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Abstract: Insight into antibiotic prescribing quality is key to general practitioners (GPs) to improve
their prescribing behavior and to national antibiotic surveillance and stewardship programs.
Additionally to numbers of prescribed antibiotics, quality indicators (QIs) linked to the clinical
indication for prescribing are urgently needed. The aim of this proof of concept study was to define
indication-linked Qls which can be easily implemented in Dutch primary care by collaborating with
data-extraction/processing companies that routinely process patient data for GP practices. An expert
group of academic and practicing GPs defined indication-linked QIs for which outcomes can be
derived from routine care data. QI outcomes were calculated and fed back to GPs from 44 practices,
associations between QI outcomes were determined, and GPs’ opinions and suggestions with respect
to the new set were captured using an online questionnaire. The new set comprises: (1) total
number of prescribed antibiotics per 1000 registered patients and percentages of generally non-1st
choice antibiotics; (2) prescribing percentages for episodes of upper and lower respiratory tract
infection; (3) 1st choice prescribing for episodes of tonsillitis, pneumonia and cystitis in women.
Large inter-practice variation in QI outcomes was found. The validity of the QI outcomes was
confirmed by associations that were expected. The new set was highly appreciated by GPs and
additional QIs were suggested. We conclude that it proved feasible to provide GPs with informative,
indication-linked feedback of their antibiotic prescribing quality by collaborating with established data
extraction/processing companies. Based on GPs’ suggestions the set will be refined and extended and
used in the near future as yearly feedback with benchmarking for GPs and for national surveillance
and stewardship purposes.

Keywords: antibiotic; general practice; quality indicator; prescribing quality; feedback; national
surveillance; respiratory tract infection; episode; clinical indication

1. Introduction

General practitioners (GPs) are responsible for prescribing 80% of antibiotics in the outpatient
setting and therefore have a major responsibility to continuously focus on appropriate antibiotic
prescribing [1]. Inappropriate antibiotic prescribing, defined as non-indicated and/or non-1st choice
prescribing, is the main driver of antimicrobial resistance (AMR) [2,3]. AMR has become a major and
challenging global health issue [4,5], as it results in reduced efficiency of antibiotics, making treatment
of infectious diseases complicated, costly and ultimately ineffective [6]. The reasons for inappropriate
antibiotic prescribing are multitude and originate at the interplay between doctor, patient and cultural
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context. Qualitative research identified many factors driving inappropriate prescribing, like diagnostic
uncertainty, lack of guidelines, patient pressure and wrong expectations, time constraints, GPs” habits,
and an unstable GP-patient relationship due to lack of continuity of care [7,8].

To address AMR, antibiotic stewardship programs have been implemented globally. The Center
for Disease Control and Prevention defined outpatient antibiotic stewardship as the efforts: (1) to
measure antibiotic prescribing; (2) to improve antibiotic prescribing by clinicians and use by patients so
that antibiotics are only prescribed and used when needed; (3) to minimize mis- or delayed diagnoses
leading to underuse of antibiotics; (4) to ensure that the right drug, dose, and duration are selected
when an antibiotic is needed [6].

To support these efforts and for national surveillance purposes, there is an urgent need for a
valid instrument to assess antibiotic prescribing quality at a GP practice level. Reporting numbers of
prescribed antibiotics does not tell the full story [9-11]. This number needs to be related to a valid
measure of registered patients or contacts [12], and if done properly, is still not informative for which
indications antibiotics may be inappropriately prescribed. Prospective registration of consultations
can provide such specific feedback [11,13], and this feedback was shown to sustainably improve
antibiotic prescribing behavior [14]. However, regular monitoring by prospective registration will
not be accepted by GPs, nor is it feasible for national surveillance purposes. Therefore, a demanding
urge exists for antibiotic prescribing quality indicators (QIs) linked to clinical indications, that are
informative with respect to over- and non-1st choice prescribing and which can be derived from routine
care data [13,15-17].

Commissioned by the Dutch Ministry of Health, we aimed to define such a set of antibiotic
prescribing Qls, with the following features and prerequisites:

(1) Linking to clinical indications, as this was also strongly requested by practicing GPs and the
Dutch College of GPs;

(2) Outcomes derivable from practices’ electronic patient information systems, based on a uniform
data extraction/processing procedure, and done by specialized companies;

(3) Appreciated by GPs, as the yearly feedback should serve as a trigger and motivation for targeted
quality improvement [14,18]; and

(4) Useful for national antibiotic surveillance and stewardship programs.

The main aim of this study was to define an initial concise set of antibiotic prescribing Qls
by an expert group of academic and practicing GPs, and investigators in the field of antibiotic
research, based on Dutch guidelines and studies using routine care and registration data [14,19,20].
Additional aims were to operationalize data extraction and processing procedures, capturing outcomes
for 40 practices, and to investigate the properties of the QI outcomes and GPs’ opinions of the new set.

