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Objectives: To develop and test a set of process measures of quality of care in the reassessment of
inpatient empirical antibiotic prescriptions, to determine the inter-rater reliability of medical notes’
review in assessment of these measures and to test these measures on one ward.

Methods: Measures of process of care were identified from a literature review. Forty sets of medical
notes were reviewed by two independent doctors and the inter-rater reliability determined using
observed percentage agreement and the kappa statistic. These measures were collected weekly and
fed back to doctors in order to stimulate improvement.

Results: Four process measures were identified and were grouped together to create a ‘day 3 bundle’:
antibiotic plan, review of the diagnosis, adaptation to microbiology and intravenous—oral switch. The
inter-rater agreement was >80% for all measures. Data collection was feasible and was easily sus-
tained over several weeks. The reassessment of antibiotic prescriptions around day 3 was better docu-
mented using real-time feedback of the measures to the medical team.

Conclusions: Our measures of care are suitable for the reassessment of empirical inpatient antibiotic
prescriptions, with good inter-rater reliability. This quality intervention should be part of a more com-
prehensive and multifaceted plan to improve antibiotic use in hospitals.

Keywords: indicator, quality assurance, switch therapy, antibiotic therapy, medical decision-making, prescribing

practice, hospital infections

Introduction

Bacterial resistance is a major concern worldwide. At least
one-third of antibiotics prescribed in hospitals are either
unnecessary or inappropriate, and such misuse is a main driver
for resistance.” Recommendations to improve antibiotic use in
hospitals have been published in many countries and favour
multifaceted interventions.' > Reassessment of antibiotic pre-
scriptions around day 3 is part of these recommendations and
has been proved to trigger modification of the therapy
more often and sooner.* Following the example of quality
improvement initiatives for community-acquired pneumonia,’®
ventilator-acquired pneumonia,7 catheter-related bacteremia,®
sepsis™'® or surgical prophylaxis,'' appropriate measures of

quality of care of patients receiving an antibiotic therapy are
required in order to improve antibiotic use.'>

The aim of our study was to develop and test process measures
of quality of care that can then be used to assess and improve the
reassessment of inpatient empirical antibiotic prescriptions
around day 3. The intended purpose of our measures is for local
improvement efforts rather than for benchmarking or use by an
accreditation agency.'> We followed published methods for devel-
oping and implementing a clinical performance measure.'> Our
study had three principal objectives: first to identify the key pro-
cesses of the reassessment that need to be documented in the
medical notes, second to assess the inter-rater reliability of these
process measures and third to test these measures and the impact
of feedback on the quality of care on one ward.
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Patients and methods

Selection of key process measures for the reassessment of
inpatient empirical antibiotic prescriptions

We focused on the reassessment of curative empirical antibiotic
therapies 24-96 h after the treatment was started, where day 1 was
the first day the antibiotic was administered. Key recommendations
were pre-selected by one reviewer from a literature search focusing
on guidelines or recommendations on antimicrobial stewardship and
original articles assessing reassessment of antibiotic therapies
around day 3. Then a group of three infectious diseases (ID) phys-
icians (C. P, D. N. and P. D.) met to select three to five measures
thought to be valid and easy-to-collect.

Reliability of measures of processes of care from review of
medical notes

To determine the reliability of review of medical notes, we
measured agreement between two independent reviewers (S. D. and
1. A.). Two independent, single reviewers are thought to be suffi-
cient for data abstraction and tests of inter-rater reliability.'* Our
data abstraction was carried out by internal clinical staff rather than
external reviewers. Studies of data reliability have compared results
between internal and external reviewers in the assessment of per-
formance indicators used to compare standards between hospitals.'
Minimal differences were demonstrated between internal and exter-
nal reviewers and, where differences did exist, the internal reviewers
did not always give more favourable results.'> Using internal
reviewers should be even less of a cause for concern for our purpose
of assessing changes in standards over time in our own hospital
rather than comparing results between hospitals.

The medical notes of 40 patients who received antibiotic treat-
ment on the ID ward were reviewed. Data were extracted from the
medical notes using a standard form. The review process was carried
out independently by the two Registrars trained in ID, blind to each
other’s results. The two Registrars were also treating patients on the
ID ward, and they could abstract data from their own medical notes.

