sampled and so they could not determine the effect on ADR rate. CKD guidelines
began to be published in many countries in the early 2000s. In the UK it was 2005
when the first were introduced (Joint Specialty Committee for Renal disease of the
Royal College of Physicians of London and the Renal Association, 2005), and most of
the studies date from that time onwards suggesting an increased awareness of kidney
function in relation to prescribing. The development of computer systems, and of
pharmacist roles, over this time also seems to have been a factor in the more recent

studies undertaken.

Very few studies were based in UK primary care which would give the best local
evidence for this review, particularly for the prevalence questions, and where the
healthcare system and working environment might be important. However, studies
from countries with similar populations were found that have given key themes and

implications for research in the UK.

The first primary care studies were published from the mid-2000s, with the earlier
studies being hospital based. The hospital studies have tended to investigate drugs
used for more acute conditions and acutely ill patients, with different healthcare
processes, and so the results may not be as applicable to UK primary care. The
prescribing systems and procedures are different in primary care to those in hospitals,
including advanced computerised patient record systems used in UK primary care that
might mean different findings to hospital based studies. However, inclusion of hospital
based studies has shown that the prevalence of recommendation non-compliance is
high across the sectors, and that further research to identify how to implement

effective interventions in hospitals as well as primary care is necessatry.

The research questions focussed on older people, and studies were found that had

older participants only, although t he def inition of O6old aged
65 years to 85 years cited. However, other studies were included as many discussed

that older people are more likely to have reduced kidney function, and statistical
analysesin some acrossageshi ghl i ghted ol d age as a O6ri sk

were reported, even if the study design was not specifically to study older people, for
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example, means ages of 70 years (Salomon et al, 2003), 73 years (Pillans et al, 2003),

and 75 years in the Flaconnier et al (2001) study.

This review has highlighted that kidney function was measured and calculated in
different ways in the included studies, and the thresholds used varied widely in the
studies found, making it not possible to make precise comparisons. It has also shown
that many patients did not have a kidney function estimate on their record, even
though they were prescribed drugs that would require adjustment if kidney function
was low. This could also mean that these studies are reporting an underestimate of

the problem.

2.11.2 Methodological quality
A limitation of t hseopinyrekisvengthod is that iOdbedadt | e y
formally appraise the quality of evidence ( Ar k sey and Od&Mmdincey, 2005)
unclear whether not including quality assessment impacts the uptake and relevance of
scoping study findings (Levac et al, 2009). The current study included an assessment
of the quality to give an indication of where the current literature is of sufficient quality
to answer the research question, and whether there is a need for further investigation
to have greater confidence in the findings. By including a quality assessment, to be
feasible, only published studies were included, and opinion and discussion articles
were excluded, introducing a limitation, the risk of publication bias, and reducing the
breadth of the investigation. The quality of the studies found was appraised using
standard checklists such as CASP and COREQ, assessing for validity, the extent to
which conclusions of each study were supported by the results presented and
consistent with the methods used, and for reliability, whether the methods were

reported in sufficient detail to repeat the study and obtain similar conclusions.

The hierarchy of evidence tables developed for each key area allowed a systematic
assessment of the appropriateness of study design for the research question and
methodological quality. By ordering the studies by the level of evidence and quality, it
has shown the | ack of 0 Ldstudiesthatvoulddgde pri mary care b
generalisable evidence in a UK setting. It has highlighted that no UK primary care
based studies were found to show:

1 To what extent older people are on drugs and doses not recommended at their

level of kidney function in primary care.
1 What the risks are to the older patient of not following the recommendations in

UK primary care.
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T  Why prescribers do not apply the recommendations for prescribing in RKF in
primary care.
1 What interventions are needed to help prescribers in UK primary care to apply

recommendations for use of drugs in reduced kidney function.

A systematic review is generally better than an individual study (Oxford Centre for
Evidence Based Medicine, 2011), but only one systematic review was found overall,
and that did not only include RCTs that would be the best evidence for intervention
studies (Tawadrous et al, 2011). It is a good quality systematic review of interventions
to improve prescribing in RKF, and more recent studies found have added to the
findings, although only 4 of 30 of those were RCTs. Narrative reviews were found for
the prevalence, kidney function equation, and ADR reviews, although they were found
to have some issues that need to be considered. The Long et al (2004) review was
over 10 years old and found very few prevalence studies, whilst many studies have
been published since that would give a better, more up to date indication, such as the
high quality, large, multi-centre, French primary care prospective cohort study (Breton
et al, 2011). Four narrative reviews on the use of kidney function estimation equations
were found; Helou (2010) did not review use of the equations for prescribing, but did
look at the issues for older people, and Spruill et al (2008) looked at mathematical
comparisons only. The other two reviews did look at prescribing for older people, but
neither gave the method used for study identification, making it not possible to assess
whether there was bias in the selection. The one narrative review found looking at the
risks of not applying prescribing in RKF recommendations, also gave no method for
study selection (Marcum and Fried, 2011). Two good quality meta-syntheses were
found that gave insights into inappropriate prescribing, but none were found looking

specifically at the determinants for prescribing in RKF.

Much of the evidemcal d oumaeduci mgotnhe | evel o
the kidney function equation review, the locality is less important for the assessment of
calculation, but would be when considering the effect of methods of assay and of
reporting. In this review over half the stud
6mechanical reasoningdéd only; however, these

range of drugs that could be affected, especially when prescribed for older people.

As has been highlighted in previous sections, many of the studies need a kidney
function estimate available for the analyses, and participants are excluded where it
cannot be extracted. Retrospective studies are more likely to be affected by this as
they are reliant on whether the data was collected at the time, whilst prospective

studies allow collection specifically for the study if needed. For example, in the large
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Corsonello et al retrospective study (2005), 5,499 (32%) of the patients had to be
excluded, most of whom because a kidney function estimation was not available,
whereas the prospective study by Blix et al (2006) only needed to exclude 2.3%. Some
studies, like Corsonello, analysed the participants who were excluded to show that
they were similar to the study population, but it is still unknown what the kidney
function levels are for that group, and whether it might change the findings of the
study, introducing potential bias. Confidence in the findings for the population are
reduced, but it does highlight a problem of kidney function not being applied even
though drugs affected by RKF are prescribed. This suggests a need to check whether
kidney function is checked regularly in UK primary care for people prescribed drugs

with recommendations for altered use in RKF.

As discussed in Chapter 1 (1.4.2), changing behaviour is more effective if interventions
are developed on evidence-based principles of behaviour change (Cane et al, 2012),
and using a theoretical approach allows identification of factors and strategies that are
more likely to be successful in influencing behaviour change (Nilsen, 2015). However,
none of the studies found aiming to improve prescribing in RKF (review area 6) were
based on theory or determinants of why prescribing was not appropriate, which might
be a factor for some of the studies not showing benefit if the intervention was not
addressing the barriers. Only the PINCER study protocol (Avery et al, 2009) discussed
using theory to develop their intervention; they used the principles of Human Error
theory (Reason et al, 2000) to consider the causes of medication errors in primary
care from their literature review and empirical research. However, this high quality
study, although showing that the pharmacist led intervention is an effective method for
reducing a range of medication errors in general practices, did not study specifically

whether it would reduce inappropriate prescribing in RKF.

Whilst recognising the limitations found for some studies in the methods used and
reported, overall, this scoping literature review has found a wide range to outline what
is already known, and identity gaps in the existing published literature, on the issues
relating to prescribing for older people with reduced kidney function in UK primary

care.

2.11.3 Principal findings
Figure 13 summarises how knowledge, themes, and implications for ongoing research

have been developed through the key findings in this scoping literature review.
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2.11.3.1 Prevalence
No studies were found that would give prevalence data in UK primary care for
inappropriate prescribing in RKF. Evidence from other countries, and from the hospital
setting, shows that prescribing for patients with reduced kidney function does not
always follow the recommendations. The high quality, large, multi-centre, French
primary care prospective cohort study (Breton et al, 2011), and the UK hospital case-
record analysis (Jones and Bhandhari, 2013), give a good indication that there may be
a problem in UK primary care and that it should be investigated. Across the studies,
many drugs have been found to be prescribed inappropriately in RKF (Breton et al,

2011; Khanal et al, 2015; Emami et al, 2012), and drugs mentioned frequently include:

1 ACEls,

1 Antidiabetic drugs, such as metformin.

1 Bisphosphonates, such as alendronic acid.
1

Lipid-lowering drugs, such as simvastatin.

Old age has been highlighted as a risk factor, for example, Khanal et al (2015) showed
that the factors independently associated with patients being prescribed one or more
potentially inappropriate renally cleared drugs included advancing age. Many good
quality studies have highlighted the extent of inappropriate prescribing in older people
with RKF (Breton et al, 2011; Schmidt-Mende et al, 2012; Khanal et al, 2015).

The findings of this review suggest that an investigation is needed into the prevalence
of inappropriate prescribing in RKF in a wider population of older people in UK primary

care than the pilot case-note study.

2.11.3.2 Kidney function assessment for prescribing decisions for older
people

Patient outcome and drug blood level data shows that the Cockcroft Gault calculation
should still be used to estimate kidney function for drug dosing decisions, in particular
for the older patient (Melloni et al, 2008; Roberts et al, 2008). Four review papers all
conclude that the MDRD equation for eGFR should not be used for drug dosing
decisions (Spruill et al, 2008; Hellou, 2010; Nyman et al, 2011, Hudson and Nyman,
2011). Using eGFR to inform prescribing decisions has been shown to overestimate
the kidney function level, and that the effect increases with age meaning that the
greatest risk is for the oldest patients (Roberts et al, 2008). Using eGFR would mean
that patients who should have their drug treatment altered might be missed (Melloni et

al, 2008). It is also clear that the prescribing decisions for many drugs would be
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affected by which equation is used; examples include gabapentin, antibiotics, and
anticoagulants (Hudson and Nyman, 2011; Melloni et al, 2008; McCallum et al, 2013).

The findings of this review suggest that when investigating the prevalence in UK
primary care, there is a need to assess kidney function using both CrCI-CG and
MDRD equations, and to see how many patients would be missed if eGFR (MDRD) is

used, that should have their treatment altered.

2.11.3.3 Risk to the patient if prescribing recommendations in RKF are
not applied.
Inappropriate prescribing in RKF leads to a significantly increase in all-cause mortality
of 40% (Breton et al, 2011), and increased risk of ADRs and hospital admissions
(Helldén et al, 2009) in older people. The prevalence studies showing that older
people have more inappropriate prescribing would suggest that they are more likely to
be at increased risk of harm, and many of the studies reporting ADRs and hospital

admission either had an older population, or reported high mean ages.

The drugs highlighted as causing harm in the studies are also similar to those

implicated in the other review areas, for example:

1 NSAIDs were frequently cited as causes of ADRs, including toxicity to the
kidney, and hospital admission (Adams et al, 2011; Evans et al, 1995)

1 Nitrofurantoin, both being ineffective as an antibiotic, and increased risk of
hospitalisation from pulmonary ADRs, at low levels of kidney function (Geerts
et al, 2013; Howard et al, 2013).

1 Anticoagulants such as NOACs and heparin where there is an increased risk of
bleeding if doses are not adjusted in RKF (Melloni et al, 2008; Cestac et al,
2003).

The risk of harm found in this review emphasises the need for further research into
how to reduce inappropriate prescribing in RKF, particularly for older people.

2.11.3.4 Why do prescribers not implement prescribing
recommendations?
No studies were found that aimed to explore the underlying behaviours and
determinants of why the recommendations for prescribing when kidney function is
reduced are not applied, and the barriers and enablers to improvement. There have
been some good quality meta-syntheses and additional qualitative studies into

inappropriate prescribing more generally (Anderson et al, 2014; Cullinan et al, 2014;



131

Slight et al, 2013). These studies have pointed to prescriber factors such as lack of
problem awareness, fear of consequences of change, and personal ability. Also
extrinsic factors such as the working environment, the feasibility of altering prescribing,
and applying guidelines versus experience. The many factors involved were found to

be complex and interdependent, with no one factor being dominant.

As there are important factors, such as the need for kidney function estimation
calculation, there may be barriers and enablers to inappropriate prescribing that relate
specifically to RKF and older people that should be explored before development of an

intervention.

2.11.3.5 Are there resources to help with prescribing in RKF?
National and international policies and guidance have advised on management of
kidney disease but do not cover dosing of drugs that need altering in the reduced
kidney function of the older patient. The introduction of a different kidney function
estimation equation for eGFR (MDRD) has not been clarified in the guidelines in
relation to use for prescribing decisions, and for older people in particular (NICE
CG182, 2014).

The BNF is a widely used and respected resource for prescribing, but the statement
that eGFR gives similar results to creatinine clearance has been shown to not be the
case for older people in this review. The BNF gives the recommendations for drug use
in RKF in the drug monographs as eGFR, except for the NOACs where European
guidance has stipulated that it needs to CrCI-CG; however, the figures are taken from
the SPCs where CrCI-CG has been used. This scoping review would suggest that the
BNF guidance is not adequately evidence-based because of the over-estimation of

kidney function when eGFR is used in older people.

If the evidence can be strengthened on the impact in UK primary care, there might
then be a case for the BNF to alter its guidance, and inform future national guidance
on prescribing in RKF.

2.11.3.6 Have any interventions been evaluated to help prescribers
apply recommendations for use of drugs in RKF?
The reporting of eGFR might have raised awareness of kidney disease but it has not
improved prescribing in RKF. Evaluations of alerts and more sophisticated CDSSs
have shown mixed results in a systematic review (Tawadrous et al 2011), but the
studies that involved pharmacists in the intervention showed universally positive

results. The Four RCTs found also showed positive effects:
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1 Dosing software improved ACEI/ARB prescribing in hypertension in older
people (Erler et al, 2012).

I CDSS with an alert significantly improved prescribing in RKF (Field et al,

2009).

9 Alerts to pharmacists significantly reduced errors for prescriptions in RKF
(Bhardwaja et al, 2011).

1 A pharmacist-led information technology intervention (PINCER) is an effective
method for reducing a range of medication errors in general practices, including
improvement of kidney function testing when taking an ACEI or diuretic (Avery
et al, 2012).

None of the studies found aiming to improve inappropriate prescribing in RKF were
based on theory or determinants of why recommendations were not applied, which
might be a factor if the intervention was not addressing where the barriers are. A
behaviour change theory based intervention for UK primary care needs to be

developed and tested to reduce inappropriate prescribing.

2.11.4 Strengths and limitations

Use of a robust method for the scoping literature review made this study transparent
and reproducible. A limitation is the reduced rigour having only one researcher with
challenges such as uncertainty about which studies to include, variables to extract,
and nature and extent of detail. These were sought to be reduced by searching on
multiple databases, allowing re-evaluation of studies against the search criteria. Also,
the systematic method was used to reduce the risk of bias and a one-sided view. Only
studies published in English were included which may mean some relevant evidence

may have been missed.

2.11.5 What this study adds to the literature
This study has been able to provide an update to the reviews such as Long et al
(2004). With the international KDIGO guidelines and policy on CKD and AKI, there
appears to now be greater interest in kidney disease and an increasing body of
literature. Finding the gaps for future research confirmed the research plan to

investigate prescribing for older people with RKF in UK primary care.

2.11.6 What this study adds to practice and policy
The review has highlighted that the guidelines and policy do not assess older people

as a specialist group or provide guidance on use of drugs in reduced kidney function
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and how to reduce risk of harm. A recent systematic examination of recommendations
in twelve NICE clinical guidelines also concluded that drug-disease interactions with
chronic kidney disease were common and that guideline developers should particularly
consider whether chronic kidney disease is common in the target population
(Dumbreck et al, 2015).

The BNF current guidance may not be evidence-based because of the over-estimation
of kidney function when eGFR is used in older people. If the evidence can be
strengthened on the impact in UK primary care, there might then be a case for the

BNF to alter its guidance, and inform future national guidance on prescribing in RKF.

2.11.7 Progression and integration of methods and findings
The pilot study case-note review in Chapter 1 provided the key areas of literature
review. Similar results to those found in GP practices in Bradford were found in studies
from other countries, both for prevalence of inappropriate dosing, and discrepancies in
the use of the different kidney function estimation equations for older people. As no
other UK research was found in primary care, there was a need to test the findings in a

wider population.

The scoping literature review has confirmed the research plan, and provided examples
of methods and analyses, to:
1 Study the extent of not applying recommendations in a larger population in UK
primary care.
1 Investigate the extent to which kidney function is tested for older people
prescribed drugs that are affected by RKF.
1 Explore why prescribers are not applying the recommendations in UK primary
care, so that development of an intervention can address barriers and enablers

and so be more likely to be effective.

2.12Conclusion

The prescribing for the older patient with reduced kidney function does not always
follow the recommendations and this can lead to an increased risk of ADRs and
hospital admissions. The introduction of the nationally reported eGFR as a kidney
function estimation did not improve prescribing in RKF, and its use overestimates the
level of kidney function for older people meaning that they are at increased risk of
harm. Gaps in the literature have been identified and research is needed to investigate

prescribing for older people with RKF in UK primary care.
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060The use of medications in older patients

care interventoninthe i ndustriali zed worl d.

J. Avorn, 2010

3 Chapter 3: A cross-sectional survey of prescribing data to
investigate whether recommendations for prescribing are

applied for older people across a PCT population

3.1 Background

A quarter of older patients with a documented reduced kidney function (RKF) were
found to be taking drugs that were not recommended, in the small localised case-note
review (Chapter 1). The scoping literature review (Chapter 2) found no other
prevalence studies on prescribing for older people with RKF in UK primary care.
Studies based in hospitals, and in other countries, suggest that recommendations in

RKF are often not applied, with increased risk of harm and hospital admission.

This study aimed to test the case-note review findings in a wider population in UK
primary care by quantifying inappropriate prescribing in a representative sample of
drugs that require kidney function assessment prescribed for people aged 65 years

and older.

3.2 Study question and objectives
Study question

Are drugs, that require kidney function assessment, prescribed according to
recommendations for use in reduced kidney function for people aged 65 years and

older across a Primary Care Trust (PCT) population?

Objectives
Primary objective:
1 To assess the prevalence of a representative sample of drugs that require
kidney function assessment for patients aged 65 years and over where the

kidney function is too low for recommended use.

Secondary objectives:
1 To assess whether a kidney function estimate was on the patient record where

drugs that require kidney function assessment are prescribed.

0

S

ar g
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1  Whether using eGFR (MDRD equation) or CrCI-CG (Cockcroft Gault equation)

would alter dosing decisions.

1 Whether age is a factor in having a kidney function estimate too low for

recommended use of drugs that require kidney function assessment.

3.3 Methodology

Drugs, age, and parameters related to kidney function needed to be investigated to
give an indication of the extent to which drugs are prescribed outside
recommendations for use RKF in primary care. A quantitative strategy was required to
examine the relationships between and among the variables (Cresswell, 2009). As the
intention was to test the findings from the case-note review in a wider population, an
option might have been to extend that study. However,
1 Case-note reviews are a lengthy process.
1 GP practices would need to give consent to be included in a service evaluation
beyond the usual workplace, and individual patients would need to give
consent to allow their medical record to be accessed.

1 Repeating the method would not allow a more detailed statistical analysis.

Acrossssectional survey desdhlgmnt Gvorud @i cal il mwe sat 03
single moment in time in a larger sample. To allow the inclusion of large numbers of
prescribing data, it was proposed to do the data collection by a structured record
interrogation (Fink, 2002) for all people aged 65 years and older in the PCT
population. Use of variables derived from the case-note review would allow the
findings to be investigated further. Inclusion of all four categories (see below) of
inappropriate drug use in RKF would explore any differences, and ensure the results
were more likely to be generalisable, i.e.:

9 Drugs to avoid in RKF

1 Dose reduction required in RKF

9 Drugs that are ineffective in RKF

9 Drugs requiring caution as they are known to frequently cause adverse drug

reactions (ADRs) in RKF.

Investigation of prescribing where there had never been a kidney function test done, or
where there was not a recent check, would address one of the limitations of the case-
note review study. Kidney function can alter over time, and as a result of disease, so a
recent test should be available when making drug choice and dosing decisions for

drugs affected by level of kidney function.
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3.4 Study design

3.4.1 Setting

The former Bradford & Airedale Primary Care Trust (PCT) area was the setting for the
prescribing data survey run in 2011. PCTs were part of the NHS in England from 2001
to 2013. They were large administrative bodies, responsible for commissioning
primary, community and secondary health services from providers. Over 80% of all
NHS funding went to PCTs (Department of Health, 2012).

The health of the people in Bradford is mixed, and deprivation higher, compared with
the England average. Life expectancy for both men and women is lower (men: 76.6
years compared to 78.6 years, range 73.6 - 85.1 years; and women: 80.8 years
compared to 82.6 years England average, range 79.1 - 89.8 years) (Public Health
England, 2012). The 2011 Health Profile (Table 18) also shows the Bradford
population is younger than the England & Wales average with fewer people aged 65
years and older (13% vs 16%), and 85 years and older (1.8% vs 2.2%), for both males

and females (Office for National Statistics, 2011).

whole population 65yrs and older 85yrs and older
Er:/g\;/l;r;ds & Bradford England & Wales Bradford England & Wales Bradford
all 53,012,456 522,452 8,660,529 16% 69,392 13% 1,180,128 2.2% 9,604 1.8%

male 26,069,148 257,132 3,844,839 15% 29,984 12% 383,568 1.5% 3,011 1.2%

female 26,943,308 265,320 4,815,690 18% 39,408 15% 796,560 3.0% 6,593 2.5%

Table 18: Census 2011 population statistics for Bradford and England & Wales
(Office for National Statistics, 2011).

3.4.2 Drug choice
Two drugs, or drug classes, were identified from each of the four categories of
inappropriate prescribing in RKF, i.e. for:

1 Drugs to avoid in RKF

1 Dose reduction required in RKF

91 Drugs that are ineffective in RKF

9 Drugs requiring caution as they are known to frequently cause adverse drug

reactions (ADRs) in RKF.

The eight choices of drugs were based on the most frequently prescribed outside the
recommendations in the case-note review, the strength of the evidence base, the
impact on patients, and expert advice from a renal physician, geriatrician, hospital

renal pharmacist, and an antibiotics expert pharmacist. The experts made their
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judgement independently based on their experience. The evidence sources included

the standard recommendations for use of drugs in RKF, such as the Summary of
Product Characteristics (SPC) and British National Formulary (BNF). The basis for the

drug choices are summarised in Table 19, and discussed in more detail below.

% prescribed L
recommendation in

references highlighting

recommendation inappropriately ) ) ]
in RKE drug in the case- respected national mappropqate comments from experts
) resource prescribing
note review
. . L . Khanal et al,(2015). .
alendronic acid 4.0 avoid if CrCl<35ml/min Breton et al (2011). Agreed to be included.
avoid

Breton et al (2011)
Khanal et al (2015)

Suggested by a renal physician
and a geriatrician as they see

metformin 22 avoid if CrCl<30mi/min Schmidt-Mende et al admissions to hospital caused
(2012) by metformin in RKF.
maximum dose 10m Agreed to be included as a
simvastatin 8.8 . X g Breton et al (2011) widely used drug with an
if CrCl<30ml/min X .
alternative available.
reduce the dose
abapentin and table of reduced rAeic:Iadhaatr:ZcSi:? geeigﬁgeogzhe
gabap . 0.2 doses at specified Breton et al (2011) p . .
pregabalin frequent side effects seen in the
levels of CrCl .
renal unit.
_— ineffective at .
thiazides 17.0 Crel<30mi/min Howard et al (2003) Agreed to be included.
ineffective
Farag et al (2014) . . ]
0.2 ineffective at Howard and Wood Added after discussion with a

nitrofurantoin

(on repeat) CrCl<45ml/min

(2013)
Geerts et al (2013)

pharmacist with expertise in
antibiotics.

Guthrie et al (2011)

NSAIDs affect all stages of

NSAIDs on 17 caution in RKE Howard et al (2003) kidney function and are
repeat : Evans et al (1995) frequently a cause of hospital
Ingrasciotta et al (2014) admission.
caution in RKF
Khanal et al (2015) Although ACEIs and ARBs are
ACEls and o Bretor) etal (2011) used in renal disea}se, they can
ARBs 26.0 caution in RKF Schmidt-Mende et al also be nephrotoxic so the

(2012)
Handler et al (2014)

consultant experts suggested
inclusion.

Abbreviations: ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; CrCl: creatinine clearance; NSAID:

non-steroidal anti-inflammatory; RKF: reduced kidney function.

Table 19: Choices of drugs and drug classes to investigate in the cross-

sectional survey.

3.4.2.1 Drugs to avoid in RKF

Alendronic acid is a bisphosphonate used to reduce the risk of bone fractures. The

SPC states

t havoided itCr Ch &3 K dnl B eni &

due to

which implies that there is no evidence base to support the use in low kidney function,

although it

might be expected in patients with impaired renal function.6

admswhat greéatert aecamulatioraof aleddronic acid in bone
The

t e difmi

nal
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exceeds 10 years so once taken up in the bone it is only eliminated extremely slowly, if

at all.

a) Findings from the case-note review
Alendronic acid was the second most frequent drug found prescribed inappropriately in
the case-note review with 24 patients, in the cohort of 594 (4%), found with a kidney

function too low for recommended use (see Appendix 2, 8.2).

b) The evidence base
The evidence for restricted use in RKF has been d
and Maxwell (2009). They state that initial safety issues were raised in the mid-1980s
with reports of bisphosphonate accumulation in the kidneys of rodents. Later it was
recognised that clinically significant renal failure can follow the rapid intravenous
administration of bisphosphonates in humans. This information, together with the
knowledge that approximately 50% of oral administered bisphosphonate is excreted by
the kidney, led to the exclusion of persons with raised serum creatinine values from
clinical trials. Cunningham (2007) found that individuals with CKD stage 2i 4 (i.e.
e GFR O15 ml /?idmdt dhowreSidence of increased toxicity or adverse
effect. In patients with stage 5 CKD it has been suggested that reducing the dosage to
half for post-menopausal osteoporosis seems reasonable from known bisphosphonate

pharmacokinetics (Miller, 2005).

Alendronic acid was cited as one of the top five drugs prescribed inappropriately for
older people in the Australian primary care prevalence study (Khanal et al, 2015); in
16.3% of 543 patients alendronic acid would be contra-indicated because of the
reduced level of kidney function. The large, high quality, multi-centre, prospective
cohort, French primary care study by Breton et al (2011) reported bisphosphonates as

a group where they found 14% were prescribed inappropriately.

c) The impact for patients
Europe-wide reviews of bisphosphonates have been carried out since 2008 and have
been recently summarised by the MHRA (MHRA, 2014). These include a low but
increased risk of atrial fibrillation for zoledronic acid, pamidronate, and possibly for
alendronate, that alendronic acid use is associated with an increased risk of atypical
stress fractures of the proximal femoral shaft and a warning was subsequently added
to alendronic acid product information, and that renal toxicity is a recognised adverse

reaction associated with intravenous bisphosphonates.



139

d) Expert advice
The expert advisors independently agreed the inclusion of alendronic acid for this

study.

Metformin is an anti-diabetic drug. The NICE recommendation is to avoid use of
metformin at eGFR <30ml/min/1.73m? (NICE NG28, 2015). When kidney function is
impaired, clearance of metformin is decreased and the elimination half-life prolonged,

leading to increased levels of metformin in plasma.

For ol der people there is the s peeddtfei c recom
potential for decreased renal function in elderly subjects, the metformin dosage should

be adjusted based on renal function. Regular assessment of renal function is

necessaryo . I't also stipulates that katlehst2-4 f unct i
times a year in elderly subjects (estimated from serum creatinine using the Cockcroft-

Gault formula). On elimination, renal clearance of metformin is stated as >400 ml/min,

indicating that metformin is eliminated by glomerular filtration and tubular secretion.

When kidney function is impaired, the clearance though the kidney is decreased in

proportion to that of creatinine and so the elimination half-life is prolonged, leading to

increased levels of metformin in plasma.

a) Findings from the case-note review
Thirteen patients (2.2%) were found where kidney function was too low for
recommended use, or the dose needed review, and so was in the top five drugs that

were not recommended for use because of RKF or the dose needed review.

b) The evidence base
Metformin was frequently cited in the studies in primary care found in the scoping
review as being prescribed to patients when contra-indicated because of RKF, 15.3%
of metformin prescribing in France (Breton et al, 2011), 17.8% in Australia (Khanal et
al, 2015), and 8.4% in Sweden (Schmidt-Mende, 2012).

c) The impact for patients
Lactic acidosis is a metabolic complication that can occur due to metformin
accumulation and occurs primarily in diabetic patients with impaired kidney function or
acute worsening of kidney function (SPC). It is very rare, but is serious with a high

mortality rate in the absence of prompt treatment.

d) Expert advice
Metformin was independently suggested for inclusion in this study by the renal
physician and the geriatrician as they experienced patients admitted to hospital with

lactic acidosis from use of metformin in RKF.
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3.4.2.2 Dose reduction required in RKF
Simvastatini s wi dely wused to reduce cholesterol l evel s
choice in Bradford. The SPC states that én patients with severe renal insufficiency
(creatinine clearance <30 ml/min), dosages above 10 mg/day should be carefully

considered and, i f deemed necessary, i mpl emented

a) Findings from the case-note review
Simvastatin was the highest frequency single drug (x52, 8.8%) found to be prescribed

outside the recommendations in the case-note review (see table Appendix 2, 8.2).

b) The evidence base
In a Personal Communication by S Wood to Merck Sharp & Dohme (12/10/11), the
drug company stated that the dose reduction recommendation is based on a
comparator statin, l ovastati n, whertmet he édarea un
curved (AUC) for LCaoAtradlctase mhibitcayadtivityveas HEG
times higher in patients with RKF (mean CrCl 24ml/min, range 12-39ml/min) than in

controls (Quérin et al, 1991).

An MHRA Drug Safety Update on dose limitations for simvastatin with interacting
drugs found that concurrent use of drugs such as amlodipine with simvastatin causes
a significant increase in blood levels of simvastatin which is associated with an
increased risk of myopathy and/or rhabdomyolysis (MHRA, 2012). Studies have found
that after 10 days of amlodipine (10 mg), the AUC of simvastatin and simvastatin acid
following a single dose of simvastatin 80 mg increased by 1.58- and 1.77- fold
respectively, compared with that following a single dose of simvastatin 80 mg without
prior amlodipine administration (Merck, Sharp & Dohme, 1991). The fact that the
MHRA needed to issue a Drug Safety Alert, and implement the changes in the dose
requirements for simvastatin based on a nearly doubling of the AUC with an interacting
drug, would lend weight to the fact that increases in AUC of 2-3 times in RKF should

be taken seriously and could be increasing risk of harm for patients.

The French primary care study found that 3.8% of all statins needed dose adjustment
(Breton et al, 2011).

c) The impact for patients
Increased blood levels of simvastatin are associated with an increased risk of
myopathy and/or rhabdomyolysis (SPC). As the dose of simvastatin can be reduced
when kidney function is low, and there is the option to switch to an alternative statin,
atorvastatin, which does not need dose changes in RKF, any impact for patients can

be avoided.
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d) Expert advice

The expert advisors independently agreed the inclusion of simvastatin for this study.

Gabapentin and pregabalin SPCs state that they are eliminated solely though the
kidney and that in older patients, and in patients with impaired kidney function, the
plasma clearance is reduced. The elimination-rate constant, plasma clearance, and

renal clearance are directly proportional to creatinine clearance.

The recommendations for use of gabapentin in RKF in the SPC show doses need
altering at different levels of kidney function (Table 20). The SPC for pregabalin
specifically details that the dose reduction in patients with compromised renal function
must be individualised according to creatinine clearance (CrCl), as indicated in

Table 21, that should be determined using the Cockcroft & Gault formula; the formula

is provided in the SPC to be very clear about how the estimate should be calculated.

Kidney function (CrCl) Total daily dose (mg)

80ml/min or higher 900-3600

50-79 ml/min 600-1800

30-49 ml/min 300-900

15- 29 ml/min 150-600 (150mg as 300mg alt days)
<15 ml/min 150-300

Table 20: Dose recommendations in RKF for gabapentin (SPC)

CrCl as calculated by Starting dose (total Max dose (total Froce et
Cockceroft & Gault mg/day) mg/day

60 ml/min and over 150 600 bd or tds
30-59 ml/min 75 300 bd or tds
15-29 ml/min 25-50 150 od or bd

<15 ml/min 25 75 od

Table 21: Dose recommendations in RKF for pregabalin (SPC)

The SPC for pregabalin states that clearance tends to decrease with increasing age

and that this is consistent with decreases in creatinine clearance associated with
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increasing age. Reduction of pregabalin dose may be required in patients who have

age related compromised kidney function.

a) Findings from the case-note review
Only one patient in the case-note review had been found to be on gabapentin at a
dose too high for their kidney function, and no patients on pregabalin, so they were not

initially highlighted as drugs for investigation in the survey.

b) The evidence base
Breton et al (2011) reported that in 5.6% of antiepileptics in the French primary care
study required dose adjustment because of RKF had not been done, which included

gabapentin and pregabalin.

c) The impact for patients
Somnolence, dizziness, ataxia, and fatigue are described in the SPC as very common

(O 1 in 10), and many O6commond ch@Rs are | isted,

system, skin and gastrointestinal reactions (O 1/

have increasingly been prescribed for neuropathic pain.

NHS England (2014) analysed electronic prescribing data for primary care for
prescribing of gabapentin and pregabalin, and in 2013 the total use in England of both
was 8.2 million prescriptions; this represents a 46% rise in prescribing of gabapentin
and 53% rise in pregabalin prescribing since 2011. The increase in use of these drugs
in primary suggests an increase in risk for patients if kidney function is not assessed

and doses altered accordingly.

d) Expert advice
Gabapentin and pregabalin were suggested for inclusion on the advice of the renal
pharmacist because ADRs are frequent and often related to dose and kidney function

level.

3.4.2.3 Ineffective in RKF
Thiazides are usually prescribed for hypertension, but they require an adequate level
of kidney function to work and they are ineffective at CrCl <30ml/min (BNF70, 2015).
In the SPC for indapamide, for example, it states that in severe renal failure (CrCl <30
ml/min), treatment is contraindicated and that thiazides are fully effective only when

kidney function is normal or only minimally impaired.

a) Findings from the case-note review
Thiazides were the third most implicated class of drugs in the case-note review with
17% found to be prescribed when kidney function was <30ml/min (see table Appendix
2,8.2).
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b) The evidence base
Howard et al (2003) investigated reasons for preventable drug related admissions to a
medical admissions unit in the UK. Thiazides were one of the drug classes most
frequently associated with preventable drug related admissions due to monitoring
problems. They cite failure to monitor kidney function, fluid balance and electrolytes as

a factor in ADRs such as over diuresis causing dehydration and renal failure.

c) The impact for patients
The risk for patients is from both under-treatment as well as increased risk of side

effects such as electrolyte disturbance.

d) Expert advice

The expert advisors independently agreed the inclusion of thiazides for this study.

Nitrofurantoin is used to treat urinary tract infection (UTI) and is most often
prescribed as a short course. The SPC and BNF (2010) at the time of the survey
stated that nitrofurantoin is ineffective if CrCl is less than 60ml/min as there would not
be an adequate concentration in the urine to be active against infection. The Renal
Drug Handbook 2" Edition (Ashley & Currie, 2007) also stated that nitrofurantoin was
contra-indicated at CrCl <60ml/min.

a) Findings from the case-note review
The case-note review only reviewed long term medication and so did not assess the
usual acute use of nitrofurantoin in RKF. However, one patient was found who was
taking regular prophylactic nitrofurantoin but kidney function was lower than

recommended.

b) The evidence base
The recommendation for prescribing in RKF had originally been based on inadequate
urinary concentration at <60ml/min found in a small study of eleven subjects with
normal kidney function and six with renal insufficiency (Felts et al, 1971). In 2014 the
MHRA published a Drug Safety Update to change the recommendations to be
contraindicated at eGFR <45 ml/min/1.73m?, to consider checking kidney function
when choosing to treat with nitrofurantoin, especially in the elderly, and to closely
monitor for signs of pulmonary, hepatic, neurological, haematological, and
gastrointestinal side effects during treatment. The revision in recommendations was
based on two studies. Oplinger and Andrews (2013) suggested the limited data
available would support use of nitrofurantoin in CrCl of 40ml/min or higher. Geerts et al
(2013) found that nitrofurantoin treatment was not associated with a higher risk of

ineffectiveness in women with a moderately reduced kidney function (30-50
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ml/min/1.73 m2). The analysis of the survey data was altered to reflect the change in

recommendation.

Farag et al (2014) investigated antibiotic use in RKF for older people in Canada; they
noted that nitrofurantoin had been prescribed when contra-indicated 169 times in the

1,464 antibiotics prescriptions studied.

The addition of a drug that is mostly acute use as a short course addresses one of the

limitations in the case-note review where only repeat medications were assessed.

c) The impact for patients
ADRs are more likely in RKF and an infection may not be treated. A small pilot audit
on the effectiveness of nitrofurantoin suggested that older patients with reduced kidney
function were more likely to need a follow up course of an alternative antibiotic if the
kidney function was low (Howard & Wood, 2012). Geerts et al (2013) found a
significant association between renal impairment (<50 ml/min/1.73 m=2) and pulmonary

adverse events leading to hospitalisation.

d) Expert advice
The antibiotics expert pharmacist suggested inclusion as use was increasing with the
national aim to reduce methicillin-resistant staphylococcus aureus (MRSA) and
clostridium difficile infection after antibiotic use (NICE KTT9, 2016). However, the
recommendations were that nitrofurantoin was ineffective at CrCl <60ml/min which
would exclude many older people, and there was interest in investigating the numbers

of patients that would be affected.

3.4.2.4 Caution because known to frequently cause ADRs in RKF

Non-steroidal anti-inflammatories (NSAIDs) reduce pain and inflammation, but their
effect on prostaglandin synthesis leads to many side effects including the inhibition of
renal prostaglandin synthesis and affect all aspects of the function of the kidney
(Ashley and Morlidge, 2008; Ashley and Currie, 2014). If the NSAID is also eliminated
via the kidney, such as naproxen (95%), then the adverse effect can be compounded
as the blood levels are increased. The BNF states in each drug monograph for
NSAIDs:

@void if possible or use with caution in patients with renal impairment; the

lowest effective dose should be used for the shortest possible duration, and

renal function should be monitored. Sodium and water retention may occur and

renal function may deteriorate, possibly leading to renal failured6 ( BNF 7 0,

pp.917-937).

2015,
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NSAIDs are specifically mentioned in the NICE CKD and AKI guidance (NICE CG182,
2014; CG169, 2013) including chronic use of NSAIDs as a risk factor for progression
of CKD and the requirement for monitoring kidney function at least annually in people

prescribed drugs known to be nephrotoxic, such as NSAIDs.

The BNF guidance to avoid in severe renal impairment (defined in previous BNFs as

<30ml/min, BNF55, 2008) informed the decision to set this level as the marker.

a) Findings from the case-note review
Four patients (1.7%) in the case-note review had an NSAID on their repeat medication
list when their kidney function was <30ml/min. A further 6 had a topical NSAID gel.

b) The evidence base
NSAIDs are frequently cited in the research literature as being prescribed
inappropriately causing ADRs and hospital admission. Wiffen et al (2002) reported that
NSAIDs were responsible for between 60% and 70% of all ADRs leading to hospital
admission, or causing ADRs within a hospital episode. NSAIDs were the most
commonly prescribed contra-indicated nephrotoxic drugs prescribed to CKD patients
in an ltalian primary care study, 56.3% had at least one prescription for an NSAID, a
third were treated for over 90 days, and 16.5% for greater than 6 months (Ingrasciotta
et al, 2014). Guthrie et al (2011) found that 8.2% of patients aged 65 years and over
with a glomerular filtration rate <60 ml/minr ecei ved a &éhigh ri sk pre
NSAID.

c) The impact for patients
NSAIDs were a drug class most frequently associated with preventable drug related
admission in the UK due to prescribing problems including not monitoring kidney
function in the Howard et al study (2003), and Evans et al (1995) showed that there
was an approximate doubling of the risk of hospitalisation with acute renal failure with
use of oral NSAIDs.

d) Expert advice

The expert advisors independently agreed the inclusion of NSAIDs for this study.

