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Abstract

A pilot randomised controlled trial in intensive care patients
comparing 7 days’ treatment with empirical antibiotics

with 2 days’ treatment for hospital-acquired infection of
unknown origin

N Scawn,™ D Saul,’ D Pathak,' B Matata,! | Kemp,! R Stables,’ S Lane,?
A Haycox® and R Houten?®

"Liverpool Heart and Chest Hospital NHS Foundation Trust, Liverpool, UK
2Department of Biostatistics, University of Liverpool, Liverpool, UK
SLiverpool School of Management, University of Liverpool, Liverpool, UK

*Corresponding author nigel.scawn@lhch.nhs.uk

Background: Management of cardiac intensive care unit (ICU) sepsis is complicated by the
high incidence of systemic inflammatory response syndrome, which mimics sepsis but
without an infective cause. This pilot randomised trial investigated whether or not, in the
ICU, 48 hours of broad-spectrum antibiotic treatment was adequate to safely treat
suspected sepsis of unknown and unproven origin and also the predictive power of newer
biomarkers of sepsis.

Objective: The main objective of this pilot study was to provide preliminary data on the
likely safety and efficacy of a reduced course of antibiotics for the treatment of ICU
infections of unknown origin.

Design: A pilot, single-centre, open-label randomised trial.

Setting: This study was carried out in the ICU of a tertiary heart and chest hospital.
Participants: Patients being treated within the ICU were recruited into the trial if the
intensivist was planning to commence antibiotics because of evidence of systemic
inflammatory response syndrome and a strong suspicion of infection but there was no
actual known source for that infection.

Interventions: Broad-spectrum antibiotic treatment administered for 48 hours
(experimental) compared with treatment for 7 days (control).

Main outcome measures: The primary outcome was a composite outcome of the rate of
death or initiation of antibiotic therapy after the completion of the treatment schedule
allocated at randomisation. Secondary outcomes included the duration of mechanical
ventilation and ICU and hospital stay; the incidence of infection with Clostridium difficile
(B. S. Weeks & E. Alcamo) Jones & Bartlett International Publishers, 2008, or methicillin-
resistant Staphylococcus aureus (MRSA) (B. S. Weeks & E. Alcamo) Jones & Bartlett
International Publishers, 2008; resource utilisation and costs associated with each of the
two pilot arms; the ratio of patients screened to patients eligible to patients randomised;
the incidence of crossover between groups; and the significance of newer biomarkers for
sepsis for predicting patients’ need for further antibiotics.

Results: A total of 46 patients were recruited into the trial, with 23 randomised to each
group. There was no significant difference between the two groups in terms of the
composite primary outcome measure. The risk difference was 0.12 [95% confidence
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interval (Cl) 0.11 to 0.13; p=0.3]. In the 2-day group, four patients (17.4%) required further
antibiotics compared with three (13%) in the 7-day group. Four patients died within the trial
period and the deaths were not trial related. Patients who died during the trial period
received no additional antibiotics in excess of their trial allocation. There were no
documented incidences of MRSA or C. difficile infection in either group. No significant
differences in adverse events were observed between the groups. Key economic findings
were mean antibiotic costs per patient of £168.97 for the 2-day group and £375.86 for the
7-day group. The potential per annum cost saving for the ICU of 2-day treatment was
estimated to range from £108,140 to £126,060. Patient screening was considered the
biggest barrier to recruitment. There was no crossover between the two randomised
groups. Data verification ascertained >98% accuracy in data collection. Baseline
procalcitonin was found to be predictive of the composite outcome (death and needing
further antibiotics) (odds ratio 1.79, 95% CI 1.20 to 2.67; p=0.005). Analysis of baseline
procalcitonin also indicated a trend towards it being a predictor of restarting antibiotics,
with an odds ratio of 1.45 (95% CI 1.04 to 2.02; p=0.01).

Conclusions: Data from this pilot study suggest that there could be significant benefits of
reducing broad-spectrum antibiotic use in the ICU without it undermining patient safety,
with a potential cost saving in our unit of over £100,000 per year. Evidence from this pilot
trial is not definitive but warrants further investigation using a large randomised

controlled trial.