The percentage agreement for each measure was calculated and
the kappa statistic was used to indicate agreement adjusted for the
level expected to occur by chance. The 95% confidence intervals for
k and the proportions of positive (ppos) and negative (pnee) agree-
ments for each variable were calculated to assist in the interpretation
of K. ppos and ppe, are of particular value in explaining the high agree-
ment but low « that occurs when the expected agreement is high.'®!”
Bias-adjusted k and the expected agreement that could occur by
chance were also calculated.'®'” Statistical analyses were performed
using the Diagnostic and Agreement Statistics spreadsheet.'®

Test of feedback of process measures on improvement in the
quality of care

We then tested the impact of feedback of these process measures on
one ward (the ID ward in Ninewells Hospital, Dundee, UK). There
are 18 inpatient beds with ~1000 admissions annually. The medical
team is made up of three ID consultants, two Registrars and three
junior doctors. Five to 10 randomly selected medical notes were
reviewed each week by one doctor (S. D. or I. A.) on the ward, and
the results were fed back in real time to the whole medical team
using run charts. Changes were implemented when needed in order
to improve the reassessment of antibiotic prescriptions, using
plan-do-study-act cycles.'” A cycle is made up of four steps that can
be carried out by one person in 1 day: (i) plan the change: list the

modifications to be done, try to predict what will happen and how
you will adapt; (ii) do: carry out the intervention and identify the
problems that may occur; (ii) study: collect data, summarize what
was learned and which problems occurred, and discuss with the
team; and (iv): act: determine what changes are to be made.

Results

Selection of key process measures for the reassessment of
inpatient empirical antibiotic prescriptions

Based on our literature search,">*!22%2! four measures among
seven were selected for documentation in the medical notes 24—
96 h after the antibiotic course was started, thus around day 3 of
treatment:

(i) Was there an antibiotic plan (name, dose, route, interval of
administration and planned duration)?

(i) Was there a review of the diagnosis?

(iii) If positive microbiological results were available, was there
any adaptation of the antibiotic treatment, for example
streamlining or discontinuation?

(iv) If the patient was initially started on intravenous (iv) anti-
biotic therapy, was the possibility of iv—oral switch docu-
mented?

A fifth measure was made up of the grouping of the preceding
four measures to form a care bundle.'”> A care bundle is a
grouping of best practices with respect to a disease process that
individually improve care, but when applied together result in
substantially greater improvement. Their application favours an
‘all or none’ approach as opposed to piecemeal measures.
Bundles are dichotomous, so compliance is assessed in a simple
yes/no measure.

(v) The ‘day 3 bundle’ was deemed completed only if all pre-
ceding four measures were completed.

Reliability of measures of processes of care from medical
notes’ review

Data are presented in Table 1. Levels of agreement for the
measures were high (80.0% to 97.5%). Adjusted k were >0.8
for two measures (adaptation to microbiology and day 3
bundle), representing almost perfect agreement. The antibiotic
plan measure reached a k of .75, representing substantial agree-
ment, and the iv—oral switch documentation measure had a k of
0.56, representing moderate agreement. The review of the diag-
nosis measure obtained a « of 0, contrasting with a 97.5% level
of agreement. For all our measures, k and bias adjusted « were
almost identical.

Test of feedback of these process measures for improvement
of the quality of care

The measures were easily collected in around 15 min per week,
and the collection of measures was sustained over 15 consecu-
tive weeks.

Baseline data (weeks 1 and 2) showed room for improvement
(Table 2). Run charts were used to feedback weekly results in
real time in order to motivate change (Figure 1). Run charts
show the course of data over time, simply by ‘plotting the dots’,
and are useful to present and analyse the data.’* There was
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Table 1. Inter-rater reliability for measures of quality of care

ni et al.

Observed Expected k (95% confidence Positive Negative Bias
agreement (%) agreement (%) interval) agreement ppos agreement p,.,  adjusted k
Antibiotic plan 36/40 (90.0) 60.1 0.75 (0.52-0.98) 0.93 0.82 0.75
Review of the diagnosis 39/40 (97.5) 97.5 0.00 (0.00-0.00) 0.99 0.00 —0.01
Adaptation to positive 38/40 (95.0) 56.0 0.89 (0.73-1.04) 0.92 0.96 0.89
microbiology
iv—oral switch 32/40 (80.0) 54.0 0.57 (0.30-0.83) 0.85 0.71 0.56
documentation
Day 3 bundle 37/40 (92.5) 55.3 0.83 (0.65-1.01) 0.94 0.89 0.83