Angiotensin converting enzyme inhibitors (ACEIs) and angiotensin-Il receptor
blockers (ARBs) affect the renin-angiotensin hormone system which controls blood
pressure and the volume of fluids in the body. Drugs that have an inhibitory action on
the renin-angiotensin hormone system (including ACEIls and ARBSs) are used to treat
high blood pressure and congestive heart failure. The BNF (BNF70, 2015) details that,
although ACEI and ARBs are prescribed in kidney disease, they can be nephrotoxic

and higher than normal plasma levels can cause further renal impairment and set up a
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cycle leading to acute kidney injury. It states that kidney function and electrolytes
should be checked before starting ACEIls or ARBs, or increasing the dose, and

monitored during treatment.

a) Findings from the case-note review
ACEI/ARBs were inappropriately dosed, or needing review, in 26% of patients in the
case-note review. They were also involved in two cases of acute kidney injury noted

whilst doing the review, one causing hospitalisation.

b) The evidence base
Prevalence studies found in the literature review reported ACEI and ARBs frequently
inappropriately prescribed. Perindopril was the top drug prescribed outside
recommendations in the Australian retrospective survey study at 44.1%, and
olmesartan was also one of the top five drugs contra-indicated in older people with
RKF (Khanal et al, 2015). Breton et al (2011) found 2.9% of their older study
population were taking drugs affecting the renin-angiotensin system that were contra-
indicated or needed the dose adjusting. Schmidt-Mende et al (2012) showed that
enalapril and candesartan were particularly notable for inappropriate prescribing.
Handler et al (2014) found that the most common drugs causing AKI alerts to be
triggered were ACEI/ ARBs.

¢) The impact for patients
Some ACEls are mostly excreted via the kidney, such as lisinopril and enalapril. The
| att er h aeghténmes rbnbl &&rCl of <30ml/min (SPC), and so a patient
with a kidney function level of <30ml/mingiven a &6 us ual mai ntenanced dose
day would be getting the equivalent of 160mg and be at very high risk of serious

adverse effects, including nephrotoxicity, and thus making kidney function even worse.

Renal impairment, hyperkalaemia, and hypotension are amongst many side effects
that are more common in patients with RKF (SPC). As cited in the studies found in the
literature review, and in the case-note review, inappropriate prescribing in RKF causes

ADRs and increased risk of hospitalisation.

d) Expert advice
The renal physician and geriatrician suggested that ACEI/ARBs should be included in
the survey as patients are frequently hospitalised as a result of prescribing in RKF

causing AKI.
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3.4.3 Variables

6Pati ent ddefingionevent 6

A Opat i entiswhenagatienvhasrhaddat least one prescription for the study

drug. For the 7 drugs that were prescribed f
defined as the drug being on the repeat medication list at the time of the survey. For 1

drug (nitrofurantoin), as a drug most usually prescribed acutely as a short course,
6patient drug eventd6 was defined as the drug

previous 12 months.

Variables

The variables for data collection were:

Age i actual age at time of search.

Gender.

Weight (kg) and date last recorded.

Serum creatinine (SrCr) (micromol/l) and date last recorded.
eGFR (ml/min/1.73m?) and date last recorded.

=2 =4 4 A -a -

No eGFR on the record.

The date 6l ast recordedé would be what the p
making the decision whether to prescribe or reauthorise after review. It would also

allow assessment for those who have a O0recen
within the last 15 months as used by the primary care general practice Quality

Outcomes Framework (QOF) (Health & Social Care Information Centre, 2015).

For each drug surveyed,hakteGERand GiGr-@Qx (usemgqht dr ug
both actual weight and ideal body weight) kidney function estimates recorded, as

detailed below. A reminder of the kidney function estimate definitions and

abbreviations is provided in Table 1 (Page 22) with the abbreviations table to give an

easy reference for this chapter.

1 eGFR: recorded from the patient record. Even though the literature review
found evidence that CrCI-CG should be used in prescribing decisions for older
people, eGFR is reported by pathology and so widely available. Inclusion
allows assessment of the proportion of patients that might be missed if eGFR

was used instead of CrCI-CG.

1 CrCI-CG AW: creatinine clearance calculated using actual weight, SrCr and
age variables. The BNF stipulates using ideal body weight (IBW) in the
Cockcroft Gault equation as a measure of muscle mass (BNF70, 2015).

However, at least one of the primary care patient record systems (SystmOne)
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used actual weight in the renal calculator for CrCI-CG at the time of the survey
(the SystmOne renal calculator has now been revised to use IBW). Inclusion
allows assessment of the proportion of patients that might be missed if actual

weight was used instead of IBW.

1 CrCI-CG IBW: creatinine clearance calculated using ideal body weight (or
actual if lower), SrCr and age variables. An average ideal body weight of 60kg
for females and 70kg for males was used as ideal body weight or lean body
weight was not available to search. This is a reasonable assumption to make
as the highest weights are reduced to a level more likely to approximate the
lean body weight and give an indication of muscle mass (rather than body fat).
CrCI-CG IBW is included as the kidney function calculation recommended by

the BNF for o6toxic drugs with small safety mar

Kidney function varies widely between individuals but does generally decline with
age, whether that is related to disease or senescence (Glassock and Winearis,
2009). It would be anticipated that the problem of inadequate kidney function for
prescribing of renally excreted drugs would be greater for older people. Age was
included to see the effect of increased age on whether each drug would be
appropriately prescribed. Age bands were used to enable comparison of the
6younger ol doé wi t Bffice fordNationallSthtestes (200l) sdlaétis T h e
the old age band at 65 years, and the 6ol der ol
older age bands for comparison, the data was analysed in the following age
categories:

1 6571 74 years.

1 7571 84 years.

1 85 years and older.

Byincludingasearchf or t hose with O6no eddfWa8 on the recor
possible to calculate the total number of people taking each drug, and therefore the
number of those who did not have any of the variables required to estimate their

kidney function.

3.4.4 Sampleinclusion criteria
The samples to be investigated were all O6patient

drugs prescribed for people aged 65 years and older in the PCT population.

Ei ght separate sample populations of d&gpatient dru

planned to be extracted for analysis:
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Alendronic acid on repeat prescription.

Metformin on repeat prescription.

Simvastatin on repeat prescription.

Gabapentin and pregabalin on repeat prescription.
Nitrofurantoin prescribed within the previous 12 months.
A thiazide on repeat prescription.

An NSAID on repeat prescription.

=A =4 4 A4 -4 a4 -—a =9

An ACEI, or ARB on repeat prescription.

3.4.5 Method

3.4.5.1 Data extraction
Having defined the variables and drugs to investigate, the criteria that needed to be
collected by the searches were discussed with a PCT data analyst to ensure they
could be extracted from the prescribing data. All GP practices across the Bradford &
Airedale PCT used the SystmOne patient record system and so the prescribing data
searches only needed to be run on SystmOne. The PCT data analyst ran the required
searches for each drug at the end of October 2011 resulting in an anonymised data

set for each drug.

The anonymised data extracted was presented as an Excel workbook and forwarded
to the research team for analysis. The first two data sheets were:

9 Total population i age and gender patient count.

T Tot al number of patients aged O%5 years w
Then three excel data sheets for each of the eight drugs or drug classes for people
aged 65 years:

1 Age, gender, weight and SrCr for calculation of CrCl (both using actual body

weight (CrCl AW) and estimated ideal body weight or actual if lower (CrClI
IBW)).

eGFR.

No eGFR in the last 15 months.

An assessment of missing data and outliers was then conducted:
1 The searches used meant that only drug prescriptions where a kidney function
test, or variables to calculate kidney function level, were extracted. An analysis
was undertaken to find evhentnsumbfeorr oefa cohp adt

occurred when there was no kidney function estimate on the record. This would
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indicate the number that were missing from the analyses, and how reliable the

findings would be for the whole population.

1 The data sheets were checked for any missing variable data. As the extraction
was done using searches for the variables, missing variable data was unlikely.

However, a missing data analysis was performed to confirm this (3.4.5.2).

9 Outliers were examined in the data, and assessed whether they should be
included in the final analysis. Kidney function can be good, even in old age, or
it can be extremely low because of disease. A kidney function variable would
only be excluded if it was assessed to be most likely to have been a recording
error. For example, weight data that was found to be lower than possible for an

adult was assessed, and the patient drug event removed before analysis.

3.4.5.2 Missing data analysis
In order to ensure that any missing variables were identified, the effect on the final
analyses, and to flag up any potential for bias, a missing data analyses was
performed. As it was intended that the statistical program SPSS would be used for the
inferential analysis, it would be important to do a missing data analysis as the
program may automatically remove cases with missing variables without deleting from
the data set; this may be significant, especially if a dataset has a high percentage of
values missing. Also statistical procedures such as regression analysis will not work as
well, or at all, on a data set with missing values. As the aim is to make inferences
about the entire target population, it is necessary to clarify that the cases included for

inferential analysis are representative (Rubin et al, 2002).

By doing a missing data analysis, the extent and pattern can be clarified and an
assessment can be made as to whether to omit everyone without complete data and
do a complete case (or available case) analysis. When only a very few observations
are missing there will be little effect, but when many are missing, omitting all patients
without full data might result in a large proportion of the data being discarded, and the
results may be biased unless the data are missing completely at random (Altman &
Bland, 2007).

3.4.5.3 Descriptive analysis
The anonymised data was assessed by a descriptive analysis. Statistician advice was
sought because of the non-linearity of the data, the possible linkages where different
study drugs might be prescribed to the same patients, and to ensure the statistical

analysis would give clarity to the large set of data.
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Asthedat a extraction was done for Opatient dru
available, a 6complete case analysisdé was un
drug events where a kidney function estimate was on the patient record. It is

recognised that biases may occur as data was not missing completely randomly; the

data is unknown for drug events where the patient had no kidney function estimate on

their record.

A descriptive analysis using Excel was completed for each drug to organise and
i llemihatdatadé and answer the objectives (B
1 Population statistics:
- Total population in Bradford & Airedale PCT
- Number aged O65 year s, -74 @58 4i,n atnhde Ga8gse b
years.
- Number aged O65 year s, -74 @58 4i,n atnhde (a8gse ybe

for male and female.

f The numbers of people aged 065 years taki
Bradford & Airedale PCT population, and in the age bands 65-74, 75-84, and
085 years.

1 The number of older people with a documented RKF in the population, defined
as eGFR <60 mlI/min/1.73m?f or CKD (NI CE CG182, 2014),
years, and in the age bands 65-74, 75-8 4 , and 085 years. Thi s
indication of the level of recorded CKD in the Bradford & Airedale PCT
population and allow comparison with other areas. It is noted that not all people
with CKD will have had an eGFR check. The missing data analysis (3.4.5.2)
will be able to give an assessment of the number of people prescribed the drug

but without an available kidney function level on their record.

Separately for each of the eight selected, representative, drugs:

f The number of dépatient drug eventsod6 where
available but was too low for the recommended use.

T The number of O6patient drug eventsd that
weight was used to calculate creatinine clearance (CrCI-CG AW) were used
instead of ideal body weight (CrCI-CG IBW),
A line plot charting the range of kidney function at each age level.
An assessment of correlation between age and level of kidney function (see
3.4.5.4 for further details).
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1 Alogistic regression analysis to explore the effect of older age on likelihood of
having a kidney function too low for appropriate prescribing of the drug (see
3.4.5.5 for further details).

Kidney function estimates done within the previous 15 months were used for the final
three analyses, rather than any test on the record, as this would be more accurate and

ideally a recent test should be available to make drug use and dose decisions.

Any results from the data analyses that were unexpected, were checked against

figures found in one large GP practice for corroboration.

3.4.5.4 Correlation analysis

Use of the Pearsonds correlation analysis assumes
1 The two variables are continuous.
1 Thereis a linear relationship between the two variables.
9 There are no significant outliers.
1 The variables are approximately normally distributed.

The data extraction is for people aged 65 years and older and so there are a much

larger number of the population in the lower older age categories than at the oldest

ages and the data is likely to be skewed. There are also outliers in the kidney function

data in this older population where a few have very high level of function, and a few

have a very low function because of disease.

Spearman's rank correlation coefficient is appropriate when one or both variables are
skewed or ordinal and is robust when extreme values are present (Bowers, 2008). The

age variable in these analyses were skewed when tested using IBM SPSS 22.

A Spearman correlation was run for each drug on IBM SPSS 22 to determine the
relationship between an individual's age and level of kidney function. Both variables
are continuous, and the data was assessed to ensure there was a linear relationship

between the variables.

Definitions for the results reported:
r = correlation coefficient (range -1 to +1)
n = number included for analysis

p = level of statistical significance

3.4.5.5 Inferential analysis
A logistic regression analysis was performed using IBM SPSS 21 to investigate
whether the independent variable, age, predicts higher odds of having a kidney

function estimate too low for recommended use of the investigation drug (the
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dependent variable). The independent variable was investigated in three age bands:
65-74 years, 75-84 years and aged 85 years and older. The dependent variable is
kidney function level in relation to the recommendations for use of the investigation
drugs. The 75-84 years, and aged 85 years and older, age groups were compared to

the 65-74 age group.

It was decided to use the kidney function estimates done within the previous 15
months, rather than any test on the record, however long ago it was done, as ideally a
recent test should be available to make drug use and dose decisions. Fifteen months
is a time period used by the primary care general practice Quality Outcomes
Framework as cut off for what would be considered a time period when there should
have been monitoring for clinical review (Health & Social Care Information Centre,
2015).

The 95% confidence interval (Cl) were assessed to estimate the precision of the odds
ratios. A large Cl indicates a low level of precision of the odds ratio, whereas a small
Cl indicates a higher precision. If the Cl overlaps the null value (=1 for this analysis),

there cannot be confidence that the outcome will occur given the particular exposure.

This analysis does not address the possibility of confounding, where a non-casual

association is observed between a given exposure and outcome is as a result of the

influence of a third variable. The findings need to be interpreted with this in mind.

Stratification and multiple regression techniques are two methods used to address
confounding, and produce Oadj unstheecdpofthdds r at

analysis.

3.4.6 Ethics and governance

Approval was granted from the PCT governance lead on 21/10/11 as a service
evaluation (Letter of access: Appendix 5, 8.4). It was confirmed with the National
Research Ethics Service on 4/11/11 that, as part of an audit, NHS ethics approval was
not required (Appendix 6, 8.5). All data had been anonymised before being released

for analysis and there was no GP practice or patient identification possible.

3.5 Results

__ 70,900 Highlighted figures in the tables are those mentioned in the text,

results or discussion.
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3.5.1 Population statistics.
70,900 people in Bradford & Airedale PCT were aged 65 years and older, 12.9% of the
549,533 total population, and 1.8% were (85 years (Table 22).

% of total % of total % of total
number . male . female .
population population population
total PCT population 549,533
total aged#p5yrs 70,900 12.9 30,953 5.6 39,947 7.3
total aged 65-74yrs 36,466 6.6 17,471 3.2 18,995 3.5
total aged 75-84yrs 24,711 45 10,431 1.9 14,280 2.6
total agedx y p & NA& 9,723 1.8 3,051 0.6 6,672 1.2

Table 22: Bradford & Airedale PCT study population statistics.

352 The numbers of people aged O65 years takin
At least 40% of the 70,900 study population were on one or more drugs affected by

level of kidney function in this population with 39.9% of all G65 year olds prescribed an

ACEI or ARB. Table 23 shows that the proportions of the population taking the study

drugs ranged from the 39.9% taking an ACEI or ARB, to 2% on gabapentin or

pregabalin, and are shown in Figure 14. The high number found taking ACEI/ARBs

was checked with the number in one GP practice which had a similar percent and so

corroborated the result as the level that wold be expected.

For those aged (85 years the range was from 1.9% on NSAIDs to 35.9% on

ACEI/ARBs.
aged 65-74yrs aged 75-84yrs aged 085y
number % of those
aged Oaged O o %ofthose number % ofthose number

aged 65- aged 75- % of those i

74yrs 84yrs aged O
alendronic acid 4,230 6.0 1,471 4.0 1,827 7.4 932 9.6
metformin 6,436 9.1 3,594 9.9 2,365 9.6 480 4.9
simvastatin > 10mg 21,733 30.7 11,200 30.7 8,249 334 2,284 235
gabapentin or pregabalin 1,448 2.0 725 2.0 526 2.1 197 2.0
nitrofurantoin (acute) 3,489 49 1,356 37 1,322 5.3 811 8.3
a thiazide 12,098 17.1 5,993 16.4 4,662 18.9 1,443 14.8
NSAID on rpt 3,363 4.7 2,194 6.0 987 4.0 182 1.9
ACE/ARB 28,254 39.9 13,739 37.7 11,023 446 3,490 35.9

Abbreviations: ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; NSAID: non-steroidal anti-
inflammatory; RKF: reduced kidney function.

Table 23: Numbers prescribed each of the cross-sectional survey drugs.
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Abbreviations: ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; NSAID: non-steroidal anti-
inflammatory; RKF: reduced kidney function.

Figure 14: The percentage of people aged (65 years prescribed each of the
study drugs (from Table 23).

3.5.3 Thelevel of documented RKF in the population.

Using the NICE CKD level of eGFR <60ml/min/1.73m?, 25.9% of those aged (65
years, and 49.5% aged G85 years, had a documented reduced kidney function on their
record (Table 24). More females than males had a lower kidney function in all three
age bands, 17.1% vs 12.9% for the 65-74 years, 34.6% vs 30% for the 75-84 years,

and for C85 years 51% of females and 46.4% of males had a reduced eGFR.

aged 65-74yrs aged 75-84yrs aged 085"
number % of those
aged aged % of those % of those % of those
065y1 065y number aged 65- number  aged 75- number aged
T4yrs 84yrs 085yt
b h total 18,397 25.9 5,502 15.1 8,078 32.7 4,817 495
number with eGFR
06 0ml / miZn male 6,811 22.0 2,262 129 3,132 30.0 1,417 46.4
female 11,586 29.0 3,240 171 4,946 34.6 3,400 51.0

Table 24: Number of people aged (85 years with an eGFR <60ml/min/1.73m?2.

3.5.4 Missing data and outliers analysis

3.5.4.1 Missing data for age and gender
Virtually no ages or genders were missing from the data set. This is as expected as

the GP patient record systems have age and gender as required fields.
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3.5.4.2 Missing data for kidney function estimate calculation
Only 0.2% (metformin) to 9.7% (NSAIDs) of the patient drug events for each drug
studied did not have an eGFR available on the patient record, and 0% (metformin) to
5.7% (NSAIDs) did not have the parameters to calculate CrCI-CG, i.e. age, gender,

weight, and serum creatinine (Table 25).

Metformin at 2.8% to 17.5% (NSAIDs), did not have a recent eGFR in the previous 15

months and 2.4% to 21.9% did not have a recent SrCr on the record (weight was not

included for a 6r ecentwastheaBNE uggasted viarthlelea | body wei gh
however, two thirds of cases did have a recent weight value on their record) (Table

25).

Figure 15 charts the percentage of patient drug events for the study drugs with no
eGFR, or no eGFR in the previous 15 months.

The figures were similar for the G85 year olds but slightly higher at 1.5% - 19.8% for a
recent eGFR and 2.5% - 20.9% for SrCr (Table 25).

The missing data analysis for patients who had a kidney function estimate in the
previous fifteen months, has shown that approximately 10% of the data would not be
used for the final analysis (9,911 out of 96,900).

alendronic acid &5
metformin |
simvastatin >10mg |
gabapentin/pregabalin [
nitrofurantoin in last 12mths [§
thiazide |

NSAID onrpt BN
ACE/ARB [

0% 2000  40% 60%  80%  100%

% 265yrs with no eGFR in the last 15 mths

B % 265yrs with no eGFR on the record

Abbreviations: ACE: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; eGFR: estimated glomerular filtration
rate; NSAID: non-steroidal anti-inflammatory.

Figure1l5: The percentage of O6pati ent®5dgearsg eventso for

with no eGFR on the record, or no eGFR in the last 15 months (from Table 25).



aged 065 aged 065y aged 065y aged 065y aged 085y aged 085y
drug eGgFR (ever) y weight & SrCr eGFR SrCr (in last 15 mths) eGFR SrCr (in last 15 mths)
(ever) (in last 15 mths) and weight ever (in last 15 mths) and weight ever
ves "no" ves "no" ves "no" ves "no" ves "no" ves "no"
alendronic acid 4,016 214 5.3 4,056 174 4.3 3,469 580 14.3 3,400 656 16.2 766 166 17.8 748 184 19.7
metformin 6,415 16 0.2 6,433 0 0.0 6,233 182 2.8 6,278 155 2.4 473 7 15 468 12 2.5
simvastatin >10mg 21,404 329 15 21,420 313 15 19,483 1,921 9.0 19,433 1,987 9.3 2,063 226 9.9 2,047 237 10.4
gabapentin or pregabalin 1,397 51 3.7 1,387 61 4.4 1,233 164 11.8 1,387 176 12.7 166 31 15.7 162 36 18.3
nitrofurantoin 3,383 106 31 3,385 104 31 3,013 370 10.9 2,979 406 12.0 754 57 7.0 737 74 9.1
thiazides 11,936 162 14 11,907 191 1.6 10,876 1,060 8.9 10,807 1,100 9.2 1,267 176 12.2 1,246 197 13.7
NSADS 3,054 309 9.7 3,181 182 5.7 2,498 556 17.5 2,483 698 21.9 145 36 19.8 144 38 20.9
ACE/ARB 28,063 191 0.7 27,875 379 1.4 26,222 1,841 6.6 26,117 1,758 6.3 3,215 275 7.9 3,168 322 9.2

Abbreviations: ACE: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; eGFR: estimated glomerular filtration rate; NSAID: non-steroidal anti-inflammatory; RKF: reduced

kidney function; SrCr: serum creatinine.

Table 25: Kidney function variables available on the patient record for each of the study drugs ever, and in the previous 15 months,

for age (65 years and CB5 year



aged 65yrs and older aged 65-74yrs aged 75-84yrs aged 85yrs and older

drug total rei:*:n;' d % Cl(®» total reléfn;' d % Cl(®» total rel:E;' d % Cl(®» total reIZE;' d % Cl(»
alendronic acid 3,400 804 23.6 0.04 1,120 49 4.4 0.01 1,532 342 22.3 0.02 748 413 55.2 0.07
metformin 6,276 267 4.3 0.03 3,491 30 0.9 0.0005 2,319 124 53 0.004 466 113 24.2 0.08
simvastatin > 10mg 19,434 1,465 7.5 0.01 9,894 167 1.7 0.0003 7,494 643 8.6 0.002 2,046 655 32.0 0.02
gabapentin or pregabalin 1,209 132 10.9 0.1 598 43 7.2 0.02 450 56 12.4 0.05 161 33 20.5 0.2
nitrofurantoin 3,185 1,262 39.6 0.04 1,206 141 11.7 0.02 1,242 535 43.1 0.04 737 586 79.5 0.04
thiazide 10,805 797 7.4 0.02 5,371 62 1.2 0.0004 4,189 303 7.2 0.003 1,245 432 34.7 0.04
NSAID 2,483 86 35 0.08 1,577 8 0.5 0.001 762 36 4.7 0.01 144 42 29.2 0.3
ACE/ARB 26,109 2,521 9.7 0.01 12,663 288 2.3 0.0004 10,280 1,062 10.3 0.002 3,166 1,171 37.0 0.01

Abbreviations: ACE: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; Cl: confidence intervals; KF<recmdd: kidney function less than recommended; NSAID: non-steroidal anti-inflammatory.
Table 26: Number of drugs prescribed for people aged (65 years with a kidney function estimate (CrCI-CG IBW) in the previous 15

months too low for recommended use.



3.5.4.3 Outliers
No eGFR or SrCr values were considered to be errors as both the lower and higher
values were possible when kidney function is very low or is normal. Only five weight
values across all the 79,644 values extracted for the eight drugs were assessed as
likely to be a recording error as they were too low to be an adult weight. The five
6patienendsdgweve removed from the analysi s,

study population would not bias the study findings.

3.5.5 Analysis of the eight sample drugs
The data for each drug was collected separately without data linkage. The statistical
analysis could therefore only be conducted for each drug individually. Tables 26 and

27 are used to list the data that will then be used in the individual drug sections.

Table 26 shows the number of drugs prescribed in the study population (people aged
065 vy e thalkkidney function estimate (CrCI-CG IBW) in the previous 15 months
too low for recommended use. Table 27 gives the results comparing the effect of using
the recommended equation for prescribing decisions (i.e. CrCI-CG IBW) with using
actual weight in the equation (CrCI-CG AW) or using the nationally reported eGFR.
The data is presented as the number of patients prescribed the drug but who have a

kidney function too low and would be missed if CrCI-CG IBW was not used.

The data is presented hierarchically for each drug to show:

i The total number of patients with a kidney function check (shown by an eGFR
on the record) in the previous 15 months.

1 Below is the number of patients found with a kidney function too low using
CrCI-CG IBW.

1 Below that is the number found if actual weight is used instead of ideal body
weight (CrCI-CG AW). Next on that row is the CrCI-CG IBW minus the number
found using actual weight which gives the number of patients that would be
missed that should have their drug prescription altered.

9 Finally is the number found if eGFR is used. Next on that row is CrCI-CG IBW
minus the number found using eGFR which gives the number of patients that

would be missed that should have their drug prescription altered.

For example, for the 3,436 people aged 65 years and older prescribed alendronic acid:
1 3,436 people taking alendronic acid had a kidney function check (shown by an
eGFR on the record) in the previous 15 months. 804 of those were found to
have a CrCI-CG IBW below 35ml/min.
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drug

aged 65 years and older

aged 85yrs and older

numbers missed using the other
equations rather than CrCI-CG IBW

numbers missed using the other

equations rather than CrCI-CG IBW

total total
number pts % of CrCl- % of total number pts % of CrCl- % of total
missed CG IBW__ with eGFR missed CG IBW__ with eGFR
eGFR in the last 15 months 3,436 766
CrCI-CG IBW < recommended 804 413
alendronic acid
CrCI-CG AW < recommended 614 190 23.6 55 343 70 16.9 9.1
eGFR < recommended 108 696 86.6 20.3 53 360 87.2 47.0
eGFR in the last 15 months 6,233 473
CrCI-CG IBW < recommended 267 113
metformin
CrCI-CG AW < recommended 135 132 49.4 21 72 41 36.3 6.7
eGFR < recommended 20 247 92.5 4.0 5 108 95.6 22.8
eGFR in the last 15 months 19,477 2,063
CrCI-CG IBW < recommended 1,465 655
simvastatin >10mg
CrCI-CG AW < recommended 1,019 446 30.4 2.3 517 138 211 6.7
eGFR < recommended 344 1,121 76.5 5.8 90 565 86.3 274
eGFR in the last 15 months 1,233 165
gabapentin or CrCI-CG IBW < recommended 132 33
pregabalin CrCl-CG AW < recommended 79 53 40.2 43 31 2 6.1 12
eGFR < recommended 41 91 68.9 7.4 11 22 66.7 13.3
eGFR in the last 15 months 3,226 754
CrCI-CG IBW < recommended 1,262 586
nitrofurantoin (acute)
CrCI-CG AW < recommended 955 307 243 9.5 525 61 10.4 8.1
eGFR < recommended 354 908 71.9 28.1 147 439 749 58.2
eGFR in the last 15 months 10,876 1,267
o CrCI-CG IBW < recommended 797 432
thiazide
CrCI-CG AW < recommended 547 250 31.4 23 338 94 218 7.4
eGFR < recommended 129 668 83.8 6.1 40 392 90.7 30.9
eGFR in the last 15 months 2,498 145
CrCI-CG IBW < recommended 86 42
NSAID
CrCI-CG AW < recommended 53 33 38.4 1.3 29 13 31.0 9.0
eGFR < recommended 4 82 95.3 33 2 40 95.2 27.6
eGFR in the last 15 months 26,223 3,215
CrCI-CG IBW < recommended 2,521 1,171
ACEIARB
CrCI-CG AW < recommended 1,687 834 331 3.2 896 275 235 8.6
eGFR < recommended 579 1,942 77.0 7.4 160 1,011 86.3 314

Abbreviations: ACE: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; CrCI-CG IBW:

creatinine clearance Cockcroft Gault using ideal body weight; CrCI-CG AW: creatinine clearance Cockcroft Gault using

actual body weight; eGFR: estimated glomerular filtration rate; NSAID: non-steroidal anti-inflammatory.

Table 27:

Number

of

Opatient

drug

event so

low, but would be missed if CrCI-CG AW or eGFR are used instead of CrCI-CG

IBW.

1 Using actual weight in the CrCI-CG calculation would mean that 614 patients

would be considered to have too low a kidney function, and 190 patients would

wher e

have been missed. That is 23.6% of those found using CrCI-CG IBW, and 5.5%

of all those taking alendronic acid and with a recent kidney function test.

1 Using eGFR would only have found 108 patients with a low kidney function,

and 696 of the patients that should have their alendronic acid stopped would be

missed; that is 86.6% of those who should have been identified, and 20.3% of

all people aged over 65 years prescribed alendronic acid with a recent kidney

function test.

t

he
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Alendronic acid i recommended to be avoided at <35ml/min.

1 Number of patient drug events where arecent kidney function was
available but was too low for the recommended use.
In 3,400 patients aged 65 years and older, 23.6% (CI £0.04) were prescribed
alendronic acid despite a recent kidney function <35 ml/min on the patient record.
This was 4.4% (Cl £0.01) of the 1,120 65-74 year olds that had CrCI-CG IBW <35
ml/min, 22.3% (CI +£0.02) of the 1,532 75-84 year olds, and 55.2% (Cl £0.07) of the
748 085 yTaWer26)ol ds (

Number where alendronic acid should be stopped, but would be missed if eGFR
were used instead of CrCI-CG using ideal body weight. (Table 27)

For G55 year olds, 696 (86.6%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if eGFR had been used. That is 20.3% of all
the alendronic acid repeat prescriptions studied which had a lower than recommended

kidney function but would not be identified if eGFR was used.

For C85 year olds, 360 (87.2%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if eGFR had been used. That is 47.0% of all
the repeat prescriptions studied which had a lower than recommended kidney function

but would not be identified if eGFR was used.

Number where alendronic acid should be stopped, but would be missed if actual
weight rather than ideal body weight were used in CrCI-CG. (Table 27)

For G55 year olds, 190 (23.6%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 5.5% of
all the repeat prescriptions studied which had a lower than recommended kidney
function but would not be identified if CrCI-CG AW was used.

For G85 year olds, 70 (16.9%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 9% of
all the repeat prescriptions studied which had a lower than recommended kidney
function but would not be identified if CrCI-CG AW was used.

1 Line plot charting the range of kidney function at each age level.
The range of kidney function estimated using CrCI-CG IBW from SrCr, reported within
the previous 15 months, for the 3,400 alendronic acid patient drug events are plotted
in Figure 16 at each age level from 65 years. The level of 35 ml/min is marked, and
any points under the line show use of the drug where the kidney function would be

considered too low for recommended use.
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Figure 16: Line plot charting the range of kidney function (CrCI-CG IBW within
the previous 15 months) for alendronic acid prescribed for people at each age

level 65 years and older.

A Spearman correlation analysis was run to determine the relationship between an
individual's age and their level of kidney function. The data showed no violation of
linearity. There was a moderate negative correlation between age and level of kidney
function, which was statistically significant (r = -0.579, n = 3400, p < 0.0005); kidney
function tends to reduce with age in people prescribed alendronic acid.

1 Logistic regression analysis
Using any of the three equations, compared to age band 65-74yrs, those aged 75-
84yrs have higher odds of having a kidney function too low for the alendronic acid
prescribed, and those aged 85yrs and over have even higher odds of having a kidney
function lower than recommended (Table 28). Using CrCI-CG IBW, patients aged 74-
84 years have 6.3 times greater odds of having a kidney function too low to be

prescribed alendronic acid, and 26.9 times greater odds for those aged 85 years.

65-74yrs 75-84yrs 85 years and older
odds ratio odds ratio
eGFR 1 1.958 (1.076-3.561) 5.486 (3.069-9.807)
alendronic acid CrCI-CG AW 1 5.107 (3.591-7.264) 24,115 (16.925-34.358)
CrCI-CG IBW 1 6.282 (4.605-8.569) 26.946  (19.556-37.129)

Abbreviations: CrCI-CG IBW: creatinine clearance Cockcroft Gault using ideal body weight; CrCI-CG AW: creatinine clearance Cockcroft
Gault using actual body weight; eGFR: estimated glomerular filtration rate.

Table 28: Odds ratios for the effect of older age on having a kidney function too

low to be prescribed alendronic acid.
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Metformin i recommended to be avoided at <30ml/min.

1 Number of patient drug events where a recent kidney function was
available but was too low for the recommended use.
In 6,276 patients aged 65 years and older, 4.3% (CI £0.03) were prescribed metformin
despite a recent kidney function <30 ml/min on the patient record, when it is contra-
indicated. This was 0.9% (Cl £0.0005) found in the 3,491 65-74 year olds, 5.3% (CI
+0.004) in the 2,319 74-85 year olds, and 24.2% (C1 +0.08) of t he 466
that had a CrCI-CG IBW <30ml/min (Table 26).

Number where metformin should be stopped, but would be missed if eGFR were
used instead of CrCI-CG using ideal body weight. (Table 27)

For G865 year olds, 247 (92.5%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if eGFR had been used. That is 4.0% of all the
repeat prescriptions studied which had a lower than recommended kidney function but

would not be identified if eGFR was used.

For C85 year olds, 108 (95.6%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if eGFR had been used. That is 22.8% of all
the repeat prescriptions studied which had a lower than recommended kidney function

but would not be identified if eGFR was used.

Number where metformin should be stopped, but would be missed if actual
weight rather than ideal body weight were used in CrCI-CG. (Table 27)

For (65 year olds, 132 (49.4%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 2.1% of
all the repeat prescriptions studied which had a lower than recommended kidney
function but would not be identified if CrCI-CG AW was used.

For G85 year olds, 41 (36.3%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 8.7% of
all the repeat prescriptions studied which had a lower than recommended kidney
function but would not be picked up if CrCI-CG AW was used.

1 Line plot charting the range of kidney function at each age level.
The range of kidney function estimated using CrCI-CG IBW from SrCr, reported within
the previous 15 months, for the 6,276 metformin patient drug events are plotted in
Figure 17 at each age level from 65 years. The level of 30 ml/min is marked, and any
points under the line show use of the drug where the kidney function would be
considered too low for recommended use. Also marked is the 45 ml/min level, below

which caution and reduced dose is recommended.

085
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Figure 17: Line plot charting the range of kidney function (CrCI-CG IBW within
the previous 15 months) for metformin prescribed for people at each age level
65 years and older.

A Spearman correlation analysis was run to determine the relationship between an
individual's age and their level of kidney function. The data showed no violation of
linearity. There was a moderate negative correlation between age and level of kidney
function, which was statistically significant (r = -0.516, n = 6,276, p < 0.0005); kidney

function tends to reduce with age in people prescribed metformin.

1 Logistic regression analysis
Using CrCI-CG IBW or AW, compared to age band 65-74yrs, those aged 75-84yrs have
higher odds of having a kidney function too low for the metformin they were prescribed,
and for all 3 equations those aged 85yrs and over have higher odds of having a kidney
function lower than recommended (Table 29). Using CrCI-CG IBW patients aged 74-84
years have 6.5 times greater odds of having a kidney function too low to be prescribed
metformin, and 36.9 times greateroddsfort hose aged 085 years.

65-74yrs 75-84yrs 85 years and older
odds ratio odds ratio
eGFR 1 2.257 (0.802-6.348) 6.145 (1.868-6.348)
metformin CrCI-CG AW 1 5.896 (3.195-10.877) 48.643  (26.704-88.609)
CrCI-CG IBW 1 6.517 (4.358-9.746) 36.93 (24.334-58.048)

Abbreviations: CrCI-CG IBW: creatinine clearance Cockcroft Gault using ideal body weight; CrCI-CG AW: creatinine
clearance Cockcroft Gault using actual body weight; eGFR: estimated glomerular filtration rate.

Table 29: Odds ratios for the effect of older age on having a kidney function too
low to be prescribed metformin.



165

Simvastatin >10mg i recommended dose reduction at <30 ml/min.

T Number of patient drug events where a recent kidney function was
available but was too low for the recommended use.
In 19,434 patients aged 65 years and older, simvastatin was prescribed at doses
greater than 10mg on repeat prescription for 1,465 (7.5%) (Cl £0.01) despite a recent
kidney function <30 ml/min on the patient record. This was 167 (1.7%) (CI £0.0003) of
the 9,894 65-74 year olds that had CrCI-CG IBW <30 ml/min, 643 (8.6%) (Cl £0.002)
of the 7,494 75-84 year olds, and 655 (32%) (C1+0.02) of the 2,046 085 vy

prescribed simvastatin at doses greater than 10mg (Table 26).

Number where simvastatin should be stopped, but would be missed if eGFR
were used instead of CrCI-CG using ideal body weight. (Table 27)

For 65 year olds, 1,121 (76.5%) of the cases found with a kidney function too low
using CrCI-CG IBW would have been missed if eGFR had been used. That is 5.8% of
all the repeat prescriptions studied which had a lower than recommended kidney

function but would not be identified if eGFR was used.

For CB5 year olds, 565 (86.3%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if eGFR had been used. That is 27.4% of all
the repeat prescriptions studied which had a lower than recommended kidney function

but would not be picked up if eGFR was used.

Number where metformin should be stopped, but would be missed if actual
weight rather than ideal body weight were used in CrCI-CG. (Table 27)

For (65 year olds, 446 (30.4%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 2.3% of
all the repeat prescriptions studied which had a lower than recommended kidney

function but would not be picked up if CrCI-CG AW was used.

For C85 year olds, 138 (21.1%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 6.7% of
all the repeat prescriptions studied which had a lower than recommended kidney
function but would not be picked up if CrCI-CG AW was used.

1 Line plot charting the range of kidney function at each age level.
The range of kidney function estimated using CrCI-CG IBW from SrCr, reported within
the previous 15 months, for the 19,434 simvastatin >10mg patient drug events are
plotted in Figure 18 at each age level from 65 years. The level of 30 ml/min is marked,
and any points under the line show use of the drug where the kidney function would be

considered too low for recommended use.
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Figure 18: Line plot charting the range of kidney function (CrCI-CG IBW within
the previous 15 months) for simvastatin prescribed for people at each age level
65 years and older.

A Spearman correlation analysis was run to determine the relationship between an
individual's age and their level of kidney function. The data showed no violation of
linearity. There was a moderate negative correlation between age and level of kidney
function, which was statistically significant (r = -0.577, n = 19,434, p < 0.0005); kidney

function tends to reduce with age in people prescribed simvastatin doses >10mg.
1 Logistic regression analysis

Using any of the three equations, compared to age band 65-74yrs, those aged 75-
84yrs have higher odds of having a kidney function too low for the simvastatin they
were prescribed, and those aged 85yrs and over have even higher odds of having a
kidney function lower than recommended (Table 30). Using CrCI-CG IBW patients
aged 74-84 years have 5.5 times greater odds of having a kidney function too low to
be prescribed simvastatin, and 27.4 times greater oddsfortho s e aged O85 year s.

65-74yrs 75-84yrs 85 years and older
odds ratio odds ratio
eGFR 1 2.445 (1.887-3.167) 4.983 (3.706-6.701)
simvastatin >10mg CrCI-CG AW 1 5.028 (4.055-6.234) 30.635  (24.727-37.95)
CrCI-CG IBW 1 5467  (4.598-6.499) 27.427 (22.933-32.802)

Abbreviations: CrCI-CG IBW: creatinine clearance Cockcroft Gault using ideal body weight; CrCI-CG AW: creatinine
clearance Cockcroft Gault using actual body weight; eGFR: estimated glomerular filtration rate.

Table 30: Odds ratios for the effect of older age on having a kidney function too

low to be prescribed higher dose simvastatin
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Gabapentin and pregabalin i recommendations for dose reductions at

specified levels of kidney function give in the SPCs.