Trial registration: Current Controlled Trials ISRCTN82694288.

Funding: This project was funded by the NIHR Health Technology Assessment programme
and will be published in full in Health Technology Assessment; Vol. 16, No. 36. See the HTA
programme website for further project information.
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Executive summary

Background

Patients in intensive care units (ICUs) are at higher risk of hospital-acquired infections and
sepsis than those in non-critical care areas (Bochud PA, Calandra T. Pathogenesis of sepsis:

new concepts and implications for future treatment. BMJ 2003;326:262-6). Hospital-acquired
sepsis is reported to occur in 10-70% of patients undergoing invasive mechanical ventilation,
the rate varying with the patient population studied and diagnostic criteria used (Rello J, Diaz

E. Pneumonia in the intensive care unit. Crit Care Med 2003;31:2544-51). Despite the major
advances in intensive care management, sepsis and its complications remain the leading cause of
mortality in ICUs (Gross PA, Neu HC, Aswapokee P, Van Antwerpen C, Aswapokee N. Deaths
from nosocomial infections: experience in a university hospital and a community hospital. Am |
Med 1980;68:219-23).

Management of ICU sepsis is also complicated by the high incidence of systemic inflammatory
response syndrome (SIRS), which mimics many of the signs of sepsis but often without an
infective cause. This is particularly true in ICUs that have a high proportion of patients following
major surgery as the surgery alone may precipitate a SIRS episode. A good example of this is

the cardiac surgical ICU, as cardiopulmonary bypass is a strong trigger for SIRS generating, for
example, pyrexia and a raised white cell count in the absence of an infective cause.

The potential difficulty in differentiating sepsis from SIRS in these high-risk patients makes it
inevitable that intensivists often have a low threshold for commencing antibiotics to ‘cover’ the
potential of an infection — even though a definite infective cause has not been proven. Indeed,
many patients with suspected sepsis in ICU may be given antibiotics for a significant proportion
of their stay to reduce the risk of septic complications, even in cases in which there are no
compelling positive microbiological results.

To date, most studies have focused on optimising antibiotic treatment either for ventilator-
acquired pneumonia, which accounts for approximately 50% of antibiotic use in ICUs (Aarts
MA, Brun-Buisson C, Cook DJ, Kumar A, Opal S, Rocker G, et al. Antibiotic management
of suspected nosocomial ICU-acquired infection: does prolonged empiric therapy improve
outcome? Intensive Care Med 2007;33:1369-78; Micek ST, Ward S, Fraser V], Kollef MH. A
randomised controlled trial of an antibiotic discontinuation policy for clinically suspected
ventilator-associated pneumonia. Chest 2004;125:1791-9; Singh N, Rogers P, Atwood CW,
Wagener MM, Yu VL. Short-course empiric antibiotic therapy for patients with pulmonary
infiltrates in the intensive care unit. Am J Respir Crit Care Med 2000;162:505-11), or for
treatment of suspected sepsis, often of unknown origin.

In the group of patients with apparent sepsis of unknown origin, clinical decisions for empirical
antibiotic treatment are usually based on fever, excessive tracheal aspirates, increased white

cell count and heart rate, even if no radiographic changes are apparent. We hypothesise that
prolonged treatment with antibiotics in these patients is unnecessary, particularly if there are no
confirmed organisms grown in blood cultures.
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Executive summary

Objectives

Evidence from randomised trials about the duration of antibiotic use is absent. In this pilot
randomised trial we investigated whether, in the ICU, 48 hours of antibiotic treatment is
adequate to safely treat suspected sepsis of unknown and unproven origin compared with a more
traditional week-long course.

In addition, we planned to explore the role of the newer biomarkers for sepsis in predicting the
patients for whom 48 hours of antibiotics might be inadequate. We did not use these biomarkers
as part of the entry criteria for the trial as this is not currently routine practice in most UK ICUs.
However, at the landmark time points in the trial we collected samples for the biphasic activated
partial thromboplastin time (APTT) waveform and procalcitonin concentration and these data
are presented.

Method

This study was carried out in the intensive care and postoperative critical care units at Liverpool
Heart and Chest NHS Foundation Trust between May 2010 and July 2011. Institutional and
national ethical approvals were obtained before commencing recruitment.