2. Methods

2.1. Definition of the Set of Antibiotic Prescribing QlIs

The QIs were defined by an expert group of two academic GPs, one practicing GP, a researcher
in the field, and a representative of the National Institute for Public Health and the Environment.
The group-based in depth discussion was on: (1) experiences of the Dutch ARTI4 prospective
registration [11,14]; (2) analysis of antibiotic prescribing using routine care data [20]; (3) the guidelines
of the Dutch College of GPs [19]; and (4) relevance for practicing GPs. First, clinical indications of
interest and the overall method for data processing were identified. Second, the individual Qls were
defined. Complete agreement for each QI was reached in the discussions. The considerations in this
process are described in more detail in the Results section.
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2.2. Setting

Routinely registered data from patients” medical files were extracted from 44 GP practices
by two Dutch data-extraction/processing companies, Medworq (https://www.medworq.nl/) and
INSZO-STIZON (https://www.stizon.nl/inszo/). Extraction and processing of patient data is the core
business of these companies as they provide GP practices with patient, management, prescribing and
chronic care data. These companies were responsible for data-extraction/processing and calculating QI
outcomes based on all data from 2017.

2.3. Data Processing
For each practice, three data sets were generated:

(1) All antibiotic prescriptions for systemic use (ATC code: J01);

(2) The mid-period population of registered patients; and

(3) All episodes of respiratory tract infections (RTIs) and urinary tract infections (UTIs) in women,
whether or not an antibiotic was prescribed, and which one.

To this aim, the data processing step searched for potential infectious ICPC-R chapter codes:
R02, R03, R05, R07-R09, R21, R22, R25, R29, R70-R72, R74-R78, R80-R83, and separately for potential
infectious ICPC-U chapter codes: U01-U14, U29, U70-U72 in women [20,21]. When such a code was
found, all other potential infectious ICPC R or U codes for that patient within three weeks were
combined with the first code in a disease episode [22]. Antibiotics prescribed within this period
were captured in the episode. After these three weeks, when a new ICPC R or U code was found,
this was considered the start of a new episode. Episodes can contain multiple ICPC codes and were
named after the most severe ICPC code registered in the three weeks (Appendix A). For example,
when ICPC codes for “upper RTT’, ‘cough’ and ‘pneumonia’ were registered, this was named an episode
of ‘pneumonia’. Based on this most severe code, RTI episodes were furthermore split in an upper- or
lower RTI (Appendix A).

Additional to the QI outcomes, the percentage of total J01 prescriptions that were captured in the
R and U episodes was calculated for each practice.

2.4. QI Outcome Calculations
General Qls:

Total number of J01 prescriptions/1000 registered patients/year;
Number of JO1CR prescriptions/total JO1 x 100%;

Number of JO1FA prescriptions/total J01 x 100%;

Number of JOIMA prescriptions/total J01 x 100%; and

Number of JO1CR + JO1FA + JO1IMA prescriptions/total J01 x 100%

Ol i o

Prescribing percentages for:

Upper RTT: episodes of upper RTI with any J01/total upper RTI episodes X 100%; and
Lower RTT: episodes of lower RTI with any J01/total lower RTI episodes x 100%

NS

1st choice prescribing for:

8.  Tonsillitis: JO1CE in R76 episode/R76 episodes with any J01 x 100%;
9.  Pneumonia: J01AA or J0O1CA04 in R81 episode/R81 episodes with any J01 x 100%; and
10. 1Cystitis women: JO1XE or J01XX in U71 episode/U71 episodes with any JO1 x 100%

2.5. Participants

Part of the obligatory continuing education for GPs is organized by collaborating groups of GP
practices with their pharmacist(s) who provide prescribing feedback for the subject of the session. Six of
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those groups, with a total of 44 practices and 104 GPs, volunteered in participating and organizing
a session on ‘prudent antibiotic prescribing’. They used the QI feedback developed in this study.
Feedback was provided per practice with reference to the other practices in the group, and to outcomes
of all practices. AvdV presented this feedback during the educational sessions. Participating practices,
from both rural and urban areas, were from the central and southern parts of the Netherlands.

2.6. Online Questionnaires

The day after the educational session an invitation and link for an anonymous online survey
was e-mailed to participating GPs to evaluate various aspects of the QI set. A reminder was e-mailed
2 weeks later. Answers were allowed on a 7-point Likert scale with answer options ranging from ‘not at
all... "to’very ... "and with answer option 4 as ‘moderate’. The specific wording of the questions
and answer options are shown in Table 3. Suggestions and remarks concerning the Qls were allowed
in free text.

2.7. Analyses

QI outcomes are presented as means, with minimum and maximum values, median and quartiles.
Pearson’s correlation coefficients were calculated to determine correlations between the QI outcomes.

Questionnaire results are presented by showing percentages of respondents providing the answer
options 5-7 (above moderate), or ‘yes’. Free text answers are summarized.