1 Number of patient drug events where a recent kidney function was
available but was too low for the recommended use.

In 1,209 patients aged 65 years and older, gabapentin or pregabalin were prescribed
at doses greater than recommended on repeat prescription for 132 (10.9%) (CI £0.1)
despite a recent kidney function on the patient record being too low for the formulation
dose (Table 15). This was 43 (7.2%) (CI £0.02) of the 598 65-74 year olds, 56 (12.4%)
(Cl +0.05) of the 450 75-84 year olds, and 33 (20.5%) (CI+0.2) of the 161 085
olds where CrCI-CG IBW was lower than recommended (Table 26).

Number where the dose should be reduced, but would be missed if eGFR were
used instead of CrCI-CG using ideal body weight. (Table 27)

For (65 year olds, 91 (68.9%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if eGFR had been used. That is 7.4% of all the
repeat prescriptions studied which had a lower than recommended kidney function but

would not be identified if eGFR was used.

For (85 year olds, 22 (66.7%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if eGFR had been used. That is 13.3% of all
the repeat prescriptions studied which had a lower than recommended kidney function

but would not be identified if eGFR was used.

Number where the dose of should be reduced, but would be missed if actual
weight rather than ideal body weight were used in CrCI-CG. (Table 27)

For (65 year olds, 53 (40.2%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 4.3% of
all the repeat prescriptions studied which had a lower than recommended kidney
function but would not be identified if CrCI-CG AW was used.

For (85 year olds, 2 (6.1%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 1.2% of
all the repeat prescriptions studied which had a lower than recommended kidney
function but would not be identified if CrCI-CG AW was used.

1 Line plot charting the range of kidney function at each age level.
The range of kidney function estimated using CrCI-CG IBW from SrCr, reported within
the previous 15 months, for the 1,209 gabapentin and pregabalin patient drug events
are plotted in Figure 19 at each age level from 65 years. The levels of 30 ml/min and

60 ml/min are marked.
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Figure 19: Line plot charting the range of kidney function (CrCI-CG IBW within
the previous 15 months) for gabapentin and pregabalin prescribed for people at
each age level 65 years and older.

A Spearman correlation analysis was run to determine the relationship between an
individual's age and their level of kidney function. The data showed no violation of
linearity. There was a moderate negative correlation between age and level of kidney
function, which was statistically significant (r = -0.565, n = 1,209 p < 0.0005); kidney

function tends to reduce with age in people prescribed gabapentin and pregabalin.

1 Logistic regression analysis
Using any of the three equations, compared to age band 65-74yrs, those aged 75-84yrs
have higher odds of having a kidney function too low for the gabapentin or pregabalin they
were prescribed, and those aged 85yrs and over have even higher odds of having a kidney
function lower than recommended (Table 31). Using CrCI-CG IBW patients aged 74-84
years have 1.8 times greater odds of having a kidney function too low to be prescribed

gabapentin or pregabalin, and 3.3 times greater odds for those aged 85 years and older.

65-74yrs 75-84yrs 85 years and older
odds ratio odds ratio
eGFR 1 2.729 (1.265-5.888) 4.279 (1.784-10.258)
Gabapentin/pregabalii  CrCI-CG AW 1 2.972 (1.545-5.717) 9.958 (5.251-18.884)
CrCI-CG IBW 1 1.834 (1.208-2.786) 3.328 (2.033-5.446)

Abbreviations: CrCI-CG IBW: creatinine clearance Cockcroft Gault using ideal body weight; CrCI-CG AW: creatinine clearance Cockcroft
Gault using actual body weight; eGFR: estimated glomerular filtration rate.

Table 31: Odds ratios for the effect of older age on having a kidney function too

low to be prescribed too high a dose of gabapentin or pregabalin.
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Nitrofurantoin i ineffective below 45 ml/min

1 Number of patient drug events where arecent kidney function was
available but was too low for the recommended use.

In 3,185 patients aged 65 years and older prescribed nitrofurantoin in the previous 12
months, 1,262 (39.6%) (Cl £0.04) were prescribed despite a recent kidney function
<45 ml/min on the patient record. This was 141 (11.7%) (Cl £0.02) of the 1,206 aged
65-74 years, 535 (43.1%) (Cl £0.04) of the 1,252 75-84 year olds, and 586 (79.5%) (ClI
+ 0.04) of the 85 years and older patients with a recent CrCI-CG IBW <45 ml/min
(Table 26).

Number where nitrofurantoin would be ineffective, but would be missed if eGFR
were used instead of CrCI-CG using ideal body weight. (Table 27)

For (65 year olds, 908 (71.9%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if eGFR had been used. That is 28.1% of all
the repeat prescriptions studied which had a lower than recommended kidney function

but would not be identified if eGFR was used.

For C85 year olds, 439 (74.9%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if eGFR had been used. That is 58.2% of all
the repeat prescriptions studied which had a lower than recommended kidney function

but would not be identified if eGFR was used.

Number where nitrofurantoin would be ineffective, but would be missed if actual
weight rather than ideal body weight were used in CrCI-CG. (Table 27)

For 65 year olds, 307 (24.3%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 9.5% of
all the repeat prescriptions studied which had a lower than recommended kidney
function but would not be identified if CrCI-CG AW was used.

For C85 year olds, 61 (10.4%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 8.1% of
all the repeat prescriptions studied which had a lower than recommended kidney
function but would not be identified if CrCI-CG AW was used.

1 Line plot charting the range of kidney function at each age level.
The range of kidney function estimated using CrCI-CG IBW from SrCr, reported within
the previous 15 months, for the 3,185 nitrofurantoin patient drug events are plotted in
Figure 20 at each age level from 65 years. The level of 45 ml/min is marked, and any
points under the line show use of the drug where the kidney function would be

considered too low to be effective.
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Figure 20: Line plot charting the range of kidney function (CrCI-CG IBW within
the previous 15 months) for nitrofurantoin prescribed for people at each age
level 65 years and older.

A Spearman correlation analysis was run to determine the relationship between an
individual's age and their level of kidney function. The data showed no violation of
linearity. There was a moderate negative correlation between age and level of kidney
function, which was statistically significant (r = -0.608, n = 3,185 p < 0.0005); kidney

function tends to reduce with age in people prescribed nitrofurantoin.

1 Logistic regression analysis
Using any of the three equations, compared to age band 65-74yrs, those aged 75-84yrs
have higher odds of having a kidney function too low for the nitrofurantoin they were
prescribed, and those aged 85yrs and over have even higher odds of having a kidney
function lower than recommended (Table 32). Using CrCI-CG IBW patients aged 74-84
years have 5.6 times greater odds of having a kidney function too low to be prescribed
nitrofurantoin, and 29.2 times greater odds for those aged 85 years and older.

65-74yrs 75-84yrs 85 years and older
odds ratio odds ratio
eGFR 1 3.03 (4.198-4.177)  5.243 (3.781-7.27)
nitrofurantoin CrCI-CG AW 1 6.786 (5.161-8.923) 41.334  (30.865-55.356)
CrCI-CG IBW 1 5.644 (4.581-6.952) 29.23 (22.748-37.559)

Abbreviations: CrCI-CG IBW: creatinine clearance Cockcroft Gault using ideal body weight; CrCI-CG AW: creatinine clearance Cockcroft
Gault using actual body weight; eGFR: estimated glomerular filtration rate.

Table 32: Odds ratios for the effect of older age on having a kidney function too

low to for nitrofurantoin to be effective.
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Thiazides i ineffective below 30 ml/min

1 Number of patient drug events where arecent kidney function was
available but was too low for the recommended use.
In 10,805 patients aged 65 years and older prescribed thiazides on repeat
prescription, 797 (7.4%) (Cl £0.02) were prescribed despite a recent kidney function
<30 ml/min on the patient record. This was 62 (1.2%) (CI £0.0004) of the 5,371 65-74
year olds, 303 (7.2%) (Cl £0.003) of the 4,189 75-84 year olds, and 432 (34.7%) (CI
+0.04) of t he O85aGrG-a@G IBW «30 ml/min (Table 26).

Number where a thiazide would be ineffective, but would be missed if eGFR
were used instead of CrCI-CG using ideal body weight. (Table 27)

For 65 year olds, 668 (83.8%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if eGFR had been used. That is 6.1% of all the
repeat prescriptions studied which had a lower than recommended kidney function but

would not be identified if eGFR was used.

For C85 year olds, 392 (90.7%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if eGFR had been used. That is 30.9% of all
the repeat prescriptions studied which had a lower than recommended kidney function

but would not be identified if eGFR was used.

Number where a thiazide would be ineffective, but would be missed if actual
weight rather than ideal body weight were used in CrCI-CG. (Table 27)

For (65 year olds, 250 (31.4%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 2.3% of
all the repeat prescriptions studied which had a lower than recommended kidney
function but would not be identified if CrCI-CG AW was used.

For C85 year olds, 94 (21.8%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 7.4% of
all the repeat prescriptions studied which had a lower than recommended kidney
function but would not be identified if CrCI-CG AW was used.

1 Line plot charting the range of kidney function at each age level.
The range of kidney function estimated using CrCI-CG IBW from SrCr, reported within
the previous 15 months, for the 10,805 thiazide patient drug events are plotted in
Figure 21 at each age level from 65 years. The level of 30 ml/min is marked, and any
points under the line show use of the drug where the kidney function would be

considered too low to be effective.
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Figure 21: Line plot charting the range of kidney function (CrCI-CG IBW within
the previous 15 months) for thiazides prescribed for people at each age level 65
years and older.

A Spearman correlation analysis was run to determine the relationship between an
individual's age and their level of kidney function. The data showed no violation of
linearity. There was a moderate negative correlation between age and level of kidney
function, which was statistically significant (r = -0.573, n = 10,805 p < 0.0005); kidney

function tends to reduce with age in people prescribed a thiazide.

1 Logistic regression analysis
Using any of the three equations, compared to age band 65-74yrs, those aged 75-84yrs
have higher odds of having a kidney function too low for the thiazide they were prescribed,
and those aged 85yrs and over have even higher odds of having a kidney function lower
than recommended (Table 33). Using CrCI-CG IBW patients aged 74-84 years have 6.7
times greater odds of having a kidney function too low to be prescribed a thiazide, and
45.5 times greater odds for those aged 85 years and older.

65-74yrs 75-84yrs 85 years and older
odds ratio odds ratio
eGFR 1 2.185 (1.418-3.365) 5.293 (3.324-8.427)
thiazides CrCI-CG AW 1 5.603 (3.960-7.927) 49.666  (35.521-69.444)
CrCI-CG IBW 1 6.677 (5.065-8.802) 45.5 (34.518-59.976)

Abbreviations: CrCI-CG IBW: creatinine clearance Cockcroft Gault using ideal body weight; CrCI-CG AW: creatinine clearance Cockcroft
Gault using actual body weight; eGFR: estimated glomerular filtration rate.

Table 33: Odds ratios for the effect of older age on having a kidney function too
low for a thiazide to be effective.
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NSAIDS i caution in RKF as frequently cause ADRs

1 Number of patient drug events where a recent kidney function was
available but was too low for the recommended use.
In 2,483 patients aged 65 years and older prescribed NSAIDS on repeat prescription,
86 (3.5%) (CI £0.08) were prescribed despite a recent kidney function <30 ml/min on
the patient record. This was 8 (0.5%) (Cl £0.001) of 1,577 65-74 year olds, 36 (4.7%)
(C1£0.01) of the 762 75-84 years, and 42 (29.2%) (Cl £0.3) of the 144 patients aged
85 years and older with a CrCI-CG IBW <30 ml/min (Table 26).

Number where an NSAID should be stopped, but would be missed if eGFR were

used instead of CrCI-CG using ideal body weight. (Table 27)

For (65 year olds, 82 (95.3%) of the cases found with a kidney function too low using

CrCI-CG IBW would have been missed if eGFR had been used. That is 3.3% of all the
repeat prescriptions studied which had a lower than recommended kidney function but

would not be identified if eGFR was used.

For C85 year olds, 40 (95.2%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if eGFR had been used. That is 27.6% of all
the repeat prescriptions studied which had a lower than recommended kidney function

but would not be identified if eGFR was used.

Number where an NSAID should be stopped, but would be missed if actual
weight rather than ideal body weight were used in CrCI-CG. (Table 27)

For G55 year olds, 33 (38.4%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 1.3% of
all the repeat prescriptions studied which had a lower than recommended kidney

function but would not be picked up if CrCI-CG AW was used.

For G85 year olds, 13 (31.0%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 9.0% of
all the repeat prescriptions studied which had a lower than recommended kidney
function but would not be identified if CrCI-CG AW was used.

1 Line plot charting the range of kidney function at each age level.
The range of kidney function estimated using CrCI-CG IBW from SrCr, reported within
the previous 15 months, for the 2,483 NSAID patient drug events are plotted in Figure
22 at each age level from 65 years. The level of 30 ml/min is marked, as the level used
in the analysis. The 60 ml/min level is also shown on the graph as use of NSAIDs in

any degree of reduced kidney function needs caution and assessment.
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Figure 22: Line plot charting the range of kidney function (CrCI-CG IBW within
the previous 15 months) for NSAIDs prescribed for people at each age level 65
years and older.

A Spearman correlation analysis was run to determine the relationship between an
individual's age and their level of kidney function. The data showed no violation of
linearity. There was a moderate negative correlation between age and level of kidney
function, which was statistically significant (r = -0.497, n = 2,483 p < 0.0005); kidney

function tends to reduce with age in people prescribed an NSAID.

1 Logistic regression analysis
Using any of the three equations, compared to age band 65-74yrs, those aged 75-
84yrs have higher odds of having a kidney function too low for the NSAID they were
prescribed, and those aged 85yrs and over have even higher odds of having a kidney
function lower than recommended (Table 34). Using CrCI-CG IBW patients aged 74-84
years have 9.7 times greater odds of having a kidney function too low to be prescribed
an NSAID, and 80.8 times greater odds for those aged 85 years and older.

65-74yrs 75-84yrs 85 years and older
odds ratio odds ratio
eGFR 1 4.201 (1.048-16.843)  3.676 (0.380-35.566)
NSAIDs CrCI-CG AW 1 3.498 (1.524-8.031)  43.934  (20.313-95.026)
CrCI-CG IBW 1 9.725 (4.498-21.028) 80.757 (36.94-176.549)

Abbreviations: CrCI-CG IBW: creatinine clearance Cockcroft Gault using ideal body weight; CrCI-CG AW: creatinine
clearance Cockcroft Gault using actual body weight; eGFR: estimated glomerular filtration rate.

Table 34: Odds ratios for the effect of older age on having a kidney function too
low to be prescribed and NSAID.
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ACEIls and ARBS i although used in CKD, they can have an adverse effect on

the kidneys and need caution in low levels of kidney function.

1 Number of patient drug events where a recent kidney function was
available but was too low for the recommended use.

In 26,109 patients aged 65 years and older prescribed ACEIls or ARBs on repeat
prescription, 2,521 (9.7%) (CI £0.01) were prescribed where there was a recent kidney
function <30 ml/min on the patient record. This was 288 (2.3%) (Cl £0.0004) of 12,663
65-74 year olds, 1,062 (10.3%) (CI £0.002) of 10,280 75-84 year olds, and 1,171
(37%) (C1 £0.01) of 3,166 patients aged 85 years and older with a recent CrCI-CG IBW
<30 ml/min (Table 26).

Number where an ACEI/ARB should be stopped or dose reduced, but would be
missed if eGFR were used instead of CrCI-CG using ideal body weight. (Table 27)
For (65 year olds, 1,942 (77.0%) of the cases found with a kidney function too low
using CrCI-CG IBW would have been missed if eGFR had been used. That is 7.4% of
all the repeat prescriptions studied which had a lower than recommended kidney

function but would not be identified if eGFR was used.

For (85 year olds, 1,011 (86.3%) of the cases found with a kidney function too low
using CrCI-CG IBW would have been missed if eGFR had been used. That is 31.4% of
all the repeat prescriptions studied which had a lower than recommended kidney

function but would not be identified if eGFR was used.

Number where an ACEI/ARB should be stopped or dose reduced, but would be
missed if actual weight were used in CrCI-CG. (Table 27)

For (65 year olds, 834 (33.1%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 3.2% of
all the repeat prescriptions studied which had a lower than recommended kidney
function but would not be identified if CrCI-CG AW was used.

For (85 year olds, 275 (23.5%) of the cases found with a kidney function too low using
CrCI-CG IBW would have been missed if actual weight had been used. That is 8.6% of
all the repeat prescriptions studied which had a lower than recommended kidney
function but would not be identified if CrCI-CG AW was used.

1 Line plot charting the range of kidney function at each age level.
The range of kidney function estimated using CrCI-CG IBW from SrCr, reported within
the previous 15 months, for the 26,109 patient ACEI and ARB drug events are plotted
in Figure 23 at each age level from 65 years. The level of 30 ml/min is marked, and

any points under the line show where caution and reassessment may be required.
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Figure 23: Line plot charting the range of kidney function (CrCI-CG IBW within

the previous 15 months) for ACEI/ARBs at each age level 65 years and older.

A Spearman correlation analysis was run to determine the relationship between an
individual's age and their level of kidney function. The data showed no violation of
linearity. There was a moderate negative correlation between age and level of kidney
function, which was statistically significant (r = -0.585, n = 26,109 p < 0.0005); kidney

function tends to reduce with age in people prescribed an ACEI or ARB.

1 Logistic regression analysis

Using any of the three equations, compared to age band 65-74yrs, those aged 75-84yrs
have higher odds of having a kidney function too low for the ACE or ARB they were
prescribed, and those aged 85yrs and over have even higher odds of having a kidney
function lower than recommended (Table 35). Using CrCI-CG IBW patients aged 74-84
years have 5.0 times greater odds of having a kidney function too low to be prescribed an
ACEI or ARB, and 25.2 times greater odds for those aged 85 years and older.

65-74yrs 75-84yrs 85 years and older
odds ratio odds ratio
eGFR 1 1.811 (1.488-2.205) 3.842 (3.086-4.784)
ACE/ARBs CrCI-CG AW 1 4.725 (3.979-5.610) 29.007  (24.273-34.38)
CrCI-CG IBW 1 4.95 (4.334-5.654) 25.221  (21.985-28.933)

Abbreviations: CrCI-CG IBW: creatinine clearance Cockcroft Gault using ideal body weight; CrCI-CG AW: creatinine

clearance Cockcroft Gault using actual body weight; eGFR: estimated glomerular filtration rate.

Table 35: Odds ratios for the effect of older age on having a kidney function too
low to be prescribed an ACEIl or ARB, or for the dose.



aged aged aged
65-74yrs 75-84yrs 85yrs and older
total on drug 1,471 1,827 932
number with an eGFRin the last 15 months 1,122 1,548 766
eGFR number with eGFR < recommended 15 40 53
% < recommended of those with an eGFR 13 2.6 69
on alendronic acid total with a CrCl AW in the last 15 months 1,120 1532 748
(avoid if <35ml/min) CrCl AW number with CrCl AW < recommended 38 233 343
% < recommended of those with a CrCl AW 34 15.2 459
total with a CrCl IBW in the last 15 months 1,120 1,532 748
CrCl 1IBW number with CrCl IBW < recommended 49 342 413
% < recommended of those with a CrCl IBW 4.4 22.3 55.2
total on drug 3,594 2,365 480
number with an eGFRin the last 15 months 3,457 2,303 473
eGFR number with eGFR < recommended 6 9 5
. % < recommended of those with an eGFR 0.2 0.4 11
on metformin total with a CrCl AW in the last 15 months 3,491.0 2319.0 468
(avoid if <30ml/min) CrCl AW number with CrCl AW < recommended 13 50 72
% < recommended of those with a CrCl AW 0.4 2.2 154
total with a CrCl IBW in the last 15 months 3,491 2,319 466
CrCl 1IBW number with CrCl IBW < recommended 30 124 113
% < recommended of those with a CrCl IBW 0.9 5.3 24.2
total on drug 11,200 8,249 2,284
number with an eGFRin the last 15 months 9,922 7,492 2,063
eGFR number with eGFR < recommended S0 164 S0
) ) % < recommended of those with an eGFR 0.9 2.2 44
on simvastatin >10mg total with a CrCl AW in the last 15 months 9,893 7,494 2,046
(max dose 10mg id <30ml/min) CrCl AW number with CrCl AW < recommended 108 354 517
% < recommended of those with a CrCl AW 11 5.3 25.3
total with a CrCl IBW in the last 15 months 9,894 7,494 2,046
CrCl 1IBW number with CrCl IBW < recommended 167 643 655
% < recommended of those with a CrCl IBW 17 8.6 320
total on drug 725 526 197
number with an eGFRin the last 15 months 603 459 165
eGFR number with eGFR < recommended 10 20 11
on gabapentin or pregabalin % < recommended of those with an eGFR 1.6 4.4 6.7
total with a CrCl AW in the last 15 months 598 421 161
(reduce dose or avoid - see CrCl AW number with CrCl AW < recommended 14 28 31
SmPC tables) % < recommended of those with a CrCl AW 2.3% 6.7% 19.3%
total with a CrCl IBW in the last 15 months 598 450 161
CrCl 1IBW number with CrCl IBW < recommended 43 56 33
% < recommended of those with a CrCl IBW 7.2 12.4 20.5




total on drug 1,356 1,322 811
number with an eGFR in the last 15 months 1,226 1,246 754
eGFR number with eGFR < recommended 54 153 147
nitrofurantoin (acute) in the % < recommended of those with an eGFR 4.4 123 185
prvious 12 maonths total with a CrCl AW in the last 15 months 1,206 1,242 737
crcl aw number with CrCl AW < recommended 68 362 525
(ineffective <45ml/min) % < recommended of those with a CrCl AW 5.6 29.1 71.2
total with a CrCl IBW in the last 15 months 1,206 1,242 737
CrCl IBW number with CrCl IBW < recommended 141 535 586
% < recommended of those with a CrCl IBW 11.7 43.1 795
total on drug 5,993 4,662 1443
number with an eGFR in the last 15 months 5,391 4,218 1,267
eGFR number with eGFR < recommended 33 56 a0
% < recommended of those with an eGFR 0.6 1.3 3.2
on a thiazide By -
total with a CrCl AW in the last 15 months 5,371 4,189 1,245
(ineffiective if <30ml/min) CrCl AW number with CrCl AW < recommended 40 169 338
% < recommended of those with a CrCl AW 0.7 4.0 27.1
total with a CrCl IBW in the last 15 months 5371 4,189 1,245
CrCl IBW number with CrCl IBW < recommended 62 303 432
% < recommended of those with a CrCl IBW 1.2 7.2 34.7
total on drug 2,194 987 182
number with an eGFR in the last 15 months 1,591 762 145
eGFR number with eGFR < recommended 1 1 2
% < recommended of those with an eGFR 0.1 0.1 1.4
on an NSAID total with a CrCl AW in the last 15 months 1577 762 144
(caution/avoid <30mi/min) CrCl AW number with CrCl AW < recommended 9 15 29
% < recommended of those with a CrCl AW 0.6 2.0 20.1
total with a CrCl IBW in the last 15 months 1,577 762 144
CrCl IBW number with CrCl IBW < recommended 8 36 42
% < recommended of those with a CrCl IBW 0.5 4.7 29.2
total on drug 13,739 11,023 3,490
number with an eGFR in the last 15 months 12,716 10,292 3,215
eGFR number with eGFR < recommended 171 248 160
on ACE/ARB % < recommended of those with an eGFR 1.3 2.4 5.0
total with a CrCl AW in the last 15 months 12,663 10,280 3,166
(caution/reduce dose crcl aAw number with CrCl AW < recommended 170 621 896
<30ml/min) % < recommended of those with a CrCl AW 1.3 6.0 28.3
total with a CrCl IBW in the last 15 months 12,663 10,280 3,166
CrCl IBW number with CrCl IBW < recommended 288 1062 1171
% < recommended of those with a CrCl IBW 2.3 10.3 37.0

Abbreviations: ACE: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; CrCI-CG IBW: creatinine clearance Cockcroft Gault using ideal body weight; CrCI-CG AW: creatinine clearance
Cockcroft Gault using actual body weight; eGFR: estimated glomerular filtration rate; NSAID: non-steroidal anti-inflammatory.

Table 36: Number of patient drug events where kidney function was found to be below recommended, using eGFR, CrCI-CG
AW or CrCI-CG IBW.
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3.5.6 Patients found with a kidney function too low using eGFR and CrCl-
CG IBW

Figure24presents the percentage of dédpatiemt dr uc
was assessed to be too |l ow using eGFR (top)

eventsdé found wher e Kksedtoeyoo owusiogtCitCh@GIBYAS as s e
(bottom). The figures are taken from the full table of results (Table 36).
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Figure 24: A comparison between the percentage of patient drug events where
kidney function was too low by eGFR (top) and CrCI-CG IBW (bottom) in the 3
age bands (from Table 36).
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3.6 Discussion

3.6.1 Data quality

The study population numbers (Table 22) were comparable to the Office of National
Statistics 2011 figures for Bradford (Table 18) suggesting this was a representative
population in the former Bradford & Airedale PCT area. The Bradford population has a
lower proportion of older people than the national average which could mean that any
findings in this study relating to people aged 65 years and older might be an

underestimate for the wider UK population.

As a large PCT, Bradford & Airedale had a broad range of prescribers, from medical
students to GP trainers, and GP practices ranging from single-handed GPs to large
group teaching practices, making it likely that they are representative of GPs

nationally.

3.6.2 Missing data analysis

A missing data analysis was completed to ensure that any missing variables were
identified, the effect on the final analyses assessed, and to flag up any potential for
bias. Virtually no ages or genders were not available, which is as expected as the GP

patient record systems have age and gender as required fields.

The data taken from the prescribing database was only from patients who had kidney
function test figures on their record which means that those variables would be likely to
be complete. Numbers of patients who do not have an eGFR on their record were also
searched on the database, and the number of patients without the variables needed to
calculate creatinine clearance were calculated from the data. However, very few

patients prescribed the study drugs did not have any kidney function on the record.

As only a small number of data need to be excluded, or was not available, there is a
greater confidence in the findings being representative of the whole Bradford PCT

older population.
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3.6.3 Principal findings

3.6.3.1 Prevalence of inappropriate prescribing in RKF
This is the first prevalence study of inappropriate prescribing of drugs affected by
reduced kidney function for older people in UK primary care. For all the sampled
drugs, and for all age bands, prescribing was found where the kidney function (as
measured by CrCI-CG IBW) was too low for recommended use, and patrticularly for

those aged 85 years and older.

The degree of inappropriate drug use and dosing varied from 13.3% to 79% in the
prevalence studies found in the scoping literature review (Section 2.5), showing a high
degree of inappropriate prescribing, and of the recommendations for use in RKF not
being followed in the 14 different countries from which the studies were reported
(Table 9). Khanal et al (2015) in Australia also used CrCI-CG as the kidney function
estimate and found 28.1 % of patients aged 65 years and older had evidence of
inappropriate prescribing of at least one of the 31 renally cleared drugs examined in
their study,. The Breton et al study in French primary care (2011) used MDRD and so
was likely to find a smaller proportion; even so, they found 13.3% exposure to the risk
of inappropriate prescribing for people aged 65 years and older. They also looked at
prevalence for lower kidney function finding 52.5% were on inappropriate drugs or
doses in those with an eGFR of 301 59, and 96% in those <30ml/min/1.73m?. A
retrospective case record analysis from patients aged over 70 years in a Hull hospital
showed a similar level of inappropriate prescribing of renally excreted drugs to this
study. They found of 81 out of the 622 medications prescribed (13%) were

6Oinappropriated (08nes and Bhandari, 2

The current study found that kidney function levels varied widely at all ages studied,
showing that kidney function does need to be checked, and drug use assessed, when
prescribing these drugs for older people. It has also been shown that kidney function
tends to reduce with increasing age for all the eight drugs, and will need assessment

of kidney function in relation to the drug choice and dose.

3.6.3.2 Many older people are taking drugs affected by kidney function
The numbers of older people found taking the study drugs were large, with 39.9% of
all people aged 065 years prescribed an
prescribing drugs that have recommendations in RKF, for older people is high if kidney

function is low. The only comparison found reported in the literature is the French

ACEI
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primary care study (Breton et al, 2011) which found 17.1% were on ACEI/ARBSs,
15.5% on a statin, 2.4% metformin, 2.8% bisphosphonates, 8.7% NSAIDs. A larger
number of the Bradford & Airedale whole PCT population of 70,900 people aged 65
years and older in 2011 were on the sampled drugs, except for NSAIDs (and it could

not be deciphered the numbers for nitrofurantoin or gabapentin/pregabalin).

Non-steroidal anti-inflammatory drugs (NSAIDs) were on the repeat medication list for

3,363 people (4.7%); this may be an underestimate of the total use of NSAIDs in this

population as there had been initiatives to reduce regular use and many more are

prescribed as an oOac.utAkléso wh&lnowmecdadssad dapisind wa
in the searches for NSAIDS; they are classified in a different section on the prescribing

database and in the BNF, but although 6l ow dosebd,
all the adverse effects of the higher dose drugs. The numbers would have been very

much higher for NSAIDs if low dose aspirin had been included as it is used widely to

reduce risk for cardiovascular disease patients.

Use of all the sampled drugs is similar in the over 85 year olds. Use of alendronic acid
is higher which reflects increased incidence, and risk, of osteoporosis at increased
age, and nitrofurantoin use is also higher which may be due to more urinary tract
infections in older females. Use is only slightly lower for the cardiovascular drugs
ACEI/ARBSs, simvastatin and thiazides.

Petty et al (2014) have reported that the mean total number of medicines per patient
on repeat prescriptions is over 5 for the 60-69 year olds, and up to 7.1 for the over 80s
so there is the probability that many people will be taking more than one drug

eliminated via the kidneys, increasing the complexity of the impact.

3.6.3.3 Age is afactor in having a kidney function estimate too low for
recommended use of the study drugs.

The Spearmandés correlation analyses showed a mode
and kidney function level for all the sampled drugs. There was a trend to decreased
kidney function level with increased age. This finding fits with the evidence that shows
there is a progressive loss of kidney function with aging (Beers and Berkow, 2000;
Grimley-Evans et al, 2000; Glassock and Winearis, 2009). All the prevalence data for
inappropriate prescribing of each of the 8 drugs for people aged 85 years and older

were higher than the younger age groups.

The logistic regression analysis showed that, compared to patients aged 65-74yrs, those
aged 75-84yrs have higher odds of having a kidney function too low for the drug they are

taking, and those aged 85yrs and over have even higher odds. Age has been shown to
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predict higher odds of having a kidney function estimate too low for recommended use

of the investigation drug. However, this analysis does not address the possibility of

confounding, where a non-casual association is observed between a given exposure

and outcome is as a result of the influence of a third variable (Szumilas, 2010). The

findings need to be interpreted with this in mind, where there may be a factor not

considered affecting the results. Stratification and multiple regression techniques are

two methods used to address confounding, and
were not within the scope of this analysis. However, there is broad evidence that

kidney function reduces with age and therefore it is likely that, if prescribers are not

assessing kidney function in relation to drugs, then this will have a greater impact for

older people.

The eGFR has been shown to overestimate kidney function for older people and so is
less likely to show differences. However, even using eGFR, a higher odds of having a
kidney function too low for the drug being taken was shown for both older age groups
and all drugs except for metformininthe 75-8 4 year s age band and t hi

years age band (the low numbers in this group might have been a factor).

Khanal et al (2014), in Australia, did a multivariate logistic regression on their data and
the factors independently associated with patients being prescribed one or more
potentially inappropriate renally cleared drugs were advancing age, the total number of
renally cleared drugs prescribed, presence of diabetes, presence of heart failure and

living in aged care facilities.

3.6.3.4 Kidney function is tested for most older people
A kidney function estimate was found to be available on the patient record for most of
the patients taking the study drugs, and only 2.8%-17.5% did not have a test within the
previous 15 months, meaning that kidney function could have been assessed to
determine appropriateness of prescribing. This contrasts with many studies found in
the scoping review where a kidney function record was not available, for example
Corsonello et al (2, 2005) where 32% had to be excluded because there was no

documented information on their kidney function.

The UK Quality Outcomes Framework (QOF) targets may have helped as kidney
function testing has been incentivised in, for example, diabetes, so with 40% being on
an ACEI/ARB they are all likely to have kidney function testing (Quality Outcomes
Framework, 2015). However, despite the large proportion of the patients having a
recent kidney function estimate on their record, many were found to be prescribed

drugs outside the recommendations for RKF.
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In the Bradford & Airedale PCT population, a quarter of people aged 65 years and
older had a documented eGFR <60ml/min/1.73m? so should have been assessed for
CKD, as well as effect on any drugs they were taking. The Breton et al (2011) study
also reports this finding, they had 13.3% with eGFR <60ml/min/1.73m?, but did
comment that their prevalence was lower than other reports, which may have been to

do with the fact that their participants were mostly at the younger end of the age group.

3.6.3.5 Choice of kidney function estimation equation made a substantial
difference to whether change of drug or dose was needed.

Using eGFR as an estimation of level of kidney function would highlight a much lower
number of alterations required for drug or dose choice than would using CrCI-CG IBW.
Altering or stopping drugs where needed would be missed if eGFR was used rather
thanCrCI-CG | BW in a | arge proportion of the Opatient
scoping literature review found 9 of the studies reported results as differences in use
of the different equations, which ranged from 9.8% dosing errors if MDRD was used in
an ltalian hospital study (Moranville and Jennings, 2009), to 65% in a hospital study of
nephrotoxic drugs (Cabello-Muriel et al, 2015). A primary care study in the USA found
40% of patients should have been recommended different doses (Lessard and Zaiken,
2013), and in the case-note review figures, 22% of the patients reviewed would have

had different recommendations based on the equation chosen.

The results corroborate the findings from the case-note review (Chapter 1) that using
eGFR as an estimation of level of kidney function would suggest a much lower number
of patients needing alteration of their drug or dose than would using CrCI-CG. In the
French primary care study (Breton et al, 2011), 13.7% had an eGFR <60ml/min/1.732
and 36.9% as calculated using the Cockcroft Gault equation, also highlighting the

difference in use of the equations in an older population.

The current survey also showed that using actual weight in the Cockcroft Gault
equation would mean need for alteration, or avoidance of drugs, would be missed,

though to a smaller degree than using eGFR.

As discussed in the scoping review (2.6), studies found using blood levels and
measured creatinine clearance to assess the equations, showed that whilst CrCI-CG
underestimates by about 10% across all older ages, eGFR (calculated using the
MDRD equation) overestimates as age increases by 29 - 69% (Roberts et al, 2009;
Pequignot et al, 2009; Dowling et al, 2011) meaning that the safer estimate to use

would be CrCI-CG. An ideal body weight, or actual if lower, should be used in the
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CrCI-CG calculation to give an indication of muscle mass (BNF, 2014; Roberts et al,
2009).

3.6.3.6 Impact of not altering prescribing in RKF for the sampled drugs
1 Drugs that should be avoided in RKF.

Alendronic acid is recommended to be avoided at levels less than 35ml/min, but a
quarter of people aged 65-74 years, and over half those aged 85 years and older, had
a kidney function lower than the recommended. Levels of alendronic acid in the bones
are likely to be higher for these groups. Use of bisphosphonates has been increasing
following guidelines for their use for primary and secondary prevention of osteoporotic
fragility fractures (NICE TG160/161, 2008) which is more likely in older women. Khanal
et al (2015) found alendronic acid to be one of the top 5 drugs prescribed

inappropriately with 89/543 (16.3%) contra-indicated in their Australian primary care

popul ation aged 065 years, which can be

For metformin there were patients found with a CrCI-CG IBW <30ml/min who would
be at increased risk of lactic acidosis. Metformin had the lowest figures of the 8 study
drugs and this might be because of QOF and diabetes guidelines with diabetic
nephropathy as a complication that is routinely looked for. Even so, a quarter of the
patient drug events for diabetics aged
The NICE guidelines (NICE NG28, 2015) state the recommendation of use in RKF as
eGFR and it may need assessment as to whether it should be CrCI-CG IBW for older
people. Below 45 ml/min level the recommendation is caution and reduce the dose;
patient drug events were found where kidney function was under this level at all ages
65-99 years, and for the very old the majority were found to be prescribed for diabetics

with a kidney function <45ml/min. Pillans et al (2003) looked at drugs on admission to

comp

085 vy

an Australian hospital for patients witha CrCI-CGO40ml / min; in a tot al

prescriptions, 44.8% were found to have an inappropriately high dose; of those, 77.3%

of metformin had doses too high for their level of kidney function.

Khanal et al (2015) again found a similar level of inappropriate prescribing of
metformin in Australian primary care with 3.5% (compared to 4.3% in this study)
contra-indicated. Breton et al (2011) and Schmidt-Mende et al (2012) used eGFR to
assess kidney function and level of CKD and so are not directly comparable, however
Schmidt-Mende found a higher percentage at 8.4% inappropriate in Sweden, and

Breton even higher at 15.3% contra-indicated in France.
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i Drugs where there should be areduced dose in RKF.

Although use of simvastatin has reduced with changes in recommended formulations
and the reduction in cost of alternatives since the survey was run, it is still widely used.
Higher blood levels of simvastatin mean that risk of side effects including
rhabdomyolysis are more common, and there are alternative statins that are not
affected by kidney function, such as atorvastatin. Inappropriate prescribing was found
in a third of those aged 85 years and older. Statins were also assessed in the French
primary care study by Breton et al (2011) who found that some were inappropriately

prescribed, with 3.8% of all statins needed dose adjustment.

Fewer patients were taking gabapentin and pregabalin than the other study drugs,
but they are at high risk from these drugs that frequently cause adverse effects (SPC).
Also, use has been increasing in recent years for treatment of neuropathic pain and so
numbers could be higher now. In 2013, 8.2 million prescriptions were dispensed in
England for both drugs representing a 46% rise in prescribing of gabapentin and 53%
rise in pregabalin prescribing since 2011 (NHS England, 2014) when this cross-

sectional survey was run.

Analysis for these drugs had to be done from the dose formulation only, as dosing
schedules were not possible to extract, and the recommendations are complex. This
might mean that the figures are an underestimate of the number of inappropriately

dosed drugs.

1 Drugs that are ineffective in RKF.

Nitrofurantoin showed the highest figures across the age groups with the kidney
function level below which it is ineffective, and ADRs are higher, is 45 ml/min.
Inappropriate prescribing was found in over a third of those aged 65 years and older,
and nearly 80% of tthese patiéns 5he grug anay nat Walks . For
increasing risk from infection, and raised blood levels increase the risk of pulmonary,
hepatic, neurological, haematological, and gastrointestinal side effects during
treatment (Geerts et al, 2013). A pilot investigation at one of the GP practices into use
of nitrofurantoin in older patients with RKF showed that in the 22 patients with a CrCl-
CG IBW <60ml/min (average CrCl 38.7ml/min), eighteen (81.8%) had further
antibiotics or were recorded as still symptomatic (Howard & Wood, 2013). There has
been a national strategy to use nitrofurantoin for UTI to reduce the use of

cephalosporins, and because of increased resistance to trimethoprim (NICE KTT9,
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2016). As UTlIs are more common in older women, prescribers need help to ensure

nitrofurantoin will be effective, and when to use an alternative.

A limitation of the case-note review was that it did not include non-repeat medications
and this study of nitrofurantoin has shown that short course drugs can be affected.
Farag et al (2014) found excess dosing of antibiotics in 64% of older people in
Canada; they noted that nitrofurantoin had been prescribed when contra-indicated 169
times in the 1,464 antibiotics prescriptions studied. Many of the hospital based studies
cited antibiotics as being prescribed inappropriately in RKF, for example the UK study
by Jones and Bhandhari (2013) who found that antibiotics were the highest reported
class. Antibiotics are widely used in primary care and need to be assessed in relation

to level of kidney function.