Table 2. Evolution of the completion (%) of the process measures over time

Week
Measure 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Antibiotic plan 25 0 62.5 50 100 86 60 80 60 60 67 100 83 50 100
Review of diagnosis 75 50 100 100 80 100 100 100 100 100 100 100 100 100 100
Adaptation to positive microbiology 100 75 100 100 100 100 100 100 NA NA 100 100 100 100 100
iv—oral switch documentation 60 50 75 100 50 80 100 100 50 75 100 100 100 100 100
Day 3 bundle 13 0 62.5 50 60 86 60 80 40 60 67 100 83 50 100

NA, not applicable.

an initial improvement from 0% to 13% compliance in the first
2 weeks to 63% in week 3. For the next 4 weeks, compliance
varied between 50% and 80%.

In an attempt to improve the documentation of antibiotic
reassessment, we introduced a sticker (Figure 2) of the elements
of the bundle, in week 7, using a plan-do-study-act approach. The
sticker seemed to moderately improve the completion of the
bundle, but definitely improved the ease of evaluation of compli-
ance. In week 12, we achieved 100% compliance with the whole
bundle for the first time, which was repeated in week 15, after a
drop at 50% compliance in week 14 attributable to work overload.

Discussion

The first aim of this project was to identify and test key process
measures in the reassessment of an inpatient empirical antibiotic
prescription. We focused on the period 24-96 h after the anti-
biotic was started, thus around day 3 of treatment, since it is at
that time that clinical evolution and the availability of culture
results allow for the reassessment.'>*2° Two measures, adap-
tation to microbiology and iv—oral switch documentation, were
widely cited in the literature. ">+ 122021 Two others, antibiotic
plan and review of the diagnosis, were considered essential by
the three ID physicians, but were only cited explicitly in one
French recommendation.® All four measures were grouped to
form a care bundle, as suggested in the literature.'* Our
interpretation of the meaning of the term ‘care bundle’ was
influenced by the Institute for Healthcare Improvement.23 Their
definition includes four criteria that distinguish care bundles
from check lists or care pathways:

(i) The changes in the bundle are all necessary; so if there are
four changes in the bundle and one is removed, the results
would not be the same.

(i) The changes in the bundle are all based on evidence.

(iii) The changes are clear-cut and involve all or nothing
measurement such that each change can be recorded as a
yes or no answer.

(iv) Bundle changes occur in the same space and time, and can
be delivered by the same clinical team.

In a question and answer session, Carol Haraden says that
each element of the bundle should be supported by evidence
from randomized clinical trials. However, this is not true of the
elements of the bundles that are listed by Carol Haraden, some
of which are only supported by observational data. The Agency
for Healthcare Research and Quality has a less exacting defi-
nition of evidence to support quality indicators: ‘A clinical prac-
tice guideline or other peer-reviewed synthesis of clinical
evidence’ as well as ‘One or more research studies published in
a National Library of Medicine indexed, peer reviewed
journal’.** Our care bundle fulfils the criteria for defining
several linked processes that need to be delivered to every
patient. However, we accept that the separate elements in the
bundle have varying levels of evidence to support them.

Therefore, we see our set of measures as a pragmatic first-
step intervention to improve reassessment of empirical antibiotic
therapies. Importantly, it should make the assessment of other
quality indicators easier by decreasing the frequency of missing
data, which is a common threat to the assessment of appropriate-
ness of prescribing.?® The need to record the information should
also stimulate the team decisions around continuing antibiotic use.
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Figure 1. Run chart showing the evolution of completion of the day 3
bundle measure.

Date of review: / /2007
Significant bacteriological results

Start date of antibiotic therapy: / /2007
Review of initial diagnosis

Antibiotic plan Agent: Route of administration:

Dosage: Dosing interval: Planned total duration: ~ days

If the patient receives iv antibiotic, is an oral | Give the reason for that choice:
switch possible?

o0 Yes o No O Not applicable (not on iv)

Figure 2. Sticker used to improve documentation of the measures in the
medical notes.

