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Background

The UK government has pledged to reduce inappropriate antibiotic prescribing by 50% by the year 2020.2

Antimicrobial therapy and prophylaxis in hospitals has been reported to be incorrect or not indicated in 9-64% of
cases and this variation is partly explained by differences in applied definitions of appropriateness as well as
differences in subjective judgment of auditors.'? Antibiotic prescribing in the absence of infection is likely to be
less of a problem in secondary care compared to primary care but nonetheless has been reported to range from
9.3% in Wales (Wrexham) to 50% in Scotland (Aberdeen).!*® A recent six-hospital study from the US reported
that at the time of starting antimicrobials, one third of patients did not have a fever or abnormal WBC count, and
half of the requested radiology and microbiology results did not identify an infection.? This suggests that a large
proportion of antibiotic use could have been avoided.

Variability in subjective judgment of appropriateness by infection experts is acknowledged in studies reporting
inter-rater reliability.!? ID physicians are reported to disagree on appropriate antibiotic therapy 30% of the time."

The purpose of this document is to introduce an audit tool that has been drafted in an attempt to standardise
the process of auditing appropriateness of antibiotic prescribing in NHS hospitals in order to quantify the
degree of inappropriate prescribing and define the goal of reducing this by 50%.

Establishing prescribing standards & defining appropriateness

Defining the gold standard for appropriate antibiotic prescribing is a subjective process and a list was compiled to
incorporate those elements of high-quality prescribing identified by opinion leaders in the field such as Dr Inge
Gyssens,'?!* government advisory committees such as APRHAL>'® and panels of experts convened for the
purpose of defining appropriate prescribing.” The table below (Table S1) sets out many of the elements of
antibiotic prescribing that may be considered in an assessment of appropriateness. The elements are structured
within the “Start Smart, Then Focus” format.!>

It could reasonably be argued that each of these elements is relevant to improving patient outcomes and critical
to the assessment of appropriateness of prescribing. However, APRHAI took a view that improvement in
performance against certain elements would not impact upon the overall consumption of antibiotics and,
consequently, would be less likely to impact upon antibiotic resistance. Three aspects were therefore given
ultimate priority as most relevant to resistance and presented to APRHALI as follows:

“For the purpose of delivering the ambition of halving inappropriate prescribing in the UK, inappropriate
prescribing is defined as;

a https://www.gov.uk/government/speeches/g7-2016-in-japan-pm-press-statement
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® Prescribing an antibiotic for a patient in the absence of (documented) evidence of bacterial infection.

® Prescribing a critical broad-spectrum antibiotic (piperacillin-tazobactam or carbapenems in secondary
care; co-amoxiclav, cephalosporins and quinolones in primary care) to patients in the absence of a
(documented) rationale.

e Continuing an antibiotic prescription beyond the course length recommended in local or national
guidelines, in the absence of a (documented) rationale.”

A key function of the draft audit tool is to estimate the number of days of antibiotic therapy that auditors
consider non-essential and therefore potentially avoidable. This will allow the NHS to set goals for reduction of
antibiotic consumption in hospitals that are safe and achievable.

Table S1. Elements of antibiotic prescribing in hospitals relevant for evaluating

appropriateness12-17

Prescribing elements (potential Comments Selected
audit standards) for audit
START SMART

No antibiotic if not indicated (no| Unnecessary antibiotic exposure selects for
reasonable evidence of infection) avoidable resistance.18-20

Indication documented Good practice for continuity of care but of

uncertain relevance to resistance.
Appropriate specimens taken for MC&S| Important for establishing evidence of
(blood cultures and suspected site off infection and for targeting appropriate

infection) therapy but limited to manual audit and
>50% negative.?
No allergy or contra-indication to| Important patient safety consideration but not
treatments relevant for resistance.
Prompt administration of first dose Important patient safety consideration in cases

of severe sepsis but of uncertain relevance to
resistance. Captured by sepsis

CQUIN audits.
Treatment regimen adequate to cover | Meta-analysis of RCTs reports increased risk
most likely pathogens of mortality if initial regimen inadequate.21 )
Relevance to resistance
uncertain.

Treatment regimen not unnecessarily | Indiscriminate use of critical broad- spectrum
broad spectrum agents unnecessarily selects for *
resistance.22-24

No redundant agents in treatmentf Unnecessary antibiotic exposure selects for

regimen avoidable resistance.18-20

Treatment regimen compliant with| Validity dependent upon quality of local
local/national guideline or justified guideline. Relevance to resistance

deviation uncertain.

Treatment regimen cost-effective Not relevant to resistance.

No underdosing Limited evidence from modeling suggests

that low doses may select resistance in

pneumococci?® but underdosing unlikely to
be a problem in NHS hospitals due to
pharmacist and nurse intervention.

No overdosing Important patient safety consideration but
likely to reduce rather than increase risk of
selecting resistance.26-31

Correct route of administration Relevant for efficacy, length of stay and risk

of line infection but of uncertain relevance to

resistance.

Prompt appropriate source control Subjective assessment. Of uncertain relevance
to resistance.




No missed doses or delayed doses Of uncertain relevance to selection of resistance.