Thiazides also do not work at low levels of kidney function, below 30 ml/min. As well
as unnecessarily taking a drug that is not likely to be effective as a treatment, the
patient is more at risk of adverse events such as electrolyte imbalance (SPC). This
study found many older people were prescribed thiazides when they are likely to be
ineffective, particularly those aged 85 years and older. Howard et al (2003)
investigated reasons for preventable drug related admissions to a medical admissions
unit in the UK and thiazides were one of the drug classes most frequently associated
with preventable drug related admissions due to monitoring problems. They cite failure
to monitor kidney function, fluid balance and electrolytes as a factor in ADRs such as

over diuresis causing dehydration and renal failure.

1 Drugs where there needs to be caution in RKF because of ADRs.
Both NSAIDs and ACEI/ARBs can cause toxicity to the kidney (SPC). This study
looked at prescribing for patients on these drugs at CrCI-CG IBW <30ml/min, a low

rate of kidney function leaving little reserve to cope with acute illness or nephrotoxicity.

For NSAIDs, there were relatively few patients found where prescribing was
inappropriate in the younger age group, but over a quarter of those aged 85 years and
older had a kidney function of CrCI-CG IBW <30ml/min, with a high risk to the kidney,
and other adverse effects related to higher blood levels. The graph for kidney function
in NSAID prescribing (Figure 22) also marks the 60 ml/min level and shows that the
majority of prescribing for those aged 75 years and older had a kidney function less

than 60 ml/min and would be at greater risk from their NSAID.

As discussed in the reasons for choosing to study NSAIDs (3.4.2.1), many studies

have shown inappropriate use in RKF leading to ADRs, and the NICE CKD and AKI
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guidelines mention NSAIDs specifically as they can worsen kidney function (NICE
CG182, 2014; CG169, 2013). Guthrie et al (2011) found that 8.2% of patients aged 65

years and over with a glomerular filtration rate
prescriptiond of an NSAID in their UK primary car
screeni ng t ool of ol der peoplebs potentially inappro

recommendations relating to NSAI Dswithincluding to
chronic renal failure - estimated GFR 20-50ml/min. (risk of deterioration in renal
f u n c t(Gatbagheréet al, 2008).

ACEI/ARBs were found to be prescribed for very many older people. Pillans et al
(2003) looked at drugs on admission to an Australian hospital for patients with a CrCl
O 4 0 ml ,which would have been started in primary care. In a total of 248
prescriptions, 44.8% were found to have an inappropriately high dose; of those, 32.8%
of ACElIs had doses too high for their level of kidney function. Khanal et al (2015) cited
perindopril as the top drug prescribed inappropriately in high doses at 44.1%, which is
high; the current study found a similar level for ACEI/ARBSs in general for those aged
85 years and older (37%). Handler et al (2014) found their AKI alerts were mostly
triggered by ACE/ARBs.

There is doubt about the benefits of ACEI/ARBS in very low kidney function and

OSTAREI 6 is a curr ent |-cgntre randamised gontroled triabta al mul t i
test the hypothesis that stopping treatment with an ACEI or ARB, or a combination of

both, compared with continuing on these treatments, improves or stabilises kidney

function in patients with eGFR <30mls/minute (MDRD) (Bhandari et al, 2015).

Although older people with RKF do not necessarily have kidney disease (Glassock

and Winearis, 2009), the figures from this survey suggest further research is

necessary to ensure appropriate use of ACEI/ARBs for older people.

3.6.3.7 No difference discerned between drug categories
The results tables have the study drugs listed in order of the 4 categories, but in none
of the results was there any suggestion that there was a difference based on category.
The differences seemed more likely to do with factors such as where monitoring is
focussed and incentivised by QOF, and other initiatives such as diabetes (e.g.
metformin), extent of use (ACEI/ARB high, gabapentin/pregabalin low), and where the

recommendation level is at a higher level (e.g. nitrofurantoin at G45ml/min).
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3.6.4 Strengths and limitations

Some of the limitations of the case-note review have been addressed by studying a
larger population across a PCT. The study design allowed identification of prescribing
with no kidney function estimation, and including the antibiotic (nitrofurantoin) meant
that a drug used as a short course was included for analysis. However, this study was
not able to include use of non-prescription medicines that might be significant, for
example NSAIDs bought from pharmacies or retail outlets. Hopf et al (2008) found that
a substantial proportion ADR-related admissions were associated with non-
prescription medicines, highlighting the need for greater awareness amongst patients,
prescribers and other health care professionals regarding possible serious adverse

effects.

A 6complete case analysisdéd was undertaken fo
occur because it did not include prescribing of the drugs where the kidney function had
not been tested and was not known. This effect was reduced by the fact that only a

small proportion did not have a kidney function on the record.

The data for each drug was collected individually, but it is likely that some patients
would be prescribed more than one of the drugs. This has meant that inferences

cannot be made on the group of drugs as a whole.

Not being able to follow up any high risk cases was a limitation in the study design. No
GP practice or patient level data was known so comparative analysis could not be

carried out.

3.6.5 What this study adds to the literature

The prescribing for older people with reduced kidney function in primary care in a PCT
has been quantitatively mapped. No other studies in this area have been found in the
UK. The findings have added to the body of literature from hospitals and other
countries that prescribing is not altered as recommended in RKF, and that use of
eGFR or CrCl AW would mean that many older people would not have the drugs and

dosing altered when evidence suggests it is required.
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3.6.6 What this study adds to practice and policy

The findings will inform further research into how practice can change to reduce the
risk of harm for older patients with R K F . I n particular for
only is the need greatest, but the population numbers are rapidly increasing so the

implications from the study findings will be greater.

Issues have been raised by this survey that are important for guidelines and policy. It

is known that kidney function reduces with age, and this survey showed that a quarter

he 085

of ®B5s,and halfof O8 5s, had an e GF R*wkidh@ends highlightihglin 7 3 m

practice. This, and the high number of older people found to be taking renally excreted

drugs, means there needs to be changes in practice to reduce the risk of harm.

3.6.7 Progression and integration of methods and findings

The PCT-wide survey built on the findings of the case-note review by testing in a wider
population and addressing the need to assess extent of drug use and of kidney
function testing in this population. The choice of drugs to study also came from the

case-note review and use of the four categories of drugs ensured a broad picture.

When the scoping literature was updated in October 2015, many more recent studies
reporting on the difference between eGFR and CrCl were found. Analysis revealed

that half the studies found investigating the theoretical difference between the kidney

function equations (2.6.5.10), reported using a measure
have been missed6. The pr setonmlisbneynwss tdea tte-a
analysedto i nclude a O0cases missedd analysis

impact for patients, as well as a comparison to the other studies in the literature.

The finding that a large majority of the drugs were prescribed where there was a
recent kidney function test available, raised the question of why kidney function does
not seem to be used when prescribing renally excreted drugs in primary care. This

needed to be explored further with prescribers.

3.7 Conclusion

Prescribing recommendations in RKF were not followed for a large population of older
people in a Primary Care Trust. For all the study drugs, and for all age bands, there
was prescribing of the drugs found where the kidney function was too low for
recommended use. The numbers of older people found taking the study drugs were

large, meaning that many patients could be at risk of harm. The Bradford population

of 6how m
from this
which gi

y eé
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has a lower proportion of older people than the national average which could mean

that the findings might be an underestimate for the wider population.

From the literature review findings, the case-note review, and cross-sectional survey,
there is a need for a qualitative enquiry to understand the determinants for why

prescribers do not apply the recommendations for prescribing in RKF in primary care.
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ADecision making is € something which concerns

choice, and as sufferers of the consequences.

D. Lindley 1971

4 Chapter 4: A qualitative GP interview study to explore why
prescribers do not apply prescribing recommendations for

older people with reduced kidney function.

4.1 Background

Risk of harm and hospital admission are increased for older people when drug licence
recommendations for prescribing in reduced kidney function (RKF) are not applied, as
revealed in the scoping literature review (Chapter 2). Kidney function reduces with age
but it is not always accounted for by prescribers in primary care, as found in the case-
note review (Chapter 1) and the PCT-wide survey of prescribing data (Chapter 3).

No research evidence was found in the scoping literature review (Chapter 2) on why
prescribers do not apply the recommendations for prescribing of medicines where
kidney function is reduced. Where prescribing errors in general have been explored,
the causes and associated factors have been found to be numerous (Slight et al,
2013) with a complexity that would mean solutions addressing only one factor (such as

lack of knowledge) would be likely to have only limited benefit (Tully et al, 2009).

As introduced in Chapter 1 (1.4), where behaviour needs to be changed, it is more
successful if an intervention is developed on evidence-based principles of behaviour
change (Cane et al, 2012). Using a theoretical approach allows identification of factors
and strategies that are more likely to be effective (Nilsen, 2015). The scoping review
found a lack of theoretical underpinning in the studies aiming to improve prescribing in
RKF (Chapter 2, 2.6), which might be a factor for the lack of benefit found in many of
the trials if the intervention was not addressing the barriers, and provides no

understanding of the determinants where a positive outcome was shown.

To inform an intervention that is likely to be successful in improving recommendation
application and reduce risk for patients, there needs to be a systematic exploration to
understand prescribing for older patients with RKF by general practitioners (GPs) in

the care pathway (the Obehaviourdo).

0

al
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This study aimed to explore why GPs do not apply the drug licence recommendations
when prescribing for older people with RKF.

4.2 Research question and objectives
Research question

Why are prescribing recommendations not applied for older people with reduced

kidney function in primary care?

Objectives
1 To systematically identify the potential barriers and enablers to prescribing
appropriately in reduced kidney function using the Theoretical Domains
Framework (Michie et al, 2005; Cane et al, 2012) to understand whether
prescribers have the capability, opportunity, and motivation in the care pathway
(Michie et al, 2011).

1 To identify what needs to change in the factors affecting the care pathway to

improve implementation of the prescribing guidance.

4.3 Methodology
4.3.1 The behaviour

The World Health Organisation describes a systematic stepped approach to
prescribing (de Vries et al, 1994):
1. Define the patientés probl em.
2. Specify the therapeutic objective.
3. Verify the suitability of the drug, the most effective, safe, suitable and cheap
option.
4. Write a prescription.
Give information, instructions, and warnings.

Monitor (and stop?) the treatment.

A reduced kidney function would need to be part of the prescribing decision process at

Step 3 as to whether there are any recommendations for prescribing in RKF that would

mean a drug i s Oatntsairi tiatblvwdul dda nbde whunsafed u
or alternative were used. It would also impact on Step 6 as kidney function can

change, and so it would need monitoring to ensure the drug and dose is still suitable.

The level of kidney function would need to be considered at initiation of a drug,

medication review, and whenever circumstances change, such as acute admission,

infection or starting another nephrotoxic drug.
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Three of the four aims of good prescribing described by Barber (1995) similarly state

that the prescriber should maximise effectiveness, minimise risks, and minimise costs,

both on first prescribing a drug and on subsequently monitoring it. The fourth

additional aim stated is to respect the patient's choices (Barber, 1995). The recent

guidelines on medicines optimisation reiterate theaimt o ensur e t hat the &6right
get the right choice of medicineat t h e r(RogahRharrhacentiead Society,

2013).

Multiple other influences such as guidelines for prescribing in specific clinical
conditions, for example NICE, drug formularies leading drug choices, and national
strategies such as use of antibiotics, add in to make the factors determining this

behaviour highly complex.

As introduced in Chapter 1 (1.4) 6 C ORI§Figure 25) is a model which recognises that
behaviour is part of an interacting system involving capability, opportunity and
motivation (Michie et al, 2011). Interventions need to change one or more components
in such a way as to put the system into a new configuration and minimise the risk of it
reverting. Understanding the behaviour in context will highlight what needs to change
(Michie et al, 2014).

\
e J _
/

Figure 25: The COM-B model - a framework for understanding behaviour (Michie
et al, 2011).

Use of the COM-B model highlights questions about the behaviour of prescribing when

kidney function is reduced.

Capability
1 Do prescribers know that some drugs need assessment of level of kidney
function to advise their use or level of dose?

1 Do prescribers know how to apply the recommendations?
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Do prescribers know about the different estimation equations and how to use
them appropriately?

If they know about the recommendations, do they remember to apply them?

Do prescribers have the skills needed to assess kidney function in relation to

prescribing?

Opportunity

1 Is the environment conducive, both physical and social?

9 Are there resources available to help prescribers apply the recommendations?

1 Does the patient record system help, or hinder, appropriate prescribing?
Motivation

9 Are there intentions, and/ or conscious goals to prescribe appropriately in

RKF?

What habits or impulses are involved in the process?

Are factors regarding the professional role relevant?

What are the beliefs of prescribers about the consequences of prescribing

appropriately, or not, in RKF?

4.3.2 The Theoretical Domains Framework (TDF)

Michie et al (2014, p93) describe how a more detailed understanding of the behaviour

can be gained by using the TDF to expand on the COM-B components, and Table 5 in
Chapter 1 shows how the TDF domains link to COM-B and which provided the

framework for the exploration in this study.

Chapter 1 (1.4) introduced that changing behaviour is more effective if interventions

are developed on evidence-based principles of behaviour change (Cane et al, 2012).

Two main issues have been identified as reducing the likelihood of success of

implementation strategies (Dyson et al, 2011);

1

1

A failure to identify barriers and enablers to implementation of evidence based
practice (Grimshaw et al, 2004; NICE, 2007).

A lack of theoretical basis for the interventions used to support the
implementation of evidence into practice (Grimshaw et al, 2004; Michie et al,
2005).

There are many theoretical models to explain behaviour change with multiple

contending theories, and Michie et al (2005) have highlighted that such a large number

of theories and theoretical constructs cannot be fully applied, and there was a need for

a method to select among them. The TDF has addressed the need for an overarching



196

determinant framework and was developed to identify individual factors known to
influence the gap between evidence based practice and the routine delivery of health
care. The TDF is an integrative framework synthesising key theoretical constructs
used in relevant theories. The scoping literature review (Chapter 2, 2.6) found a lack of
theory underpinning the intervention studies suggesting the need for a comprehensive

framework to consider all relevant theories.

Originally, the synthesis of 128 constructs related to behaviour change, found in 33
behaviour change theories, were developed into 12 domains, such as knowledge,
skills, goals, and beliefs about capabilities (Michie et al, 2005). The constructs were
then validated and restructured to 14 domains in 2012. (Cane et al, 2012; Michie et al,
2014). The 14 TDF domains have been linked to the COM-B components by Michie et
al (2014, p92) (Table 5, Chapter 1).

In the scoping literature review, no evidence was found on the determinants for

prescribing in RKF, but the TDF has been used to identify key theoretical domains that

are perceived to influence healthcare professionals and their prescribing. Cadogan et

al, (2015) found that all the theoredical domains
relevant to the target behaviour of O6prescribing
carebd, which illustrates the complex nature of th
faced by the researcher when developing interventions for change. Duncan et al

(2012) explored beliefs among trainee doctors, including that prescribing errors were

not likely to have consequences for patients, and found that seven theoretical domains

were relevant: social professional role and identity, environmental context and

resources, social influences, knowledge, skills, memory, attention, and decision

making, and behavioural regulation. Potentially important domains were beliefs about

consequences and abilities which could be targeted for an intervention.

4.3.3 Study design methodology
Face-to-face semi-structured interviews were chosen to allow each participant to talk
in depth about particular issues and focus on individual experiences, follow up of
interesting responses, and investigation of underlying motives. Non-verbal cues may
add to understanding the verbal response, and franker responses may be possible if
participants are not with their peers (Robson, 2011). The TDF has been used in
interview studies for topic guides and analysis, for example, Francis et al (2009), who
used met hods based on theoretical construct domai n:
transfusion behaviour, and Dyson et al (2011) who used the theoretical approach to

explore hand hygiene behaviour.
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An ethnographic approach would have allowed actual behaviour to be observed but
not access to attitudinal data, which would be important for an exploration of the
decision making process. Also, the cross-sectional prescribing data survey suggested
that assessment of kidney function when prescribing did not happen and so a method
is required that can explore more than what can be observed. Themes were not yet
known to create an appropriate questionnaire and it would have been unlikely to
provide the depth needed or the opportunity to investigate responses further. A focus
group may have been the method of choice to seek a broad range of ideas (Green and
Thorogood, 2009), but would not give an in-depth exploration of individual experience,

and individuals are less likely to disclose errors or bad practice.

4.4 Method

4.41 Research team
4.4.1.1 Personal characteristics
The one researcher, and interviewer, for this study was myself as a female pharmacist

(BPharm PG Dip MPharm) and PhD student, overseen by the supervisory team.

Training gained to inform the setting up of the study, data collection and analysis:
- University of Leeds School of Healthcare Research Methods Module.
- Leeds Institute for Health Sciences Health Research: module 2: capturing data
for research, and module 3: handling data for research.
- Health Services Research & Pharmacy Practice Conference seminar by
Professors S. Michie and M. Johnstone (Aberdeen, 2014).
- UK Society for Behavioural Medicine day workshop by Dr L. Atkins
(Nottingham, 2014)
Experience: this was the first structured research interview study conducted, informed
by over 20 years of professional interviewing experience as a practitioner. The
conducting of the interviews was mentored by Professor R. Foy, and the analysis by
Dr C. Easthall, both experienced in qualitative research and behaviour change theory.

4.4.1.2 Relationship with participants
The letter of invite established that the research would be conducted by a pharmacist
who was also reading for a PhD (Appendix 8, 8.6). It was made clear at the start of
each interview that it was being conducted by a pharmacist with a particular interest in
prescribing in RKF. It was expected that some of the participants may know the
interviewer professionally, and/or may have heard her talk on the subject. This was
therefore asked, and noted as part of the demographic data collected to inform the

analysis.
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4.4.2 Study design

4.4.2.1 Theoretical framework
The theoretical domains framework, as an integrative framework synthesising key
theoretical constructs used in relevant behaviour change theories, informed the

development of the interview topic guide and analyses framework.

4.4.2.2 Participant selection
Sampling
General Practitioners were purposively sampled to give a range of length of time as a
prescriber and whether they were a GP trainer. At least 2 participants would be
recruited from each of the categories <8 years prescribing experience, 8-18 years, and
>18 years, and at least two for each of GP trainer and non-trainer. The original plan
had been to use categories for length of time as a prescriber as <5, 5-15, >15years,
but meeting the first registrar participant made it clear that by the time doctors start GP
training they will have had more than 5 years prescribing. Changing the categories

would give a more realistic spread of prescribing experience in primary care.

Method of approach
Invitation packs were deliveredtoGP practice O6pigeon hol esbd

pharmacist team as a known and trusted route of access.

Potential participants received a research study pack containing a letter of invitation
(Appendix 7, 8.6), consent form (Appendix 8, 8.7) and information sheet (Appendix 9,

8.8). One follow-up email was sent where no reply had been received.

A certificate of attendance was provided for all interviewees as a recognition of their

participation in research (Appendix 10, 8.9).

Sample size

The number of GPs recruited for interview was dependent on when data saturation
was reached, defined as no new themes or concepts elicited. Following the
recommendations for interview studies that use a theory-based content analysis by

Francis, Johnstone et al (2012), the criteria for data saturation for this study were:

1 Initial analysis sample: at least 10 interviews would be conducted (with
diversity sampling to ensure the sample covers the inclusion criteria for

prescribing experience and trainer status).

i Stopping criterion: when 3 further interviews had been conducted with no new
themes emerging in each of the TDF domains, this would be defined as the

point of data saturation.

by

t

he
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Non-participation

Non-participation rates, and the reasons, were collected.

Pre-interview reading

Participants were sent a short document by email to read prior to the interview
(Appendix 11, 8.10). This pre-reading gave a short summary of the findings of the
project so far and examples of drugs that should be avoided, dose reduced or are
ineffective, to allow them to think about some of the issues before the discussion. The
extent of older people on drugs that were not appropriate for their level of kidney
function in the PCT-wide cross-sectional study (Chapter 3) suggested that many
prescribers may not have thought about the issues. The pre-reading would allow them
to consider the results in relation to their own practice and experience to inform the

discussion.

4.4.2.3 Setting
This study was based in Bradford Districts Clinical Commissioning Group (CCG),
encompassing 47 practices. CCGs superseded the former PCTs to organise the
delivery of NHS services in England. Bradford Districts CCG was the larger part of the
former Bradford & Airedale PCT where the cross-sectional PCT-wide prescribing data
survey was run (Chapter 3), and so the interviews would be with GPs prescribing in
the same setting. This would mean that the quantitative findings could be explored
with the prescribers involved, but does mean that views from a wider context would not

be captured.

4.4.2.4 Data collection
Semi-structured, individual, face-to-face interviews were conducted. A topic guide
(Appendix 12, 8.11), with theory-based prompts based on the TDF, was used to
explore attitudes, beliefs, enablers and barriers. It also aided exploration of prescribing
different drugs for older patients with RKF, and what needs to change in the factors
affecting the care pathway to improve implementation of the prescribing guidance.
Open questions were used to elicit personal experience and explore responses further
(Green et al, 2011). All the interviews were conducted by myself, introduced as a
pharmacist but acting as a researcher for this study. Only one interview was

conducted for each participant.

The topic guide was developed with input from the supervisory team. It had been
planned to pilot test the topic guide, but it had to be cancelled before the first interview

date. The first interview was therefore used as a pilot, and if any major changes were
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needed then it would have resulted in the transcript not being used for the final

analysis.

Interviews were audio-recorded with permission; field notes were made after each
interview. Any information that could lead to a participant being identified was removed
at the transcription stage and an identification code applied. Transcription was done by
an administrator and checked by myself for accuracy. The data was managed using N-
Vivo QSR v10.

4.4.3 Analysis
4.43.1 Demographic analysis
A standard form was constructed to collect demographic data for each participant on
length of time as a prescriber and whether they were a GP trainer. Also noted were
gender, any special interests and whether the participant knew me and/or had heard
me speak on prescribing for older people with RKF. Whether a participant had heard
me discuss prescribing in RKF was noted so that any difference in themes could be

analysed.

4.4.3.2 Data saturation analysis
The data saturation analysis was conducted in four steps (Francis, Johnstone et al,
2012):

1. Data tables were constructed for themes in each theoretical domain elicited
for each individual.

2. Summary tables were constructed for each domain (knowledge, skills etc.)
with themes mentioned by each participant interviewed.

3. Data from the summary tables were used to construct cumulative frequency
graphs, displaying sequentially numbers of new themes elicited in each
domain.

4. The cumulative frequency graphs were inspected to investigate when the

stopping criterion had been met (set at 3) for each domain and overall.

4.4.3.3 Content analysis
A theory-based, five stage content analysis was conducted (Pope et al, 2000). A
second researcher (CE) was involved to explore inter-rater reliability by coding the first
2 participant transcripts, and providing discussion where needed. CE is a pharmacist
experienced in behaviour change theory, and with both content (prescribing) and
methodological (qualitative research) expertise. A third person (EW) helped with
identification of emerging themes and charting the data; as a social scientist and non-

pharmacist she brought a new perspective to help elucidate meanings.
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Stage 1. Familiarisation
Interview recordings were listened to and transcripts read and re-read to become
familiar with the data, and get an initial impression of the key ideas and recurrent

themes.

Stage 2. Identifying a thematic framework

The coding index was applied systematically to all the data by annotating the
transcripts. | coded all the transcripts and then met again with CE to discuss any
issues that were unclear and verify the findings. An example is the first page of the P1

charting, shown in Table 37.

Stage 3: Indexing

The key issues, concepts and themes by which the data would be examined and
referenced, were identified from the a-priori Theoretical Domains Framework (TDF),
and the views or experiences from the data. For the first participant (P1), both
researchers (myself and CE) coded independently to the TDF. The two researchers

then met to review the coding and agree on any discrepancies by discussion.

P2 was coded independently by both researchers, who then met again to review; this

time there were fewer discrepancies to discuss. A coding index was developed.

Stage 4. Charting
The codes and quotes were manually grouped into emerging themes (Figure 26) with
the help of EW. This was an iterative and reflective process and allowed exploration of

intra-rater reliability by re-visiting and refining the coding.
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| am more aware of it now tha | ue ' b

| am aware of it if I'm starting a new drug

The initial thing would be education...everybody who is
training or everybody who is trained, just to be made aware
that there is an issue, that they need to be careful to look
for renal function when they prescribe a new drug or when
renal function deteriorates

Lack of knowledge about
prescribing in RKF

| suspect for some clinicians and | include myself in that,
maybe a knowledge er gap as well you know

| can’t think there are clinicians who are wilfully doing that
[prescribing wrongly], erm’, but is more that they just don’t
know

Deficits in clinicians training

when | was initially prescribing | don’t think renal function
would have been hugely on my agenda

You talk to medical students now and they don’t have any
dedicated pharmacology lectures

Skills Use of a formulary

Checking kidney function

when you are putting a new drug on and the eGFR is less
than 60, you should probably looking to see whether or not
there is a note in the formulary on that.

if you click on to their renal function when you are putting a
new drug on and the eGFR is less than 60,

Social/professional role
and identity

Perceived duty/role

...longer term monitoring, | suppose that falls into the area
of what people like yourself and Y do isn't it?

Table 37: Charting to TDF domains for P1- first page.
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Figure 26: Charting the codes and quotes and then mapping and interpretation

to define &key themesé

Motivation and goals>  intentions ) both in reflective motivation
—> goals O a2 R2Yy GanalyyeSSR (2

Behavioural reguaition ¢ focuses on selfegulatory processes

Beliefs about capabilities» belief about capabilities ) both reflective motivatiq
—» optimism O a2 R2Y GanalyyeS §

Beliefs about consguences —> Beliefs about consequencegeflective motivations
WLJdZNE o
—» Reinforcement; automatic motivation
WL a3a20AFGABS St

Nature of the behavioursemoved¢ need to reanalyse

Stage 5. Mapping and interpretation

Figure 27:

Re-

mapping

and

analysis

needed to

the

updated

domains

on the

TDF.

When categorising for what needed to change in capability, opportunity and motivation
(Michie et al, 20Chpngth&heéeBélbavised
had 14 domains, with some changes to the existing categories. The re-mapping of the

t he

upda
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coding needed is shown in Figure 27; recoding was required for the ¢

behavioursdéd and to split Obeliefs about consequen

The emergent themes were mapped and interpreted under each TDF domain,
categorised under capability, opportunity and motivation to structure the findings on
what needs to change (Figure 26). The themes were charted in Excel and analysed for
numbers and differences with participant type. A summary of the themes was

developed for each of capability, opportunity and motivation.

The range and numbers of themes was explored using Excel to give an indication of
the frequency of discussion by participants in terms of:

- The number of participants mentioning a theme in each domain.

- The number of different themes identified in each domain.

- The total number of different themes mentioned by all the participants in each

domain.

4.4.3.4 Identification of key themes
This study had a qualitative design, and the interviewees were recruited to give a
sample with a wide range of expertise and experience, rather than to be a
representative sample. The aim was to identify the range of potentially influential
determinants, decipher the content and nature, and enable future analysis of hierarchy
to determine prioritisation for intervention. Thei d e nt i f ikey theniesbtherefofe 6
aimed to be a synthesis of the range of themes elucidated, noting where themes were
frequently mentioned, prominence of themes both from number and intensity, and also
where there might be high importance for an intervention, even of only mentioned by

one interviewee.

The themes and quotes in each domain were read and re-read and the common, and
important, research themeswer e i dent i fwhatnmkedats changestoy 6 i n
improve prescribing for older people with RKF. The &ey themesbof associated
determinants across domains and COM-B categories were developed from:
I The TDF domains with the highest number of different themes elucidated.
1 The themes most discussed by participants.
1 Themes that might not have been frequently brought up by participants, but
that would be likely to be important, influential and have high impact.
i The summaries of what needed to change for greater capability, more
opportunity and stronger motivation.

1 Common strands across the COM-B components.
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Havi ng dr afthemabd theh weredekimmved back with the original set of
themes and quotes under each domain to confirm that the most important findings had

been included.

4.4.4 Ethics and governance
University ethics (SHREC/RP/346 on 27/6/13, Appendix 13, 8.12), NHS governance
assurance (on 5/11/13, Appendix 14, 8.13), and letter of access (Appendix 15, 8.14)
were granted. NHS ethics approval was not needed as participants were healthcare

professionals.

45 Results

4.5.1 Recruitment
Fifteen GPs were interviewed. Recruitment packs had been delivered to 72 GP pigeon
holes in 26 GP surgeries. Overall there were 21 positive responses (29.2%) which
resulted in 15 interviews; 2 had to decline because of lack of time and 4 were not
pursued as data saturation had been reached (Figure 28). Fifty-one did not respond to

the invitation.

72 hand delivered
packs
]
[ ]
16 positive 56 no reply
responses
—{ 14 interviews rnloeane
emails sent
|
[ ]
2 declined .
— because of lack of ZILTALE 41 noreply
- responses
time
— linterview
4 not required as
——| data saturation
reached

Figure 28: Responses resulting from the participant recruitment

4.5.2 Demographic analysis
The GPs had 7-32 years prescribing experience. Nine were GP trainers. In the first 10

participants (initial analysis sample) there was only 1 who had less than 8 years
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prescribing experience so at least one more needed to be recruited to represent

adequate diversity defined by the inclusion criteria. Table 38 gives a summary of the

participant characteristics. Twenty-three wide-ranging specialities were represented in

the sample including neurology, diabetes, mental health, drugs safety and education.

Interviews took place between January and April 2014, and were conducted at GP

practices, except one at a community hospital. Nobody else was present in the

interviews except the interviewer and participant. Interviews all lasted 35-45 minutes.

The audio-recording failed when interviewing P3 so no transcript was available for

content analysis. Notes were written as soon as the recording failure was realised

(later the same day).

4.5.3 Data saturation analysis

Data saturation was reached after 12 interviews. No new themes were elicited from

the final

three

nter vi

ewees,

who were one

Excel tables were used to collate and assess the themes elicited in each domain, and

presented in the following sections (Tables 40 - 45).

Figure 29 shows the cumulative themes elicited per TDF domain sequentially as the

interviews were completed and analysed. After 10 recorded interviews the initial

analysis sample yielded 113 themes in total. Data saturation had not been reached for

6 of the domains; this, as well as needing at least one more participant with <8 years

prescribing experience, meant that further participants were recruited.

participan gender time as a prescriber GP trainer knew the researcher? particular interests
knew me | knew me
. butnot | and heard|
did not
female male <8yrs 8-18yrs | >18yrs yes no heard me| meon
know me
on drugs | drugs and|
and RKF| RKF
P1 9 Nky2aSkiKNRI G T
respiratory, prescribing lead
P2 registrar
P3 elderly care
P4 respiratory; patient safety
P5 education
P6 neurology GPwSI
P7 general med; paediatrics; elderly
P8 diabetes GPwSI
P9 Musculoskeletal; mental health
P10 gastroenterology; diabetes
P11 diabetes; undergraduate education
P12 women's health
P13 women's health; epilepsy
P14 GP appraiser; mental health
P15 registrar; women's health

Abbreviations: GPwSI: GP with Special Interest; RKF: reduced kidney function.

Table 38: GP interviewee characteristics.

from

e
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P1 P2 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15
— knowledge e kil 5
social and prf role beliefs about capabilities
— heliefs about consequences == motivation and goals

=— miemory, attention and dec == environmental and resources

social influences emotion

= hehavioural regulation = nature of the behaviour

other

Figure 29: Themes elicited per domain summary data for saturation analysis.

Thel5"partici pant was a registrar with <8
then re-run. At that point there were a total of 127 themes elicited, and no new themes
from P13, 14 or 15. It was concluded that data saturation had been reached for

themes on experience in prescribing for older people with RKF.

4.5.4 Theory-based content analysis
The data was analysed to explore the barriers and enablers when prescribing for older
people with reduced kidney function to find out if greater capability, more opportunity

or stronger motivation is required (Michie et al, 2014).

45.4.1 Analysis of themes
Excel tables were used to collate and assess the themes elicited in each domain, and
are presented in the following sections. The tables were used to visualise when data
saturation had been reached, and to analyse differences with participant type. The
tables have also allowed an exploration of the themes in terms of frequency of
discussion by interviewees, which has been summarised in Table 39, ordered by total

number of themes discussed by the participants.

year
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total
number
. number of
participants| number of
L themes .
mentioning| themes ) theme most mentioned
. mentioned
athemein| found b
the domain ) y
participants
environment and resources 14 20 69 there are competing priorities and time constraints
knowledge 14 16 56 there is a lack of knowledge about specific drugs
memory, attention and decision 12 13 52 itis difficult to remember to do, and which drugs
beliefs about consequences 14 9 34 RKF can cause toxicity from the drug, and to the kidney
motivation and goals 13 10 27 a motivation is to not do harm
nature of the behaviour 9 18 25 eGFR is used to assess kidney function
skills 13 7 22 the skill is difficult to do
behavioural regulation 12 11 20 want computer decision support
beliefs about capability 13 5 16 there is a lack of confidence in capability
emotion 11 7 15 stressed/worried/bothered if not doing it correctly
social/prof role 9 6 11 peer discussion is useful
social influences 9 5 10 pharmacist influence is valued

Abbreviations: eGFR: estimated glomerular filtration rate; RKF: reduced kidney function.

Table 39: Summary of frequency of themes discussed by interviewees, ordered

by the total number of themes mentioned by the participants.

Themes were found across all the TDF domains, with at least 9 of the interviewees

discussing issuesinev er y

resourceso,

and

domai n.

Obeliefs

Themes on

about

recorded. The domains with the greatest number of themes from the interviewees

were:

1
1
1
1

f

Environment and resources

Knowledge

Memory, attention and decision process

Beliefs about consequences

Motivation and goals

45.4.2 What needs to change for greater capability?

Figure 30 shows the barriers and enablers found on what needs to change for greater

capability.

Psychological capability

Table 40 shows the three tables developed to chart the themes in the domains for

psychological capability:

Knowledge

Memory, attention and decision process

Behavioural regulation.

6knowl edgebd,

conseqguencesb

6en

wer e
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Enablers

Barriers
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| Physical |

Psychological

todraw attention to wamings at the
medication review and to the relevant drugs

|GP5 are cautious when prescribing |

|caution when prescribing for older patients |

understanding 'why' makes easierto
remember

|havearu|etofo||ow |

|wamingavai|ab|ewheninitiatingadrug |

to have a kidney function test done before a
medication review

|computerdecision support |

|reinfon:ment{ repeating the message |

|easvtodo once leamt what to do |

|embed as par of the presaibing process

understanding the relationship between
kidney function and the effect on drug blood
levels/ effect

|easvtocheckkidnevfunmion |

|teaching by a pharmacist |

|tn’ggerto remind |

|education changes practice |

triggers: instruction, crisis, old age of
patient, reduced kidneyfunction, known
drugs

leaming about a specficdrug changes
practice

Memory, attention & decision process

Behavioural regulation

|notwithin the current prescribing process |

poorinsightinto appropriateness of
prescribing in RKF

having to remember which drugs and the
recomme ndations for each

habit of prescribing the 'usual' dose thatis
always prescribed

|mu|ti—step process |

|po|vpharmawmakesitcomplex |

lack of knowledge about recommendations,
why needed and about kidney function
estimates for prescribing

|attention elsewhere in the consultation |

|wou| d forgetif not reinforced/ repeated

|not thought of at the medication review |

not knowing what to do to calculate a kidney
function estimate and recommendation
application

Lack of knowledge even if prescribing the
drug regularly or an expertin the field

|notgotwamings atthe medication review |

|insuﬂicienttriggers |

having a kidneyfunction estimate but not
applying to drugs

|nottaught,eithertheoworskills |

Figure 30: Perceptions of barriers and enablers for what needs to change for greater capability.
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Abbreviations: CrCl CG: creatinine clearance Cockcroft Gault; M/F: male/ female; RKF: reduced kidney function; Y/N: yes/ no.

Table 40: Psychological capability: charting themes in 3 TDF domains
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The knowledge domain had themes from all interviewees, and the second most total
number of t hemes di scussed. The ' memonry, att

was the third most discussed.

Knowledge
There was little awareness of the need to alter prescribing for the majority of
participants when prescribing renally excreted drugs if kidney function was reduced.

Ailtdés probably one of those areas where t

il candét think there are c[plestibing ans who a

wrongly], erm, but it is more thattheyjustd on 6t (R ow. 0

Two participants thought that their awareness had increased recently with increased
use of nitrofurantoin and the MHRA Drug Safety alert on use in RKF.

il am more aware of it than | wused to be.
ANi trofurantoinnwamyndétadaomiang alp a@antil atk

Lack of knowledge was widely expressed, with 11 of the 15 participants mentioning it
without prompting, having read the pre-interview information.
il suspect for some clinicthaemmybeand I i nc

knowl edge gap. o0 (P1)

Inadequate knowledge about prescribing specific drugs in RKF was conveyed, even

those that are regularly prescribed or where the GP had a clinical expertise:

il wasnbét really aware of adhhamernttaitn na md tprae
(P11)

nl wasnot aware. This is terrible because |
obviously, in neurology. o (P6)

Very little knowledge was expressed about the Cockcroft Gault kidney function
estimation equation.

il wo welndideh, aos everythingthatldo currently is with eGFR

It was mentioned that medical students have little knowledge about drugs in general.
Al toés ama z (medjcal stmdents] dtohnedbyt know anyt hing ab
(P6)

AThe knowl e @lgtadendsfis vene \akry minimal, you know. They
dondét know the different drug names, grou

them about what group is such and such an

Prescribing when kidney function is reduced has not been taught. The two registrars

were still in training and had not had teaching on this area.
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A..but is it something we are specifically tau

fAs a GP trainee there certainly hasndét been
ireduced kidnRlg) function. o

Two patrticipants highlighted a difference between the recommendation for drug use in
RKF versus clinical guidelines; one on the use of nitrofurantoin, and the other anti-
hypertensives.
AAlthough we are supposed tonowitlondaf so many ot h

sometimesini trofurantoin could be really useful .o

AHow many of our el derly patients with their h
better because they would stop falling down, or would do worse because
actually weo6d ne\wssumreunglertontrollbezauselthe od pr e

maxi mum dose webd be using would be | ower. o (F

The participantds view was that these examples we
cases, it was a lack of knowledge and understanding of the implications of RKF on

drug blood levels that led them to their views. Nitrofurantoin would not be useful when

trying to avoid other antibiotics in RKF because it would be likely to be ineffective. The

reason the recommended maximum dose of the anti-hypertensive is reduced is

because RKF would lead to increased blood levels so the dose needs reducing to

achieve the same blood levels as someone with normal kidney function.

Memory, attention and decision process

It is difficult to remember all the many drugs that are affected by kidney function, and

that different recommendations apply to different drugs.
Ailtoés remembering which medications you need t
pitfalls. o (P12)

Altds just remembering | ots and | ots and | ots
about drugsébut you candét apply to any other d
drug you have in mind.o (P14)

For drugs that are more regularly prescribed it might be easier to remember to check

kidney function.

Al can r e nmtoforentoin]taidahfl t 6 s easy, but with other s
know | i ke NSAI Ds, oi rpausel avasat metformimisitheohe di dn ot

I donét think about very often, cos | dondt r €
Al suppose | just carry nuga@eplace-thef bits of inf

things that you're using more day to day. o (P1
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Triggers to reviewing the kidney function in relation to prescribing expressed were
1 Past experience of an adverse drug reaction.
APatients who were really il dgivermasdIthinkk e sul t

I am more wary. o (P8)

1 Old age.
il 6d probably have to think about age. Ag

1 Acute reduction in kidney function.

féand occasionally youdll see renal chang

thembackandhope things pick up.o (P4)

ilf the eGFR was getting worse then | wou

1 Warnings and prompts.

ifGPs are very good at being |l ed by instru
will do it!'o (P6)
T 6Fl agsd already in the head.

fi Telones in my head that | know are good or bad | will be looking atiti | t 6 s
the ones that flag up, yes.o (P11)

Kidney function was more likely to be thought of when first prescribing a drug.
Al think thatds easier t o abpapdoryofredvhen new
f

|l ags you know thought processes, |l etds b

AWhen youdre starting a new medication yo
them. o (P9)

However, kidney function is not thought about at medication review and attention is
likely to be on other things that might not be related to the drugs.
AfRenal function isnét one of the things t

review medications. o (P12)

fi think itdéds so QOF orientated now, y ou

wrong stuffinmedi cation reviews. 0 (P7)
There are no warnings and prompts when doing a medication review.

