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Abstract

Objective The aim was to investigate the management of

drug therapy alerts on safe use of antibiotics in elderly

patients with (potential) renal impairment and the contri-

bution of optional creatinine point of care testing (PoCT) in

community pharmacy practice.

Methods Community pharmacists used a clinical decision

support system (CDSS) for seven antibiotics. Alerts were

generated during prescription processing in the case of pre-

viously registered renal impairment and when no information

on renal function was available for patients aged 70 and over.

Pharmacists could perform PoCT when renal function could

not be retrieved from other health care professionals. Actions

were registered in the CDSS. A retrospective descriptive

analysis of alert management, performed PoCT and medica-

tion dispensing histories was performed.

Results A total of 351 pharmacists registered the man-

agement of 88,391 alerts for 64,763 patients. For 68,721

alerts (77.7%), the pharmacist retrieved a renal function

above the threshold for intervention. 1.7% of the alerts

(n = 1532) led to a prescription modification because of

renal impairment; in 3.0% of the alerts (n = 2631), the

patient had renal impairment, but the pharmacist judged

that no intervention was needed. Pharmacists performed

1988 PoCTs (2.2% of the alerts), which led to 15 pre-

scription modifications (0.8% of the PoCT).

Conclusion Community pharmacists performed CDSS-

based interventions to prevent potentially inappropriate

(dosing of) antibiotics in elderly patients with renal impair-

ment. Pharmacists were well able to retrieve information on

renal function, using PoCT in a limited number of cases. The

intervention rate could be greatly increased by better regis-

tration of information on renal function. Performing PoCT

seems especially worthwhile in the highest age groups.

Key Points

Community pharmacists can use clinical decision

support to detect both inappropriate drug use in renal

impairment and a lack of data on renal function.

The efficiency of clinical decision support in

community pharmacies could be increased by better

registration of information on renal function.

In the case of urgency, creatinine point of care

testing by community pharmacists could be of added

value, especially for older patients.

1 Introduction

Renal impairment is common, with chronic kidney disease

affecting up to 10% of the population and over 25% of the

elderly [1–3]. Impaired renal function has been shown to be

an important risk factor for medication-related hospital

admissions [4, 5]. Drug elimination can be reduced in the
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case of renal impairment, which can result in drug accu-

mulation and toxicity. Moreover, reduced renal elimination

may decrease the effectiveness of drugs acting in the urine

(for example, nitrofurantoin) [6]. Therefore, some drugs

should be avoided in renal impairment, and for other drugs,

the dosage should be adjusted according to the patient’s

renal function.

Clinical decision support systems (CDSSs) can help to

prevent several types of drug therapy-related problems

[7, 8]. Health care professionals have successfully used

CDSSs to detect potentially inappropriate drug use in

patients with known impaired renal function [9–12].

Moreover, CDSSs can be used to detect situations in which

information on patients’ renal function is lacking while this

information is needed for safe drug use.

Pharmacists can contribute to safe drug use in patients

with renal impairment by checking whether the prescribed

dose has been adequately adjusted to the renal function. It

has been shown that CDSS-based interventions by com-

munity pharmacists can reduce the number of drug ther-

apy-related problems with regard to renal impairment

[13–15]. Therefore, it is important that information on

patients’ renal function is available in community phar-

macy. Investigations in the Netherlands showed that this

information is often incomplete [16–18]. When informa-

tion on renal function cannot be obtained (from, for

example, the physician), but is urgently needed, point of

care testing (PoCT) may be an alternative to estimate renal

function. It has been shown on a small scale that PoCT of

creatinine is applicable in community pharmacies [19].

An urgent need for information on renal function could

inter alia be expected in the case of prescriptions for

antibiotics, as an immediate start of the drug is generally

needed. Several commonly used antibiotics are renally

excreted and need dose adjustment in the case of renal

impairment. Although PoCT in community pharmacies has

been investigated, as well as several kinds of CDSSs, the

combination has not yet been implemented on a large scale.

We aimed to investigate the management of drug ther-

apy alerts on safe use of antibiotics in elderly patients with

(potential) renal impairment and the contribution of

optional PoCT of renal function in daily community

pharmacy practice.