Patients being treated within the ICU were recruited into the trial if they were being

commenced on the ‘Surviving Sepsis’ Care Bundle antibiotics by the intensivist in the absence

of an actual known cause for that potential sepsis. To trigger the bundle, patients needed to

have at least two of the four markers of SIRS [i.e. temperature >38°C or <36°C, tachycardia

(>90 beats per minute), tachypnoea (=20 breaths per minute) and a white blood count
>12x10°/1 or <4x10%1] and a suspected but not proven infection. In other words, patients were
recruited if the intensivist was planning to commence antibiotics because of evidence of SIRS and
a strong suspicion of infection - but there was no actual known source for that infection. Patients
were therefore excluded if they had positive microbiological cultures before randomisation.

Eligible patients were randomised in equal proportions between the two trial groups:

m antibiotic treatment administered for 48 hours
m antibiotic treatment administered for 7 days.

After randomisation, a baseline Acute Physiology and Chronic Health Evaluation II (APACHE
IT) score and Sequential Organ Failure Assessment (SOFA) score were recorded [Vincent J,
Moreno R, Takala J, Willatts S, De Mendonca A, Bruining H, et al. The SOFA (Sepsis Related
Organ Failure Assessment) score to describe organ dysfunction/failure. On behalf of the Working
Group on Sepsis-Related Problems of the European Society of Intensive Care Medicine. Intensive
Care Med 1996;22:707-10], two sets of blood culture, at least 15 minutes apart, were taken and
blood samples were sent for baseline biphasic APTT waveform and procalcitonin analysis. These
samples were centrifuged and serum and plasma separated and frozen for analysis at a later stage.
This was followed by the administration of the study antibiotics. The study antibiotics were a
combination of teicoplanin (Targocid®, Sanofi-Aventis) given 12-hourly for the first 24 hours and
then once daily and meropenem (Meronem®, AstraZeneca) given three times daily. The dose of
teicoplanin was weight adjusted and the dose of meropenem was 1g.

After completion of the treatment regime allocated at randomisation, additional antibiotic
use constituted an outcome measure. The reason for the initiation of further antibiotics was
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documented in the trial case record forms (CRFs). Similarly, if the antibiotics were stopped

or changed before the scheduled completion of the course the reason was recorded. Decisions
to change, restart or stop antibiotics were made by consultant intensivists or microbiologists,
who were guided by evidence of positive cultures, radiography and other imaging diagnostic
information or poor physiological status believed to be related to infection. The reasons for any
deviation from the protocol were also documented.

The trial patients were followed up by the research team for a period of 10 days. SOFA scores
were calculated and documented in CRFs. Blood samples were taken at baseline, at 48 hours
and on initiation of additional antibiotics beyond the randomised schedule for measurement
of prospective biomarkers of sepsis: biphasic APTT and procalcitonin. Trial antibiotics were
prepared, packaged, stored and dispensed in accordance with good manufacturing practice for
investigational medicinal products.

Primary outcome measures were defined by either initiation of antibiotic therapy after the
completion of the treatment schedule allocated at randomisation or trial mortality. Secondary
outcome measures were defined in terms of duration of ICU stay, duration of mechanical
ventilation, duration of hospital stay and incidence of infection with methicillin-resistant
Staphylococcus aureus (MRSA) (B. S. Weeks & E. Alcamo) Jones & Bartlett International
Publishers, 2008 and Clostridium difficile (B. S. Weeks & E. Alcamo) Jones & Bartlett
International Publishers, 2008.

Results

Recruitment took place over 14 months with 46 patients randomised into the trial; this compares
with the planned target of 60 patients within 12 months. A total of 103 patients were assessed for
eligibility. The majority of patients recruited were postcardiothoracic surgical patients.

Recruited patients were evenly split between the trial groups, with 23 patients in each. Of the
57 patients accessed for eligibility but excluded from the trial, the majority (44) were excluded
because they did not meet the full inclusion criteria.

Although there was a preponderance of male patients, they were equally spread between the
two trial groups. There was no significant difference between the groups regarding age, ethnicity
or weight. Diabetes was less prevalent in the 7-day group but the small number of patients
prevented statistical analysis. Renal function and APACHE II scoring were comparable in both
sets of patients.