3. Results

3.1. Definition of the Pilot Set of QIs: Considerations and Decisions of the Expert Team

- As afirst quantitative indicator, the number of prescribed antibiotics per 1000 registered patients
per year was chosen, as GPs are familiar with this measure. The focus was on how to define
the number of registered patients to obtain a valid and comparable outcome. Consensus was
for patients registered at the practice, irrespective of a consultation (for infectious diseases),
omitting passers-by, and measured at the first day of month 7. Taking the mid-period population
was considered to correct for births, deaths and moving in and out of the practice, and is also
used by the WHO [23]. Counting every patient registered during the year would result in an
overestimation of the population and thereby derogates the QI1 outcome.

- In the Netherlands, amoxicillin/clavulanate, macrolides and quinolones are generally non-1st
choice antibiotics for those indications where the most antibiotic are prescribed for: upper
and lower RTIs, otitis media, uncomplicated UTIs and most skin infections [19,20]. It was
therefore considered relevant to include the percentages of those antibiotics, as well as their
sum, as an indication for overall non-1st choice prescribing. As these percentages are calculated
over all prescriptions, part will be guideline-indicated, for example for complicated disease,
sexually transmitted diseases, and in case of allergies. Nevertheless, these percentages were
considered informative in comparing with peer practices, and as the higher these percentages are
the more likely it is that these antibiotics are prescribed inappropriately.

- Prescribing percentages are often calculated as percentages of contacts for a specific ICPC code
in which antibiotics were prescribed [20]. A major drawback of this approach is the highly
variable patient consultation behavior. In practices with a low threshold to consult, patients can
for example consult three times for sinusitis; if they would receive an antibiotic upon the third
encounter, the prescription percentage for sinusitis would be 33%. In case the triage is more strict,
and patients consult per severe or prolonged disease and then receive an antibiotic, the prescription
percentage would be 100%. This example shows that in comparing prescription percentages based
on contacts, differences in consultation behavior and triage policy might interfere. There was
consensus to calculate prescription percentages per disease episodes of three weeks, irrespective
of how many times a patient consults in that period.



Antibiotics 2020, 9, 670 50f11

- International and Dutch studies emphasize that most antibiotics are prescribed for RTIs and that
most overprescribing is for RTIs [11,20]. It was therefore agreed to implement two QlIs indicative
for prescribing quality for RTIs: the prescription percentage for episodes of upper and lower
RTIs. During such an illness episode, various ICPC codes can be registered (disease progression,
or follow-up), for example bronchitis developing in pneumonia, or upper RTT in sinusitis. It was
agreed to generate illness episodes for upper and lower RTI by retrieving and combining all
registered potential infectious ICPC codes within a period of three weeks after an index contact.
A decision algorithm was defined to name the episode after the most severe ICPC code. Based on
this code, RTI episodes were split in upper or lower RTI (Appendix A).

- The expert team assumed that this approach would also tackle diagnostic labeling
(misclassification), the phenomenon that GPs tend to justify their prescription by registering a
more severe infection, for example ‘pneumonia’ [24]. Whether an episode is coded as cough,
bronchitis or pneumonia, they all belong to a lower RTI and the prescription percentage is
calculated over all these episodes.

- Another aspect of inappropriate prescribing is non-1st choice prescribing. The expert group
reached consensus to measure non-1st choice prescribing for three specific clinical indications:
tonsillitis, pneumonia and cystitis in women. These indications were chosen as they belong
to different types of infection, an upper, a lower RTI and a UTI, and because the Dutch
guidelines recommend different antibiotic classes for these indications, a small-spectrum penicillin,
amoxicillin or doxycycline, and nitrofurantoin or fosfomycin, respectively [19]. The Dutch College
of GPs regularly updates the guidelines also taking resistance rates into account in treatment
advice for infectious diseases. The increasing resistance of Streptococcus pneumoniae to doxycycline
(15%) was the reason to change the 1st choice antibiotic for pneumonia to amoxicillin. In 2017,
Strep. pneumoniae resistance to amoxicillin was 2% [25]. For the period after the guideline change,
it was decided to consider both amoxicillin and doxycycline as appropriate treatments. Resistance
of E. coli to nitrofurantoin and fosfomycin was respectively 2% and 1% in the Netherlands [25].

3.2. Outcomes of the Qls

In total, 44 practices participated in the project. Mid-term practice sizes varied between 1406 and
12,660 registered patients, with a mean of 3866. Table 1, with the QI results for these practices, shows large
variation in outcomes, for example QI1 varied between 129 and 484 prescribed antibiotics per
1000 registered patients per year, and QI9 between 39% and 100% 1st choice prescribing for pneumonia.

Table 1. Outcomes of the new set of antibiotic prescribing quality indicators.

Quality Indicator Mean (SD) Min-Max Median 25-75

1 Antibiotics/1000 patients/year 303 (92.7) 129-484 311 232-368
2 % Amoxi/clav 10.1 (2.6) 4.7-14.9 10.2 8-12.2
3 % Macrolides 10.2 (4.2) 3.9-21.7 10.1 6.7-12.5
4 % Quinolones 6.5(1.9) 3.2-12.2 6.4 51-7.7
5 % Amoxi/clav + Macrolides + Quinolones 26.7 (4.9) 16.8-40.4 26.9 22.6-30.1
6 Prescribing % URTI 28 (11.8) 8.5-52.6 23.4 19.4-38.1
7 Prescribing % LRTI 33.5(14.4) 10.5-64.4 29.6 22-44.1
8 % 1st Choice prescribing tonsillitis 60.5 (23) 0-100 62.5 50-75

9 % 1st Choice prescribing pneumonia 74.4 (12.9) 38.5-100 75.6 65.8-84.7
10 % 1st Choice prescribing cystitis () 83.6 (5.9) 60.9-91.7 84.9 80.6-87.2

Mean, standard deviation (SD), the lowest and highest values (Min-Max), median and quartiles (25-75) are shown
for the 10 QI outcomes for 44 GP practices.