2 Methods

2.1 Setting

Clinical decision support rules on antibiotic use in renal

impairment and PoCT for creatinine were implemented in

351 community pharmacies between June 2015 and August

2016. The participating pharmacies were franchisees of

Service Apotheek and were distributed over the Nether-

lands in both rural and urban areas. These pharmacists

routinely used a web-based CDSS in addition to their

pharmacy information system. Patients’ medication dis-

pensing history, age and gender were automatically avail-

able in the CDSS. Renal function had to be registered

manually. The CDSS could generate pop-up alerts during

the prescription processing in the pharmacy information

system. All pharmacists were trained in performing PoCT,

interpretation of renal function measures, and registration

in the CDSS by attending 3 half-day meetings (before start,

after 3 months and after 6 months) and by e-learning.

2.2 Clinical Decision Support Rules

Seven clinical decision support rules were implemented for

amoxicillin ? clavulanic acid, ciprofloxacin, clarithromycin,

co-trimoxazole, nitrofurantoin, norfloxacin, and trimethoprim.

Alerts were triggered by the CDSS for patients with a doc-

umented estimated glomerular filtration rate (eGFR)

of B 30 ml/min/1.73 m2, for patients with an outdated eGFR

(measured[56 weeks ago), and for patients aged 70 years

and older for whom no eGFR had been registered in the

CDSS. For the algorithm of the clinical decision rule, see

Fig. 1. When an alert was triggered, a drug-specific advice for

dose adjustment in the case of an eGFR of B 30 ml/min/

1.73 m2 was displayed (except for nitrofurantoin, where

replacement of the drug was advised). Based on the advice,

pharmacists had to check the dose manually and adjust it

when needed, after consultation with the prescriber. The

displayed advices were in accordance with the Dutch national

guidelines on drug dosing in renal impairment [20]; differ-

ences with international guidelines exist, comparable to the

differences between several international guidelines [21]. The

Dutch national guidelines are widely accepted by physicians

and pharmacists.

2.3 PoCT for Creatinine

Pharmacists had the possibility to use the Menarini Stat-

sensor Creatinine Xpress-meter for PoCT with capillary

puncture. With this meter, blood creatinine level can be

measured within 1 min, with sufficient accuracy to detect

renal impairment in adults [22]. In the study, PoCT was

intended for situations where information on renal function

was urgently needed and not available from other sources

[e.g., the general practitioner (GP)]. Pharmacists were

trained on estimating the GFR based on the creatinine

measurement {basically using the Modification of Diet in

Renal Disease (MDRD) formula [23], and using the

Cockcroft and Gault equation for creatinine clearance [24]

where appropriate}. Calculations of eGFR were performed

similarly as performed by laboratories in both primary and
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secondary care in the Netherlands. On a local level, phar-

macists made arrangements with GPs about the exchange

of information on renal function, the use of PoCT and the

follow-up after a PoCT measurement. Protocols and leaf-

lets to inform both GPs and patients about PoCT were

provided to the participating pharmacists.

2.4 Data Collection and Analysis

The pharmacists registered the alert management in the

CDSS according to predefined options regarding the situ-

ation and intervention; additional free text could be

entered. Data from the CDSS were registered in a central

database. Anonymized data were extracted from this

database for all alerts, including alert management, medi-

cation dispensing history for the 4 months preceding the

alert {including dosing regimen and anatomical therapeutic

chemical classification (ATC) [25]}, and registered data on

renal function.

A descriptive analysis was performed using Microsoft

Access and SPSS (version 20.0; SPSS Inc. Chicago, IL,

USA). The data were checked for completeness and con-

sistency with regard to the combination of the registered

alert management, dispensed medicine, and renal function.

Data registration was considered incomplete when infor-

mation in one of the data fields was lacking while the other

data fields suggested that the pharmacist had the informa-

tion available. Data registration was considered inconsis-

tent when the information in the different data fields was

not matching. For examples of the data check, see Table 1.

In this study, an eGFR of B 50 ml/min/1.73 m2 was con-

sidered as impaired renal function and B 30 ml/min/

1.73 m2 as severely impaired renal function. These

thresholds were derived from categories used in the Dutch

guidelines on drug dosing in renal impairment [20], which

are based on the 2004 European Medicines Agency

guideline [26]. Consistent with the dosing advices, the

threshold of 50 is, in the Netherlands, often used for

informing pharmacists on impaired renal function; it indi-

cates a need for closer monitoring of renal function and of

current and future drug use.