AWith the medication review youbve just ¢
So youdve got to have | guess that knowl e

head or to trigger.o (P11)

Warnings and prompts for drug use in RKF are generalised and not patient specific so

tend not to be looked at.
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iltds so generalised it becomes more easy to n
should. o (P7)

Behavioural regulation

A kidney function test result is needed before the medication review is done, which

doesnb6ét tend to happen currently.
AfWe do the medication review and then we | ook
a bl ood test cos youodre on thavwealdoodptesti | s and t he
and you never then actually look at the medications again in the context of the
result. o (P12)

AYou | ook at the result and you think oh well
and nothing to worry about doitthedtheyw ou donodt r ea

way and maybe we ought to be trying to do bl oc

Improved computer decision support was seen as something that could help.

Al need a button to just say to check on to hig
whichever GFR or if it could do that to their r

fSystmOne, SystmOne. Please flash up do not use eGFR, you must use creatinine

clearance for this.o (P6)

It was expressed that there was a habit of prescribing the dose of a drug that they just
always use without thinking that it might need altering.
ANi tr ofiuagainijust@0Obd i | use a lotin the elderly so | have to hold
my hands up. o0 (P4)

Examples mentioned that have changed participant practice were reading up and

learning about a specific drug, pharmacist teaching, and computer alerts.

Physical capability
Table 41 was developed to chart the themes in the one domain for physical capability:
Skills. The skills domain had themes from 13 of the interviewees, but was one of the

more minor domains in terms of number of times themes were discussed.

Skills

Kidney function is often checked, but the result is not then assessed in relation to

prescribing and review of medications.
AWe often check the bloods when we do a medi ca
-l dondét often drill, ever is probably the rig
see whether any of the meditctag i GMR. &d h@RI9 )Xt heydr



215

ifWe are very good acheckthe&Hbs iy arewte@atually o r e
correlating that with what people are on?
Most of the GPs did not know what to do or how to calculate CrCl, but those that knew
how to use the SystmOnerenalc al cul at or didndét think it was
Al woul dndt know how to calculate it. o (F
AYou can go into the clinical toollk thing
dondét think that bitdés difficult.n (P12)
The process within prescribing was expressed as complex, multi-stage and difficult.
Al think it is difficult; | think it just
iWVhen prescribing decisions start to get
about 4 or 5 drugs then yoryusomegmeswith | |y i nt
unpredictable outcomes. o (P14)
Skills domain
Iengthb?f knew me/ s 3
pmsql ing heard me 2= - |2 _ £
experience < 3 S = H a
cP RN ERN I - b P
Participant| M/F | o | & | ™ | trainer Z |2&c2 < |2 -l R
" ; " Y/N e E-%ﬂn = £ H s £ élﬁ%%g
2l x| = NN | YN | ¥ w3 2 = |3 st |22|s 3
a| o |5 g E = 2 loa|lEs|2E|sE5
Yie | » SeE | 2| % |e5|28|BE|EEE
2 f5 & |Bs|ss|28|z5c¢
P1 M 2 Y YN v v v 2
P2 F 1 N NN v v 1
P4 M 2 Y NN v v 1
PS F 2 N YN v v 1
P& F 2 Y YN 0
P7 F 2 N YN v v v 2
P8 M 3 Y YY v v 1
P9 M 2 Y YY v v v v 3
P10 F 2 Y YN v v 1
P11 F 2 N YY v v v v 3
P12 F 3 Y YY v v v 2
P13 F 2 N YY v v 1
P14 M 3 Y YN v v v 2
P15 F 1 N NN v v v 2
Number of participants mentioning the theme 13 3 6 3 2 5 3 2

Abbreviations: M/F: male/ female; Y/N: yes/ no.

Table 41: Physical capability: charting themes in 1 TDF domain

4.5.4.3 What needs to change for more opportunity?

Figure 31 shows the barriers and enablers for what needs to change for greater

opportunity.
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Physical opportunity

Table 42 shows the table developed to chart the themes in the domain for physical

opportunity: environmental context and resources.

Opportunity

Enablers

Barriers

| Physical opportunity |

| Social opportunity

Resources as facilitators:
BNF

PSS materials
pharmacist advice
on-line information
phone app

|a good role model is a facilitator |

|pharmacist influence |

Environmental context & resources

Social influences

if don't have a kidney function estimate thg
cannot apply the recommendations

belief that if other GPs aren't doing itin
practice then thatis how they will be judge
and so would continue as are doing

|many steps to prescribing |

|n0t discussed amongst colleagues

|takes time |

behaviouris rushed; squeezed at the end
a consultation

|Iack of time |

|competing priorities |

|aging population |

|reporting of eGFR when need CrCl |

no computer decision support on a home
visit

Abbreviations: BNF: British National Formulary; CrCl: creatinine clearance; eGFR: estimated glomerular filtration rate; PSS: Prescribing
Support Services (pharmacy team).

Figure 31: Perceptions of barriers and enablers for what needs to change for

more opportunity.
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Environmental context and resources domain
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knew me/
heard me
NN| YN| YY

YN

NN

NN

YN
YN
YN
YY
YY
YN
YY
YY

YY
YN

NN

GP
trainer
YIN

€ =SIAgT<

Z =SIAgT-8

length of
prescribing
experience

T = SIAg>

N

M/F

Participan

P1

P2

P4
P5

P6

P7

P8

P9
P10
P11
P12
P13
P14
P15

Number of participants mentioning the them¢ 14

Abbreviations: CKD: chronic kidney disease; CrCl: creatinine clearance; eGFR: estimated glomerular filtration rate; M/F: male/ female; Y/N: yes/ no; PSS: Prescribing Support Services (pharmacy team).

Abbreviations: BNF: British National Formulary; CKD: chronic kidney disease; CrCl: creatinine clearance; eGFR: estimated glomerular filtration rate; M/F: male/ female; Y/N: yes/ no; PSS: Prescribing Support Services

(pharmacy team).

Table 42: Physical opportunity: charting themes in 1.TDF domain
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The environmental context and resources domain had the greatest number of different

themes identified, which were the most discussed, and by all participants.

Environmental context and resources
Time constraints and prescribing being squeezed at the end of a consultation were
frequently expressed as making it difficult to think about kidney function when
prescribing.
AiTo then go out and see exactly what their eGF

recommendations for that drug and all of thatoé

APrescriptions are done at the end and consul't

mightber ushed and pertapveldomét thheyi tshaoul d do. 0

Competing priorities and information overload were also mentioned by many
participants.
Al think wedre just awash with information r es

know how to prioritise somet i me. 0 ( P14)

AThe reality is that the world we I|live in in d
boxes to tick i have you checked the blood pressure, have you done the BMI,
code this, code that, do that.,o (P1)

Reporting eGFR with the pathology lab reports means it is easily accessible and so is

more likely to be used than CrCI.
feGFR being on the bottom of the bloods is fab
had a U&E has got their eGFR so youb6d check tnh
doesnoét it, b eixbasedoe eGFR. &ll ypur QOFaga is based
on eGFR. 0 (P4)

Resources are used, with the British National Formulary (BNF, 2015), on-line

information, medicines management team documents, pharmacists and a phone-app

being mentioned. The BNF was akeyresourc e but the front section on 6
renal i mpairmento was not known about, and the ad

equations was unclear.

Al was just |l ooking at what the BNF said about
know whetherittalksa b ou t creatinine clearance, no it do
eGFR-f ol Il owing the BNF would givenotter too much

the BNF has since been altered to state that CrCl should be used]

Home visits were raised as an issue, and having the information available.
Al suppose you have to be at a PC, cos itods di
(P11)
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Social influences domain
length of
Ene 'b(') knew me/ -

prescribing heard me 2 | o B £

experience - A s 5 = 5 £

- . 2|zz 5| B |g | |f8%

Participant| M/F | o rl‘l" o trainer Els | 3 z s g 5 EB

S les| E z =23

é E £ YN NN | YN | YY '§ g8 é § ‘E % w |2 E -EL

= o | & w |2 E L gg|ope

el | = £ 2 5 |eg|sgm|lzes

@ A £ g EZ| ®3|Ez¢E

2 g o g ‘g © E c 2

o [¥] 9 o =z o | = E
P1 M 2 Y YN v v 1
P2 F 1 N NN ¥ v 1
P4 M 2 Y NN 0
P5 F 2 N YN 0
P6 F 2 Y YN 0
P7 F 2 N YN v v 1
P8 M 3 Y YY v v 1
P9 M 2 Y Yy v v 1
P10 F 2 Y YN 0
P11 F 2 N YY v v 1
P12 F 3 Y YY v v 1
P13 F 2 N YY v v 1
P14 M 3 Y YN v 2
P15 F 1 N NN 0
Number of participants mentioning the theme 9 1 4 2 1 2 10

Abbreviations: M/F: male/ female; Y/N: yes/ no.

Table 43: Social opportunity: charting themes in 1 TDF domain

Social opportunity
Table 43 shows the table developed to chart the themes in the domain for social

opportunity: social influences.

The social influences domain had the fewest different themes elucidated, and lowest

degree of mentions by participants.

Social influences

Kidney function and prescribing was not an area discussed amongst GPs, but it was

suggested that perhaps there should be more discussion and sharing of knowledge.
iWe donodot really terlskroundandtalkitdtite otheasyabotith at e
this. When youdre making prescribing deci
own. o (P13)

AWhen you share good practice with other
| think there should be more sharing of knowledg e ¢ it 6s very wusef ul

information this way. o (P14)

Variability in the prescribing of colleagues was mentioned.
fl am sometimes a little surprised at the prescribing of colleagues to elderly
patients, for instance using high dose of things like non-steroidals, er, maybe

starting ACE inhibitors at higher doses t

Al think ités an area of hudehaaei abitlicty
(P15)

Pharmacists were highlighted as having an influence on prescribing.
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Enablers

Barriers
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Reflective motivation

Automatic motivation

|prescribing is a responsibility of GFI’S

|GPs should be good at prescribing |

|a GP role is to prescribe safely |

responsibility at medication review a:
kidney function might have changed
since the last review

seen as important and relevant |

possible

motivation is to prescribe as besta‘

|motivation is to not do harm |

|bad experience/ crisis make cautioui

warnings when needed in the
prescribing process (currently at
initiation)

prescribing is a responsibility

|incentives to apply |

|confidence expressed in diabetes | |triggers |

belief that inappropriate prescribing i
reduced kidney function can cause
harm for patients

computer decision support to prompt
and reinforce behaviour

Professional role & identity

Belief in capabilities Motivation & goals

Belief in consequences

stress/ concern/ worry about not
prescribing correctly and causing a

not feeling reponsibility for the

continued prescribing of a drug at
medication review (because somone|
else started it)

a complex behaviour so cannot rely d
human function or there are bound to|
be mistakes

lack of motivation if the patient is 'OK
(BP, QOF etc all normal - no trigger t
check)

|mistakes will happen because itis |

warnings are not flagged at medicati
review

|fear of overload |

|kn0wledge makes the job harder |

|bombardment with screen messagesl

reponsibility for longer term
monitoring rests with other healthcar
professionals

Abbreviations: BP: blood pressure;

less capability at medication review

not motivated to change behaviour if
not convinced of importance

QOF: Quality Outcomes Framework.

conflicting goals (e.g. nitrofurantoin
push to use)

|warnings are not specific

omission bias - harm from an act of
commission feels worse that that of
omission

relating to kidney disease when not
about CKD but about drug use and
dosing

Figure 32: Perceptions of barriers and enablers for what needs to change for stronger motivation.
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Nature of the behaviour domain
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Abbreviations: BNF: British National Formulary; KF: kidney function; M/F: male/ female; RKF: reduced kidney function; Y/N: yes/ no.

Table 44: Automatic motivation: charting themes in 2 TDF domains
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45.4.4 What needs to change for stronger motivation?
Figure 32 shows the barriers and enablers found on what needs to change for stronger

motivation.

Automatic motivation
Table 44 shows the two tables developed to chart the themes in the domains for
automatic motivation:
Nature of the behaviour (presented here, but when the themes were remapped
to the updated 14 domain TDF model, some of the themes were
6reinforcementd6, and others were moved to Obet
Emotion
Both these domains had lower numbers of themes found, and were mentioned less

than other domains.

Reinforcement
Computer warnings and prompts about reduced kidney function are useful and used.
it does come up when you prescribe doesndt it

renal impairment and you know the little alert comesup. 6 ( P13)

Ail't does what ités supposed to do [computer wa
check. o (P12)

However, warnings and prompts do not come up at medication review.
fOnce they are on the repeats it doesnbét then,
(P4)

The warnings and prompts are not patient specific.

MNot specific, doesnét tell what to do, pop up
useful or helpful, too frequent.o (P3)
fi | dondét use that [screen that pops up] as, a:

mewhatt o do. o0 (P14)

Some expressed that they only notice warnings wit
fiOoften there is so much information in there, |
to it you dondédt actually pay thatwhichuch attent.
isbad,but you donét! o (P13)

Emotion
The emotions expressed were particularly about the stress and worry around

prescribing and causing harm when getting it wrong.
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fiWe are still diagnosing and prescribing as our primary function, you know if we

are not getting that function right that

ifilt becomes stressful when youdre infor me
prescribing could be doing patients har m,

to change my prescribing. o (P2)

Errors which occur as a result of an action by the prescriber were seen as particularly

difficult to deal with emotionally.
AErrors of commission are almost i mpossib
done something to that patient twithat 6s har

renal function. o (P8)

One participant was shocked that they hadnodt
being affected by kidney function.
i was really shocked that | didnét know :
on the ball .o (P6)

Fear was expressed about renal medicine.
i think the students are still terrified

difficult area of medicine.o (P11)
Aluds @ minefield | think.o (P12)

Reflective motivation
Table 45 shows the four tables developed to chart the themes in the domains for
reflective motivation:

Professional role and identity

Motivation (intentions) and goals

Beliefs in capabilities and optimism

Beliefs about consequences

The 'beliefs about consequencesd6 domain had
6beliefs in capabilities and optimismd from
and 'motivation (intentions)and goal s 6 muwnbdrs ohtlenies Hiscyssed

across the participants.
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Beliefs about consequences domain
0 = o
prescribing heardme | 2 [ § | @ |> |g |[£ E| 8|3 E £ 5
experience 2l s | > |z s = 2 El g g < S
. ~ | ©P slelale |2 |8 8| 2| % o % |B8%
Participan{ M/F ‘ﬁ' :’|’ n trainer 5| ¥ o ] g % s| e -é 5 g g EE g
0 =} K = = 2] T *E Q
2lz el ™ [l 5] g S|y |2E|ls|2|E| 2|8 [se3
Tl |7 Sle| 3 |op|B.|28 5|2 |2| 5| 2|22
18|25 |s2(8E|88|E s || & |5 |5¢8¢
P1 M 2 Y YN P P P P 2
P2 F 1 N NN P P P P 2
P4 M 2 Y NN P P P P P 3
P5 F 2 N YN P P P P 2
P6 F 2 Y YN P P P 1
P7 F 2 N YN P P P P P 3
P8 M 3 Y YY P P P P P P 4
P9 M 2 Y YY P P P 1
P10 F 2 Y YN B B P P 2
P11 F 2 N YY P P P P 2
P12 F 3 Y YY P P P P P 3
P13 F 2 N YY P P P P P P 4
P14 M 3 Y YN P P P P P P 4
P15 F 1 N NN P P 1
Number of participants mentioning the them¢ 14 | 13| 4 6 7 3 2 3 5 3 1 34
Abbreviations: HCP: healthcare professional; M/F: male/ female; RKF: reduced kidney function; Y/N: yes/ no.

Table 45: Reflective motivation: charting themes in 4 TDF domains

Social/ professional role and identity

Prescribing in general was expressed as a responsibility and that it is a GP role to be

6good6 at it
f still fi
il do t hin
itds mai nl

nd t a
k itos i
y our pr

mar 'y

mportant

for

funct

o

respomnesmetiHiing. avhEem7 )y o

GPs to be

n.o (P9)

It is a GP role to think about toxicity and safety and that they should look it up if

needed.

AToxi city ,iiisprobatnyanea of therbiggest things a GP will think of |

would think.o (P6).
il donét think that 1is
to ook that wup.o (P1)

unreasonabl e to dr¢

However, less responsibility was felt when doing a medication review and that longer-

term monitoring might be something that was done by another healthcare professional.
i Wh en
wrong probably, but you feel less a responsible decision to continue
That o6s

something.

il

f

we

you

ar e

a

re

t al

cont

wWr ong

K i

ng

nui

ng something that s

admi

about [

area of what people like yourselfand [Y]d o i

Motivation (intentions) and goals

snot

t

0

(P7)

onger

t

BN

o

term moni
(P1)

To apply the recommendations for prescribing in RKF was seen as important and

relevant.
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nlt feels important, it feels important,
get reminded of it the more important. o
AOh, i1itdéds very relevant. o (P4)

Not doing harm to patients is a prime motivation.
ANVe want people to tolerate medications that we are giving them, we want to
reduce side effects, we want to i mprove

cause anyone any harm, so yes itbds very

Al suppose everybody o ohdromwso t(hRR8) ul e f i

Previous bad experiences add caution in prescribing.

AWhen youbdve had a few bad experiences

arenét you?0 (P8)

However, it was also brought up that if a patient appears stable then they are less

likely to check parameters such as kidney function.

(

c

and i
P9)

ompl i

mport

rst doc

over th

i am checking theyoére still ok, blood pressur.

be fine and they feel they are ok so it

Understanding leads to remembering and ability to apply.
prescribe it. | need to know that, partly to help me remember and also that knowing

itwouldaff ect how | prescribe it.o (P15)

Reduced kidney function as an area is neglected, ignored or something that is given
little attention or care.

Ailtdos a acCeéeadiesedt ait | suppose. o (P1l2)

Beliefs in capabilities and optimism
The majority of comments made were that the GPs were not confident in their
capabilities; the one exception was for those with an expertise in diabetes.

AWe tend to do them [medication reviews] very badly and sort of rush through

them, so I have to say | dondét really do

fl am not prescribing as safely as | could beinregards t o t hese areas.

There was a lack of confidence in prescribing without computer support.
fit is so complex as is medicine, increasingly complex to that to rely on human,
to rely on human functions to pick up everything, there is bound to be

mistakes. 0 ( P 1)

It was felt there was more capability at drug initiation than at medication review.

il need to understand why because of that

0

mu s t o

nee

it pr

(PO
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i 6m probably quite good about thinking al
new medications, but probably notP7’)very go

Beliefs about consequences
There was an understanding that drug use in RKF can cause harm to patients from
toxicity to the kidneys, increased risk of adverse drug reactions, hospitalisation, and

drugs being ineffective.

AThe reasons why t he ss¢hattheindgseshbulibee i ndi cat
adjusted, or avoided, at a certain renal
course what we are doing is not doing har
Al did have a patient that did have a | ow

and then she ended up in hospital as a result of it really. So that was a learning

point for me.o (P5)

Consequences on the prescribing process were expressed that increased knowledge
makes the reviews harder as there is more to assess. Also that there needs to be

good communication in the prescribing decision to make actions clear in the record.

iKnowl edge! Cos if you don6ét know somet hi.
up are you. So medication reviews would b
anything.o (P13)

Allfbm seeing a patient again or someone el
back and work out why they have been given this random drug dose, because
if another doctor calculates the creatinine clearance, you know, otherwise

whereisthet r ansparPBncy ?0 (

45.4.5 Differences with participant type
Themes were generally spread over all respondent types and there were very few

patterns found when analysing the data by participant type.

An exception was that the four paexperienmégepant s
did not express a lack of knowledge, or any themes to do with social and professional
role. However, it was this group that said medication reviews are done badly, and that

they were shocked at what they dondét Kknow.

The participants with lessthan 8 yearsd6 experience added no

attention and decision-ma ki ng6 domai n.

Only GP trainers mentioned that is an important GP role to think about toxicity and

safety.
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For those that knew me and had experienced a workshop and audits on prescribing in
reduced kidney function said that it is easier to remember if they do it more often and

were more likely to have skills and knowledge, but some still said it was difficult to do.

45.4.6 The key themes identified on what needs to change
The &ey themesoresulted from a synthesis of the range of themes elucidated, noting
where themes were frequently mentioned, but also where there might be high

importance for an intervention, even if only mentioned by one interviewee.

As previously highlighted, themes were found across all the TDF domains, with at

least 9 of the intervieweesdi scussing issues in every domai n.

6environment and resources6, and Obeliefs about

14 interviewees recorded implying that these are important to all the wide range of

GPs included. The domains with the greatest number of themes from the interviewees

were environment and resources, knowledge, memory, attention and decision

process, beliefs about consequences, and motivation and goals. One participant

raised that they felt less responsibility when doing a medication review for a drug

started by someone else, and another suggested that longer-term monitoring might be

something that was done by another healthcare professional. These themes were

mentioned only once but were considered important when developing the key themes.

The resulting six key themes are listed below with exemplar quotes:

Key theme 1: in primary care there is a lack of awareness, knowledge, and

understanding about prescribing in the reduced kidney function of older people.
il suspect for some clinicians, and | includ
knowl edge gap.o (P1)
il wasnodét aware. This is terrible because |
pregabalin, obviously, in neurology.o (P6)

Key theme 2: kidney function testing is required and needs assessment when

prescribing.
AWe often check the bl cecedisptobablythelrighdt ondét of t en
word, dril!] down to the eGFR to see whether
on tally with the GFR. 0 (P9)

AWe are very good acheckthe &&Hs,hy aremteactually o r e

correlating that wiP®H what people are on?0 (

Th

e

u

d

a n
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Key theme 3: the application of kidney function level to prescribing decisions is
needed at both drug initiation and at medication review.
AfiRenal function isndt one of the things t

review medications. o (P12)

i Wh e n rg continuang something that somebody else has started, this is
wrong probably, but you feel less a responsible decision to continue
something . Thatdés wrong | admit.o (P7)

Key theme 4: there is difficulty in remembering to apply the recommendations
for use, and dosing, of drugs in reduced kidney function.
inltdéds remembering which medications you n

pitfalls. o (P12)

il think itéds so QOF orientated now, y ou

wrong stuff in medication reviews . 0 ( P7)

Key theme 5: there is a need to embed kidney function assessment within the

prescribing process.
Alt [prescribing] is so complex, as is me
rely on human functions to pick up everything, there are boundtobemi st akes . 0
(P1)

Al need a button to justugshedhltomrto ahipgh
(P15)

Key theme 6: there is limited use and confusion with the resources available to

support the use, and dosing, of drugs in reduced kidney function.
i1 wslsokipguat what the BNF said about the rivaroxaban...cos | wanted to
know whether it talks about creatinine cl
eGFR-f ol  owing the BNF would givelNoteer too
the BNF has now altered the recommendations for NOACs to be CrCl, but not

for any other drugs]

Al s houl dlookingatdhe BNF aection on prescribing in renal

impairment]. 0 ( P2)

4.6 Discussion
4.6.1 Principal findings

GPs need awareness, education and support to apply the prescribing

recommendations in reduced kidney function (RKF). There is a need to raise
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awareness and provide education on prescribing in RKF for all prescribers and
specialities, and assessing kidney function needs to be made easier in the prescribing
process. Patient and drug specific warnings and prompts are needed at medication

review as well as initiation.

Summary of what needs to change for greater capability
There was a lack of awareness and knowledge for all levels of experience so
increasing awareness and education is needed for all prescribers, and in clinical

specialities, on prescribing renally excreted drugs.

Although GPs checked kidney function it was not always thought of when prescribing,
and particularly not at medication review. A kidney function test should be done before
medication review so that it can be assessed whether drug choice and dosing is still

appropriate.

Most GPs did not know of the creatinine clearance calculation or how to do it. The skill
is easy when it is known what to do, but the process is difficult as it is complex, multi-

step, and not part of the prescribing process.

Summary of what needs to change for more opportunity
Competing priorities, workload and time constraints make it difficult to assess kidney
function when prescribing so it needs to be made easier in the care pathway and given

greater priority to reduce risk of harm.

Kidney function estimation using creatinine clearance estimated using the Cockcroft &

Gault equation needs to be made easier in the prescribing process.

Resources are used, mainly the BNF, but others were mentioned that could be helpful

if known about more widely, such as on-line information and phone apps. However,

the BNF informationneeds c¢cl ari fying as the front section on

i mpairmentd was not known about and the advice on
Guidelines could be improved to include advice on use of the relevant drugs when

kidney function is low.

Summary of what needs to change to strengthen motivation
GPs see prescribing safely as an important role and there was an understanding that
harm can be caused by drugs when kidney function is low, but they were not confident

in their abilities to apply the recommendations for prescribing in RKF.

Not having warnings and prompts at medication review was a particular barrier, and
there was less of a sense of responsibility expressed for prescribing at this point in the

care pathway. Patient and drug specific warnings and prompts at both drug initiation
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and at medication review would be useful as a reminder when kidney function needs

to be taken into consideration.

4.6.1.1 Prescribing behaviour in primary care
Bradley, in 1992, qualitatively sought to understand how prescribing decisions are
made in primary care and exposed the complexity of decision-making that precedes
prescribing. He highlighted discomfort with prescribing and the struggle to balance
several disparate considerations; also that ignorance was a factor but that it is often
other things that have more impact such as negotiating change in treatment. This
echoes findings in the current study and if prescribers have been unaware of kidney

function when prescribing, it will add another level of complexity.

Since the 1990s most focus has still been in hospitals with less attention to major

sources of harm in primary care, such as prescribing (Guthrie et al, 2011). The only

paper found purporting to 6dassess GP prescri
renal failured was a short r eporBeraétal,008)Rheyauseda ( Jonvi
gquestionnaire study to find that GPs do not sufficiently consider renal function of

elderly patients and showed a lack of knowledge, but they did not explore why.

The finding that there was less responsibility felt for prescribing at medication review

was similar to a recent study by Slight et al (2013) where there was acknowledgement

by some GPs that they became 6slightly bl as®
known for a long time. They suggested that there may be benefits to using practice

pharmacists to review repeat medications (Avery et al, 2012).

Understanding the factors related to prescribers in stopping or altering a medication
they have been on for some time had been explored in a recent systematic review
(Anderson et al, 2014). Again, many factors were found to be involved which were
highly interdependent and impacted by considerable clinical complexity. In
polypharmacy, prescribers could not easily identify which medications were
inappropriate; they state that the finding of prescribers being unaware is not surprising
as they do not intentionally prescribe inappropriately. This was mentioned in the GP
interview study. The prescribers rationalised continuation with the belief that the drugs
work and have few adverse effects; they identified different thresholds for initiation

versus continuation of a drug which suggested lack of prescriber insight.

The Anderson et al study (20 1udr)e atlos o6 ddei psrceusscst
when appropriate. Inertia has been | inked to
commission is felt to be worse than that from an act of omission (Ritov and Baron,

1992; Spranca et al, 1991). This was raised as an issue by one of the participants in
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the GP interview study that the perceived potential harm caused if a drug was stopped
or a dose reduced because of a low kidney function would be deemed more the fault

of the prescriber than would harm from not changing the drug or dose.

4.6.1.2 Reducing prescribing errors
Studies in hospital (Dornan et al, 2009; Dean et al, 2002; Tully et al, 2009; Lawton et
al, 2012) have reportemdr sdundilmg @aredcictriidnsndg sHwealr o

training or experience and systems related factors.

The recent qualitative study into the causes of prescribing errors in English general
practices (Slight et al, 2013) has highlighted the complex underlying causes within
seven categories of high level error-producing conditions: the prescriber, the patient,
the team, the working environment, the task, the computer system, and the primary-
secondary care interface. Some of the error-producing conditions they found were
similar to those found for prescribing for older people with RKF and the results of this
GP interview study, such as the prescriberoés ther
experience, their perception of risk, and the working environment, extensive workload,
time pressures, and interruptions. The authors too highlighted the computer-related
issues of unnecessary or inappropriate alerts. The current GP interview study has
added to these findings by highlighting the problem of having no warnings or prompts
at medication review, and the need for them to be patient and drug specific, which

would improve medicines safety for other parameters, not just kidney function.

4.6.1.3 The effect of eGFR reporting on prescribing
Quatrtarolo et al (2007) found that although reporting of eGFR was associated with
improved physician recognition of chronic kidney disease in elderly hospitalised
patients in California, it did not lead to a change in physician prescribing. Van
Pottelbergh et al (2014) also reported that automatic reporting of eGFR did not alter
inappropriate prescribing for older people with RKF in Belgium. GPs in this study
checked kidney function and had an eGFR available but did not apply it to their
prescribing. Ingrasciotta et al (2014) retrospectively looked at use of nephrotoxic drugs

before and after diagnosis of CKD and found no change in prescribing.

4.6.2 The key domains and themes
The sample for this qualitative study was recruited to give a wide range of GP
expertise and experience, rather than to be representative of all GPs. The aim for the
identification of the key themes was therefore not a quantitative analysis of the themes
most raised by the interviewees, but an identification of the range of potentially

influential determinants.
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The analysis of themes, and the identification of domains where many themes have
been elucidated, adds an insight into what has been discussed by many of the
interviewees, and what might be important across the experience and expertise
represented. However, a theme that might be only mentioned by one participant can
be an important insight. For example, where one participant revealed that they felt less
responsibility for the prescribing at a medication review where the drug had been
started by somebody else. When this finding has been presented where GPs are in
attendance, including the consensus panel meeting (Chapter 5), this has been
recognised in the behaviour of other GPs. Identification of this is likely to be important

if an intervention is to be effective.

As previously highlighted, themes were found across all the TDF domains, with at
least 9 of the interviewees discussing issues in every domain, which suggests that
development of an intervention will need to address a range of determinants. Themes
on O0knowledgedé, Oenvironment and resources?o,
mentioned by all 14 interviewees recorded implying that these are important to all the
wide range of GPs included. The domains with the greatest number of themes from
the interviewees were:

1 Environment and resources

1 Knowledge

1 Memory, attention and decision process

9 Beliefs about consequences

1 Motivation and goals
These domains are linked to all three COM-B categories suggesting a need for greater
capability, more opportunity, and strengthened motivation. ldentifying these domains is
useful to direct an intervention to where the most barriers or enablers are, and be

reflected in the key themes identified.

The synthesis of themes across the COM-B components has resulted in six key
themes that give the range of important requirements for change to help prescribers
apply recommendations in RKF. It also enabled the future research analysis to

determine the prioritisation for intervention (Chapter 5).

4.6.3 Behaviour change wheel (BCW)
The BCW has been developed as a method for characterising and designing
behaviour change interventions, synthesising frameworks of behaviour change found

in the research literature (Michie et al, 2011).
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Figure 33: The Behaviour Change Wheel with intervention functions and policy

categories (Michie et al, 2011).

Figure 33 shows the wheel with the COM-B model at the core. The BCW also
identifies different intervention options that can be applied to changing each of the
components, and policies that can be adopted to deliver those intervention functions
(Michie et al, 2014). Intervention options in the BCW are described in general terms,
such as education, enablement, and environmental restructuring. The policy

categories include guidelines and environmental/ social planning.

In this study the TDF has been used to give a more detailed understanding of the
behaviour within the COM-B components (Michie et al, 2014, pp 91-93). Linking to
COM-B categories will then allow use of the Behaviour Change Wheel for intervention
development, identification of relevant behaviour change techniques, intervention

functions and policy categories (Michie et al, 2014).

This study has identified key themes that could inform an intervention to encompass
greater capability, more opportunity, and strengthen motivation for GP prescribers.
However, there is not yet inclusion of the views, opinions and experience of experts,
stakeholders and policymakers that could confirm the study findings, and indicate the
feasibility and acceptability of the different intervention functions and policy categories.

This was addressed in the next study in this programme of research (Chapter 5).
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4.6.4 Engagement in the research
Nearly 30% of GPs invited agreed to take part in the qualitative interviews which
implied that those who participated were interested and that prescribing safety is a
concern to them. However, it did mean that 70% of possible participants did not
respond meaning the findings were only from a minority of self-selected GPs. Using
the local practice pharmacist team worked well to gain access and deliver recruitment
packs. Provicditegoé ateendhf,iB.0)evds wélihepgvedrasli x 10
GPs need evidence of taking part in research for their continuing professional
development (CPD).

Guest et al (2006) concluded that about 12 is a sufficient sample for interview studies
analysed for emergent themes. In this study no new themes were elicited after 12
participants so fits with the Guest findings; however, it would not have been clear
whether, or where, saturation had been reached, and in this study further recruitment

was required for the inclusion criteria.

4.6.5 Strengths and limitations
The use of the Theoretical Domains Framework allowed an exploration of the
behaviour to give a comprehensive picture of what needs to change. As a non-
psychologist with no prior knowledge of behaviour theories, it was extremely helpful to
have a framework to systematically explore behaviour in healthcare. An example of
the benefit of using a systematic process to understand the issues underlying the
behaviour was the important finding that warnings and prompts are not flagged at
medication review which had not been recognised as a factor prior to the study. If, for
example, the Theory of Planned Behaviour had been used (Ajzen, 1991), the
important factors of the habit of always prescribing a dose, the emotion expressed
about prescribing, and the many working environment issues might not have been

brought out.

Working in primary care helped with gaining access for the study and being able to
have participant recruitment packs delivered to GP practice pigeon holes may have
helped with recruitment. Prior knowledge of the GP CPD requirements led to the
inclusion of a certificate of attendance (Appendix 10, 8.9) being offered which was well

received and taken up by all participants.

The effect of myself on the research may reduce the replicability of this study which
started from a problem recognised in practice, and so there was professional as well
as a researcher involvement in the process, setting, context, and culture (Altheide and

Johnson, 1994). Only one researcher conducted the GP interviews and so a
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researcher effect is likely to have been consistent across all the interviews. Chew-
Graham et al (2002) found that if the researcher was a recognised healthcare
professional there were richer and more intuitive responses, and the interviewees
were more likely to confide. Certainly rich data was collected. The disclosure of
participants that they felt less of a responsibility for the prescribing decision at
medication review was an example of the GPs feeling able to confide in something
they expressed as being wrong. This also raised the issue of disclosure of negligent
practice. Discussion with supervisors led to agreement that this was not an individual

disclosure but a theme that would need addressing in an intervention.

It was made clear to participants that the research was being done by a pharmacist
working in Bradford primary care. Hoddinott and Pill (1997; 1999) found that her
interviewing skills were better if she declared that she was a GP and so concluded that
she would always make her professional background clear to respondents. Richards
and Emslie (2000) stated that the 'clinical' interviewer should also take care to explain

their current role as a researcher.

Chew-Graham et al (2002) also state that there is a risk of shared conceptual
blindness and there may have been an assumed shared language and understanding.
Doing reflective notes immediately after each interview, and analysis of the dialogue
on the transcripts, were used to reflect on myself as the researcher. Analysis of the
themes by respondents who knew me previously and those who did not, only showed
a difference in skills and knowledge suggesting that the degree to which | was known

made little difference to the responses not linked to learning.

The GPs recruited had a wide range of experience and interests and all spoke openly
and candidly about their experiences. Data saturation analysis suggested a broad

range of the factors influencing prescribing in RKF were recognised.

However, this was a small sample of GPs from the Bradford area thereby limiting
external validity. The GPs agreeing to take part were likely to be those more interested
in prescribing and more open to scrutiny and so may not be a representative cross-
section. Only GPs were included in the sample as the majority of prescribers in
primary care; however, there are also non-medical nurse and pharmacist prescribers
and they would need to be included in any further research. These data represent the
accounts of GPs and might not necessarily accord with their behaviour (Robson,
2011).
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4.6.6 What this study adds to the literature
This study has explored GP behaviour when prescribing for older people with RKF.
The scoping literature review (Chapter 2) did not find any other research to answer the
question of why prescribing recommendations are not applied and so this study has
added to the evidence base. The findings have contributed to evidence on prescribing
behaviour in primary care, reducing prescribing errors, the lack of effect of eGFR

reporting on prescribing, and use of the TDF.

The scoping review also found a lack of theoretical underpinning in the studies aiming
to improve prescribing in RKF (Chapter 2, 2.6). This study has sought to explore the

determinants that will inform future intervention research.

4.6.6.1 Use of the theoretical domains framework (TDF)
This study adds to the evidence base for the use of the TDF to identify factors
influencing the gap between evidence based practice and the routine delivery of health
care. Data was found for all domains, including important factors of habit, emotion and
the working environment that might not have been elucidated if, for example, the
Theory of Planned Behaviour (Ajzen, 1991) had been used. The TDF provided a
useful, and successful, framewaork for both the topic guide in the interviews, and the

content analysis, to ensure a wide exploration of the barriers and enablers.

Francis et al, in 2012, documented the impact of the TDF on implementation research.
They reported that 23 empirical studies had been published, with 17 investigating the
behaviour of health professionals. Ten of the 21 studies described exploratory
interview studies designed to identify barriers and enablers. The authors state that the
studies provide evidence that the TDF has considerable breadth and cross-disciplinary
impact in research about health related behaviour, and that it appears to have
succeeded in making psychological theory useful to researchers from a variety of
backgrounds internationally. The current study will add to the growing body of
evidence, having used the TDF to explore GP behaviour when prescribing for older

people with RKF.

4.6.6.2 Future research.
The study findings will help to inform the content and design of an intervention to
improve prescribing in reduced kidney function in primary care. The next stage of this
programme of research (Chapter 5) was planned to confirm and combine the findings
with experts, stakeholders and policymakers in related fields, get an indication of
feasibility and acceptability, and prioritise the key themes for an intervention and future

research.
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Rich data has been collected from the GP interviewees. Analysis was completed for
the current project, but the data could be reanalysed in greater depth to gain more

understanding of prescriber behaviour generally in primary care.

4.6.7 What this study adds to practice and policy
Complex underlying factors for inappropriate prescribing for older people with reduced
kidney function in primary care were found in this study. Highlighting the issues to both
clinicians and policymakers is the first stage in minimising inappropriate prescribing in
routine clinical practice. It was planned that the final stage of this programme of
research would involve experts, stakeholders and policymakers in related fields
(Chapter 5). Further research is needed to ensure an intervention will be more likely

to be successful in changing practice.

The BNF was a key resource but the chapter on o6pr
not known about and the advice on kidney function equation choice is confusing and
so working with the Formulary Committee could help prescribers apply the

recommendations.

6Goal conflictd was expressed wher bestehe prescribi
to go against clinical guidelines. This suggests that the guidelines should make explicit

the need to apply parameters such as kidney function to the decision making, for

example antibiotic guidelines encourage use of nitrofurantoin for urinary tract infection,

but if kidney function is too low it may be ineffective and adverse effects are more

likely, and an alternative should be used. It has been recommended in a recent paper

from the Guthrie team that guideline developers should particularly consider whether

chronic kidney disease is common in the target population (Dumbrek et al, 2015).

4.6.8 Progression and integration of methods and findings
The lack of awareness and knowledge about prescribing in RKF expressed by the GP
participants would account for the findings in the case-note review (Chapter 1) where
25% of older people with RKF were on a drug that should be avoided or the dose was
too high for their level of kidney function. Also for the results found in the PCT-wide
cross-sectional survey (Chapter 3) where 3.5%-39.6% of people aged over 65 years,
and 24.2%-79.5% of those aged 85 years and older, had a kidney function too low for

the drug or dose they were taking.

Many of the GPs did not recognise the drugs investigated as being affected by kidney
function except for metformin and nitrofurantoin. However, in the PCT-wide survey,

nitrofurantoin had the highest figures for being used when kidney function was too low.
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This may be that being aware has not changed behaviour, or that clinicians have only
recently been made aware and the figures might now be improved. Most of the drugs
studied were repeat medications where there should be regular review, but the

findings in the quantitative studies showed that kidney function was not accounted for

and that it was worse in the older age groups, implying that review did not happen.

Kidney function is regularly tested, which was shown in the PCT-wide survey with
82.5-97.2% (depending on the drug) having a recent check, but the GP interviews
found that although they tested kidney function, they did not then apply that to

prescribing and review.