As a control for (correct) ICPC coding and data-processing into episodes, the percentage of all
prescriptions (from QI1) that were captured in the upper- and lower RTI and cystitis in women episodes
was determined for each practice. This measure varied between 30% and 62%, with a mean of 43%.
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3.3. Correlations between QI Outcomes

Inter-QI outcome correlations were determined as a proxy for their validity, and also between the
QI outcomes and the percentage of prescriptions captured in the episodes (Table 2). Strong positive
correlations were found between QI1 (antibiotics/1000 patients/year) and the prescription percentages
for upper and lower RTIs (QI6 and 7). The latter two also strongly correlated. QI5 (total 2nd choice
prescribing) was significantly correlated with QI1, and with the prescription percentages for upper
and lower RTIs. Negative correlations were found between overall 2nd choice prescribing (QI2, 3 and
5) and 1st choice prescribing for tonsillitis (QI8) and pneumonia (QI9). High prescribing for upper and
lower RTIs were correlated with low 1st choice prescribing for pneumonia.

Table 2. Correlations between the quality indicator outcomes.

QI AB  %A/c %M %Q %SUM  %uRTI %IRTI %1st T %1st P %1st C % P_E
Antibiotics/1000 pnt/year X X X X X X X
o . 0.451 0.383 —0.444
% Amoxi/clav X 0.002 0.01 X 0.003 X X
% Macrolides 044 0.437 X X X

0.003

0.003

% Quinolones X X X X
% Amox/clav + Macrolides -0.397 « N
+ Quinolones 0.008
% Upper RTI 500%978 X X
% Lower RTI X _00032‘;3 X X
% 1st Choice
Tonsillitis X X X
% 1st Choice Pneumonia X X
% 1st Choice Cystitis (?) X

Pearson’s correlations between the 10 QI outcomes are shown, and also with the percentage of prescriptions captured
in the episodes (P_E). A strong positive association is shown in dark green and a weaker association in light green.
A strong negative association is shown in red and a weaker association in orange. Correlation coefficients and
p-values are shown in the cells.

For validity and reliability reasons, it is relevant if QI outcomes correlate with the control for ICPC
coding and data-processing. None of the QI outcomes correlated with the percentage of prescriptions
captured in the episodes.

3.4. GPs’ Opinions and Suggestions with Respect to the Qls

In order to have an impact, the set of QIs needs to be appreciated by GPs, and GPs need to
trust the data extraction/processing of their electronic patient files. The online questionnaire results
are shown in Table 3. The vast majority of GPs confirmed a need for new antibiotic prescribing Qls
and the added value of QIs linked to clinical indications. Over 80% of respondents had trust in the
data extraction/processing, regarded this set as useful and recognized their prescribing habits in the
outcomes. GPs suggested to add more indication-linked QIs, namely for skin infections (n = 10),
complicated UTIs (n = 6), acute otitis media (n = 5), sinusitis (n = 2), and STDs (n = 2).

Table 3. General practitioners” opinions of the new set of antibiotic prescribing quality indicators.

% of GPs Responding with

Questionnaire Item Ranges of Answers Options 5-7 * or Yes *
Need for new antibiotic prescribing QIs no need—very high need * 88%
Added value of QIs linked to clinical indication yes/no # 100%
Impression of the Qls presented today not at all useful—very useful * 91%
Expect this QI feedback to change your prescribing behaviour yes/no # 69%
Recognize yourself in the QI outcomes not at all—completely * 80%
Trust in data extraction/processing of your routine care data no trust at all—very high trust * 83%

A total of 45 out of 104 GPs responded to the online, anonymous survey. Free text responses are described in the
Results. * Percentages of options 5-7, # percentages of yes.
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Nearly 70% of GPs expected this QI feedback to change their antibiotic prescribing behavior,
mentioning the following reasons: increased reticence towards 2nd choice antibiotics and prescribing
for RTIs, more insight in overprescribing, increased awareness, and necessity to re-evaluate old habits.
Reasons mentioned by those who did not expect a changing prescribing behavior were: the feedback
indicates prudent prescribing already, and these practice outcomes do not apply to me working in a
group practice.

The following relevant suggestions and questions were fed back: the request for individual
prescriber feedback, whether outcomes can/need to be corrected for complexity/age of the practice
patient population, and that prescriptions for long-term, or preventive antibiotic use disproportionally
add to the outcome of QI1.