2.5 Ethics and Confidentiality

As this was a retrospective, anonymized database analysis,

the study was exempt from ethical review. To protect

patients’ and pharmacists’ privacy, only anonymous data

were extracted from the CDSS. Data could not be used to

identify individual patients or pharmacies.

3 Results

The 351 participating pharmacies dispensed 749,659 pre-

scriptions of the seven investigated antibiotics and they

registered the management of 88,391 alerts. Incomplete

data recording (see Table 1) was found in 15.4% of the

records (n = 13,607); it was almost entirely caused by lack

of registration of the eGFR. The data consistency check

showed inconsistent registration in 4.1% of the records

(n = 3654).

The 88,391 alerts were generated for 64,763 patients.

Most alerts were generated for prescriptions of nitrofu-

rantoin (43,417 alerts, 49.1%), followed by amoxi-

cillin ? clavulanic acid (16,994 alerts, 19.2%) and

ciprofloxacin (11,519 alerts, 13.0%); see Table 2. The

majority of the alerts were generated for patients aged

70–79 years (42,126 alerts, 47.7%) and patients aged

80–89 years (35,168 alerts, 39.8%). The very elderly—

aged 90 years and over—accounted for 11.7% of the alerts

(n = 10,306); only 0.9% of the alerts were generated for

patients under 70 years of age (n = 791).

Fig. 1 Algorithm of clinical decision support rule for antibiotics and

renal function. CDSS clinical decision support system, eGFR

estimated glomerular filtration rate
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For 93.3% of the 88,391 alerts, the data recording

showed that they were generated because information on

renal function was lacking or outdated. In 15.5% of the

alerts, the pharmacist decided to dispense the prescribed

drug without recent information on the renal function of the

patient (Table 2). In 2.0% of the alerts, the pharmacist had

patient information indicating a special situation, for

example, that it concerned a patient on dialysis. For the

other alerts (82.5%), the pharmacist obtained or already

had information on the patient’s renal function. This

information led to unchanged dispensing in the majority of

cases, most often because the eGFR was above the

threshold of 30 ml/min/1.73 m2 (77.7% of the alerts). In

addition, in 3.0% of the cases (n = 2631), the pharmacist

judged that no intervention was needed although the eGFR

was below 30 ml/min/1.73 m2, for example, because the

prescribed dose was appropriate for this renal function. In

1.4% of the alerts, the prescribed dose was adjusted after

intervention by the pharmacist, and in 0.4% of the alerts the

drug was replaced. So, the management of alerts led overall

to 1532 prescription modifications (1.7%) because of renal

impairment. Within the patient group with severe renal

impairment (eGFR of B 30 ml/min/1.73 m2) (n = 4163),

the intervention rate was 36.8% (1532 cases with inter-

vention). Patients aged 90 and over accounted for 24.7% of

the prescription modifications (n = 378).

In 1988 cases (2.2% of the alerts), the pharmacist per-

formed a PoCT to obtain information on the renal function

before dispensing the antibiotic. In 1852 of the PoCTs, the

eGFR was documented in the CDSS. In 170 of these cases

(9.2%), the eGFR obtained by PoCT was B 50 ml/min/

1.73 m2, of which 18 cases (1.0%) had an eGFR

of B 30 ml/min/1.73 m2. The PoCT measurements resul-

ted in 15 prescription modifications (0.8% of the PoCT). In

three cases, nitrofurantoin was replaced by another

antibiotic. In 12 cases, the dose of the antibiotic was

reduced.

The percentage of PoCT with an eGFR of B 50 ml/min/

1.73 m2 was 6.1% for patients under 80 years of age,

11.6% for patients 80–89 years-old, and 29.2% for patients

90 years of age and older.

At the end of the study period, 49,178 of the 64,763

patients (75.9%) had a renal function registered in the

CDSS. For 13,252 (26.9%) of the patients with a docu-

mented renal function, at least one eGFR of B 50 ml/min/

1.73 m2 had been registered. For 2144 patients (4.4%), at

least one eGFR of B 30 ml/min/1.73 m2 had been

registered.