Presenting signs of systemic inflammatory response were equally common in both groups and
an abnormal white blood cell count was present in >75% of patients in both groups. Only 10% of
patients in either group had positive microbiological isolates during the trial period.

Adverse events were few in both groups and not in excess of expected postoperative
complications following major cardiac and thoracic surgery in the study population. There was
no statistical difference in adverse events between the two groups.

Sequential Organ Failure Assessment scores decreased over the trial period in both groups, with
the suggestion (not significant) of lower SOFA scores at 2 days in the 48-hour antibiotics group.
This difference was significant at 10 days but data were missing for some patients. Inotrope
requirements were unchanged following antibiotic use in either group. Length of stay in the
ICU was shorter for those who received only 2 days of antibiotics and mortality was comparable
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Xii Executive summary

between groups. There was a suggestion of longer periods of invasive ventilation for those
patients in the 7-day group, although this was not statistically significant.

Less than 20% of patients receiving only 2 days of antibiotics required further antibiotics during
the trial period. Only three of these had positive microbiological culture results, with two
patients receiving an extended course of antibiotics for reasons based on clinician preference
alone and one having antifungal therapy added based on clinician suspicion alone. One patient
in the 7-day group was on long-term steroids. This patient did not require a longer course of
antibiotics but was started on antifungal therapy for yeasts (tracheal aspirate) on day 6. Of those
receiving 7 days of antibiotics, three had additions made to their antimicrobial regime based on
positive microbiological results, with two patients receiving further doses of teicoplanin based on
a clinician decision. There were no documented incidences of MRSA or C. difficile infection in
either group.

The median baseline procalcitonin concentration (interquartile range) for patients who restarted
antibiotics was 2.4 (0.8-7.0) compared with 0.6 (0.3-1.8) for those who did not receive further
antibiotics in excess of their trial drugs (p=0.06). Logistic regression analysis of baseline
procalcitonin showed that it was a predictor of restarting antibiotics, with an odds ratio of 1.45.
[95% confidence interval (CI) 1.04 to 2.02; p=0.01). Similarly, procalcitonin was also a strong
predictor for the composite outcome measure (death and needing further antibiotics), with an
odds ratio of 1.79 (95% CI 1.20 to 2.67; p=0.005).

Results from the economic analysis showed a potential antibiotic cost saving of £200 per patient,
which would extrapolate to a saving of >£100,000 per annum for our ICU alone assuming that,
in patients in whom there are signs of potential sepsis but in whom cultures for bacteria are
negative, antibiotics are stopped after 48 hours.

Conclusions

The preliminary data from this study are suggestive that there are likely significant benefits

of reducing broad-spectrum antibiotic use in the ICU without undermining patient safety. In
cost terms alone there would be a potential saving in our unit of >£100,000 per year, which
would potentially extrapolate to a massive national overall health economy saving. However,
evidence from this pilot trial is not definitive; hence, further investigation is warranted using
a large randomised trial with greater patient numbers to explore efficacy and cost implications
of reduced antibiotic use in critical care units (general and cardiothoracic), both nationally
and internationally.

It must be clarified that we are not of the opinion that all patients can be treated with a reduced
course of antibiotics. Invariably, some patients will be experiencing true infective episodes and
will require longer periods of antibiotics. From our trial we would predict that these patients are
those who have a high baseline procalcitonin concentration. This pilot study merely highlights
that the distinction between infective and inflammatory processes in critically ill patients is

a difficult one. Even the use of procalcitonin and biphasic waveform APTT to identify those
patients who truly have sepsis has been questioned by analysis of available studies (Tang BM,
Eslick GD, Craig JC, McLean AS. Accuracy of procalcitonin for sepsis diagnosis in critically

ill patients: systematic review and meta-analysis. Lancet Infect Dis 2007;7:210-17). Clinical
reassessment of the need for antimicrobial therapy at 48 hours allows those patients experiencing
a SIRS response to be exposed to broad-spectrum antimicrobials for as short a time as possible.
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The results of this pilot study are very encouraging and suggest that it is feasible to design a
binary non-inferiority trial with the need for further antibiotic use above that allocated at
randomisation as the primary outcome measure. (In this pilot study we observed that the need
for further antibiotic use in the 2-day treatment was 17% compared with 13% in the standard
7-day treatment.) Secondary outcome measures could include death, duration of mechanical
ventilation, duration of ICU stay and health economic outcomes.