4. Discussion

4.1. Summary of Main Results

In this study we have shown the feasibility of using routine primary health care data to determine
antibiotic prescribing QI outcomes, with additional novelties of linking to clinical indications and
analyzing disease episodes. The pilot set of 10 QIs was highly appreciated by GPs and seen as a
stimulus to appropriate prescribing habits. Regular analysis and feedback of these QI outcomes
thereby significantly adds to national antibiotic surveillance and stewardship programs and can be
implemented by other countries as well [6].

4.2. Comparison with Existing Literature

Numerous sets of antibiotic prescribing Qls for the outpatient setting have been described and
evaluated in the literature [17,26]. To our knowledge, only a limited number of countries have been
able to link antibiotic prescribing to clinical indications [20,27-29], and none of these do this linking per
practice, in a non-academic environment, using routine care data. Moreover, as we have introduced
disease episodes instead of analyzing consultations, comparison with other studies is complicated.
An extensive set of antibiotic prescribing Qls has been analyzed in Denmark using prospective
registration of consultations [13]. Small-spectrum antibiotic prescribing for tonsillitis was considerably
higher in Denmark than in our study. It, however, needs to be mentioned that the 1st choice antibiotic,
pheneticillin, was periodically unavailable in Dutch pharmacies in recent years. On the other hand,
our study shows better adherence to the 1st choice antibiotic for pneumonia.

Studies with QlIs often present acceptable ranges, or target values [13]. We have deliberately
chosen not to do this yet. First, not enough data are available, upon having introduced prescribing per
episode, to make firm recommendations for acceptable ranges. Second, the QI results will be fed back
using the existing structure of continuing education for collaborating practices. We anticipate that
the combination of benchmarking by comparison to peer practices, as well as to overall averages and
quartiles will serve as a stimulus to improve prescribing habits.

The inter-practice variation in QI outcomes reflects the highly variable antibiotic prescribing
quantity and quality shown in many other studies [30-33]. In the Netherlands, antibiotic
prescribing/1000 registered patients/year was shown to vary by a factor of five, which makes it
credible that QI outcomes show a similar variation [14].

4.3. Strengths and Limitations

The overall strength of this study is a new procedure resulting in a set of antibiotic prescribing
QIs providing information in which indications antibiotics may be inappropriately prescribed.
This can be of much added value to national antibiotic surveillance and stewardship programs,
as outcomes can be obtained for nearly all GP practices. We have shown that outcomes can be derived
without involvement or time investment of GPs, using their routine electronic patient health records,
by professional data-extraction/processing companies. Our procedure could be adapted by other
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countries, implementing their indications and antibiotic groups of interest, thereby enabling European,
or even worldwide surveillance of antibiotic prescribing quality. The involvement of professional
companies seems a prerequisite for national implementation as it enables uniformity of procedures,
comparability, and adaptability. When guidelines implement another 1st choice antibiotic, due to
for example increasing resistance, the professional companies can easily adapt this in their data
processing procedure.

Indicative for the reliability of the procedure and QIs were the as to be expected inter-QI
correlations: highly significant correlations were found between high overall prescribing and high
prescription percentages for upper and lower RT1s, and between overall high 2nd choice prescribing
and low 1st choice prescribing for tonsillitis and pneumonia. Moreover, interesting correlations were
seen for QIs that are not necessarily linked, like high overall 2nd choice prescribing with prescribing
percentages for RTIs, and with high overall prescribing. This implies that practices have an overall
(numbers, prescribing percentages and choice) good, or less favorable performance. The detailed
feedback highlights specific targets for improvement for the latter group. GPs’” appreciation of the
procedure and QI set will aid in motivating them to appropriate prescribing practice [18].

Some limitations should be acknowledged, most of which were also mentioned by the GPs in
the evaluation. First, GPs from group practices expressed a need for outcomes at the individual GP
level. Unfortunately, data capture per individual GP is complicated from most electronic patient
systems, and even more difficult in the procedure using episodes. Moreover, determining the patient
population belonging to an individual GP in a group practice is complicated. Second, in some
electronic patient systems, chronic or preventive use of antibiotics is registered as a weekly prescription.
Those 52 prescriptions per year disproportionally add in QI1. In refining the set, focus will be on
omitting these prescriptions from QI1. Third, for reliability of the procedure, patient contacts need to
be ICPC-coded and correctly coded. Correct ICPC coding is stimulated in the Netherlands, but can still
be improved. The variation in (correct) ICPC coding is reflected by the variation in the percentage of
prescriptions captured in the episodes. We estimated that around 50-60% of all prescriptions would be
for an RTI or cystitis in women [20], and a mean of 40% shows that episodes could have been missed.
It was, however, reassuring that none of the QI outcomes correlated with this percentage. Fourth,
GPs often suggested to correct the outcomes for particular features of their patients (comorbidity, age,
social economical state, antibiotic allergies). Beforehand it was decided not to correct for case-mix
and individual patient characteristics as many studies have shown that the majority of inter-practice
variation in antibiotic prescribing cannot be explained by patient characteristics, and is likely to be
due to GPs’ prescribing habits [30-33]. With respect to the methodology, this pilot set was defined by
experts. Feedback from the 45 practicing GPs has been used to further refine and extend the pilot set
towards the set that is currently being implemented in the Netherlands. Results from an additional
200 practices will become available soon and show the generalizability of the results.