4 Discussion

The 351 participating pharmacists managed nearly 90,000

alerts on antibiotics and impaired renal function in

15 months. This led to over 1500 prescription modifica-

tions and nearly 2000 PoCTs. However, for patients with

an impaired renal function (eGFR of B 30 ml/min/

1.73 m2), we observed a much higher intervention rate of

Table 1 Check of consistency and completeness of data registration

Examples of check on

consistency and

completeness of data

registration

Registered alert management [III] Registered

renal function

[IV] Corresponding record in medication dispensing

history (based on ATC of the medication for which

the alert had been generated)[I] Situation [II]

Intervention

Example 1: consistent and

complete

Renal function is

below threshold

and dose is too

high

Dose

adjustment

eGFR B 30 ml/

min/1.73 m2

(B 56 weeks

ago)

Medication record with reduced dose (appropriate

for renal impairment)

Example 2: consistent and

complete

Renal function

unknown;

dispensed

No

intervention

No registered

renal function

Medication record with normal dose

Example 3: inconsistent (on

item IV)

Renal function is

below threshold

and dose is too

high

Dose

adjustment

eGFR B 30 ml/

min/1.73 m2

(B 56 weeks

ago)

Medication record with normal dose

Example 4: inconsistent (on

item III)

Renal function is

above threshold

No

intervention

eGFR B 30 ml/

min/1.73 m2

([ 56 weeks

ago)

Medication record with normal dose

Example 5: incomplete (on

item III)

Renal function is

below threshold

and dose is too

high

Dose

adjustment

No registered

renal function

Medication record with reduced dose (appropriate

for renal impairment)

ATC anatomical therapeutic chemical classification [25], eGFR estimated glomerular filtration rate

854 M. Heringa et al.



36.8%. Low intervention rates (\ 10%) are not uncommon

in routinely used CDSSs [27–30]. The low overall inter-

vention rate in our study was specifically caused by trig-

gering of alerts by missing information on renal function

(over 90% of the alerts).

Better exchange and registration of the available infor-

mation on renal function would have reduced the number

of unnecessary CDSS alerts in our study, thereby increas-

ing the percentage of relevant alerts. This is caused by the

fact that in 78% of the alerts in our investigation, the

information on renal function retrieved by the pharmacists

showed an eGFR of[ 30 ml/min/1.73 m2. If the renal

function had been available in the CDSS beforehand, no

alert would have appeared. So, the main reason for alert

generation in our study was the high number of missing or

outdated eGFR values in the CDSS. Furthermore, in 3% of

the alerts, the renal function was impaired, but the dose of

the antibiotic had already been adjusted. Probably, the

prescriber was aware of the impaired renal function and

wrote the prescription according to the dosing guidelines.

These alerts would not appear in an improved, more

specific CDSS with automatic consideration of the actual

dose in relation to the reference dose (taking into account

the indication), a function that was missing in the investi-

gated CDSS. So, combining better registration of renal

function in the CDSS and extended CDSS functionality

would have reduced the number of alerts by 81%.

The total number of 1988 performed PoCTs was rela-

tively low, which indicates that in most cases pharmacists

were well able to retrieve information on renal function

from other sources, for example, the prescriber (or that the

pharmacist judged that dispensing without information on

renal function was acceptable). In 0.8% of the PoCTs, the

prescription was modified, which was less than the overall

result of 1.7% prescription modifications. This can be

explained by the fact that for patients with risk factors for

renal impairment (for example, diabetes), it is more likely

that information on renal function was already available. In

9% of the PoCTs, an impaired renal function was found.

This indicates that the ‘number needed to test’ to identify

one patient with an eGFR of B 50 ml/min/1.73 m2 was 11.

In patients aged 90 years and over, the ‘number needed to

test’ to identify one patient with an eGFR of B 50 ml/min/

1.73 m2 was only 3. Based on these results, performing

PoCT is probably the most worthwhile in the patient

groups with the highest age; further research is needed to

better specify in which patient groups PoCT should be used

for the optimal balance between efficiency and safety.