Trial registration

This trial is registered as ISRCTN82694288.

Funding

Funding for this study was provided by the Health Technology Assessment programme of the
National Institute for Health Research.
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Chapter 1

Introduction

Background

Patients in intensive care units (ICUs) are at higher risk of hospital-acquired infections and sepsis
than those in non-critical care areas.' Hospital-acquired sepsis is reported to occur in 10-70% of
patients undergoing invasive mechanical ventilation, the rate varying with the patient population
studied and diagnostic criteria used.? Despite the major advances in intensive care management,
sepsis and its complications remain the leading cause of mortality in ICUs.?

Bloodstream infections (BSIs), pneumonias and urinary tract infections are the most common
hospital-acquired infections and are most often associated with the use of invasive devices.*
Coagulase-negative Staphylococcus BSIs have recently increased in frequency, and enterococci
such as S. aureus (B. S. Weeks & E. Alcamo) Jones & Bartlett International Publishers, 2008, have
also been reported as causing BSIs in an increasing numbers of ICUs. Recently, Gram-negative
bacilli have been reported more frequently than Gram-positive bacilli in this setting. The
incidence of fungal urinary tract sepsis has also increased.®

Management of ICU sepsis is also complicated by the high incidence of systemic inflammatory
response syndrome (SIRS), which mimics many of the signs of sepsis but is often without an
infective cause. This is particularly true in ICUs that have a high proportion of patients following
major surgery as the surgery alone may precipitate a SIRS episode. A good example of this is

the cardiac surgical ICU as cardiopulmonary bypass is a strong trigger for SIRS, generating, for
example, pyrexia and a neutrophilia in the absence of an infective cause.

The potential difficulty in differentiating sepsis from SIRS in these high-risk patients makes it
inevitable that intensivists often have a low threshold for commencing antibiotics to ‘cover’ the
potential of an infection - even though a definite infective cause has not been proven. Indeed,
many patients with suspected sepsis in ICU may be given antibiotics for a significant proportion
of their stay to reduce the risk of septic complications, even in cases in which there are no
compelling positive microbiological results.

To date, most studies have focused on optimising antibiotic treatment either for ventilator-
acquired pneumonia, which accounts for approximately 50% of antibiotics use in ICU,*® or for
treatment of suspected sepsis, often of unknown origin.

In these patients with apparent sepsis of unknown origin, clinical decisions for empirical
antibiotic treatment are usually based on fever, excessive tracheal aspirates, increased white

cell count and heart rate, even if no radiographic changes are apparent. We hypothesise that
prolonged treatments with antibiotics in these patients is unnecessary, particularly if there are no
confirmed organisms grown in blood cultures.

Other markers of sepsis may guide early diagnosis and decision-making on the necessity and
duration of antibiotic treatment. Existing evidence from a recent retrospective study by Aarts et
al.® suggests that patients without proof of nosocomial infection receiving empirical antibiotics
for >4 days had higher 28-day mortality (32.1%) than those whose antibiotics were discontinued
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Introduction

(7.7%). We hypothesise that, in fact, a 2-day regime with broad-spectrum antibiotics is
sufficiently potent to eliminate any potential microbial threat in these patients.

This is consistent with current international recommendations and guidelines that there is a need
for continuous reassessment of antibiotic therapy with microbiology and clinical data to reduce
duration when appropriate from the traditional 7-10 days of antibiotic therapy. Although early
identification and treatment of sepsis can have a major impact on the outcome of these patients,’
diagnosis of sepsis is generally difficult, particularly in cases in which there is no positive isolated
microbiological growth.