4.4. Perspectives

This proof of concept study has shown that electronic patient systems routinely used in Dutch
primary care can reliably deliver outcomes of clinical indication-linked antibiotic prescribing Qls.
Thereby, a useful tool has been established to regularly monitor antibiotic prescribing quality per GP
practice, for internal use by the GPs, and for external use by the government, the Dutch college of GPs,
and educational organizations. Herewith, the way is paved for the implementation of this procedure
to support national antibiotic surveillance and stewardship programs.
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Appendix A

Most severe/overarching ICPC code, algorithm for RTI

From codes R02 to R82: the highest is the overarching code
R83: if given with any other code, that other code is the overarching code
Combination of R72 and R74, R75 or R76: R72 is the overarching code

Most severe/overarching ICPC code: algorithm for UTI

From codes UO1 to U72: the highest is the overarching code
Combination of U70 and U71: U70 is the overarching code
Combination of U70 and U72: U70 is the overarching code
Combination of U71 and U72: U71 is the overarching code

Splitting upper RTI and lower RTI

Upper RTI: (overarching) codes R07-R09, R21, R22, R72, R74-R76
Lower RTI: (overarching) codes R02, R03, R05, R25, R70, R71, R77, R78, R80-R83

References

1.

10.

ECDC—Antimicrobial Consumption—Annual Epidemiological Report for 2018. Available online: https:
/[www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-consumption-europe-2018 (accessed
on 10 August 2020).

Costelloe, C.; Metcalfe, C.; Lovering, A.; Mant, D.; Hay, A.D. Effect of antibiotic prescribing in primary
care on antimicrobial resistance in individual patients: Systematic review and meta-analysis. BM] 2010,
340, c2096. [CrossRef] [PubMed]

Goossens, H.; Ferech, M.; Vander Stichele, R.; Elseviers, M. ESAC Project Group. Outpatient antibiotic
use in Europe and association with resistance: A cross-national database study. Lancet 2005, 365, 579-587.
[CrossRef]

Toner, E.S.; Adalja, A.; Gronvall, G.K.; Cicero, A.; Inglesby, T.V. Antimicrobial Resistance Is a Global Health
Emergency. Health Secur. 2015, 13, 153-155. [CrossRef]

Gajdacs, M. The Concept of an Ideal Antibiotic: Implications for Drug Design. Molecules 2019, 24, 892.
[CrossRef] [PubMed]

Mendelson, M.; Matsoso, M.P. The World Health Organization global action plan for antimicrobial resistance.
SAM]J S. Afr. Med. ]. 2015, 105, 325. Available online: https://www.cdc.gov/antibiotic-use/community/pdfs/
16_268900-A_CoreElementsOutpatient_508.pdf (accessed on 2 October 2020). [CrossRef] [PubMed]
Petursson, P. GPs’ reasons for “non-pharmacological” prescribing of antibiotics, a phenomenological study.
Scand. ]. Prim. Health Care 2005, 23, 120-125. [CrossRef]

Yates, T.D.; Davis, M.E.; Taylor, Y.J.; Davidson, L.; Connor, C.D.; Buehler, K.; Spencer, M.D. Not a magic
pill: A qualitative exploration of provider perspectives on antibiotic prescribing in the outpatient setting.
BMC Fam. Pr. 2018, 19, 96. [CrossRef]

Van Der Velden, A.W.; Pijpers, E.; Kuyvenhoven, M.M.; Tonkin-Crine, S.; Little, P.; Verheij, T]J. Effectiveness
of physician-targeted interventions to improve antibiotic use for respiratory tract infections. Br. J. Gen. Pr.
2012, 62, e801-e807. [CrossRef]

Arnold, S.; Straus, S.E. Interventions to improve antibiotic prescribing practices in ambulatory care.
Cochrane Database Syst. Rev. 2005, 2005, 003539. [CrossRef]


https://www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-consumption-europe-2018
https://www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-consumption-europe-2018
http://dx.doi.org/10.1136/bmj.c2096
http://www.ncbi.nlm.nih.gov/pubmed/20483949
http://dx.doi.org/10.1016/S0140-6736(05)70799-6
http://dx.doi.org/10.1089/hs.2014.0088
http://dx.doi.org/10.3390/molecules24050892
http://www.ncbi.nlm.nih.gov/pubmed/30832456
https://www.cdc.gov/antibiotic-use/community/pdfs/16_268900-A_CoreElementsOutpatient_508.pdf
https://www.cdc.gov/antibiotic-use/community/pdfs/16_268900-A_CoreElementsOutpatient_508.pdf
http://dx.doi.org/10.7196/SAMJ.9644
http://www.ncbi.nlm.nih.gov/pubmed/26242647
http://dx.doi.org/10.1080/02813430510018491
http://dx.doi.org/10.1186/s12875-018-0788-4
http://dx.doi.org/10.3399/bjgp12X659268
http://dx.doi.org/10.1002/14651858.CD003539.pub2