Therapeutic drug monitoring (TDM) for| Important primarily for patient safety (but
narrow therapeutic index drugs also for efficacy); of uncertain relevance to
resistance.

THEN FOCUS

Prompt discontinuation of antibiotics if| There is RCT evidence that unnecessary|
alternative diagnosis established and| continuation selects for  multi-resistant

infection excluded organisms.32
Appropriate broadening of spectrum in| This may necessitate an increase in broad-
response to MC&S results spectrum agent use if indicated by MC&S

results. Failure to adjust ineffective treatment
to MC&S results is associated
with a higher risk of mortality.33

Appropriate narrowing of spectrum in | Evidence largely from observational studies
response to MC&S results suggests that de-escalation to narrow- spectrum|
agents is safe when patients are improving *
clinically and a plausible

pathogen has been identified.34

Prompt referral to OPAT services fo1l Relevant for length of stay and risk of HCAI but

suitable patients of uncertain relevance to resistance.

Prompt switch from IV to oral route of | Relevant for length of stay and risk of line
administration when safe and infection but of uncertain relevance to

effective resistance.

Antibiotic plan documented in the notes | Good practice for continuity of care but of
uncertain relevance to resistance.

No unjustified prolonged duration off There is evidence from RCTs and observational
treatment studies that unnecessarily prolonged duration|

selects for multi- resistant organisms.32,35,36

Can only be
audited at the end of therapy.

*Prescribing elements relating to antibiotic spectrum; removed for pilot study

Selecting prescribing standards for audit

To reduce complexity for the purposes of a pilot evaluation of an appropriateness audit tool, the decision was
taken to remove prescribing standards related to antibiotic spectrum (indicated by an asterisk in Table S1). A
second component of this audit tool may subsequently be introduced to specifically address the evaluation of
appropriateness antibiotic spectrum.

What are other countries doing?

The ECDC point prevalence survey (PPS) of HCAI and antimicrobial use has been criticised for failing to collect
qualitative information about the appropriateness of the prescription.’” The PPS does not capture information
on the justification for starting or continuing an antibiotic for community- acquired infections and cannot
provide accurate course length data due to auditing many patients mid-treatment.

Infection specialists in Australia have adapted the ECDC point prevalence survey tool to better measure
prescribing quality and this tool has performed well in validation, inter-rater reliability and user feedback.?® The
Centers for Disease Control in Atlanta in the US have also published an audit



tool to evaluate the quality of inpatient antibiotic prescribing
(http://www.cdc.gov/getsmart/healthcare/implementation.html .2

However, both the Australian and CDC tools have scope for refinement including assessment of evidence of
infection, differentiating between evaluation of empirical or definitive pathogen- directed therapy and capturing
justification for broad-spectrum prescribing. The existing tools also do not collect information on the potentially
non-essential or avoidable days of antibiotic therapy and therefore cannot inform a goal for safe reduction of
antibiotic consumption.

NEWS and qSOFA scores

In cases of undifferentiated sepsis, where signs or symptoms of infection do not appear to be localised to a
discrete anatomical site, two patient acuity scoring systems have been incorporated into this draft audit tool to
support the auditor in their assessment of evidence of infection and justification of antibiotic prescribing.

The National Early Warning Score (NEWS) was developed by the Royal College of Physicians and partners with
the aim of standardising the assessment of acute-illness severity in the NHS.* A 2015 study of 15 Welsh hospitals
reported that 26% (290/1111) of adult inpatients with a NEWS >3 had sepsis (including severe sepsis) defined as
high clinical suspicion of infection with systemic inflammatory response syndrome (SIRS>2).%0 This study, from
Szakmany and colleagues, reported a median NEWS of 4 for patients meeting sepsis criteria compared with 5 for
those meeting severe sepsis criteria.

Keep JW et al 2016 performed a retrospective study over one week in July 2013 of adult patients presenting to

the ED of King's College Hospital, London, excluding patients with trauma.#! Of 500 patients included,
101/500 (20%) were ‘patients with infection’, 50/101 (49.5%) were reported as ‘septic’ (SIRS>2), and 27/50
(54%) had severe sepsis (according to Surviving Sepsis Campaign

definition 2012), representing 10% of patients and 5.4% of included patients respectively. The study identified
134/500 patients (27%) with NEWS >3 and of these 25/134 (18.6%) had severe sepsis.

Applying NEWS 23 as a screening threshold for severe sepsis had a sensitivity of 92.6%, specificity of 77%, PPV of
18.7% and NPV of 99.5%. Two of 27 patients with severe sepsis had a NEWS of 2,

representing a false negative rate in the target population of 7.5% for NEWS >3. Increasing the

threshold to NEWS >4 resulted in an unacceptable false negative rate of 26% (7/27) of patients with severe sepsis.