Although there has been no shortage of proposed markers of sepsis,'” two assays have emerged as
increasingly relevant in recent years. These are the biphasic activated partial thromboplastin test
(APTT) waveform and procalcitonin (PCT) concentration. The APTT waveform reflects light
transmittance changes in plasma. Septic patients have been found by several investigators to show
an abnormal biphasic pattern. Increasing abnormality of this waveform correlates with real-

time clinical progression; the biphasic waveform is due to the formation of calcium-dependent
complexes between C-reactive protein (CRP) and very low-density lipoprotein.' This has also
been shown to be superior to CRP in the diagnosis of sepsis and the risk of mortality.’

In a previous small trial it was reported that APTT waveform analysis may be of benefit in
differentiating between SIRS and sepsis in the difficult postcardiopulmonary bypass group of
patients.'”? However, although it remains a relatively novel technique we did not use the results as
a basis for recruitment into the trial, which was based on intention to treat.

For PCT, the degree of the rise in concentration can help differentiate between infectious and
non-infectious trigger of sepsis markers. For example, PCT has been shown to be effective in
differentiating infectious from non-infectious causes of acute respiratory distress syndrome."
Most recent work has shown that the use of PCT tests in combination with the biphasic APTT
waveform can increase the specificity of the latter test in identifying sepsis.' Indeed, it has
recently been shown that serial measurement of PCT may allow monitoring of a reduction

in antibiotic treatment duration and exposure in patients with severe sepsis and septic shock,
without apparent harm.'

Evidence from randomised trials about the duration of antibiotic use is absent. In this pilot
randomised trial we investigated whether, in the ICU, 48 hours of antibiotic treatment is adequate
to safely treat suspected sepsis when it is of unknown and unproven origin compared with a more
traditional week-long course. In this pilot study we did not use biomarkers of sepsis as part of

the entry criteria as we do not believe that this is currently routine practice in most UK ICUs.
However, in the study we had the opportunity to collect samples for the APTT waveform and
PCT concentration, and these data are presented.

Study objectives

The main objective of this pilot study was to provide preliminary data on the likely safety and
efficacy of a reduced course of antibiotics for the treatment of ICU infections of unknown origin.
In addition, we wished to identify the likely barriers to effective recruitment to a full study and
the appropriateness and reliability of outcome measures and the data collection methods.
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Structure of this report

The main body of this report begins with a description of the methods of investigation used
(see Chapter 2). This is followed by the results, economic analysis, discussion, conclusions and
synopsis of the findings, and suggestions for future research (see Chapters 3-7, respectively).
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Chapter 2
Methods

Trial setting

This study was carried out in the intensive care and postoperative critical care units at Liverpool
Heart and Chest NHS Foundation Trust between May 2010 and July 2011. Institutional, ethics
and national competent authority (Medicines and Healthcare products Regulatory Agency,
MHRA) approvals were obtained before commencing recruitment.

Trial design

This is a feasibility, pilot, open-label, single-centre randomised trial on the impact on safety and
efficacy of a reduced course of antibiotics for the treatment of ICU infections of unknown origin
(48 hours vs 7 days). The secondary feasibility outcomes of the pilot trial included the assessment
of the ratio of patients screened as eligible to the number randomised; the incidence of crossover
between the randomised treatment groups; and the accuracy of data collection assessed by a 20%
source data verification check. In addition, this pilot study wished to identify the likely barriers to
effective recruitment into a main definitive trial, and whether or not the outcome measures and
data collection methods were appropriate and reliable.

Selection of patients

Patients being treated within the ICU were recruited into the trial if they were being

commenced on the ‘Surviving Sepsis’ Care Bundle antibiotics by the intensivist in the absence

of an actual known cause for that potential sepsis. To trigger the bundle, patients needed to

have at least two of the four markers of SIRS [i.e. temperature >38°C or <36°C, tachycardia

(>90 beats per minute), tachypnoea (=20 breaths per minute) and a white blood cell count
>12x10°/1 or <4x10°/1] and a suspected but not proven infection. In other words, patients were
recruited if the intensivist was planning to commence antibiotics because of evidence of SIRS and
a strong suspicion of infection — but there was no actual known source for that infection.

Inclusion/exclusion criteria

Patients were excluded if they had positive microbiological cultures before randomisation, were
<18 years of age or were enrolled in another study such that randomisation in the trial would
result in deviation from either protocol. They were also excluded if they had an allergy to trial
antibiotics or if consent/assent was declined or could not be obtained.