Antibiotics 2020, 9, 670 10 of 11

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Dekker, A.R.J.; Verheij, T.J.M.; Van Der Velden, A.W. Inappropriate antibiotic prescription for respiratory
tract indications: Most prominent in adult patients. Fam. Pract. 2015, 32, 401-407. [CrossRef]

Versporten, A.; Gyssens, 1.C.; Pulcini, C.; Monnier, A.A.; Schouten, J.; Milani¢, R.; Stani¢ Beni¢, M.;
Tebano, G.; Le Maréchal, M.; Zanichelli, V.; et al. Metrics to assess the quality of antibiotic use in the
outpatient setting: A systematic review followed by an international multidisciplinary consensus procedure.
J. Antimicrob. Chemother. 2018, 73, 59-66. [CrossRef] [PubMed]

Saust, L.T.; Bjerrum, L.; Siersma, V.; Arpi, M.; Hansen, M.P. Quality assessment in general practice: Diagnosis
and antibiotic treatment of acute respiratory tract infections. Scand. J. Prim. Health Care 2018, 36, 372-379.
[CrossRef] [PubMed]

Van Der Velden, A.; Kuyvenhoven, M.M.; Verheij, T.J.M. Improving antibiotic prescribing quality by
an intervention embedded in the primary care practice accreditation: The ARTI4 randomized trial.
J. Antimicrob. Chemother. 2015, 71, 257-263. [CrossRef] [PubMed]

Tyrstrup, M.; Van Der Velden, A.; Engstrom, S.; Goderis, G.; Molstad, S.; Verheij, T.; Coenen, S.;
Adriaenssens, N. Antibiotic prescribing in relation to diagnoses and consultation rates in Belgium, the
Netherlands and Sweden: Use of European quality indicators. Scand. J. Prim. Health Care 2017, 35, 10-18.
[CrossRef] [PubMed]

Saust, L.T.; Bjerrum, L.; Arpi, M.; Hansen, M.P. Quality indicators for the diagnosis and antibiotic treatment
of acute respiratory tract infections in general practice: A RAND Appropriateness Method. Scand. J. Prim.
Health Care 2017, 35, 192-200. [CrossRef]

Saust, L.T.; Monrad, R.N.; Hansen, M.P,; Arpi, M.; Bjerrum, L. Quality assessment of diagnosis and antibiotic
tretment of infectious diseases in primary care: A systematic review of quality indicators. Scand. J. Prim.
Health Care 2016, 34, 258-266. [CrossRef]

Pronovost, PJ.; Miller, M.; Wachter, R M. The GAAP in Quality Measurement and Reporting. JAMA 2007,
298, 1800-1802. [CrossRef]

Primary Care Guidlines, Dutch College of General Practitioners. Available online: https://richtlijnen.nhg.org/
(accessed on 10 August 2020).

van den Broek d’Obrenan, J.; Verheij, T.J.M.; Numans, M.E.; van der Velden, A.W. Antibiotic use in Dutch
primary care: Relation between diagnosis, consultation and treatment. J. Antimicrob. Chemother. 2014, 69,
1701-1707. [CrossRef]

WONCA International Classification of Primary Care. Available online: https://www.globalfamilydoctor.com/
site/DefaultSite/filesystem/documents/Groups/WICC/International %20Classification%200f%20Primary %
20Care%?20Dec16.pdf (accessed on 10 August 2020).

Boesten, J.; Harings, L.; Winkens, B.; Knottnerus, A.; Van Der Weijden, T. Defining antimicrobial prescribing
quality indicators: What is a new prescription? Eur. J. Clin. Pharmacol. 2010, 67, 91-96. [CrossRef]

WHO. European Health for All Database. Available online: https://gateway.euro.who.int/en/datasets/
european-health-for-all-database/ (accessed on 10 August 2020).

Hutchinson, J.M.; Jelinski, S.; Hefferton, D.; Desaulniers, G.; Parfrey, P.S. Role of diagnostic labeling in
antibiotic prescription. Can. Fam. Physician 2001, 47, 1217-1224.

Nethmap 2017: Consumption of Antimicrobial Agents and Antimicrobial Resistance among Medically
Important Bacteria in the Netherlands. Available online: https://www.rivm.nl/bibliotheek/rapporten/2017-
0056.pdf (accessed on 10 August 2020).