4.7 Conclusion

To reduce the risk of harm for older people on drugs excreted by the kidney, GPs need
awareness, education, and support to apply the prescribing recommendations in

reduced kidney function.
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60l d age is not the source 6fndut hpr ablsevms s06it

Dr William Thomas, 2004

5 Chapter 5: A consensus group method to identify key
themes for development of an intervention strategy and
future research into prescribing for older people with

reduced kidney function.

5.1 Background

Older patients are at greater risk of harm when recommendations for prescribing in
reduced kidney function (RKF) are not applied (scoping literature review, Chapter 2). A
cross-sectional case-note review (Chapter 1) and PCT-wide prescribing data survey
(Chapter 3) in UK primary care found that a quarter of people aged 65 years and older
with RKF were on a drug or dose that would not be recommended at their level of
kidney function, and the likelihood of having a kidney function too low increases with
age. Key areas for change have been highlighted in a GP interview qualitative

investigation (Chapter 4).

A formal facilitated group consensus process would allow experts and stakeholders to
rate and prioritise the barriers and enablers to applying recommendations on

prescribing in RKF, generated from the qualitative GP interview study.

This study aimed to explore the generalisability of findings, generate a strategy for an

intervention, and prioritise a strategy for evaluation research.

5.2 Research gquestion and objectives

Research question

Do experts in fields relating to prescribing in reduced kidney function find the evidence
from the four programme studies (case-note review, scoping literature review,
prescribing data survey, GP interview study) generalisable, what should the strategy

be for an intervention, and what are the priorities for future research?

Objectives
I To systematically combine the evidence from the four project studies with

expert opinion.

S
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1 To explore the opinions of experts in the field on agreement, importance and
feasibility for the key themes on what needs to change to improve prescribing

for older people with RKF.

9 To gain consensus on priorities for intervention and future research.

5.3 Methodology

5.3.1 Consensus method
The O6RAND Appropriateness Method6é was used t
research evidence, synthesise and clarify expert opinion, generate a consensus, and
capture the multidisciplinary perspective (Fitch et al, 2001; Shekelle, 2009; Campbell
et al, 2001; Jones and Hunter, 1995; Murphy et al, 1998). The core components of the
RAND process have been summarised by Brook et al (1986), Shekelle et al (1996;
1998) and Fitch et al (2001). The key stages of the method are:

1 Selection of condition(s) to be assessed.

1 Systematic review of the evidence base.

9 Generation of indicators/criteria to be rated.

1 Selection of expert panellists.

9 First round individual rating.

1 Panel meeting.

1 Second round individual rating.

1 Final analyses and development of recommended indicators/criteria.
This 6nominal groupd method was chosen as it
than an O6interacting groupd (Robson, 2011) w

on the topic or issue followed by a group assessment. In the nominal group method,
respondents make their initial estimates individually, which means there is no effect
from other participants such as social pressure and negative group influences, for
example dominating members. There is then a panel discussion which results in a

group view agreed, followed by a final individual rating.

The 6Nominal Group Techniquebd (NGT) (Delbecaq
but is used primarily to generate ideas which can subsequently be rated using, for

example, the RAND or Delphi methods.

The 6éDel phi d met hod has IarehefarexarspieCantrihetgd r e s cr i
(1998) and Campbell et al (2000). It is a technique where individuals make
independent estimates or give views about the issue in question. These are

aggregated by a central group who provide feedback on the group results to the
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individuals. The individuals subsequently confirm or revise their estimates until either a
group consensus is reached or an acceptable range of views is achieved. The
advantage of the Delphi method is that it does not require individuals to be brought
together so the time and cost of participants travelling to meetings is saved, and
anonymity of participants preserved. However, the process is time consuming to
coordinate and manage and it can be difficult to maintain active participation by
participants the whole way through, and so drop outs are more likely than at one off
meetings. Also, the decision-making process is less transparent than face to face
meetings, and can be more easily influenced by the coordinator (Linstone and Murray,
2003).

In a review on consensus methods in prescribing research, the main benefit found for
the RAND method is that it combines expert opinion with evidence in a more
guantifiable way than the other approaches, having aspects of both Delphi and NGT
(Campbell et al, 2001). For the current study there were key themes that needed to be
prioritised so a method that would include statement ratings was required. Also,
evidence to be presented for consideration from the project studies was, as yet,

unpublished and so the opportunity to present data to the panel group was useful.

5.3.2 Theoretical Domains Framework (TDF) and COM-B model
The GP interview study used the TDF to highlight key themes for change in capability,
opportunity, and HBdt moateil g n Eithie €DF ablat@oian
COM-B component (see Table 5, Chapter 1), providing a framework for a more
detailed understanding of the behaviour within the COM-B components (Michie et al,
2014, pp 91-93). In the GP interview analysis (Chapter 4), linking to COM-B
components helped to strengthen the understanding of the TDF domains for the non-

psychologist researcher, and frame the findings to highlight what needed to change.

The TDF has been used previously in expert panel studies in healthcare, for example
Porcheret et al (2014) and Khan et al (2014). The TDF provided the framework for the
method and analysis of this consensus panel study, and linking to COM-B components
highlighted what needed to change to improve prescribing in reduced kidney function
(RKF).

5.3.3 Panel composition
The validity, credibility, reliability, and acceptability of the findings of a consensus

method will depend, in part, upon the group composition. Campbell et al (2001) states

that the panel must reflect the O6constituency

of
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There should be individuals with relevant knowledge, perspective or experience, or
individuals who are highly regarded in the chosen field due to their academic expertise

or experience.

Murphy et al (1998) states that in general, having more group members will increase
the reliability of group judgement. However, where the group members interact, large
groups may cause coordination problems within the group. Although it is theoretically
likely that group size will affect decision-making, the effects are subtle and difficult to
detect. They state that below about six participants, reliability will decline quite rapidly,

while above about 12, improvements in reliability will be subject to diminishing returns.

5.4 Study design
5.4.1 Setting

The first round statement rating was done individually on-line at a time convenient to
the panellist. The group exercise and second round rating took place at the University

of Leeds.

5.4.2 Participants
To ensure credibility, the research team met to provide a robust process for
identification of stakeholders and experts in relevant fields as possible participants.
The aim was to include representatives with expertise in as wide a range as possible
in the intervention functions and policy categories identified on the Behaviour Change
Wheel (Michie et al, 2011), as discussed in Chapter 4 (4.6.3). Having expertise in
these categories would make it more likely that the panel would have the knowledge
and experience to consider a strategy for intervention covering the components of the

behaviour.

It was agreed to attempt to recruit participants from the following fields:

1 Renal specialist.

9 Elderly care specialist.

1 GP expert.

1 Pharmacist expert.

9 Patient record system (e.g. SystmOne, EMIS), decision support systems
representative.
Resource, guideline, policy representative e.g. BNF.
Medicines safety expert.

Psychologist.
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5.4.3 Sampleinclusion criteria and recruitment
Participants were purposively recruited from the listed categories. They were identified
as possible participants by the supervision team, from publically accessible websites,
or by word of mouth from other experts in the field. Potential participants were
contacted by email with a letter of invitation (Appendix 16, 8.15), consent form
(Appendix 17, 8.16), and participant information sheet attached (Appendix 18, 8.17).

Where no reply was received, one further email was sent.

A certificate of attendance was provided for all panellists as a recognition of their

participation in research (Appendix 19, 8.18).

5.4.4 Method
The key themes derived from the GP interview study on what was needed to change
were reviewed using a four stage process.
Stage 1: development of statements for review.
Stage 2: first round statement rating by the expert panel.
Stage 3: expert panel group discussion on the statements.

Stage 4: second round statement rating.

After the stage 1 development of statements for review section, the study design,

results, and summary are presented for each of the stages 2-4 in turn.

5.4.5 Ethics and governance
University ethics and NHS/other organisation research governance assurance were
granted. NHS ethics approval was not needed as participants were healthcare
professionals.
SHREC/RP/512 on 16/3/15 (Appendix 20, 8.19)
Leeds West CCG on 27/5/15 (Appendix 21, 8.20)
Bradford Districts CCG on 27/5/15 (Appendix 21, 8.20)
Leeds Teaching Hospitals on 22/5/15 (Appendix 21, 8.20)
Agreement from NICE (email, Appendix 21, 8.20)
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statements

There is a need to increase the understanding of prescribers about the relatiorship between Kidney function, blood level, and effect on drugs excreted by the kidney.

Inprimary care there is a lack of 2 Thereis a need to increase awareness of appropriate use, and dosing, of drugs in reduced kidney function.
awareness, knowledge, and
understanding about prescribinginthe 3 There is a need to increase knowledge of the recommendations for prescribing in reduced kidney function, and how to apply them.
reduced kidney function of older
people. 4 Prescribing inreduced kidney function should be taught to prescribers and potential prescribers.
5 Tailored teaching on prescribing in reduced kidney function is required for specialist practitioners in areas such as diabetes, pain, and articoagulation.
6 When prescribing drugs excreted by the kidney for older peaple, kidney function needs to be checked and the result appiied for use, and dosing, of drugs.
Kidney function testing is required  Itneeds to be clearer that creainine clearance (CocKe oft Gaul) shouid be Used as the kidney function estimale when prescribing high fisk drugs, and for figher risk patients including for older people:
when prescribing for older people. rather than eGFRwhichis an indicator of kidney disease and risk fo the kidney.
8 Calculation of creafinine clearance, and its application, need to be easierinthe prescribing process.
o Currentlywarrings and prompts on the patient record system are only flagged when initiating a drug; there need to be wamings and promps on recommendations highighted when doing a medication
review.
The application of kidney function level ) : : : : — - : :
to prescribing decisions s ,t 10 Thereisaneed for a recent kidney function test fo be available when doing a medication review as it may have changed since initiation or the previous review.
drug initiaion and at medication 44 The sense of responsibility taken for prescribing and monitoring by the clinician needs to be as acute at medicafion review as itis atinifation, because parameters such as kidney function may have
review. changed.
12 Computer decision support on home visits would be useful to highlight wamings and prompts.
13 Help is needed to rememberwhich drugs are affected by reduced kidney function and what to do for each.
14  Prompts are needed to apply the kid furction level when prescribing, as attertion is on otherthings in a consuftation.
There is difficultyin remembering to ot Pplyfhe Kidney p ng ng
apply the recommendations for use, . . . . . _
and dosing, of dnigs in reduced kidney 15 Wamings and prompts need fo be linked to level of kidney function. and be patiert and drug specific.
function.
16 Wamings and prompts need to highiight a low level of kidney function before prescribing decisions need o be made.
17 The habit of prescribing the usual dose that is always prescribed’ needs to be broken.
18 Computerdecision support is needed because prescribing is a muiti-step process and polyphammacy increases the complexity.
There is a need for computer decision
support for kidney function assessment 19 To reduce the risk of mistakes being made, computer decision support is needed fo help apply recommendations on use ofdrugs in reduced kidrey function.
withinthe prescribing process.
20 Assessing kidney function for older people shouid be considered a required part ofthe prescribing process to reduce the risk of harm.
There s limited use and corfusion with . Prescribers need to be made aware of resources available to help with prescribing in reduced kidney function e.g. BNF, phammacists, reference materials (eaflet and or-ine), phone app, and renal team e-
the resources available to support the consultation.
use, and dosing, of dugs inreduced ,, The BNF - there is a need fo increase awareness of the 'Prescribing in renal impairment section and a clarification of €GFR vs CICl with inferpretation of the recommendations given in the drug

kidney function.

monographs.

Abbreviations: BNF: British National Formulary; CrCl: creatinine clearance; eGFR: estimated glomerular filtration rate.

Table 46: The key themes and 22 statements for rating by the consensus panel.
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5.5 Stage 1. Development of statements for review

The GP interview study (Chapter 4) used a content analysis, and the emergent themes
were mapped onto the domains of the Theoretical Domains Framework for further
analysis. A process of reading and re-reading the themes and quotes in each domain,
and analysis of the range, led to the development of six &ey themeséto identify the
range of potentially influential determinants, and what needs to change to reduce

inappropriate prescribing in RKF.

For the current study, the themes derived from the GP interviews were further
analysed within the six key themes to produce statements that could be rated by the
expert panel. The final twenty-two statements used for the consensus panel process
are listed in Table 46, such as:

2. There is a need to increase awareness of appropriate use, and dosing, of

drugs in reduced kidney function.

9.  Currently warnings and prompts on the patient record system are only flagged
when initiating a drug; there need to be warnings and prompts on

recommendations highlighted when doing a medication review.

5.6 Stage 2: First round statement rating

5.6.1 Study design for stage 2
5.6.1.1 Method

An on-line rating process was conducted. The survey was built, data collected,
collated, and analysed using the Bristol On-line Survey (BOS, 2015). Panellists
individually rated each of the 22 statements for agreement, importance and feasibility
on a 5 point Likert scale (where 1 was low and 5 was high) according to their
experience, opinion and perception of current practice. The participants were also
asked to choose the three statements that they considered to be their top priorities for
implementing change. For each statement there was an opportunity to add a

comment.

Panellists were emailed the link to their personal on-line survey. Any panellists who
had not completed the survey a week before the group discussion were sent a
reminder email.
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5.6.1.2 Data collection
A 6Bri-siomé ®Harveyd was bruatliitnd oi raltlloev p ardti ivd |
time. This was piloted with 2 supervisors before making available to the consented

participants.

5.6.1.3 Analysis
The pre-defined criteria (5.4.3) were used to check that the panel convened was

comprised of the required range of expertise.

Quantitative analysis

An ordinal scale was used (1 through to 5) to rank agreement, importance, and
feasibility. A &0bis always a more positive rank than a @6 and a éémore positive than a
@46 but the levels are not specified at each point and so there cannot be an assertion
that the difference between a &dand a @0is necessarily the same as between a @band
a @0 This suggests avoidance of measures such as means and standard deviations
that treat the intervals as though they are equal. Instead, for each rating, the median
was used to measure the central tendency, and a measure of agreement and
disagreement to indicate the dispersion oftherat i ngs. 6éDi sagreement 6
33% or more scores from the sample in both the top (4-5) and bottom (1-2) groups
(Fitch et al, 2001).

The results from the Bristol On-line Survey were transferred to Excel to facilitate a
gquantitative analysis to give a count, median rank and agreement/disagreement for all
responses. Consensus was defined as the median score being:
1 1-2withoutdisagreementi agr eement that the statement
1 3 withoutdisagreementi agr eement that the statement

1 4-5withoutdisagreementi agr eement that the statement

Qualitative analysis

Participants were able to add comments on the on-line survey and these were
thematically analysed to find any new themes that needed to be added to what needs
to change, using the TDF and linking to COM-B categories.

5.6.2 Results

5.6.2.1 Demographic analysis
Ten participants were recruited to complete the on-line statement rating out of
eighteen invited. There was no reply from 3, and 5 expressed a wish to take part and

support for the project but did not have the time or availability.
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Representatives from all the fields identified by the research team were recruited for
the consensus panel except for having a psychologist. It was agreed by the
supervision team that this was less important as the TDF was being used to inform the

process.

The final panel included national and regional clinical leads and experience in
education, research, computerised decision support, policy, formulary and standard
setting (Table 47).

completed on-line attended group completed final

survey discussion rating
C1l Renal physician/ AKI national lead C1 C1
C2  Geriatrician C2
C3  Health informatics analyst C3 C3 C3
C4  Senior university lecturer/ pharmacist C4 C4 C4
C5 Renal pharmacist/ DPharm student C5 C5 C5
C6  Senior hospital pharmacist C6
C7 Medicines safety expert pharmacist C7 C7 C7
C8 NICE pharmacist/ BNF formulary committee mer C8 C8 C8
C9  GP/academic clinical fellow C9 C9 C9
C10 Renal physician/ Regional lead C10

Table 47: Consensus panel participants, who completed each stage, and

reasons for non-completion.

5.6.2.2 Quantitative analysis
The results from the Bristol On-line Survey were transferred to Excel to facilitate a
gquantitative analysis giving count, median rank and agreement/ disagreement

categorisation for all responses (Table 48).

There were universally positive oOvalidd ratings o
statements presented to the participants withno6 di sagreement & categorisat.i
Thirteen statements for feasibility had positive median ranks, and nine ranked

equivocal, with one categorised as 6disagreementd

negative O6invalidd median ranking.

Statement 13 was ranked high in all three categories. The consensus was that there
was agreement that o6help is needed to remember wh

important, and that it is feasible to implement.
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Rank value
Number of
. Ranking . . . Median Disagree participants
Key themes Statements for rating factors  Negative Equivocal Positive rank mentilcl 0osinglaa
top 3 priorit)
1-2 3 4-5 Pep Y
1. In primary care agreement 2 0 8 4 N
there is a lack of 1. need to increase understanding importance 2 3 5 35 N )
:I“’l\f\:\/?gj;:’ and feasibility 1 5 4 35 N
understanding about agreement 0 1 9 45 N
prescribing in the 2. need to increase awareness importance 0 1 9 4 N 6
reduced kidney feasibility 2 3 5 3.5 N
funCtIlon of older agreement 0 0 10 4 N
peopie. 3. need to increase knowledge importance 1 1 8 4 N 4
feasibility 4 2 4 3 Y
agreement 0 0 10 5} N
4. should be taught to prescribers and -
potential prescribers importance 0 1 9 2 N 3
feasibility 0 3 7 4 N
agreement 0 4 6 4 N
;et‘zltli?i;e:eiachlng required for specialist importance 2 3 5 35 N 1
feasibility 1 4 5 3.5 N
2. Kidney function agreement 0 1 9 5 N
tesing s requied & e octon e o bochored et Tpoaree 0 2 74 w1
when prescribing for -
older people feasibility 0 3 5 4 N
7. creatinine clearance (Cockcroft Gault) agreement 1 N 5 4 N
should be used as the kidney function importance 1 2 6 4 N 2
estimate when prescribing feasibility 3 3 3 3 N
agreement 1 2 6 4 N
2. calcu..nlat_lon of creanqnpe clearance needs to importance 0 2 7 4 N 1
e easier in the prescribing process
feasibility 2 3 4 3 N
3. The application of agreement 0 0 10 5 N
kidney function level 9.hther§ need to b: W?mings and prompts importance 0 2 8 4 N 3
to prescribing when doing a medication review P P > 5 2 "
L . easibili
decisions is needed Yy
both at drug initiation ) ) agreement 0 2 8 4 N
" N 10. a recent kidney function test should be importance 1 2 6 4 N 2
and at medication available when doing a medication P
review. feasibility 2 3 4 3 N
11. the responsibility taken for prescribing agreement 0 0 10 2 N
needs to be as acute at medication review as  importance 1 2 7 4 N 1
itis at initiation feasibility 2 3 4 3 N
agreement 0 1 9 5 N
12. computer dec_ls_lon support would be importance 0 2 8 4 N 1
useful on home visits
feasibility 2 3 5 3.5 N
4. There is difficulty agreement 0] 0 10 5 N
in remembering to 13. htfeflp is ;eeded to remember which drugs importance 0 0 10 45 N 2
apply the are affecte
. feasibility 0 4 6 4 N
recommendations
for use, and dosing, 14. prompts are needed as attention is on sgreement = : ! : .
O_f drugs in r?duced other things in a consuitation importance 0 3 ’ 4 N 1
kidney function. feasibility 1 4 5 3.5 N
15. warnings and prompts need to be linked to agreement 0 0 10 2 N
level of kidney function, and be patient and importance 0 3 7 5 N 1
d ifi o
rug spectic feasibility 2 4 4 3 N
16. warnings and prompts need to highlight ~__29reement 1 2 5 4 N
reduced kidney function before prescribing importance 1 3 4 35 N 1
decisions need to be made feasibility 0 3 5 4 N
agreement 0 1 9 4 N
17. the habit of prescribing 'the usual dose n
that is always prescribed' needs to be broken importance 0 4 5 4 N 1
feasibility 3 3 4 3 N
5. There _IS aneed to 18. computer decision support is needed agreement 0 1 9 45 N
emb?d kidney because prescribing is a complex, multi-step  importance 0 4 6 4 N 1
fu_nc_tlon assessr_ngnt process feasibility 3 3 2 N
within the prescribing
agreement 0 2 8 4.5 N
process. . . "
19. to reduce the risk of mistakes being B
. importance 1 2 7 4 N 1
made, computer decision support is needed
feasibility 3 3 4 N
20. assessing kidney function for older people  agreement 1 3 6 5 N
should be considered a required part of the N
prescribing process to reduce the risk of importance 2 3 4 3.5 N 0
harm feasibility 2 2 5 3.5 N
6. There is “mlt_ed 21. prescribers need to be made aware of agreement 1 0 9 45 N
use and confusion resources available to help with prescribing in  importance 1 2 6 4 N 0
Wlth. the resources reduced kidney feasibility 1 > 6 2 N
available to support
the use, and dosing, N ! agreement 2 2 6 4 N
. 22. British National Fpormulary N ta 2 2 5 4 N 1
OT drugs in r_educed recommendations need clarification Importance
kidney function. feasibility 1 2 5 4 N

for agreement, importance, feasibility, and top three priority.

Table 48: On-line survey statement ratings as mean rank and standard deviation
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Three more statements were ranked high in two categories. Agreement and
importance were ranked high for:
9 That prescribing in RKF should be taught to prescribers and potential
prescribers (statement 4).
1 Warnings and prompts need to be linked to level of kidney function, and be
patient and drug specific (statement 15).
Agreement and feasibility were ranked high for:

1 Warnings and prompts are needed at medication review (statement 9).

Agreement with the statements

OnalikertScaleof115 where 656 is the highest rank of

had a median rank of 656 with no disagreement:

9 That prescribing in RKF should be taught to prescribers and potential

prescribers (statement 4).

1 Kidney function needs to be checked and the result applied for prescribing

(statement 6).
I Warnings and prompts are needed at medication review (statement 9).

1 The responsibility taken for prescribing needs to be as acute at medication

review as at initiation (statement 11).
1 Computer decision support would be useful on home visits (statement 12).
1 Help is needed to remember which drugs are implicated (statement 13).

1 Warnings and prompts need to be linked to level of kidney function, and be

patient and drug specific (statement 15).

1 Assessing kidney function for older people should be considered a required

part of the prescribing process to reduce the risk of harm (statement 20).

Statements agreed to be important
The highest ratings for the degree to which the statement was thought to be important
in implementation of change were:
1 That prescribing in RKF should be taught to prescribers and potential
prescribers (statement 4) i median rank 5.

1 Warnings and prompts need to be linked to level of kidney function, and be

patient and drug specific (statement 15) T median rank 5.

1 Help is needed to remember which drugs are implicated (statement 13) i

median rank 4.5.

agr
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Feasibility of the statements

Feasibility was generally rated | ower with t

statements found to be most feasible with a
1 That prescribing in RKF should be taught to prescribers and potential

prescribers (statement 4).
Kidney function should be checked and applied to prescribing (statement 6).
Warnings and prompts are needed at medication review (statement 9).

Help is needed to remember which drugs are implicated (statement 13).

=A =4 =2 =

Warnings and prompts need to highlight RKF before prescribing decisions are
made (statement 16).

9 Prescribers need to be made aware of resources available to help with

prescribing in RKF (statement 21).
T BNF recommendations need clarification (statement 22).

Nine statementswer e ranked equivocally with a mediat
feasibility of increasing knowledge (stateme
with 4 ranking it negatively and 4 positively. These statements would be explored

further in the group discussion.

Priority of the statements
The participants were also asked to choose the three statements that they considered
to be their top priorities for implementing change. Only two respondents gave 3
choices (C1 and C9). Three respondents gave 2 choices, two 4 choices, and one gave
none whilst one gave 11. Two respondents commented on the survey that they had
run out of o6top threed choices:
fl started to tick the top priority boxes and then came to the conclusion that all of
these elements are important in achieving safer prescribing in the elderly and other

patientgroups.0 ( C10: renal physician with a regio
AGnnot fia (iGl:torpermBald physician with a nat.

This meant that the O0top 36 wetatemerstsktkewed t owa
O6knowledged theme), however it did give an i
be discussed at the panel meeting. The top three priorities ranked were:

1 To increase awareness i 6 respondents.
i To increase knowledge 7 4 respondents.

1 To have warnings and prompts at the medication review i 3 respondents.
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1 Should be taught to prescribers and potential prescribers i 3 respondents.
1 To increase understanding T 3 respondents.

When analysed under setting, role or speciality, 3 of the 4 doctors put increasing
understanding as a top 3 priority and all ranked this highly compared to the
pharmacists. The doctors also all strongly agreed that the calculation of creatinine
clearance should be easier in the prescribing process; again the pharmacists tended

to rank this lower.

The primary care practitioners gave strongly agree ratings and top 3 priority for the
need for having warnings and prompts at a medication review. They also gave high
ratings for the need for the warnings and prompts to be patient and drug specific and
to be highlighted before the prescribing decision needs to be made, the latter was not

something other respondents ranked as high.

Secondary care practitioners (Renal and Care for the Elderly) agreed strongly that
assessing kidney function for older people should be considered a required part of the
prescribing process to reduce the risk of harm, whilst primary care ranked it equivocal

or disagreed and gave a very low feasibility.

Renal practitioners ranked highly that prescribers should be made aware of resources
available and that the BNF recommendations need clarification. The medicines safety
pharmacist also ranked highly that the BNF needs clarification and gave it a top 3
priority.

5.6.2.3 Qualitative analysis
Comments added to the on-line survey were thematically analysed to identify new

themes.

Most comments were either reiterating their ranking or questioning the premise, or
their understanding, of the statement. These would be picked up at the panel

discussion meeting, however, there were a few to note:

Capability
On the need to increase understanding, C10 suggested that it was important that
awareness was increased of 6Sick Day rul eso
acutely ill to rtedwne cthire nri i¢Ghikitket &, 2648)cQiOn | ur vy
also suggested that:
AHospital bl ood test reports are not seen
episodes of acute renal @C4GQ, remaliploysicgah i on may

with a regional role)

wher e
i n r
be
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When discussing the requirement for education, the need to keep up to date with

changes in recommendations was highlighted.

irecommendati ons change and there needs

thesear e i ncor por at &ebping opttodate after this is jgrabably

mo r e i mp(G4, demian univebsity lecturer and pharmacist)

Opportunity

On the statement regarding having warnings and prompts at medication review, some
panel members not working in primary care were unaware that warnings were not
available when doing a medication review.

Al wasnbét aware that such prompts d

sy st e (@4, 8eaior university lecturer and pharmacist)

Pharmacists were highlighted as health professionals that could help to improve
prescribing in RKF.
fi . pharmacists based in primary care with the skill set to help prescriberso .

(C5, renal pharmacist)

Questioning the need for change
One respondent, C4, made a few comments that implied they thought there was not a
problem in primary care, but which were not in line with the other panellists. This was

explored in the group discussion.

t

idn't
change
s alre

APrescribers know where to |l ook if
AiNaively perhaps but | think thisf./
cases. 0

Al n my experience doses change as functio

5.6.3 Summary
Panel consensus on agreement, importance and feasibility on what needs to
change.
The individual ratings were universally positive on agreement and importance for all 22
statements presented to the panellists, and all but nine statements for feasibility, which
were equivocal. This provides a confirmation by the experts and stakeholders for the

project findings.

The themes added to the analysis from the on-line survey were:
1 That non-primary care participants were surprised that warnings and prompts

did not come up at medication review.
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I That recommendations change and so there is a need to keep up to date.

9 That the role of pharmacists could be increased.

Priorities for intervention strategy and future research.

The top three priorities ranked were:
1. Toincrease awareness i 6 respondents.
2. To increase knowledge i 4 respondents.
3. To have warnings and prompts at the medication review i 3 respondents.
3. Should be taught to prescribers and potential prescribers i 3 respondents.

3. To increase understanding - 3 respondents.

5.7 Stage 3: Group discussion

5.7.1 Study design for stage 3
5.7.1.1 Method
The expert panel met at Leeds University for a facilitated structured two hour meeting
on the themes and statements they had initially rated in Stage 2. The session was led
and facilitated by myself. A second researcher (supervisor, LG), experienced in
behaviour change theory, attended the group discussion to take notes and verify

findings.

The meeting started with a 15 minute presentation by SW to give the panellists an
overview of the four studies that have led to the development of the key themes and
statements on what needs to change to improve prescribing for older people with RKF.

The Power Point slides for the presentation can be found in Appendix 22 (8.21).

The key themes were then presented in turn, with example quotes from the GP
interviews. For approximately 1.5 hours, the meeting was structured to facilitate wide
discussion on all six key themes, exploration of issues raised, and any new themes

raised. Also, issues raised from the on-line survey were discussed.

The discussion was brought to a close 15 minutes before the scheduled end of the

meeting to allow time for the final statement rating (Stage 4).

5.7.1.2 Data collection
The group discussion was digitally recorded, with consent, and anonymously

transcribed for analysis.
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5.7.1.3 Analysis

Demographic analysis
The range of expertise of the panel able to attend the discussion meeting was

analysed compared to the agreed pre-defined criteria (5.4.3).

Content analysis
A theory-based, five stage content analysis was conducted on the anonymised

transcript from the group discussion meeting (Pope et al, 2000).

Stage 1. Familiarisation
The meeting recording was listened to, and the anonymised transcript was read and
re-read to become familiar with the data, and to get an initial impression of the key

ideas and recurrent themes.

Stage 2. Identifying a thematic framework
Data was then coded to theoretical domains using the TDF and the emerging themes
were mapped to those from the GP interview study, identifying where themes were

agreed, disagreed or new themes added. A coding index was developed.

Stage 3: Indexing
The second researcher (LG) used the coding index to code the transcript

independently to explore inter-rater reliability.

Stage 4. Charting
The codes and quotes were manually grouped into emerging themes. This was an
iterative and reflective process and allowed exploration of intra-rater reliability by re-

visiting and refining the coding.

Stage 5. Mapping and interpretation

The emergent themes were mapped and interpreted under each TDF domain, and
categorised under capability, opportunity and motivation to structure the findings and
to find any differences with participant type. A final analysis was performed to map the
findings to the key themes from the GP interview study (Chapter 4) and any new
themes added on what needs to change to improve prescribing for older people with
RKF (Table 49).
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Key themes from the GP
TDF domains interview study [« us panel th
Knowledge Thereis a lack of knowledge, K1 Lack of awareness

awareness and understanding

of appropriate prescribing of K2 Lack of knowledge/understanding
drugs in reduced kidney

function; even if prescribe the K3 Not taught - teaching is important

MNeed an understanding of the
relationship between kidney New theme(s)

function, blood levels of K4 teaching use of the patient record systems useful
affected drugs and effect

it is not taught, either theory or

specifics
Memory, Understanding makes it easier M1 warnings and prompts only come up at drug initiation - there are none at review
attention and to remember.
decision process

Difficult to remember which M2 attention needs to be given to prescribing

drugs and what to do for each.

M3 kidney function can change so there needs to be review of the prescribing decisions
Attention is on other things ina

consultation.
Attention at initiation of a drug

and unfamiliar drugs but not at
a mediaction review.

New theme(s)

M4 Just need the essential values/ information, in the right place, to make a clinical judgement

Mot got warnings ata

medication review. M5 a NICE guideline, quality standard etc, on what to do, takes attention and priority away from the visceral

response of the prescriber to think about the specific drug in that patient.

triggers should be instructive,
linked to old age, RKF, drug and

want more computer decision
support

Table 49: An example section of the group discussion content analysis mapped onto the TDF domains and linked to COM-B

categories, with codes.
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5.7.2 Results
5.7.2.1 Demographic analysis
Seven of the original 10 panellists were able to attend the group discussion (Table 47).
One of the panellists unable to attend was a second renal physician, and another was
a hospital based pharmacist, so there was still the expertise at the discussion meeting.
The geriatrician could not attend so there was no elderly care expert for the

discussion, but the secondary care clinician expertise was represented.

5.7.2.2 Qualitative analysis
Table 49 shows one section as an example from the content analysis where emerging
themes were mapped onto the TDF domains, whether they were themes that
reiterated those found in the GP interview study, or whether they were new themes
identified. The TDF domains were mapped to the COM-B categories using the Michie

et al (2014) linking as previously shown in Table 5.

Themes from the group discussion reinforced those found from the GP interview study
(Chapter 4), as well as introducing new themes to be considered on what needs to
change to improve prescribing for older people with RKF. The importance and the

potential to cause harm was reiterated by the panel:

AWe all itthdsnkhudalty i mportant! We just do
because we dondt real | fCOkGPand acadermic we dor e

clinical fellow)

AThe pen is mightier than the scal pel i n
a patient by writngthewrong drug and the wrong dose f
principles there that i f these organs are
prescribing you may no {Clbemalghysicianwghat he r i g

national role)

Al think we may unhtharmeenay beadtueally doingto mu c
patients by having them on the wrong drugs and wrong dosages or the wrong

drugs at t he(Clwremalmplyysician wite a national role)

To explore agreement and consensus for the key themes, example quotes from the

meeting are presented:

Key theme 1: in primary care there is a lack of awareness, knowledge, and
understanding about prescribing in the reduced kidney function of older people.
It was agreed that there is a need to increase awareness of this issue in prescribing

and that there is a knowledge gap.
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Al 6m not generally a big fan of saying itds akt
figures, you know, actwually yo7:candét do it wi
medicines safety expert pharmacist)

Al do al soreldhsnla kmawl|l ellge gap here as well ,
think well why is Cockroft and Gault suddenly
tackling that as well as tackling how can we ¢

(C8: pharmacist with a role in formulary guidance and standard setting)

There was agreement that education and training on prescribing and

recommendations in RKF is required at all levels.
ACertainly in terms of gener al practice traini
curriculum thaltk dakeeuntdtpregEdbGRénd ag at all . o

academic clinical fellow)

Ailtdés about education, and | think doctors <can
the nuances of every single drug, but they car
important that every specialty pays attention to the drugs, say the cardiologists,

they use these medications with patients with severe heart failure, they go on

to a cocktail of ACEI, furosemide, spironolactone and they get their acute

ki dney (Clonrgnalphysician with a national role)

Key theme 2: kidney function testing is required when prescribing for older

people.

The panel confirmed that when prescribing drugs excreted by the kidney for older

people, kidney function needs to be checked and the result applied for use, and

dosing, of drugs.
AWe can watch the kidney function because we K
can we can think about the drugs webdbve already

d y n a m(Cl renmal physician with a national role)

After discussion, they all agreed that creatinine clearance calculated using the
Cockcroft Gault equation should be used for prescribing decisions for older people,
and that it should be easier in the prescribing process.
Al 6m absolutely convinced that whdt we shoul d

G a u I(@7. medicines safety expert pharmacist)

il personally feel that Cockcroft and Gault i s

u s i rGp.renal pharmacist)

C9, GP and academic clinical fellow, highlighted

amending on the patient record system.
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i Wel | it needs making right, it needs mak
devel oped will be freely made available t
(C3: health informatics analyst)

Key theme 3: the application of kidney function level to prescribing decisions is

needed both at drug initiation and at medication review.

The problem of warnings and prompts not being available when doing a medication

review was re-iterated.
i T h o s eupsprypappear when you initiateadruygandonce youbve gon
past that and decided ités on theorepeat
(C9: GP and academic clinical fellow)
AiWhen you first write a prescription out
|l ots of stars on iintg tteol Ikiinlg ysooumeyoonuedér eA ngdo
see Mrs Blogs for a repeat prescription,
and you kind of | ook through it and go ye
ités done for another twesleveomgdoiGps 06 So,

and academic clinical fellow)

Also the need for a recent kidney function test to be available when doing a medication

review as it may have changed since initiation or the previous review.

AOften peopl e write ftdreg atr utgh acth airttd s adnydn a

P

patientodés kidney function can change

pneumoni a, f(€I rermbplaysicimh weith anational role)

Al think if itds been 12 months just
creatinine measure in that time, things might have changed, or there might
have been ot he (C9tGP and gcademidctineal fellow)

C3, health informatics analyst, confirmed that it is now possible to have mobile
computer decision support and the panel agreed that would be beneficial for patient
safety.

Al have some very scary home visits,
headéthinking for mysel f(C GPtamdeacademih a n

clinical fellow)

Key theme 4: there is difficulty in remembering to apply the recommendations

for use, and dosing, of drugs in reduced kidney function.

It was agreed that help is needed to remember which drugs are affected by reduced

kidney function and what to do for each. Patient and drug specific warnings and

seco

| eav

beca
t he
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prompts would help direct attention in the consultation and be more useful than those
currently presented.

iSo the vast majority of general pr

actice is ¢

know, things dondét get loouork eGP su ph,a vtehned tv adsotn ematj

checking out what they know, and wh

p at i €n: mediwines safety expert pharmacist)

AYou could make it personal to that
in EMIS...you could pick up that patient...a low kidney function test, pick up the
age, pick up a frailty, it coul d (GBo

health informatics analyst)

QOF and other guidance, and policy, have become the priority in the consultation.
i T h ésra dierarchy of focus in general practice and it starts with QOF, and
NI CE guidance, and if there isndt a
prescribing, then it §39:GP hng ac&deric ctinical n

fellow)

ADo you t hiackofdnost that dspepal response to | need to think
about that drug, do you think thatod
a NI CE guideline to what yE«aGRand i f

academic clinical fellow) i Y e a h (C1: rdnal physician with a national role)

Key theme 5: there is a need to embed kidney function assessment within the
prescribing process.

Discussion around computer decision support centred on the complexity of
prescribing. The medicines safety pharmacist (C7) discussed how prompts can also
be beneficial in increasing knowledge, and that audit should also be part of the

process to find those where kidney function has not been assessed.

at they don

patientéir

t hat and S

piece of N

g on the 1

s watered o

someoneds h

AHaving it embedded means that you get an oppc
woul dnét have necessarily had pr(€%iouslyé 1tods
AWe know that knowledge based interventions wg
Thatdéds the way gener al practice works, you Kkngc
implicit knowledge, every day. But it doesndét work all the timr

to put something else in. And the next step is the prompts at the point where
the decision making is made because that will then have an impact on future

decisions, incrdG&/sing knowl edge. 0

It was highlighted by the panel that they thought ensuring kidney function levels are

applied to prescribing is a patient safety issue at least as important as allergies.
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Al think when weodve identified that itbds
function to the point of allergy, going actually this is just as important. In fact,
youbre more |ikely to hospitalise(Cg&omeone

medicines safety expert pharmacist)

Al think ités about making it dSngumet hing a

more aware of the importance of it and that it is as important as doing a

coronary cath on somebody... itds the int
excited but prescribing of drugs iitoés 1|ik
butno,no,no,t hi s is such an important fClundat.

renal physician with a national role)

Key theme 6: there is limited use and confusion with the resources available to

support the use, and dosing, of drugs in reduced kidney function.

It was agreed that guidelines need to include advice on use of drugs in RKF, and that

resource such as the BNF could be improved to help prescribers apply the

recommendations.
AHave you spoken to the BNF about that? &
onéluwd write to them bec d@Bspharmatistwith | | be

a role in formulary guidance and standard setting)

Pharmacists were highlighted as a helpful resource.
AAnd if there are pharmacists based in pr

medicine, then they could do the medicine review, and, by doing that, that will

al so increase the GPs awarenE@smnat o focus
pharmacist)
Al think pharmacists would be ifC8an ideal

pharmacist with a role in formulary guidance and standard setting)

Additional themes elucidated

New themes came from the consensus panel discussion that were mapped onto the

TDF domains. The themes in the TDF domains were categorise d t o t-Bé 6 COM
model (Michie et al, 2014; Table 5) to frame the themes into what needed to change

and allow future analysis and intervention development using the Behaviour Change

Wheel.

Capability
Teaching use of the patient record systems is useful so that prescribers are aware of

how the technology can help.
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AiThose modules [on use of SystmOheydve the unc
been phenomenally well received out in the con
nowhavest udent s who ar e (C9TGPraadcacadedhic tlinidale r at e . 0

fellow)
Cyclical audit can focus -opdtbases obhem aaveaehéten
missed.

ilf youdre | ooking at it as managing risk in 8

focuses the mind on the problem that youodre tryi
medicines burden f or pdQ7ineddnss safetytexpertr e nal di s eas

pharmacist)

Ideal weight (or lower if actual) should be used in the CrCI-CG calculation.