The second aim of the study was to test the reliability of
review of medical notes as a method of assessment of these
measures of quality of care. A literature review identified studies
of inter-rater reliability of prescribing appropriateness,”>*° but
only for long-term drugs, thus excluding antibiotic therapies.
Other studies focused on specific infections, such as
community-acquired pneumonials’17 or sepsis.10 In epidemiolo-
gical studies, kappa is the statistic most often used to measure
agreement between two reviewers. Kappa compares the observed
agreement with the agreement that could be expected to occur
by chance.?” The Cochrane Effective Practice and Organization
of Care Group define a reliable primary outcome measure as at
least 90% agreement between two or more raters or K > 0.8.28
However, there is considerable inconsistency in the level of «
that is used to indicate acceptable agreement, for example 0.7
for indicators of prescribing quality®® and 0.4 for indicators of
the quality of care of pneumonia.'” Rather than selecting a
single and somewhat arbitrary threshold for acceptability, it may
be preferable to report agreement over the whole range of k
from 0 to 1. A k of 0.00 is considered poor agreement, 0.01—
0.20 slight agreement, 0.21-0.40 fair agreement, 0.41-0.60
moderate agreement, 0.61-0.80 substantial agreement and
0.81—1.00 almost perfect agreement.””* Thus, two of our five
measures reached « values >0.8 and one reached substantial
agreement, demonstrating high inter-rater reliability. The iv—oral
switch measure only reached moderate agreement (k= 0.56),
probably because the reason for the switch was often implied in
the medical notes, even if obvious for an ID specialist, leading
to different interpretations for the medical notes’ reviewers. The
operational definition of the measure was then modified to be
more precise: a clearly written reason for iv—oral switch is
needed. The low k score achieved for the review of the diagno-
sis measure was initially surprising because the level of

agreement was high (97.5%). This depression of the k value is a
paradoxical phenomenon, recognized to occur when data from
pairs of raters are highly symmetrically imbalanced,'® as in our
case where nearly all diagnosis were rated as reviewed. The cal-
culation of proportions of positive and negative agreement, ppo
and ppee, respectively, allows interpretation of the practical
effect of prevalence of positive and negative responses on k.'®!”
The paradox of high agreement with a relatively low « is
explained by the wide discrepancy between py,os and pneg.m’17

The third aim was to test the collection of these measures on
one ward and to try to improve practice. Collection of data
proved to be feasible and sustainable. There was clear room for
improvement, as shown by measures collected during the first 2
weeks. Then real-time audit and feedback was a powerful driver
of improvement, as previously demonstrated.’® Two measures
(review of the diagnosis and adaptation to microbiology) rapidly
achieved a 100% completion rate, which is not surprising on
an ID ward. Others were more difficult to achieve, possibly
because they seemed obvious to the ID physicians. Stickers were
moderately useful to improve the documentation of these
measures, probably because they were used by 5/8 members of
the team, but definitely improved the ease of evaluation of
compliance.

The main strengths of this study are that we have used a
thorough approach for developing and implementing clinical
performance measures, © and we have conducted a rigorous
analysis of the reliability of key processes of care for reassess-
ment of antibiotic prescriptions. Strengths in the analysis and
reporting include the use of multiple reliability indicators and
the reporting of raw data as well as per cent agreement and k.
Collecting, analysing and feeding back of the information are
not hugely time-consuming and are very feasible. Involvement
and engagement of the whole multidisciplinary healthcare team
in this process are likely to further enhance the long-term sus-
tainability of this process.'”

This study has some limitations. Data were collected by the
two Registrars who were also treating patients on the ward and
were trained in infectious diseases. They could abstract data
from their own medical notes. This quality improvement study is
intended to be embedded into daily clinical practice, and invol-
vement of the medical team is essential to ensure adherence to
change. Given the high « values we observed, it appears that
potentially reviewing data from their own medical notes had a
negligible influence on the data collected by the two ID
Registrars. Our study was conducted on an ID ward and should
be repeated in other settings, often where there is the greatest
burden on suboptimal prescribing, in order to prove its external
validity. However, given the high level of agreement found for
all our measures, our operational definitions seem to be precise
enough to be optimistic.

Conclusions and further work

We have developed a reliable and valid set of measures to
improve the documentation of inpatient empirical antibiotic pre-
scription reassessment at around day 3. The data collection was
achievable and sustainable on one ward. We plan to test these
measures on other wards in our hospital and in other hospitals.
There is ample room for improvement, and this ‘day 3 bundle’
could be useful as part of a multifaceted intervention®'*! to
improve antibiotic use in hospitals.
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