Once the decision to start antibiotic treatment was made by the intensivist, a referral was made to
the study team who would assess the patient’s eligibility for recruitment. If the intensivist making
the decision to start the antibiotics was one of the investigators, a second opinion was required
from an independent consultant colleague to assess eligibility. Once the patient was considered a
suitable candidate for recruitment, consent or assent was taken depending on the clinical state of
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the patient. If the next of kin was not present for the assent process, he or she was contacted by
telephone to discuss participation in the study. When telephone assent was taken, the next of kin
was asked to sign the assent form on his or her earliest visit to the hospital. In all cases of assent,
a formal consent was taken from the patient once he or she had sufficiently regained capacity to
give consent. Patients who declined consent were withdrawn from the study, and data were used
for analysis only after consent had been given.

Randomisation

Eligible patients were randomised in equal proportions between the two trial groups:

m antibiotic treatment administered for 48 hours
m antibiotic treatment administered for 7 days.

Treatment assignment was based on the block randomisation method using randomly varying
block sizes of 2, 4 and 6 to ensure numerical balance between the groups. An independent
statistician provided the randomisation tables. Only trial staff with a unique user identification
and password could log onto the bespoke, encrypted database. The allocation was revealed
after entering unique patient data, and access to any lists of previously randomised patients was
not permitted.

Treatment

After randomisation, a baseline Acute Physiological and Chronic Health Evaluation II (APACHE
IT) and Sequential Organ Failure Assessment (SOFA) score'® (see Appendix 1) was recorded,

two sets of blood culture were taken, at least 15 minutes apart, and blood samples were sent for
baseline biphasic APTT waveform and PCT analysis. These samples were centrifuged; serum was
separated and frozen for analysis at a later stage. This was followed by the administration of the
study antibiotics (Table I).

After completion of the treatment regime allocated at randomisation, additional antibiotic

use constituted an outcome measure and the reason for the initiation was documented in the
trial case record forms (CRFs). Similarly, if the antibiotics were stopped or changed before the
scheduled completion of the course, the reason was recorded. Decisions to change, restart or stop
antibiotics were made by consultant intensivists or microbiologists who were guided by evidence
of positive cultures, radiography and other diagnostic imaging information or poor physiological
status believed to be related to infection. The reasons for any deviation from the protocol were
also documented.

TABLE 1 Antibiotic prescribing method

Patient weight

(ka) Teicoplanin? Meropenem?

<85 400 mg twice a day on day 1 1g three times a day
400 mg once a day thereafter

>85 6mg/kg rounded to nearest 50 mg twice a day on day 1 19 three times a day

6mg/kg rounded to nearest 50 mg once a day thereafter

a Teicoplanin: Targocid®, Sanofi-Arentis; meropenem: Meronem®, AstraZenaca.
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The trial patients were followed up for a period of 10 days by the research team. SOFA scores
were calculated and documented in CRFs. Blood samples were taken at baseline, at 48 hours
and on initiation of additional antibiotics beyond the randomised schedule for measurement of
prospective biomarkers of sepsis (biphasic APTT and PCT; see Appendix 2)."7"'* Trial antibiotics
were prepared, packaged, stored and dispensed in accordance with good manufacturing practice
for investigational medicinal products.

Biphasic APTT waveform and PCT concentrations were used as markers for sepsis. A biphasic
APTT profile occurs when light transmission decreases before clot formation in the first part

of the curve. Slope=-0.05%T/second was considered as biphasic waveform and the value

of transmittance at 18 seconds (TL18) was measured. To quantify this abnormality, light
transmission at time 0 was set to 100%, and the value recorded 18 seconds later (TL18) was
taken as the index of the abnormality.”>*>* TL18 of 100% was considered as normal and TL18 was
<99% when biphasic waveform occurred. PCT levels were measured using a standard enzyme
immunoassay available commercially.