Al t hi nkchandgeéist gwses actual weiGhheanalnot i deal we
pharmacist)
AThe calcul ator uses actadPanadadetmic not i deal v

clinical fellow)

Opportunity
There is a large impact of the findings because of the scale of prescribing, most of
which is in primary care.
AMost prescribing is in primar(@4:semore, a vast a3

university lecturer and pharmacist)

Pharmacists could take on roles such as medication review and audit.
AThere is a nee tedge and undecstanelingsneprinkary oave,
and itds about increasing awareness as well , s
based in practices, and focussed on the medicines, then they could do the
medicine review, and, by doing that, that will also increase the GPs awareness

to focus on p(C5orenaleharmdcisty gs . 0

AThereds | ots of issues around medication and
medication reviews, | think pharmacists would be in an ideal position to look at
t he d€8: phaimacst with a role in formulary guidance and standard

setting)

If community pharmacists had access to blood results it would be another check, and

would also allow them to review the medication use.
Aécommunity pharmacists being ablangt o access L
|l i ke another |l ayer in the c¢hExcrenawhen giving olu

pharmacist).
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Motivation

Renal medicine hasn't been seen as part of the GP role. It used to be managed in

secondary care but now has moved out to primary care.

il t hiac&wherdohronic kidney disease is managed has changed over

the years as well, more and more of CKD 3 and 4 is moved out to the

community whereas it used to HE:GPawlpeci al

academic clinical fellow)

A trigger or prompt on the medication list screen at eye level is most likely to be useful

(like allergies but higher up on the screen).

AYour eyes are in the middle of the scree
drug should I choose-1 6 d | i ke that to be inthegdug under
nameéwhere | type the drug name, right un
is your allergy status, h(@7medidgnesysafetyr r enal

expert pharmacist)

National guidance, quality standards etc. act as a lever, they are transformative,

providing a priority focus and leading to the teaching curriculum and e.g. QOF.

il donét know what a NICE guidance woul d
but €é it then affectsi NMIhCE]cur.rlitcdwsl vlams e[vtee
tansf orming acute kidney...Ilt just focuses

take it seriously until we had the NICE guidance and suddenly it became an

i s s . ranal physician with a national role)

AThe | ovely thing abouta NloGB4sgnor del i nes i

university lecturer and pharmacist)

A published guideline is not enough to cause action, an intervention is needed to enact

the guidance.

il dondét see a direct relationship betwee
I t 6 s tdnton thahdthermpaople putin, in order to enact the NICE

gui dance i n (€7 medminey safetg exmert gharmacist)

Patients are unaware of RKF.
il mean it i s more of a hidden di sease, i
diabetes and heart attacks and knee pain, and it might be in the clinicians mind
that they have to think about(Cx@maad funct

academic clinical fellow)

Al would think itdés a very |l ow proportion

reduced kidney f u n ¢ t (Co menaldpharmacist)
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Statements on feasibility not positively ranked in Stage 1

The feasibility statements ranked as equivocal on the on-line survey were explored by
the discussion group. There was agreement across the panel, after discussion, that
CrCI-CG should be used for prescribing decisions and that it should, and could, be
made easier for prescribers in an intervention. Teaching of current and new
prescribers was agreed as important to increase knowledge. Use of patient and drug

specific prompts and warnings could help to break habit.

5.7.3 Summary
The panel discussion confirmed the agreement, importance and feasibility of the key
themes on what needs to change. Even the statements where feasibility had not been
positively ranked in the on-line survey were felt to be important and that there would
be ways of making them possible, despite being difficult to design and implement.
New themes to be added to the overall analysis were:
Capability

I Teaching use of the computer patient record system is useful.

1 Cyclical audit can focus on the problem, and mop up those not presenting
opportunistically.

1 Ideal weight (or lower if actual) should be used in the CrCI-CG calculation.

Opportunity

1 Prescribers and patients need to be aware that pharmacists can have an

increased role in medication review.
Motivation
 Renal medicine has not been seen as a GP role.
1 National guidance, quality standards etc. act as a lever and focus priority.
1 A trigger/prompt on the medication list screen at eye level would be useful.

9 Patients are unaware of kidney function.

5.8 Stage 4: Second round statement rating
5.8.1 Study design for stage 4
5.8.1.1 Method

The panellists repeated the rating of the statements at the end of the discussion

meeting. They individually indicated their top 3 priorities for an intervention and
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research strategy. The 6 key themes were placed up on a board with the relevant
statements listed below. Panellists indicated their first, second and third choice
priorities for intervention and future research. They could choose whether their choices

were to be anonymous.

5.8.1.2 Data collection
The final statement r atiitngn égasss84d BEdoheganbllisgt usi ng
was asked to indicate next to the appropriate statement their first priority with a pink
Opeistt noted, their seconidt pnobedt yawithiwithhai y el

an orange.

5.8.1.3 Analysis
Demographic analysis
The pre-defined criteria were used to check that the panellists who completed the

stage 3 rating were comprised of the required range of expertise (5.4.2).

Quantitative analysis
A visual analysis of the colours and spread of the post-it notes was followed by a

repeat analysis of the top 3 priority choices for intervention and future research.

Qualitative analysis
Comments were added -itto motmes dfand et Hpoestwer e

analysed in case they added anything further to the final analysis.

5.8.2 Results

5.8.2.1 Demographic analysis
Six panellists completed the final statement rating as the renal physician had to leave
the meeting early (Table 47). There was still clinician, secondary care, and renal
expertise representation for the final statement rating, as well as the primary care,

medicines safety, health informatics, and standard setting/formulary experts.
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participant top 3 prioirties pre participant top 3 prioirties post Number of
discussion Number of discussion participants
participants .
key . ; choosing as a
statements for rating choosing as a -
theme c|cfc|c|c|c|c|c|c|c top/3|priority clc|c|c|c|c|c|c|c|c]| top3priority
1|2|3|4|5|6|7|8]|9|1 ) g 2(3|4|5|6|7|8[9|10 post
pre discussion . "
discussion
1. need to increse understanding PP P 3
2. need to increase awareness P P P|P|P|P 6 1)1 2 1 4
1 [3.need to increase knowledge P|P P P 4 1 1
4. shot_JId be taught to prescribers and potential p p P 3 1 1
prescribers b
5. tailored teaching required for specialist p 1
practitioners
6. kidney function needs to be checked and the
N -~ P 1 2 1
result applied for prescribing
7. Cockcroft Gault should be used as the kidney
2 . Ny L P P 2
function estimate when prescribing 2 3 2
8. calculation of creatinine clearance needs to be
o L P 1 1 1
easier in the prescribing process.
9. Fhere neeq to'be warnings and prompts when p p p 3 4 1
doing a medication review.
10. Ia recent kldney funct|0n_tes_t shoulq be p P 2 1 3 2
available when doing a medication review
3
11. The responsibility taken for prescribing needs
S - A P 1
to be as acute at medication review as at initiation
12. Computer decision support would be useful on p 1
home visits
13. help is needed to remember which drugs are p P 2 3 1
affected
14. prompts are needed as attention is on other p 1 1 1 2
things in a consultation
4 15. Warnmg; and prompts need to be patient and p 1 1 1
drug specific
16. warnings and prompts need to highlight RKF
o - P 1
before prescribing decisions need to be made
17. the habit of prescribing 'the usual dose that is p 1
always prescribed’ needs to be broken
18. computer decision support is needed because p 1 2 1
prescribing is a complex, multi-step process
5 19. to reduce the risk of mistakes being made, p 1
computer decision support is needed
20. assessing kidney function a required part of the 0 1 3 2
prescribing process to reduce the risk of harm
21. prescribers need to be made aware of 0
resources available
6
22. BNF recommendations need clarification P 1
23. use pharmacists 3|2 2
Other
24. NICE/ general prescribing guidelines - what 2 1
needs to be thought about, in what groups etc

Abbreviations: BNF: British National Formulary; NICE: National Institute for Health and Clinical Excellence.

Table 50: top 3 priority ratings pre and post group discussion.
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Figure 34: Consensus panel top three priority rating by post-it note.

5.8.2.2 Quantitative analysis
A clear top priority was given for the need to increase awareness with three 1st choice
rankings and one 2nd. The second priority sh
needed6é with two 1st choices. Two statements
were the next placed priority choice: that a recent kidney function test should be
available at medication review, and assessing kidney function for older people should
be considered a required part of the prescribing process to reduce risk of harm (Table
50).

The panellist choices were spread across five of the six themes, as shown in the

picture of the key theme listings taken from the board (Figure 34). There was one

main cluster on the first sheet which was 6n
top priority choices were places on key theme 6 at the end, there had been discussion

on resources prior to the final rating, and it had been agreed that the BNF needed

clarification to help prescribers implement recommendations on prescribing in RKF.

Despite the discussion and explanations on what was requested, one participant said
theycouldn 6t chose and needed four choices and ar
choose and decided they were going to give a

When analysed for role, setting and speciality, no pattern was detected.

5.8.2.3 Qualitative analysis
Thenotesadded to-thbéedpobbices were:
Capability

T 6Educational intervention to embed top te
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Opportunity

f 6Links to SPC/renal database and |links to seco
T 6Medication review by pharmacists and cyclical
T 6Computer didseyafyuowét kon | i ke allergies. o

T 6Prompts though sysitneenesd ntoot bper o shcoruigphtti vadbout . 6

T 6Prompts should be patient orientated. 6

5.8.3 Summary
Top priority for an intervention and future research was given for the need to increase
awareness. Thesecond priority was for O6dwarnings and pr omj
on other things in a consultationd. Two statement
that a recent kidney function test should be available at medication review, and
assessing kidney function for older people should be considered a required part of the

prescribing process to reduce risk of harm.

The need for intervention was considered as important because of the risk of harm to
older people. Prompts should be drug and patient specific, computer display more
usefully placed, and education and resources improved. Pharmacists could be

involved more in medication review and cyclical audit.

5.9 Discussion
5.9.1 Principal findings

An expert panel, with a wide breadth of experience and expertise in a range of BCW
intervention functions and policy categories, gave support for the project findings. The
top priorities for intervention and research were identified as:
M There is a need to increase awareness.
9 Patient and drug specific warnings and prompts are needed.
1 Kidney function assessment for older people should be a required part of the
prescribing process to reduce risk of harm.

1 A recent kidney function test should be available at medication review.

The universally positive ratings on agreement and importance for all 22 statements,
and the majority for feasibility, on the individually rated on-line survey provides a
confirmation by the experts and stakeholders for the results from the GP interview
study (Chapter 4). This was reinforced in the group discussion. The panel recognised

the findings that many older patients are prescribed drugs when their kidney function
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was too low for it to be appropriate, and which supported the current broader evidence
found in the scoping literature review (2.5); for example, the primary care studies in
France (Breton et al, 2011) and Australia (Khanal et al, 2015), and the UK hospital
based study (Jones and Bhandhari, 2013).

The Panel group discussion also endorsed that the importance of the statements was
because of the consequent risk of harm caused by inappropriate prescribing in RKF,
as found in the scoping literature review (2.7); for example increased mortality (Breton
et al, 2011), hospital admissions (Helldén et al, 2009), and increased risk of ADRs
(Corsonello, 2012). It was suggested in the panel discussion that patients were more
likely to be hospitalised from ADRs from not applying the recommendations in RKF
than for allergies, and that it should be given the same importance. The renal
consultant with a national role suggested the findings should be framed as a safety

issue.

The scoping literature review (2.6) found evidence that the Cockcroft Gault equation

should be used to estimate CrCl kidney function when making prescribing decisions

for the older patient (Melloni et al, 2008; Roberts et al, 2008; Spruill et al, 2008; Hellou,

2010). At the group discussion there was unanimous agreement with this finding, and
doctors strongly agreed that o6the calculatio

process?®6.

A top 3 priority was given by the panel that warnings and prompts are needed at
medication review. This was a key theme identified from the GP interview study that
hadndét been identified previously as a probl
literature review. Implementing this would have a spill-over effect for all other warnings
and prompts if they can be highlighted at medication review, for example liver function
status. The scoping review of intervention evaluation to aid prescribing in RKF (2.10)
did find evidence for use of alerts and more sophisticated CDSSs, but there were
mixed results in a systematic review (Tawadrous et al 2011). Only 2 of 5 studies
looking at patient-important outcomes from computerised CDSSs were beneficial.
However, none of the studies found aiming to improve inappropriate prescribing in
RKF were based on theory or determinants of why recommendations were not
applied, which might be a factor if the intervention was not addressing where the
barriers are. This study has aimed to explore the determinants using behaviour
change theory so that an intervention can be developed to address what needs to

change in practice.



270

In the scoping review (Chapter 2, 2.10), however, studies that involved pharmacists in
the intervention showed universally positive results, for example, alerts to pharmacists
significantly reduced errors for prescriptions in RKF in a large primary care RCT in the
USA (Bhardwaja et al, 2011). Pharmacists were highlighted by the consensus panel
as a resource for doing medication review, providing education and training, and for
audit. Cyclical audit was a panel suggestion that can focus on the problem, and mop
up patients not presenting opportunistically. The consensus panel also suggested that
both prescribers and patients need to be aware that pharmacists can have an
increased role in medication review. It was also suggested that if community
pharmacists had access to blood results it would be another check, and would also
allow them to review the medication use. In the Netherlands Geerts et al (2013)
showed it was feasible for community pharmacists to test kidney function and advise
GPs where needed, having previously shown a benefit for patients if they had access

to kidney function results (Geerts et al, 2012).

The 6PI NCERO6 study (Avery et al, 2012) showed tha
reducing a range of medication errors. A Cochrane review (Nkansah et al, 2010) found

forty-three studies which evaluated non-traditional roles of pharmacists. In general, the

data included in this review supported the roles of pharmacists in patient counselling,

therapeutic management, and providing health professional education with the goal of

improving patient process of care and clinical outcomes. Non-traditional roles of

outpatient pharmacists improves health care outcomes. The data showed that

educational outreach visits may impact physician prescribing patterns. This Cochrane

review is currently being updated (Watson et al, 2015).

No studies were found in the scoping review (0) that explored the determinants for why
prescribers do not apply the prescribing recommendations in RKF. There were primary
care qualitative studies that found complex interactive factors for inappropriate
prescribing in general, such as Slight et al (2013) and Anderson et al (2015), but the
GP interview study (Chapter 4) was able to explore the determinants specific to
prescribing in RKF, and the consensus panel has gone a step further in getting expert

guidance to prioritise the complex findings.

5.9.2 Comparison of responses by panellists
The doctors on the panel ranked d6increasing under
compared to the pharmacists, who ranked it lower. The doctors also all strongly

agreed that the calculation of creatinine clearance should be easier in the prescribing
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process, whilst the pharmacists again ranked this lower. The findings suggest that

pharmacists may overestimate GP understanding.

Thepri mary care practitioners gave O0strongly
need for having warnings and prompts at a medication review and high ratings for the

need for the warnings and prompts to be patient and drug specific and to be

highlighted before the prescribing decision needs to be made. This had not been

recognised as a problem by the other panellists, reiterating the incredulity expressed

that this does not already happen.

Secondary care practitioners (Renal and Care for the Elderly) agreed strongly that
assessing kidney function for older people should be considered a required part of the
prescribing process to reduce the risk of harm, whilst primary care ranked it equivocal
or disagreed and gave a very low feasibility. After the group discussion it was a top 3
priority for intervention; the health informatics expert had explained how the patient

record system could be improved to use the data already available.

Renal practitioners ranked highly that prescribers should be made aware of resources
available and that the BNF recommendations need clarification. The medicines safety
expert also ranked highly that the BNF needs clarification and gave it a top 3 priority.

This became a group agreement at the discussion meeting.

5.9.3 Engagement in the research
Fifteen out of the eighteen experts invited to participate responded positively with
support for the project and a willingness to take part. This response shows a concern
for prescribing safety and reducing risk of harm. The final panel included national and
regional clinical leads and experience in education, research, computerised decision

support, policy, formulary and standard setting.

The numbers involved at each stage of the study fit with the Health & Technology
Assessment (Murphy et al, 1998) and re-iterated by Campbell et al (2001) in that the
numbers did not exceed 12, and did not drop below 6 for the final rating stage. At each
stage there was a range of expertise lending weight to the findings of the panel; even
though the number panellists had reduced to six for stage 3, they included

representatives from clinical practice, policy, safety, and health informatics.

5.9.4 Strengths and limitations
The range of expertise on the panel, and the methodological rigour used for the

process, gives credibility to the findings. Panellists stated that it was useful to have the
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initial statement rating phase as it got them thinking about the subject and allowed

them to start formulating questions for the discussion. One participant remarked that:
AThe fact that we have covered all
The fact that we havendét just gone

r o u {G8:.pldarmacist with a role in formulary guidance and standard setting)

This also recognises how the use of the Theoretical Domains Framework to structure
the analysis enabled a wide exploration of the behaviour in the GP interview study.
Linking the analysis to COM-B provided a model to strengthen the understanding of
the TDF domains for non-psychologist healthcare professionals, structure the
discussion around the key themes, and frame the findings to highlight what needed to

change to improve prescribing in RKF.

However, the consensus method may have just provided a snap-shot of current
opinion (Campbell et al, 2001). Sometimes there can be low levels of agreement, but
this was not the case in this study. Some aspects of the process may have been
difficult. The participants were given only a short few sentences on the results from the
studies in this research for the initial rating so responses were mainly based on their
experience in this field. Choosing the top 3 statements as priorities for implementing
change proved difficult for some participants, even after the group discussion. The
instructions may have been unclear, the structure may have made it difficult, or maybe
it was not easy to choose. However, even though it was not as specific as it would
have been if all participants had chosen just three, it did give a clear indication of

where initial plans for intervention and research should be directed.

There was no patient or public involvement in this study. Members of the panel
brought up in the discussion that patients do not have awareness of kidney function.

This needs to be explored further and patients will be included in ongoing research.

5.9.5 What this study adds to the literature
An expert consensus panel has considered the findings from the four studies in this
project. The scoping literature review (Chapter 2) did not find any quantitative or
qualitative UK primary care based studies on prescribing for older people with reduced
kidney function (RKF). The expert panel has clarified and aggregated opinion to reach

a consensus on priorities for intervention and future research.

5.9.5.1 Consensus methods in prescribing research
The RAND Appropriateness Method has been used in healthcare research to develop

quality indicators and review criteria, for example, Avery et al (2011) and Spencer et al

of these di

down

a

O6pr C
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(2014) used it to develop prescribing-safety indicators to assess the safety of
prescribing by GPs for the purposes of revalidation. Campbell et al (1999) developed
review criteria for assessing the quality of management of stable angina, adult asthma
and non-insulin dependent diabetes mellitus in general practice, and To et al (2010)
used it to define indicators of primary care for asthma. Campbell et al (2001) state that
they believe consensus methods have an important and useful role to play in
prescribing research for enhancing decision-making and aggregation into refined
agreed opinion. This study has added to the evidence for the method by using it

effectively to gain consensus to prioritise a strategy for intervention and research.

5.9.5.2 Use of the Theoretical Domains Framework (TDF) and COM-B
New themes found from the consensus panel discussion were mapped onto the TDF
domains. Thesewerel i nked t oB& hneo deCCOM o frame the ther
needed to change and inform future analysis and intervention development using the
Behaviour Change Wheel guide developed by Michie et al (2014). Cadogan et al
(2015), for example, have identified key TDF theoretical domains andthen6 Be havi our
Change Te c h ns)dractdysTheye®l@dd how to improve polypharmacy for
older people in primary care. The authors analysed data from semi-structured
interviews using TDF domains, identified key theoretical domains, and then identified
and selected BCTs by mapping to the TDF. The authors report that all the TDF
domains were found to be r eliseatedthetcongplexc e pt 6 em
nature of the behaviour, and the challenge faced in identifying key domains to target
for intervention development. They discuss that, despite the intended nature of the
TDF to simplify psychological theory and make it more accessible to researchers,
there are challenges in operationalising the TDF, particularly around the 12 and 14
domain versions, and in selecting BCTs where they found limitations and lack of

consensus.

Linking the analysis to COM-B provided a model to strengthen the understanding of

the TDF domains for non-psychologist researcher, structure the discussion around the

key themes, and frame the findings to highlight what needed to change to improve
prescribinginRKF. It i s planned that t hRkaviagnChahgence pr
Wheel. A Guide to Designing Interventions®o (

research project to develop an effective intervention to improve prescribing in RKF.

This study adds to the literature by successfully using the TDF/ COM-B to analyse
behaviour in a clinical setting using a consensus group method. The TDF has been
used previously in expert panel studies, for example Porcheret et al (2014) where a

consensus exercise was undertaken with healthcare professionals to develop a model
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for osteoarthritis consultations. Khan et al (2014) proposes using the TDF and a
modified Delphi approach in a multi-stage process to develop an online decision

support tool.

5.9.5.3 Future research.
The top 3 priorities for intervention and research were identified as increasing
awareness, patient and drug specific warnings and prompts needed, and kidney
function assessment for older people should be a required part of the prescribing

process.

Increasing knowledge was a top ranked statement in the first round rating, but not in
the second. However, it was clearly important from the group discussion, as was the

importance of teaching prescribers, both new and clinical specialists.

There is now a strategy for post-doctoral development of an intervention and future
research. Focus will be on application for funding for a feasibility study, followed by
research on an intervention to improve prescribing in reduced kidney function,

particularly for older people.

Rich data has been collected from the consensus panel. Analysis was completed for
the current project, but the data could be reanalysed in greater depth to gain more
understanding of general prescriber behaviour in primary care and how to improve

patient safety.

5.9.6 What this study adds to practice and policy
The scoping review of guidelines and resources (0) highlighted that national and
international policies and guidance have advised on management of kidney disease
but do not cover dosing of drugs that need altering in the reduced kidney function of
the older patient. Also that the introduction of a different kidney function estimation
equation for eGFR (MDRD) has not been clarified in relation to use for prescribing

decisions for older people.

The consensus panel had expertise in NICE guidance, policy development, and the
BNF. They suggested working with the BNF Formulary Committee to clarify the
guidance on Oprescribing in renafinctionmpairmenté and

equation choice.

The panel also suggested that NICE guidance should be clearer on use of medications
where parameters such as kidney function are not normal. A recent study has
recommended that guideline developers should particularly consider whether chronic

kidney disease is common in the target population (Dumbrek et al, 2015). There was
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discussion that a NICE guideline on prescribing for older people would be useful, not
only to give the latest evidence, but also to provide a lever and a focus for change and

the education curriculum.

Pharmacists were highlighted by the consensus panel as a resource for doing

medication review, and providing education and training.

Post-doctoral work will include liaison with health informatics to ensure the kidney

function calculators are correct on national patient record systems.

Priorities for change have been identified to inform development of an intervention that
has the potential to be useable, feasible and effective in changing prescriber
behaviour. Highlighting the issues to both clinicians and policymakers is the first stage

in minimising inappropriate prescribing in routine clinical practice.

5.9.7 Progression and integration of methods and findings
The consensus panel concurred with the findings of lack of awareness and knowledge
about prescribing in reduced kidney function (RKF) expressed by the GP participants
in Chapter 4. This would account for the findings in the case-note review (Chapter 1)
where 25% of older people with RKF were on a drug that should be avoided or the
dose was too high for their level of kidney function. Also for the results found in the
PCT-wide cross-sectional survey (Chapter 3) where 19% of people aged over 65
years on the investigation drugs had a kidney function too low, and 39% of those aged
85 years and older.

The GP interview study highlighted that warnings and prompts are not currently
available at medication review which is likely to be a factor in the findings in the
guantitative studies (Chapters 3 and 4). This had strongly agree ratings from the
primary care expert panellists, and was given a top 3 priority for intervention and future

research by the consensus panel in the final rating.

5.10Conclusion

An expert panel gave support for the findings from this project, there is generalisability

and acceptability, and change is needed to reduce the risk of harm for older people.
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AiwWe all think that itdés hugely important! We j ust
donoét really know what weod6re doing!"'o

Participant C9, GP and academic clinical fellow (2015)

Al think we may underestimate how much harm we m
by having them on the wrong drugs and wrong dosages or the wrong drugs at the
wrong time. O

Participant C1, renal physician with a national role (2015)

6 Chapter 6: Discussion and conclusion

This PhD programme developed from observations in practice that recommendations
for drug use when kidney function is reduced did not seem to be applied for
prescribing in primary care. The research studies conducted have systematically
investigated the extent of the problem, and explored the underlying determining

factors.

Sections 6.1.1-6.1.4 present the findings from each stage of the research, and how

they fulfil the research aims.

Sections 6.2-6.4 discuss how the intervention priorities identified need to be assessed
in relation to the current evidence found in the literature review. Also, how the
intervention priorities need to be considered as to how they might be developed into
an intervention that encompasses, and works with, contextual drivers of behaviour
relating to prescribing for older people, as well as with current national policies in the
NHS. Finally there is a discussion on the next steps that will need to be taken towards
intervention development, assessing intervention functions, relevant policy categories,

behaviour change techniques (BCTs) and mode of delivery.

6.1 Principal findings for the research aims

6.1.1 Prevalence of inappropriate prescribing in RKF
Inappropriate prescribing for older people with reduced kidney function was found to
be widespread. The initial case-note review found that a quarter of the older people
were prescribed at least one drug that needed altering or review because of the
reduced level of their kidney function indicating that recommendations are not applied
for many people. A wide range of drugs were found to be prescribed inappropriately,

whether because they should be avoided in RKF, the dose should be reduced, they
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are ineffective in low kidney function, or non-specific caution because they are known

to cause adverse drug reactions RKF.

No studies were found in the scoping literature review that would give prevalence data
in UK primary care for inappropriate prescribing in RKF. However, evidence from other
countries, and from the hospital setting, showed many other examples of prescribing
where kidney function was too low for the drug, and that this can lead to significantly
increased all-cause mortality (Breton et al, 2011), adverse drug reactions (ADRS)
(Corsonello et al, 2005), and increased risk of hospital admissions (Helldén et al,
2009) in older people.

The lack of UK primary care prevalence data found led to the cross-sectional PCT-
wide survey informed by the case-note review findings. The results corroborated the
high prevalence in a wide population as recommendations for use in RKF were not
followed for the 8 representative drugs prescribed. For all the older age bands studied,
there was prescribing of the drugs found where the kidney function was too low for

recommended use, particularly for those aged 85 years and older.

The numbers of older people found taking the study drugs were large, and the fact that
the Bradford population has a lower proportion of older people than the national
average could mean that the findings might be an underestimate for the wider
population. Kidney function tended to reduce with increasing age in the PCT-wide
survey, and increased age meant a higher odds of having a kidney function lower than
recommended for the drug prescribed.

UK experts in relevant fields concurred with the prevalence findings in the consensus
study. They confirmed that the studies described in this thesis have systematically
investigated the size and nature of the evidence base, the UK primary care
prevalence, and found frequent inappropriate prescribing for older people with reduced

kidney function.

6.1.2 Choice of kidney function estimation equation
When comparing the kidney function estimations using the two equations, eGFR and
Cockcroft Gault, substantial differences were found when applied to prescribing
decisions for the older people reviewed in the case-note review, and subsequently in
the PCT-wide cross-sectional survey. Using eGFR as an estimation of level of kidney
function was found to identify a much lower number of alterations required for drug or
dose choice than would using Cockcroft Gault. Altering or stopping drugs where

needed would be missed if eGFR was used rather than Cockcroft Gault in a large
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proportion of the patient drug events assessed. This was similar to the many studies

found in the evidence from hospital and other countries in the scoping review.

Scoping review studies that looked at patient outcome and drug blood level data
agreed that the Cockcroft Gault calculation should still be used to estimate kidney
function for drug dosing decisions, in particular for the older patient (Melloni et al,
2008; Roberts et al, 2008); eGFR substantially over-estimates the effect of RKF on

drug blood levels and so risk of harm is increased.

There was unanimous agreement by the consensus group expert panel for the need to
use creatinine clearance calculated using Cockcroft Gault for prescribing decisions,
and the clinicians strongly agreed that the calculation of creatinine clearance should

be easier in the prescribing process.

6.1.3 Determinants for why GPs do not apply the drug licence
recommendations when prescribing for older people with RKF
No studies were found in the scoping review that aimed to explore the underlying
behaviours and determinants of why the recommendations for prescribing when
kidney function is reduced are not applied. The qualitative interview study with GPs
revealed that there is little awareness of the issues around prescribing and RKF,
substantiating the quantitative study findings. Many of the GPs did not recognise the
drugs investigated as being affected by kidney function, even by those with a specialist
interest in the relevant clinical area. Kidney function was reported as being regularly
tested, which was evident in the PCT-wide survey, but the GP interviews found that
although they tested kidney function, they did not then apply that to prescribing and

review.

Increasing awareness and education is needed for all prescribers, and in clinical

specialities, on prescribing renally excreted drugs. Patient and drug specific warnings

and prompts at both drug initiation and at medication review would be useful as a

reminder when kidney function needs to be taken into consideration. GPs see

prescribing safely as an important role, and there was an understanding that harm can

be caused by drugs when kidney function is low, but they were not confident in their

abilities to apply the recommendations for prescribing in RKF. Resources are used,

but the BNF information needs clarifying asthefront secti on on O&éprescribing
i mpairmentd was mthé adkce one@FRadrsosicteatiaine

clearance is confusing. Evidence found suggests that the BNF guidance is not

adequately evidence-based, because of the over-estimation of kidney function when
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eGFR is used in older people; also that guidelines could be improved to include advice

on use of the relevant drugs when kidney function is low.

The consensus expert panel concurred with the findings of lack of awareness and
knowledge about prescribing in RKF expressed by GPs. They also strongly agreed
that warnings and prompts should be available at medication review, and was given a

high priority for intervention and future research.

6.1.4 Priorities for intervention and research
The top four priorities for intervention and future research were agreed in a consensus

process by experts in relevant fields as:
1 Increasing awareness of the need to assess kidney function for prescribing.

1 Patient and drug specific warnings/prompts are needed at medication review

as well as initiation.

1 Kidney function assessment for older people should be a required part of the

prescribing process.
1 A recent kidney function check needs to be available at medication review.

Pharmacists were highlighted by the consensus panel as a resource for doing
medication review, providing education and training, and for audit. This was also a
finding in the scoping review where studies evaluating interventions to improve

prescribing in RKF that involved pharmacists showed positive results.

6.2 Theintervention priorities with respect to known
intervention studies on improving prescribing in

reduced kidney function

For 30 studies identified in the scoping literature review for evidence of intervention
evaluation to aid prescribing in reduced kidney function (Section 0), there was no
indication of a theory base to inform their intervention development. Not understanding
the determinants related to prescribing in RKF might be a factor for studies showing no
benefit. Even studies showing a positive outcome from the intervention tested, can be
shown to have flaws that indicate the intervention is not likely to be addressing all the

factors that have been highlighted from the GP interview and consensus panel studies.
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The results might have been improved and been sustainable, if more barriers, or more

relevant barriers, had been identified and addressed.

In the following sections the intervention priorities agreed by the consensus group
panel are discussed in relation to the intervention studies identified in the scoping

review.

6.2.1 Need to increase awareness of the necessity to assess use and
dosing of drugs in reduced kidney function
Studies found showed that just having a kidney function level reported when
monitoring urea and electrolytes, and having the kidney function level on the patient
record, does not translate to appropriate prescribing in RKF (Primary care: Farag et al,
2014. Hospital: Quartorolo et al, 2007; Kalendar-Rich et al, 2011; Nielson et al, 2004).
Without any other input, this does not provide any increased awareness of the need to

apply a reduced kidney function level to prescribing.

Field et al (2009) in Canada already had creatinine clearance displayed when
prescribing but there was still inappropriate prescribing. Their intervention was an alert
triggered when a listed drug was ordered and CrCI-CG was <50 ml/min. Although
significantly higher proportions of final drug orders were appropriate in the intervention
units, the system did not improve the rate at which appropriate doses were ordered.
This implies that not all the determinants for appropriate prescribing are being

addressed for the prescribers, and might show a need for more education and training.

Ehrler et al (2009) describe an intervention of a workshop, desk-top checklist, patient
information and dosing software for over 800 drugs aimed at prescribers. However,
follow-up analysis revealed that the positive effect found was mostly related to ACEls
and ARBs which suggests a reduced usefulness for other drugs affected by kidney
function. The dosing software provided was well received, but it could not integrate
with the patient record system and so the prescriber needed to remember to use the
system for affected drugs, which might be why few drugs were altered. Awareness

only seems to have been raised for one group of medicines with this intervention.

Forough et al (2014) used a text alert system when CrCl was <50 ml/min and showed
a benefit where doses needed alteration, but no benefit for drugs that needed
stopping, again suggesting that not all the barriers of awareness and understanding

had been addressed.

Many of the interventions described involved pharmacists recognising the need for

drugs to be altered or reviewed and then flagging that up to the prescriber. The
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interventions are reported as having a positive outcome, but the studies report that not
all recommendations are accepted or followed through. For community pharmacist
interventions to GPs, there was a 66% acceptance rate in the Joosten et al (2013)
study, 50% reported by Geerts et al (2013), and only 33% accepted in the Via Sosa et
al (2014) study. This was similar for pharmacists making recommendations for care
home patients on drugs needing review because of RKF (Gheewala et al, 2014;
Barnes et al, 2014). Awareness does not seem to have been increased for prescribers
in these interventions, and an education element may have meant an increased
understanding of the need for altering prescribing and acceptance of the pharmacist

recommendation.

The GP interview study revealed a wide lack of awareness of the need to assess
kidney function for many drugs, and the consensus group study showed that the
doctors on the panel ranked O6increasing
the pharmacists, who ranked it lower. The doctors also all strongly agreed that the
calculation of creatinine clearance should be easier in the prescribing process, whilst
the pharmacists again ranked this lower. This suggests that pharmacists may
overestimate GP understanding, and so may underestimate the need to include

education and training in the intervention.

6.2.2 Patient and drug specific warnings/prompts are needed at
medication review as well as initiation
Many studies showed that alerts were overridden and not acted upon (Cho et al, 2014;
Youseff et al, 2015; Desmedt et al, 2012; Sellier et al, 2009). These alerts clearly did
not address the needs of the prescriber, whether there was a need for education and
training, the alerts were popping up at the wrong times, or maybe they were not patient

and drug specific.

Frolich et al (2011) surveyed the effect of a computerised decision support system and
found it generated a large number of alerts, with only a minor fraction likely to be of
substantial risk to the patient. Czock et al (2015) showed that a non-specific alert
system would yield an average number of alerts per medication regimen of 2.22, but
by tailoring alerts to be patient and drug specific, the alert burden was reduced by
90%. Melton et al (2015) seemed to have previously tried using alerts but they had not
been successful, and so they conducted a qualitative exercise to redesign their alerts.
They found using the new alert there were 43% fewer prescribing errors compared

with the original alerts. When laboratory links were presented on the redesigned alert,

unde
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laboratory information was accessed 3.5 times more frequently. Using a qualitative

enquiry to explore the determinants significantly improved the usability of the alert.

No studies found explored interventions that addressed the need for assessing kidney
function at medication review in the primary care system. The current research project
has shown the importance of the need for warnings and prompts at medication review
as kidney function can change, and is likely to reduce as a patients gets older, so a
drug may have been appropriate when it was initiated, but it may not continue to be

over time.

6.2.3 Kidney function assessment for older people should be a required
part of the prescribing process

Most of the intervention studies found in the scoping literature review did not attempt
to make changes to the prescribing process, or encourage the prescriber to think
about kidney function as a routine. Many were alerts triggered by a drug being
prescribed when kidney function was |l ow, so the p
choosing the drug or dose (for example, Forough et al, 2014). Other studies were also
reacting to an déerrord® made by the prescriber, su
studies (for example, Geerts et al, 2012). These interventions rely on inappropriate
prescribing being flagged up by a pharmacist or technology and then being accepted
by the prescriber. The intervention has not addressed the causes of the original error,
except maybe that there can be an educational element to the alert, or the pharmacist

response.

By aiming to explore how to make kidney function assessment part of the prescribing
process, this intervention priority is wanting to help prescribers to apply the
recommendations where needed when prescribing, and not make an error that needs

to be corrected.

6.2.4 A recent kidney function check needs to be available at
medication review
As already mentioned, no studies were found that explored interventions addressing
the need for assessing kidney function at medication review in the primary care
system. Many drugs are taken by patients for a long time and changes in kidney

function level need to be considered.

Using a systematic theory based method to explore the determinants has highlighted

this important factor that has not been previously recognised or addressed.
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6.2.5 Implication for the current research
The lack of theoretical underpinning in the intervention studies found in the scoping
literature review might be a factor where there was little or no benefit found, and
means that any positive effect is difficult to replicate and make sustainable. The
current research has been able to target priorities for intervention to identified barriers,
and so is more likely to lead to an intervention that addresses what needs to change to

help prescribers apply the recommendations in RKF.

6.3 The research findings and intervention priorities with
respect to current contexts when prescribing for older
people in primary care

In all the stages of this research, it has been highlighted that older people are at
increased risk of harm if prescribing recommendations are not applied, as they are
more likely to have reduced kidney function, and also more likely to be taking multiple
medications. The intervention priorities need to be considered as to how they might be
developed into an intervention that encompasses, and works with, contextual drivers
of behaviour relating to prescribing for older people, as well as with current national
policies in the NHS.

6.3.1 Contextual drivers of behaviour relating to prescribing for older

people

6.3.1.1 Medication review
There is a progressive loss of the functional capabilities of most body organs with
increasing age, changes in responses to receptor stimulation, and a decrease in
homeostatic mechanisms, which have implications for drug handling. Of these
changes though, excretion is the most significant and important age-related
pharmacokinetic change and is both predictable and measurable (Beers and Berkow,
2000; Grimley-Evans et al, 2000). Regular monitoring and review of medications
therefore becomes more important with increased age. Two of the four intervention
priorities focus on medication review, to have a recent kidney function check available

at the review, and that the prompts and warnings available when initiating a drug
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should be easily available at medication review. This was a key theme identified from

the GP interview study that hadnét been identifie
not been found in the scoping literature review. If an intervention can be developed to

provide warnings when reviewing medications, it would have the added benefit of

providing warnings for other recommendations such as liver function. If the

recommendation for patient and drug specific warnings and prompts for kidney

function level were possible, it could also be achieved for other tests which would

make them more relevant and helpful for the prescriber.

Currently, GPs have limited time in a short consultation for medication review, and

only very rarely are tools used to structure that review, such as a custom built

templ ate, or the & Ncationré&iavir(Bedvis, 2aD4).IIf a fexdew toat e d
could be developed to incorporate patient and drug specific warnings and prompts

available, it could potentially help prescribers to highlight where to focus their time.

Pharmacists have been highlighted by the GP interviewees and the consensus group
expert panel as healthcare professionals who could be part of the solution by doing
medication reviews, and audit to highlight where review is needed. They were also
highlighted as an educational resource. The PINCER study (Avery et al, 2012) showed
that pharmacist-led feedback, educational outreach, and dedicated support is an
effective method for reducing a range of medication errors in general practices with
computerised clinical records, and other studies have shown the benefit of pharmacist

medication review, for example Zermansky et al (2001) and Blenkinsop et al (2012).

6.3.1.2 Frailty
There are current initiatives to identify o6frailt
the British Geriatrics Society (2014) as a distinctive health state related to the ageing
process in which multiple body systems gradually lose their in-built reserves. They
state that around 10% of people aged over 65 years have frailty, rising to between a
quarter and a half of those aged over 85 years, and older people living with frailty are
at risk of adverse outcomes such as dramatic changes in their physical and mental
wellbeing after an apparently minor event which challenges their health, such as an

infection or new medication.

The findings from this research project have shown that older people are more likely to
have a lower kidney function, and so a lower reserve to react normally to assaults

such as dehydration or nephrotoxicity by drugs.
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Rockwood et al (2005) have described a model of frailty which assumes an
accumulation of deficits which can occur with ageing and which combine to increase
t he o fdrexibl twhiicrh in turn wil!/| increase the ri
include multiple medications as a factor and that many drugs are particularly
associated with adverse outcomes in frailty such as:
- Antimuscarinics in cognitive impairment.
- Long acting benzodiazepines.
- Some sulphonylureas.
- Other sedatives and hypnotics increase falls risk.
- Opiate based analgesics increase risk of confusion or delirium.