Le Maréchal, M.; Tebano, G.; Monnier, A.A.; Adriaenssens, N.; Gyssens, 1.C.; Huttner, B.; Milani¢, R.;
Schouten, J.; Beni¢, M.S.; Versporten, A.; et al. Quality indicators assessing antibiotic use in the
outpatient setting: A systematic review followed by an international multidisciplinary consensus procedure.
J. Antimicrob. Chemother. 2018, 73, vi40-vi49. [CrossRef] [PubMed]

Tyrstrup, M.; Beckman, A.; Molstad, S.; Engstrom, S.; Lannering, C.; Melander, E.; Hedin, K. Reduction in
antibiotic prescribing for respiratory tract infections in Swedish primary care—A retrospective study of
electronic patient records. BMC Infect. Dis. 2016, 16, 1-10. [CrossRef] [PubMed]

Aabenhus, R.; Hansen, M.P,; Saust, L.T.; Bjerrum, L. Characterisation of antibiotic prescriptions for acute
respiratory tract infections in Danish general practice: A retrospective registry based cohort study. NPJ Prim.
Care Respir. Med. 2017, 27, 37. [CrossRef] [PubMed]


http://dx.doi.org/10.1093/fampra/cmv019
http://dx.doi.org/10.1093/jac/dky119
http://www.ncbi.nlm.nih.gov/pubmed/29878220
http://dx.doi.org/10.1080/02813432.2018.1523996
http://www.ncbi.nlm.nih.gov/pubmed/30296885
http://dx.doi.org/10.1093/jac/dkv328
http://www.ncbi.nlm.nih.gov/pubmed/26490015
http://dx.doi.org/10.1080/02813432.2017.1288680
http://www.ncbi.nlm.nih.gov/pubmed/28277045
http://dx.doi.org/10.1080/02813432.2017.1333305
http://dx.doi.org/10.1080/02813432.2016.1207143
http://dx.doi.org/10.1001/jama.298.15.1800
https://richtlijnen.nhg.org/
http://dx.doi.org/10.1093/jac/dku005
https://www.globalfamilydoctor.com/site/DefaultSite/filesystem/documents/Groups/WICC/International%20Classification%20of%20Primary%20Care%20Dec16.pdf
https://www.globalfamilydoctor.com/site/DefaultSite/filesystem/documents/Groups/WICC/International%20Classification%20of%20Primary%20Care%20Dec16.pdf
https://www.globalfamilydoctor.com/site/DefaultSite/filesystem/documents/Groups/WICC/International%20Classification%20of%20Primary%20Care%20Dec16.pdf
http://dx.doi.org/10.1007/s00228-010-0909-z
https://gateway.euro.who.int/en/datasets/european-health-for-all-database/
https://gateway.euro.who.int/en/datasets/european-health-for-all-database/
https://www.rivm.nl/bibliotheek/rapporten/2017-0056.pdf
https://www.rivm.nl/bibliotheek/rapporten/2017-0056.pdf
http://dx.doi.org/10.1093/jac/dky117
http://www.ncbi.nlm.nih.gov/pubmed/29878218
http://dx.doi.org/10.1186/s12879-016-2018-9
http://www.ncbi.nlm.nih.gov/pubmed/27887585
http://dx.doi.org/10.1038/s41533-017-0037-7
http://www.ncbi.nlm.nih.gov/pubmed/28526836

Antibiotics 2020, 9, 670 11 of 11

29.

30.

31.

32.

33.

Dolk, F.C.K.; Pouwels, K.B.; Smith, D.R.M.; Robotham, J.V.; Smieszek, T. Antibiotics in primary care in
England: Which antibiotics are prescribed and for which conditions? ]. Antimicrob. Chemother. 2018, 73,
1i2-1i10. [CrossRef] [PubMed]

Pouwels, K.B.; Dolk, F.C.K.; Smith, D.R.M.; Smieszek, T.; Robotham, J.V. Explaining variation in antibiotic
prescribing between general practices in the UK. J. Antimicrob. Chemother. 2018, 73, ii27-ii35. [CrossRef]
Aabenhus, R.; Siersma, V. Sandholdt, H. Koster-Rasmussen, R.; Hansen, M.P; Bjerrum, L.
Identifying practice-related factors for high-volume prescribers of antibiotics in Danish general practice.
J. Antimicrob. Chemother. 2017, 72, 2385-2391. [CrossRef]

Zhang, Y.; Steinman, M.A.; Kaplan, C.M. Geographic Variation in Outpatient Antibiotic Prescribing Among
Older Adults. Arch. Intern. Med. 2012, 172, 1465-1471. [CrossRef]

McKay, R.; Patrick, D.M.; McGrail, K.; Law, M.R. Antibiotic prescribing for pediatric respiratory infections.
Can. Fam. Physician 2019, 65, e278-e291.

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1093/jac/dkx504
http://www.ncbi.nlm.nih.gov/pubmed/29490062
http://dx.doi.org/10.1093/jac/dkx501
http://dx.doi.org/10.1093/jac/dkx115
http://dx.doi.org/10.1001/archinternmed.2012.3717
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Definition of the Set of Antibiotic Prescribing QIs 
	Setting 
	Data Processing 
	QI Outcome Calculations 
	Participants 
	Online Questionnaires 
	Analyses 

	Results 
	Definition of the Pilot Set of QIs: Considerations and Decisions of the Expert Team 
	Outcomes of the QIs 
	Correlations between QI Outcomes 
	GPs’ Opinions and Suggestions with Respect to the QIs 

	Discussion 
	Summary of Main Results 
	Comparison with Existing Literature 
	Strengths and Limitations 
	Perspectives 

	
	References