Corfield AR et al 2014 screened 27,046 adult patients admitted to 20 Scottish hospitals for at least 2 days in 2009
for sepsis criteria using the Surviving Sepsis Campaign definition of 2012 and identified 5285 (19.5%) with
SIRS>2 (excluding patients with obvious non-infective pathology).*> 9.7% of patients with sepsis had NEWS <3.
Patients with sepsis had a median NEWS score of 7 and patients admitted to ICU had a significantly higher
median NEWS score of 9 compared with non-ICU patients (median score 6). A single NEWS score of 7 or above
in the ED for patients with sepsis was associated with a 27% chance of requiring ICU admission within 48 hours
or 30-day mortality.

In summary, if a threshold of a NEWS score of 3 or above is applied for starting antibiotics, then it is anticipated
that 7.5% of adult ED patients with severe sepsis will be denied antibiotics (Keep JW 2016) and 9.7% of adult ED
patient with sepsis will be denied antibiotics (Corfield AR 2016). It therefore seems reasonable to assess what
proportion of patients treated with antibiotics either have NEWS >3 or localised evidence of infection at an
anatomical site. A prospective study to evaluate the use of NEWS to trigger antibiotic treatment has not been
carried out so NEWS can only be used as a guide to the presence of a systemic inflammatory response.
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The quick sequential organ failure assessment (qQSOFA) score was proposed to the Third International
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) as providing superior prediction of in-hospital
mortality among adult patients with suspected infection outside of the ICU.#* The predictive validity for in-
hospital mortality of gSOFA was assessed in almost 75,000 adult patients hospitalised with suspected infection
and found to be statistically greater than SOFA and SIRS, supporting its use as a prompt to consider possible
sepsis.# A qSOFA score of 2 or more is proposed as the cut-off for sepsis (score one each for: RR >21; systolic BP
100 or lower; altered mental status).

A recent French study from Freund Y et al in 27 EDs (plus one each in Spain, Switzerland and Belgium)
recruited consecutive patients presenting to ED with clinical suspicion of infection.*> Evidence of infection was
confirmed retrospectively by 2 experts and patients with localised infection and normal vital signs were
excluded. Of the 879 patients included, 661 (75%) had qgSOFA

<2 and 22 (3.3%) of this cohort died (NPV 96.7%). 218 (25%) had qSOFA of 2 or more and 52 (24%) died. In
contrast, 75% had SIRS of 2 or more. The AUROC was found to be significantly better for gSOFA (0.8) vs SIRS
(0.65) to predict mortality, with similar results for predicting ICU admission.

Churpek MM et al 2017 screened adult admissions to a 500-bed university hospital in Chicago over an 8-year
period and compared the performance of SIRS, gSOFA, MEWS and NEWS for predicting in- hospital mortality or
ICU admission.* The final study cohort consisted of 30,677 patients who met the definition of suspicion of
infection outside the ICU (ED or wards), with both antibiotics and cultures within a predefined time window.
In-hospital mortality was 5% for the cohort and 24% were admitted to ICU. A NEWS score of 3 or above (87% of
patients) had high sensitivity and identified 96.5% of patients who died; specificity was low at 6.2% and PPV was
5.5% (Appendix Table 1) so 94.5% of patients with a NEWS of 3 or more survived. The NPV of NEWS >3 was
96.9% in this cohort. A qSOFA score of 2 or above (38% of patients) had lower sensitivity and only identified
68.7% of patients who died; specificity was also low at 12.3% and PPV was 9.7% (Appendix Table 1) so 90.3% of
patients with a qSOFA of 2 or more survived. NPV of qSOFA >2 was 97.3% in this cohort. The AUROC was
found to be significantly better for NEWS (0.77) vs qSOFA (0.69) to predict mortality.

In summary, applying gSOFA score >2 during ED or ward stay as a prediction tool for in-hospital all- cause
mortality had a negative predictive value of 97% in adult patients with clinical suspicion of infection. A gSOFA
score at a threshold of 2 or more, may be considered by some clinicians to be a reasonable tool for differentiating
patients in whom immediate broad-spectrum antibiotics are justified, given the associated in-hospital mortality
of 24% reported in the Freund ED study in France. However, as with NEWS, qSOFA has not been tested in a
prospective study where it is used to dictate antibiotic treatment. The qSOFA is not an alert that alone will
differentiate patients with infection from those without infection.

Limitations of the proposed audit

®  The draft audit tool is intended to be used for adult patients in the first instance (GSSOFA and NEWS not
validated predictors of sepsis mortality in children).

®  The draft audit tool considers antibiotics used for treatment of infection and is not designed for auditing
peri-operative surgical prophylaxis.

®  The audit must be carried out at the end of a course of treatment (or when a prescription stop date has been
documented) in order to evaluate course length and this presents challenges with identifying patients prior
to hospital discharge.
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®  Assessment of appropriateness is left to the discretion of the auditor and it is strongly recommended that
the audit is undertaken by a health professional with expertise in infection. The assessment process should
be aided by the available evidence of infection or sepsis, including qSOFA score, NEWS, CRP and white
blood cell count. However, the decision remains a subjective one and the validity of this audit relies on the
integrity of the auditor.

Validation of the proposed audit tool

The propsed audit tool will be subject to assessment of face-validity with a panel of UK infection specialists and
in-use validation by comparing the appropriateness assessments of pairs of infection specialists (e.g. pharmacists
and microbiologists or infectious diseases physicians).
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