- NSAID can cause severe symptomatic renal impairment in frailty.

It should be noted that all the above drug groups mentioned by the authors have

recommendations for reduced use when kidney function is low.

An O6Electronic Frailty Index®dé has recently b
identify and predict adverse outcomes for older patients in primary care (Clegg et al,

2016). This index is made up of 36 deficits which include one for CKD and one for

polypharmacy. The findings from the current project would suggest that not all older

people with a kidney function low enough to affect their prescribed medications would

be picked up by a O6CKDO6 marker as that wuses
discussion around older people not necessarily having CKD when kidney function is

reduced as there is a natural decline with age. The Frailty Index could potentially be

improved by using CrCI-CG linked to drugs. The intervention priorities would aim to

improve having a recent kidney function test available and to have that as CrCI-CG in

the patient record to be available for prescribing decisions.

6.3.1.3 Multimorbidity and polypharmacy
Having more than one long-term health condition adds complexity to the management
and care of patients, and the prevalence of longZerm conditions is strongly linked to
ageing (NICE NG22, 2015). There is a new NICE guideline just published, optimising
care for people with 2 or more long-term health conditions (multimorbidity) by focusing
on individual needs, preferences for treatments, and health priorities (NICE NG56,
2016). There is a section on medicines which discusses medication review and use of
tools such as the O0STOPP/ START®6 criteria whi
prescriptions for potentially inappropriate drugs called STOPP (Screening Tool of
Older Persons' Prescriptions) and criteria for potentially appropriate, indicated drugs

called START (Screening Tool to Alert doctors to Right, i.e. appropriate, indicated
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Treatment) (Gallagher et al, 2008). The STOPP criteria do include stopping NSAIDs
where eGFR is 20-50ml/min, but no other criteria related to drug use and RKF, and the
new NICE guideline does not include guidance on monitoring. This project has
highlighted the importance of monitoring, and an intervention priority is to have a

recent kidney function available for prescribing decisions.

Sinnott et al (2015) have stated that, despite the prevalence of multimorbidity, few
interventions have been developed to improve medication management in this field.
They discuss that multimorbidity affects over 60 % of patients in primary care, and that
its association with polypharmacy makes the development of interventions to optimise

medication management in patients with multimorbidity a priority.

Older people are more likely to be taking regular medications, with around 75% of
those aged 60 years and older, and over 90% in the over 70s taking at least one
prescribed medicine (Petty et al, 2014). The mean number of medicines per patient on
repeat prescriptions is over 5 for the 60-69 year olds, and up to 7.1 for the over 80s
(Petty et al, 2014). Multimorbidity means that older people are more likely to be taking
multiple different kinds of drugs, and many drugs used for varying medical conditions
are excreted by the kidney. The case-note review found 70 different drugs were
prescribed when kidney function was reduced in the sample of older people from five
GP practices, and the latest edition of the Renal Drug Handbook has over 800 drug
monographs (Ashley and Dunleavy, 2014). The intervention priorities are that kidney
function should be assessed and applied to all prescribing where appropriate, so an
intervention will need to be able to help prescribers in the complexity of polypharmacy

and multimorbidity.

Some groups of drugs have been highlighted for national scrutiny. For example GPs
have been urged to review the use of anticholinergic medications in their elderly
patients, particularly those with dementia, after researchers found their use was
associated with declines in both physical and cognitive function in a systematic review
(Fox et al, 2014). Declines in functioning were related to the number of anticholinergic
drugs and length of time taken. What the authors did not consider in their report was
that many anticholinergic medications are affected by kidney function and that many
older people will have increased blood levels because of RKF, which could be a

relevant factor.

The Kings Fund report on polypharmacy, the concurrent use of multiple medications

by one individual, states that it is driven by the growth of an ageing population and the

rising prevalence of multi-morbidity (Duerden et al , 2013). They

define

(O
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polypharmacy6 as extending |ife expectancy a
medicines use has to be optimised and prescribed according to best evidence. In

O6probl ematic polyphar macy 6 oftdlugeinteeactonasand be an i
adverse drug reactions, together with impaired adherence to medication and quality of

|l ife for patients. The intervention prioritdi
polypharmacyd6 by aiming to ensureuedindRKfAB mmend e
They will also help to stop drugs where they should not be used because kidney

function is too | ow, reducing éproblematic p

6.3.1.4 Deprescribing
As described in the Kings Fund report on polypharmacy (Duerden et al, 2013), where
itséprobl ematicb6, drugs should be optimised a
process of reducing or discontinuing medications, with the goal of minimising
inappropriate use and preventing adverse patient outcomes, is increasingly referred to
as 6depmgdcniAbl dred, 2014). O6Deprescribingd
inappropriate medication, supervised by a health care professional with the goal of
managing polypharmacy and i mproving outcomes
term may be new, appropriate cessation or reduction of medication is a long accepted

component of competent prescribing.

In the meta-synthesis by Anderson et al (2014) found in the scoping review, the
authors showed that many factors were involved related to prescribers in stopping, or
altering a medication a patient has been on for some time, which were highly
interdependent and impacted by considerable clinical complexity. The themes broadly
fell into awareness, inertia, self-efficacy and feasibility. They found that where there
was polypharmacy, prescribers could not easily identify which medications were

i nappropriate. 6STOPP/ START® mentioned in th
recent tool developed to help prescribers identify drugs that should be stopped
(Gallagher et al, 2008). If the intervention priorities identified can be developed into a
useable intervention, it will help prescribers identify where kidney function is low and
which drugs should be avoided, giving them the tools to encourage appropriate

deprescribing.

6.3.1.5 Care homes medicines management
The 6CHUMSd study aimed to establish the pre
medication errors in care homes, estimate the ensuing harm and developing solutions

to reduce the prevalence of error (Barber et al, 2009). They concluded that there is an
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unacceptable prevalence of medication errors in care homes, affecting some of the
most vulnerable members of society,b6andl baction i
the issues discussed previously around age related changes in drug handling,

multimorbidity, polypharmacy, and deprescribing apply for people living in care homes.

Most reviews of patients in care homes are done by the practitioner visiting the home.
An issue raised by the GP interviewees, and the expert panel, was that they do not
have the electronic patient record when reviewing. The intervention priorities that aim
to ensure a kidney function level is available when reviewing medicines, and to be a
part of the prescribing process, would necessitate access to the patient record on
home visits. Technologies are available to give mobile access to records that would

need to be more widely available.

Studies found in the scoping literature review highlighted problems with medicines and
RKF in care homes, and how pharmacists can improve prescribing by providing
medication review with access to kidney function levels (Geewala et al, 2014; Barnes
et al, 2014).

6.3.2 Contextual drivers of behaviour relating to current national

policies in the NHS.

6.3.2.1 Reducing admissions
Reducing emergency admissions to hospital, both as a measure of care quality and to
contain spiralling healthcare expenditure, is a notional priority. Emergency admissions
in the United Kingdom rose by 47% from 1998 to 2013, from 3.6 million to 5.3 million,
with only a 10% increase in population over this period. These admissions are
expensive; in 2012 they cost the NHS £12.5bn. Wallace et al (2016) state that
targeting specific conditions might reduce emergency admissions, and variation in
medical practice should be considered. Many studies were found in the scoping
literature review showing that not assessing kidney function in relation to prescribing

can cause adverse effect and hospital admissions, for example Helldén et al (2009).

The intervention priorities would help prescribers identify where drugs should be

altered, or doses reduced, to reduce the risk of harm and hospital admission.

6.3.2.2 Quality Outcomes Framework
The Quality Outcomes Framework (QOF) is the annual reward and incentive

programme detailing GP practice achievement results. It rewards practices for the
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provision of quality care and helps standardise improvement in the delivery of primary
medical services, awarding practices achievement points for:
1 Managing some of the most common chronic diseases, e.g. asthma, diabetes.
1 Managing major public health concerns, e.g. smoking, obesity.

1 Implementing preventative measures, e.g. regular blood pressure checks.

The 2006 QOF markers included formation of registers of patients with CKD stages 3,
4 and 5 as calculated by the MDRD equation. Although, since then there were further
measures added including regular monitoring, the QOF marker is now back to just the
formation of a register of CKD patients. Regular monitoring is no longer incentivised
this way, and there has never been signposting to prescribing, or effect of RKF on

prescribing.

At the time of the PCT-wide survey, there were QOF markers for medication review,
but not currently:

6 Me d i &l Armedication review is recorded in the notes in the preceding 15 months

for alll patients being prescribed 4 or more
OMedicines 12 A medication review is recorde
for all patientsbei ng prescribed repeat medicines St ant

Currently there is no incentivisation through QOF for either medication review or for
regular monitoring in CKD. The PCT-wide survey showed that it is feasible to collect
the data required from the patient record system for kidney function level by CrCI-CG,
and so it would be possible to set markers for safer prescribing that are encompassed
in the intervention priorities. However, CrCI-CG is not often calculated currently, and is
rarely read coded, which would make routine data collection more difficult. If the
intervention priorities are developed into a usable intervention that means CrCI-CG is
used routinely then it might be considered whether this method of incentivisation would

help to reduce harm to patients from their medicines.

6.3.2.3 NICE guidelines
A recent systematic examination of recommendations in twelve NICE clinical
guidelines concluded that drug-disease interactions with chronic kidney disease were
common and that guideline developers should particularly consider whether chronic
kidney disease is prevalent in the target population (Dumbreck et al, 2015). For
example they state that prevalence of comorbidity with chronic kidney disease was
about 14% in patients with type 2 diabetes, and 23% in patients with heart failure, so
the implication might be that guideline developers should consider chronic kidney

disease with heart failure, and possibly consider it with type 2 diabetes.
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It has been previously discussed that the NICE CKD guidelines do not consider

prescribing in RKF, other than for treatment

also the case in other NICE guidance such

guidelines (NICE SC1, 2014), longZerm conditions guidance (NICE NG22, 2015), and
multimorbidity guidance (NICE NG56, 2016).

The expert consensus panel stated that national guidance and quality standards act as
a lever, and that they are transformative, providing a priority focus and leading to the
teaching curriculum and national strategy such as use of QOF. They suggested that
NICE guidance should be clearer on use of medications where parameters such as
kidney function are not normal. There was also discussion by the panel on the
intervention priorities, concluding that a NICE guideline on prescribing for older people
would be useful, not only to give the latest evidence, but also to provide a lever and a

focus for change and the education curriculum.

6.4 Intervention priorities T the next steps towards

intervention development
The Behaviour Change Wheel (BCW) describes three broad stages: understanding

the behaviour, identifying intervention options, and identifying content and
implementation options. (Michie et al, 2014). These are subdivided into a further eight

steps, the first four of which have been achieved in the research project so far:
BCW step 1: define the problem in behavioural terms.
BCW step 2: select the target behaviour.
BCW step 3: specify the target behaviour.
BCW step 4: identify what needs to change to achieve the desired behaviour.

The final four BCW steps were out with the time and scope of the PhD programme to
undertake the additional studies. However, the intervention priorities defined by the

consensus panel will direct the future ongoing stages of intervention development:
BCW step 5: identify intervention functions to achieve the desired behaviour.
BCW step 6: identify policy categories.
BCW step 7: identify behavioural change techniques.

BCW step 8: identify mode of delivery.

as
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A systematic review of frameworks of behaviour change interventions identified 19
frameworks which comprised nine intervention functions and seven policy categories
(Michie et al, 2011). The resulting Behaviour Change Wheel integrated framework
links these intervention functions and policy categories to the COM-B model (Figure
33).

Potential intervention functions and policy categories identified by the Behaviour
Change Wheel need to be considered for the intervention priorities agreed by the
consensus panel, and these will then inform the selection of potential behaviour

change techniques.

6.4.1 Intervention functions
The links between COM-B, TDF and intervention functions have been identified in a
consensus exercise (Michie et al, 2014, pp113-115) and this has been used to indicate
possible intervention functions to consider for the intervention priorities agreed by the
consensus panel. Figure 35 show the priority TDF domains, and the potential
intervention functions that might be considered for each intervention priority. The TDF
domains are the five identified in the GP interview study linked to the four intervention
priorities. Three further domains have been included:

1 Beliefs about consequences, as patient safety was expressed to be an

important motivation for prescribers.

1 Professional/ social role and identity, as prescribing was described by GPs
as a key role and they wanted to do it correctly. Also the finding that there was
less responsibility for the prescribing felt when doing a medication review which

should be an important consideration when developing an intervention.

1 Social influences, as pharmacists were specifically identified as a group who

should be considered.
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. . Priority TDF domains in Potential intervention
Intervention priorities . .
COM-B categories functions
Capability
Education
Need to increase awareness Knowledge
M ttenti q Enablement
d erT“.’ry’ attention an Environmental
ecision process restructuring
Warnings/prompts are Training
needed at medication review Skills
as well as initiation.
Opportunity
Enablement
) Environmental
Environment and resources .
restructuring
Restriction
. . Enablement
Kidney function assessment .
) L Environmental
should be a required part of Social influences .
the prescribing process restructuring
P 9p Modelling
Motivation
Education
Beliefs about consequences | Modelling
Persuasion
Coercion
. . Eduction
Arecent kidney function
. L Enablement
check needs to be available Motivation and goals S
- ) Incentivisation
at medication review )
Modelling
Persuasion
Professiona/ social role and Educa_tlon
. . Modelling
identity -
Persuasion

Figure 35: Potential intervention functions identified from the Behaviour Change
Wheel (Michie et al, 2014)

All seven of the intervention functions are listed in Figure 35 for the relevant domains,
but restriction and coercion would not be applicable. The other five intervention

functions can be considered for a potential intervention:

1 Education: increasing knowledge or understanding. Education will need to an
important part of an intervention, as lack of knowledge about prescribing in
RKF has emerged as a major theme. Suggestions from the GPs and expert
panel have included education at all levels, in medical training, GP training,
continued professional development, and specialist clinical areas.
Technological solutions such as warnings or prompts can include educational

elements, and educational outreach visits could be included. Strategies such
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as 6audit and feedback6é (lvers et al

persuasive.

1 Training: imparting skills. Prescribers need to know how to implement
recommendations in the prescribing process, and how to access the required
data on the patient record systems. Training could help prescribers to form

personal rules, action plans, and to remember and apply recommendations.

1 Environmental restructuring: changing the physical or social context.
Technological solutions could be developed to make applying the
recommendations easier in the prescribing process. Making warnings and
prompts patient and drug specific would make them more useable, and making
them easily available at medication review would be important. Pharmacists
could be more involved with medication review and audit. Community

pharmacists might have kidney function results to inform use of medicines.

1 Enablement: increasing means/ reducing barriers to increase capability
(beyond education and training) or opportunity (beyond environmental

restructuring).

1 Modelling: providing an example for people to aspire to or imitate. Case

studies could be used to induce automatic imitation and change habit.

i Persuasion: using communication to induce positive or negative feelings or
stimulate action. Respected leaders and peers could be used to persuade of
the need to assess kidney function in the prescribing process. Pharmacists
have been suggested as being respected in this area. GPs were motivated by
not doing harm which can be used to persuade prescribers of the importance of

applying recommendations.

1 Incentivisation: creating an expectation of reward. The Quality Outcomes
Framework has previously incentivised GP practices in care for patients with
CKD including regular kidney function monitoring, but now it is only to keep a
register. The data is available to provide reports and so kidney function as
creatinine clearance could be reported if it was agreed to be prioritised this

way.

The APEASE criteria (affordability, practicability, effectiveness/ cost-effectiveness,
acceptability, side-effects/ safety, equity) for designing and evaluating interventions
and intervention ideas will be used to select the most appropriate intervention
functions (Michie et al, 2014).

201
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6.4.2 Policy categories
The next step in developing an intervention strategy will be to consider what policies
would support the delivery of the intervention functions. The 19 framework synthesis
identified seven policy categories representing types of decisions made by authorities
that help to support and enact the interventions. Fiscal measures, regulation, and
legislation are not likely to be applicable, but potential policy categories that could be

considered using the APEASE criteria are:

1 Communication/ marketing: using print, electronic, telephonic or broadcast

media.

1 Guidelines: creating documents that recommend or mandate practice. This

includes all changes to service provision.

1 Environmental/ social planning: designing and/ or controlling the physical or

social environment.

1 Service provision: delivering a service.

6.4.3 Content and implementation options
The final stage in intervention development will be to identify content and

implementation options i.e. which behaviour change technigues (BCTs) and the mode

of delivery. A BCT is defined as O6an active

change behaviouré, with defining character:i

irreducible component of an intervention designed to change behaviour and a
postulated active ingredient within the intervention (Michie and Johnstone, 2013). It is
the smallest component in the proposed mechanisms of change, and can be used
alone or in combination with other BCTs. Behaviour specific taxonomies of BCTs have
been synthesised and refined to produce a BCT taxonomy with 93 BCTs organised
into 16 groupings (Michie et al, 2013). All BCTs that could be considered for any
particular intervention function, guided by the definition, will be considered, and then
narrowed down to those most likely to be appropriate. The modes of delivery will also
need to be considered.

compo

stics
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6.5 Strengths and limitations

These pragmatic studies using mixed methods have given a comprehensive picture of
the extent of inappropriate prescribing in RKF, and what needs to change to help
prescribers apply the prescribing recommendations. The application of several robust
and reproducible research methods studying of the same problem area has given
cross-verification, reducing the weaknesses and biases of single method studies. The
investigation has been driven by the research questions, and derived from the
integration of methods and results from the previous studies. It has combined data
from both quantitative and qualitative methods to address the different research
guestions and enhance the validity of the findings. Updating of the scoping literature
review led to a re-analysis of the prescribing data from the cross-sectional survey to
include a 6cases missedd analativesanalysis, givihgla ng st
clear measure of the impact for patients, as well as a comparison to the other studies

in the literature.

The problem has been mapped, tested in a wide population, and explored to find what
needs to change. There has been good participation and support from GP practices,

interviewees and panellists throughout the project.

The project was based in one former PCT which is not a typical population with fewer
older people than the England & Wales average, so the findings may be an
underestimation of the problem in the UK. The GPs interviewed were from a small
localised area, but there was a wide range of prescribing experience, clinical interests
and specialities, and so the findings may be more likely to be applicable in a wider
context. Primary care studies in France and Australia (Breton et al, 2011; Khanal et al,
2015) have also found a high prevalence of inappropriate prescribing for older people

with RKF lending weight to the generalisability of the findings.

Patient and public involvement in the project was considered, but the initial key aim of
this project was to investigate whether there was a problem of prescribing
recommendations in RKF not being applied. Having established that there is a need
for intervention, it is planned that there should be patient and public involvement in the
planning and participation in the subsequent stages of research. The consensus panel
raised the issue that patients do not tend to have any awareness of kidney function
unless they have severe disease. Raising the issues of reduced kidney function in

those who are unaware would need sensitive consideration.

As a single researcher, overseen by the supervision team, there was a vision and a

consistency carried through the project. However, it may mean biases are introduced
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to the methods and analysis. The reproducibility may be reduced by my professional
involvement, which may have contributed to the rich data collected, but also could
have meant an assumed shared language and understanding. Specialist expertise
was sought to verify reliability, and there was an iterative process of reflection, as well
as comparison with methods and results from similar studies from hospital and other

countries, lending greater confidence in the conclusions.

6.6 What this project adds to the literature

No evidence was found in the literature on the prevalence of inappropriate prescribing
for older people with RKF in UK primary care, or the determinants of prescriber

behaviour in this area, suggesting that these studies are the first in the UK.

This project has added to the body of literature on:

9 The international evidence base for prevalence of inappropriate prescribing for
older people with RKF.

1 The necessity of using the Cockcroft Gault equation with ideal body weight, or
actual if lower, to estimate kidney function for prescribing decisions, particularly
for older people.

The UK evidence base for prescriber behaviour.
The use of a scoping literature review, the TDF, and consensus group methods

in healthcare research.

The focus for this research has been on older people. It has been previously
highlighted that this age group are generally under-represented in medication related
research (Avorn, 2010). Older people were not included in the kidney function
estimation equation development studies and yet, in 2013, people aged 65 years and
older took 60% of all dispensed medications in England & Wales (Health and Social
Care Information Centre, 2014), emphasising the necessity of research focussed on

this age group.

6.7 What this project adds to practice and policy

Highlighting the issues to both clinicians and policymakers is the first stage in
minimising inappropriate prescribing in routine clinical practice. Further research is
needed to ensure an intervention will be more likely to be successful in changing

practice, and not have unintended consequences.
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The impact of this project on practice and policy has already included:

Locally:
91 Development of a guideline for the assessment of kidney function for use of
new oral anticoagulants (NOACS) in the Bradford deep vein thrombaosis (DVT)

pathway, and in the anticoagulant clinics.
1 Assessment of kidney function included in pharmacy team audits.

1 Key prescribing performance indicators to review medications for people with

chronic kidney disease.

Regionally:
1 Involvement with the Yorkshire regional AKI forum: educational sessions, and

resource development.

Nationally:
1 The guideline for the assessment of kidney function for use of new oral
anticoagulants (Wood et al, 2013) is being used widely, for example:

- As part of a Primary Care DVT pathway in Horsham and Mid Sussex
CCG.

- To aid safe prescribing of NOACs in primary care in North Somerset
CCQG, Aylesbury Vale CCG, Chiltern CCG, Buckingham CCG, Bury and
Greater Manchester.

9 Participation on a diabetes advisory board resulting in the inclusion of a
6reducing risk of medicines in RKFO& compo

primary care.

The requirements for education and training need to be developed and implemented.

The consensus panel agreed that a submission should be made to the BNF Formulary

Committee to clarify the advice and information for prescribing in RKF, particularly in
relation to prescribing for older pieropémrt 6 Bo
section and the individual drug monographs could be improved to help application of

the prescribing recommendations. The panel a
on at least one of the national GP patient record systems needs to be corrected to use

the best evidence-based variables, and this has since been rectified.

Dumbreck et al (2015) have highlighted that guidelines need to consider
recommendations for drug use in relation to level of kidney function. CKD and AKI
guidelines could include guidance on prescribing to both reduce the risk to the kidney,

and reduce ADRs from all renally excreted dr
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campaign resources includeoant 66Kkimédacmedsabpt.i
prescribers in hospitals (NHS England, 2015), but it could be usefully extended to

primary care to help reduce the risk of AKI from drugs. The consensus panel also

suggested that a new NICE guideline on prescribing for older people would be a focus

for change and education.

Having the warnings and prompts at medication review would have the added benefit
of highlighting other parameters that might need assessment, such as liver function

and thyroid function tests.

6.8 Translation and impact

6.8.1 Publication and presentation
Publication:
1 Wood, S., Petty, D., Glidewell, L., Raynor, T. 2011. Are we over-dosing our
elderly patients with renally excreted drugs in primary care? International

Journal of Pharmacy Practice, 19(suppl. 2), p.38.

Publications arising from issues raised in practice:
1 Wood, S., Petty, D., Fay, M., Lewington, A. 2013. Assessing kidney function in
oral anticoagulant prescribing: an aid for safer drug and dose choices. British
Journal of Cardiology, 20, pp.61i 64.

1 Wood S. Anticoagulant dosing in reduced renal function for stroke and
systemic embolism prevention in non-valvular AF. Guidelines in Practice 2013,
(suppl).
1 Howard, P. and Wood, S. 2013. Outcomes with the use of nitrofurantoin in
renal i mpairment in primary care 1T a pilot stu
Pharmacy, 20, p.A114.

Poster presentations:
1 The Royal Pharmaceutical Society Conference 2011.
I The Renal Association Conference 2012.
9 The University of Leeds School of Healthcare Postgraduate Research
Conference 2011 (first prize achieved).

1 The University of Leeds School of Healthcare Postgraduate Research
Conference 2014.

Oral presentations:
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1 The University of Leeds School of Healthcare Postgraduate Research
Conference 2015.

The Health Services Research & Pharmacy Practice Conference 2016.
The International Social Pharmacy Workshop 2016.

The Yorkshire Regional AKI Forum.

Bradford primary care AKI/CKD education event.

=A =4 4 =4 -4

The Mixed Methods module group, University of Leeds School of Healthcare.

Plan for publication:

T 6A scoping |iterature revi epresctibingfordent i fy
ol der people with reduced kidney function

1 o6 A c-sectisnal survey of prescribing data to investigate whether
recommendations for prescribing are applied for older people across a PCT
popul ation. 6

T 6A qualitative GPplorenwhygprescribersrdosotapplyy t o e x
prescribing recommendations for older peo

T A consensus group method to identify key
intervention strategy and future research into prescribing for older people with

reduced kidney function.

6.8.2 Further research
The next stage of research will be an application for funding for a feasibility study
before intervention implementation research, including patient and public involvement.
Other questions have been raised during the process that might be possible to pursue
in the future, such as 6does reducing the bu

i mprove kidney function for older people wit

6.8.3 Impact for patients and the NHS
Implementation of better practice is likely to reduce the risk of harm from medications.
Using recommended drugs and doses could also mean that older people can continue
to use beneficial treatments that might have been stopped if doses were too high and
caused ADRs.

ADRs, and harm related to medicine given during inpatient stays, have been estimated
to cost £770m in 2007 in England, and that £5m was spent on litigation for drug-
related medical errors between 1995 and 2007 (Frontier Economics, 2014). Helldén et
al (2009) found a third of admissions for older people with ADRs were caused by RKF

suggesting a high financial impact.
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6.8.4 Impact for myself
This process has enabled me to become more confident about the evidence around
prescribing in RKF, and presentation of the issues. The skills gained have also
impacted on my professional life by:

1 Questioning the status quo more.

1 Having the confidence and skills to pursue clinical, professional and research
problems.

1 Awareness of the need to explore the wider aspects of behaviour change, such

as systems, habit or emotion, when questioning issues in prescribing.

As a pharmacist, reducing risk from drugs is my ultimate aim.

6.9 Conclusion

At least 40% of all people aged 65 years and older are prescribed drugs that are

excreted by the kidney and which have recommendations for altered use when kidney

function is reduced. Older people are more likely to have RKF, but, although eGFR is

routinely reported by pathology, and most have a recent kidney function estimate on

their record, it is not applied to prescribing decisions by GPs. When looking at specific

renally excreted drugs, 10.1% of 65 year olds, a
kidney function too low for the medication, or dose, they were prescribed, increasing

the risk of ADR, harm and hospitalisation. Evidence of actual harm was found when

reviewing case-notes.

This research has mapped and highlighted the prevalence of inappropriate prescribing
in RKF in primary care and explored the behaviour determinants. It has identified what
needs to change in practice and policy, and what further research is required, to

improve patient safety.
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8 Appendices

8.1 Appendix 1: case-note review patient details form

PractiCe.......cccuvvvrevvrerreeniereeenennn, Pt Number.................. M Fééé Ageééé
diabetic?..................0ther current pro
e GFR € é é é é é €KD stage eeéeéée. date ééeé.

CrCl calculated by Cockcroft & Gault (140-age) x IBW (x1.2 if male) =

Serum creatinine

Potentially nephrotoxic drugs

Drug recommendation Comment

Other renally cleared drugs

Drug recommendation Comment

Other drugs

Other comments

,,,,,,,,,,,,,,,,,

Pharmaci st ééééééeééeééédact eéééeéceé
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8.2 Appendix 2: the 70 different drugs encountered in the case-note review not used according to

recommendations in RKF with patient numbers and BNF/SPC recommendations.

3‘:":’?;:' plt: number of pts
not belngug where drug may not | number number
drug prescribed as : m:g‘g::;::':‘:: :’g:.'R 10- :'g:,‘k BNF recommendation additional SPC information
e 2t | their CrCICG level | 59 <30
and need review
level
simvastatin 52 43 9 doses above 10mg with caution if <30ml/min
Las terminal half-life > 10 years; any not deposited in the bone
alendronic acid 24 19 5 avoid if CrCl<35ml/min is rapidly excreted via the kidneys,
The dosage of thiazide diuretics may need to be reduced
bendroflumethiazide 24 21 3 ineffective at <30ml/min in the elderly, particularly when renal function is impaired,
because of the possibility of electrolyte imbalance.
NICE - colecalcifero! ineffective in CKD stg 4 & §
Caleichow D3 forte » = - need to change to alfacalcidol
; 300mg in CrCl of10-20ml/min resulted in plasma conc
allopurinol 300mg 8 5 3 max 100mg daily expected from 600mg dose.
do not excead 20mg if 30-60ml/min
rosuvastatin 8 e 2 avoid If <30mi/min
15-35 - max 50mg
atenolol 100mg 7 8 1 <15 - max 25mg od or 50mg alt days
chlortalidone 5 5 ineffective at <30ml/min
i ’ containdicated at <30ml/min; only fully effective if renal
indapamide 5 § IIOCtve St <20mumiA function is normal or only minimally impaired
lercanidipine 5 2 3 avoid if <30ml/min
ranitidine 5 4 1 use 1/2 dose If <50ml/min
use lowest effective dose for the shortest
possible duration; monitor for renal function,
Ibuprofen gel 4 4 sodium and water retention. Deterioration
reported after topical use
lisinopril 3 8 5 4 use with caution and monitor response; CrCl 30-80mi/min - AUC increased by 13%
P hyperkalaemia and other s/es more common CrCl 5-30mi/min - AUC x4.5 normal
eliminated largely unchanged in the kidneys. Signs of
overdose have been observed in pts with renal imp taking
baclofen 2 2 use smaller doses e.g. Smg od more than 5mg; particular caution with drugs that can
affect renal function
impaired renal function and low lean body mass in the
digoxin 2 1 3 reduce dose; toxicity increased by electrolyte elderly influences the pharmacokinetic of Lanoxin such
g disturbance. that high serum digoxin levels and associated toxicity can
oceur quite readily
eliminated more slowly in elderly patients compared to
escitalopram 2 2 caution If <30ml/min younger patients. Systemic exposure (AUC) is about 50%

higher in elderly compared to young healthy volunteers
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use lowest effective dose for the shortest

ibuprofen 2 possible duration; monitor for renal function,
sodium and water retention
g NICE - review if <45mli/min and avoid if R s ;
metformin 1 1 2 <30mi/min Cl'd if CrCl <60ml/min
moxonidine 1 4 max 400mcg od if 30-60ml/min and avoid if <30
ramipril 18 16 2 use with caution and monitor response; ramipril is entirely metabolised; the metabolites are mainly
hyperkalaemia and other s/es more common renally excreted including the active ramiprilat.
strontium 2 avoid if <30ml/min
anastrazole 1 avoid if CrCl <20ml/min
15-35 - max 50mg<15 - max 25mg od or 50mg
atenolol 50mg h alt days
: reduce dose to 400mg od if 40-60mi/min, 200mg | elimination is markedly slowed in the presence of limited
bezafibrate 1 if 15-40, avoid if <15 renal function
In the elderly (over 65 years) Cmex and AUC of
candesartan 9 9 1 initial dose 4mg candesartan are increased by approximately 50% and
80%
. . reduce to 100mg on alt days in mod renal failure Impaired renal function may increase the risk of
ciprofibrate 3 and avoid in severe. myopathy.
o reduce dose at <50ml/min and avoid at to be given with great care in the elderly due to cumulative
colchicine 1 <10mi/min toxicity.

diclofenac gel

use lowest effective dose for the shortest

1 2 possible duration; monitor for renal function,
sodium and water retention. Deterioration
reported after topical use

domperidone 1 reduce dose contraindicated in renal impairment; ty2is prolonged
G : PN, ; Periodic monitoring of serum potassium is recommended;
eplenerone 1 incr risk of hyperkalaemia; avoid if <50mi/min CI'd if CrCl <50ml/min
fenofibrate 1 l f:gmg if <60mi/min; 67mg if <20ml/min, avoid if
>80ml/min - total dose mg/day: 900 - 3600mg
50-79 600 - 1800mg
gabapentin 1 reduce the dose - consult the product literature 30-49 300 - 900mg
15-29 300 - 600mg alt days
<15 - reduce further in proportion to CrCl
hydrochlorthiazide 1 ineffective at <30ml/min
hydroxyzine 1 use half normal dose
ibandronic acid 1 avoid if <30ml/min
. use with caution and monitor response;
irbesartan 2 1 - hyperkalaemia and other s/es more common
is contra-indicated in patients suffering from renal
nitrofurantoin 1 avoid if <60ml/min dysfunction with a creatinine clearance of less than

60ml/minute or elevated serum creatinine (chronic
pulmonary reactions are more common in elderly)
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olmesartan 1 1 max 20mg if 20-60ml/min; avoid if <20
pantoprazole 1 1 max oral dose 40mg
primidone 1 1 use with caution
propranolol 1 1 caution - dose reduction may be required

uinapril 1 1 use with caution and monitor response; (GFR 30-60 ml/min), AUC increased by 85% and
q P hyperkalaemia and other s/es more common clearance decreased to 52%.
sertraline 1 1 manufacturer advises caution

reduce dose of opioids - incr and prolonged

tramadol 1 1 effect, incr cerebral sensitivity
total 70 201 107 231 77
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Appendix 3: literature search term categories

#NAME?

Subject heading

keywords (60ORO)

Adverse Drug
Reactions - ADR

Drug toxicity explode
Medication errors

(drug adj2 (problem* or event* or error* or adverse))
(adverse adj3 (reaction* or event*))

ADR

(medication adj2 (error* or safety or adverse))
(renal risk adj (drug* or medication*))

nephrotoxic

Hospital admission*

Hospitali*

Decision support

Decision Support Systems, Clinical

alert*

tools - DS Decision Making, Computer-Assistgdrug dos* service
Therapy, Computer-Assisted dos* guid*
Decision Support Techniques (compute* adj3 (support or tool* or service*))
(decision adj3 (support or tool* or service*))
Elderly - E Aged explode elder*
over 65*
old* person*
old* patient*
Guidelines/ guideline or practice guideline guideline*
recommendations - |guideline adherence guidance
GR guideance

recommendation*

((guid* or recommendation*) adj4 (adher* or comply or complia* or complie* or follow* or observ*))

Kidney function
Equations/ diagnostic
tests - KFT

Kidney Function Tests explode

(kidney adj4 (test* or check* or formula* or equation®*))

Glomerular filtration rate
GFR

eGFR

MDRD

Cockcroft adj Gault
Cockcroft-Gault




332

Prescribers - P

Physicians explode

prescriber*

doctor*

GP*

general practitioner*
MD*

physician*
phycisian*

Prescriber Behaviour
-PB

((prescrib* or MD* or physician* or GP* or general practitioner* or doctor*) adj (behavi* or performance or error))
((prescrib* or MD* or physician* or GP* or general practitioner* or doctor*) adj4 (knowledge or attitude* or belief*
barrier* or adhere* or implement* or compli*))

Prescribing - Pg

Drug Therapy explode
Drug Prescriptions explode

prescrip*
prescrib*

'drug use'
‘medication use'
drug dos*
medication dos*
medication order*
dos* adjustment

Primary Care - PC

Primary Health Care
general practice or family practice

(primary adj (healthcare or health care or care))
general practice
GP*

Renal impairment - RI

Renal Insufficiency or renal
insufficiency, chronic

(renal adj (impairment or failure or dysfunction or insufficiency))

(impaired adj (renal function or kidney function))

(reduced adj (renal function or kidney function or GFR or glomerular filtration rate or eGFR or creatinine clearan
(kidney adj (failure or dysfunction))

(poor adj (renal function or kidney function))

(chronic adj (renal failure or kidney disease))

CKD

eGFR decline

Additions

English only
Reviews only
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8.3 Appendix 4: Medline search strategy for the literature

review key review area 4
Medline
1. exp Physicians/
2. prescriber*.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heaxj word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier]
3. doctor*.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary conceg, rare
disease supplementary concept word, unique identifier]
4. GP*.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, keyword heading word, protocol supplementary concept word, rare disease
supplementary conceptord, unique identifier]
5. general practitioner*.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol supplementary concept word,
rare disease supplementary concept word, unique idehtifier
6. MD*.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier]
7. physician*.mp. [mp=title, abstraairiginal title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare
disease supplementargrcept word, unique identifier]
8. phycisian*.mp. [mp=title, abstract, original title, name of substancd,\sabject
heading word, keyword heading word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier]
9.1or2or3ord4or5o0r6or7or8
10. Guideline Adherence/ or Guideline/ or Practice Guideline/
11. guideline*.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier]
12. guidance.mp. [mp=title, abstractiginal title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier]
13. guideance.mp. [mp=title, abstract, original title, name of substance sutbject
heading word, keyword heading word, protocol supplementary concept word, rare
disease supplementary concept word, unique idenfifier]
14. recommendation*.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, kerord heading word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier]
15. ((quid* or recommendation*) adj4 (adher* or comply or complia* or complie* or
follow* or observ*)).mp. [mp=title, abstract, originaflé, name of substance word,
subject heading word, keyword heading word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier]
16.10o0r11or12or13or 14 or 15
17. exp Drug Therapy/
18. exp Drug Prescrigns/
19. prescrip*.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier]
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20. prescrib*.mp. [mp=titleabstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier]

21. 'drug use'.mp. [mp=title, abstract, original title, namsubstance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier]

22. 'medication use'.mp. [mp=title, abstract, original title, name of substance word,
subject heaidg word, keyword heading word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier]

23. drug dos*.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, fmool supplementary concept word, rare
disease supplementary concept word, unique identifier]

24. medication dos*.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol supplementary cormept w
rare disease supplementary concept word, unique identifier]

25. medication order*.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol supplementary concept word,
rare disease supplentary concept word, unique identifier]

26. dos* adjustment.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol supplementary concept word,
rare disease supplementary concept word, uniqureifiee]

27.17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26

28. ((prescrib* or MD* or physician* or GP* or general practitioner* or doctor*) adj
(behavi* or performance or error)).mp. [mp=title, abstract, original title, name of
substance wordubject heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier]

29. ((prescrib* or MD* or physician* or GP* or general practitioner* or doctor*) adj4
(knowledge or attitude* doelief* or barrier* or adhere* or implement* or

compli*)).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare
disease supplementary concept word, uniquetiftkh

30. 28 or 29

31. exp Kidney Function Tests/

32. (kidney adj4 (test* or check* or formula* or equation*)).mp. [mp=title, abstract,
original title, name of substance word, subject heading word, keyword heading word,
protocol supplementary concepbrd, rare disease supplementary concept word,
unique identifier]

33. Glomerular filtration rate.mp. [mp=title, abstract, original title, name of substance
word, subject heading word, keyword heading word, protocol supplementary concept
word, rare diseasgupplementary concept word, unique identifier]

34. GFR.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique idkear]

35. eGFR.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier]

36. MDRD.mp. [mp=title, abstracobriginal title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier]
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37. (Cockcroft adj Gault).mp. [mp=title, abstract, original title, nafngubstance

word, subject heading word, keyword heading word, protocol supplementary concept
word, rare disease supplementary concept word, unique identifier]

38. CockcroftGault.mp. [mp=title, abstract, original title, name of substance word,
subject hading word, keyword heading word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier]

39. 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38

40. Primary Health Care/

41. Family Practice/ or General Practice/

42. (primary adj (healthcare or health care or care)).mp. [mp=title, abstract, original
title, name of substance word, subject heading word, keyword heading word, protocol
supplementary concept word, rare disease supplementary concept word, unique
identifier]

43. general practice.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier]

44. GP*.mp. [mp=title, absdct, original title, name of substance word, subject heading
word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier]

45.40 0or41 or42 or43 or 44

46. 9 and 16 and 27 and 30 and 39 4hd

47. limit 46 to english language

48. 9 and 16 and 27 and 30 and 39

49. limit 48 to english language

50. 9 and 16 and 27 and 30

51. limit 50 to english language

52. limit 51to ("review articles" and "qualitative (best balance of sensitivity and

specificity)")

Footnotes:
1. 6phycisiand6 has been deliberately added i
correctly spelt o6éphysiciandé in term 7. Th

suggested that as this term is frequently mis-spelt, it can increase the number
of studies found.

2. 6guideanced has been deliberately added i
correctly spelt O6guidancedé in term 12, on

Library adviser as in footnote 1.



336

8.4 Appendix 5: letter of access for the PCT-wide
prescribing survey (Chapter 3)
































































