More in general, PoCT is useful when information on

renal function is urgently needed, when the intended drug

needs dose adjustment or replacement even in the case of

mild or moderate impaired renal function, and when the

prescribed drug has a narrow therapeutic window. TheT
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antibiotics included in this investigation needed dose

adjustment in the case of severely impaired renal function

(eGFR of B 30 ml/min/1.73 m2). This explains the limited

number of prescription modifications after PoCT. Although

at the time of the POCT no intervention may have been

needed, the retrieved (impaired) renal function can be

useful for assessment of other prescriptions in the near

future. The identification of patients with a severely

impaired renal function can especially be relevant when the

patient has not been diagnosed with renal impairment

before. Although PoCT for creatinine is not completely

equivalent to laboratory measurement, it has been shown to

be sufficiently accurate for detecting relevantly impaired

renal function [22].

By the end of the study period, a renal function was

registered for about 75% of the patients. This percentage is

in the upper range of results from some recent surveys

about the availability of information on renal function in

community pharmacy [16, 17]. This suggests that the

routine use of the CDSS can contribute to better docu-

mentation of renal function. In about 15% of the alerts, the

antibiotic was dispensed while the pharmacist had no

information on the patient’s renal function. The reasons can

be several; for example, no information on renal function

was available over the last year, but 18 months ago the

renal function was normal. When the patient has a

stable health condition, the pharmacist probably judged it

very unlikely that the current eGFR was under 30 ml/min/

1.73 m2 (the threshold for intervention for the antibiotics in

this investigation).

The CDSS generated alerts based on the most recent

registered renal function. A measurement of up to

13 months ago (56 weeks) was considered recent—con-

sistent with yearly monitoring. Renal function can, how-

ever, fluctuate over time, especially in patients with an

unstable condition (for example, after hospital admission)

[31]. Single point measurements therefore have limited

validity, and after finding potentially impaired renal func-

tion, repeated measurements are needed. Moreover, the

eGFR can be an underestimation or overestimation of the

actual value. Formulas for estimating GFR should be

applied carefully, and the patients’ individual characteris-

tics should be taken into account [32, 33]. Future CDSSs

could be improved by incorporating historical trends in

patients’ renal function and patient characteristics affecting

GFR estimates in the algorithms. But even then clinical

decision support is only a tool to detect a potential prob-

lem. The management of an alert needs an individualized

assessment by a competent health care professional.

This retrospective observational study has strengths and

limitations. A major strength is the large sample size: the

management of nearly 90,000 alerts was investigated and

the CDSS and PoCT were used in over 350 pharmacies.

Therefore, our study gives an overview of routine alert

management by community pharmacists. Moreover, it

shows that a CDSS can be successfully implemented on a

large scale in daily community pharmacy practice, as our

study included one sixth of all community pharmacies in

the Netherlands.

A first limitation is that the appropriateness of the alert

management and the renal function estimation by the

pharmacists for the concerned patients was not assessed by

the researchers (e.g., whether dispensing without knowing

the renal function was acceptable). The estimation and

interpretation of the renal function and the relevance of the

intervention are dependent on individual patient charac-

teristics. Future research could elucidate pharmacists’

assessment of CDSS alerts regarding renal function.

Secondly, because of the routine registration in daily

practice and the large number of participating pharmacists,

incorrect registrations might have occurred. To reduce

variation, all pharmacists were trained on correct registra-

tion of alert management. We checked data consistency

and rated it as acceptable for a large scale observational

study in daily practice, with less than 5% inconsistent

registrations. Data completeness was good, except for

registration of the value of eGFR, which was missing in

about 15% of the records. However, because information

on eGFR category (B or[ 30 ml/min/1.73 m2) was

available for the records concerned, it is unlikely that study

results were relevantly affected.

Insight in the current management of drug therapy alerts

on renal impairment can contribute to better CDSSs and to

better alert management by the health care professional. In

future research, a focus on the interpretation of renal

function measures on the level of the individual patient,

supported by CDSSs, could complement the current

knowledge in this field.

5 Conclusion

Community pharmacists performed CDSS-based interven-

tions to prevent potentially inappropriate (dosing of)

antibiotics in elderly patients with renal impairment.

Pharmacists retrieved most data on renal function from

other health care professionals, and they used PoCT only in

a limited number of cases. The intervention rate could be

greatly increased by better registration of information on

renal function to automatically identify the patients with

impaired renal function. Performing PoCT seems espe-

cially worthwhile in the highest age groups.
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