Outcome measures

Primary outcome measures were defined by either initiation of antibiotic therapy after the
completion of the treatment schedule allocated at randomisation or by trial mortality. Secondary
outcome measures were defined in terms of duration of ICU stay, duration of hospital stay,
duration of mechanical ventilation and incidence of infection with methicillin-resistant S. aureus
(MRSA) and Clostridium difficile (B. S. Weeks & E. Alcamo) Jones & Bartlett International
Publishers, 2008.

A small proportion of postcardiac surgery patients do return to theatre, usually for bleeding. It
is common to use haemofiltration on patients who have a presurgery low estimated glomerular
filtration rate (eGFR). Arrhythmia, usually atrial fibrillation, is also common, especially in
heart valve patients, which may be treated with amiodarone infusion or in some cases by
cardioversion shock.

Barriers to recruitment to a larger full study were reported as observations made during the
recruitment to the trial. Reliability of data collection methods was monitored using a 13-point
CREF validation check. An audit clerk who was independent to the trial performed this check.
This individual randomly chose 10 CRFs and checked their recorded data against the patient
clinical notes and the generic database.

Statistical analysis

The continuous numerical data were analysed using chi-squared, Mann-Whitney U-test and
Fisher’s exact tests. The adverse events were analysed using chi-squared and Fisher’s exact tests
and outcome measures were analysed using the Mann-Whitney U-test. Logistic regression
was used to determine whether or not biomarkers were predictors of clinical outcomes and
the outcomes were presented as adjusted odds ratios. Sensitivity and specificity analyses were
performed to assess the diagnostic accuracy of APTT measurements.
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Chapter 3

Results

Introduction

This chapter starts with a Consolidated Standards of Reporting Trials (CONSORT) diagram that
describes the flow of participants through each stage of the trial (Figure I). This is followed by
demographic information, summary findings, trial outcomes, trial adverse events, biomarker
results and key findings.

A total of 103 patients were screened for eligibility, of whom 46 were successfully recruited into
the trial. Of the 57 patients excluded, 44 did not meet the entry criteria, of whom the majority
had an infection for which the likely cause was known (e.g. chest infection as signified by chest
radiography changes and a change in sputum); the others were already on an antibiotic but were
still showing signs of sepsis. One patient declined to participate in the trial. A further 12 patients
were deemed to have been missed.

Of the 12 patients who were deemed to be suitable for the trial but were not recruited, four were
not recruited because their families refused to give assent because they were too anxious, three
were missed but were then subsequently found to have been suitable for consideration for the
trial and a further one was missed because no member of the trial team was available to recruit
them. One patient fulfilled the entry criteria but was not recruited because it was 0100 and it was
felt inappropriate to approach their family at that time, and a further patient, although eligible,
was deemed not to be an ICU patient as he was sufficiently well that he was transferred out of the
ICU to the ward on the same day. In addition, one patient was recruited but was then found to be
taking immunosuppressant drugs for breast cancer, which are deemed to be an exclusion factor,
and a further patient, although recruited, did not actually fulfil the eligibility criteria.

Screening appropriate patients was a weakness of the trial, with reliance on ICU staff to flag up
potential patients to the trial team.

Demographic information

As shown in Table 2, the majority of the patients recruited into the trial were postsurgical (mostly
cardiac bypass or aortic/mitral valve surgery). All patients in the 2-day group received the
allocated antibiotics for at least 2 days.

Recruitment took placed over 14 months. A total of 46 patients were recruited instead of the
planned target of 60 patients within 12 months. Figures 2 and 3 show the distribution patterns
of ICU and hospital stays, which were skewed towards the right. Table 3 shows the baseline
demographic data and blood test results of the 46 patients who were recruited into the trial.

Table 4 shows the comparison between the two groups with regard to their initial physiological
state and their clinical course during the trial period.
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FIGURE 1 Participant flow chart.

As an event of interest, we compared the cumulative number of patients leaving the ICU at any
given time in the two treatment groups using log-rank test and Kaplan-Meier analysis (Figure 4).
This produced a log-rank test p=0.012, which implies that there is a significant difference

between the two groups.

Summary findings

The primary analysis was intention to treat and involved all patients who were randomised. One
patient was randomised inappropriately and no data were collected but this patient was counted
in the numbers. Twenty-three patients were randomised in each of the two groups. There were no
significant differences between the two groups with regard to APACHE II scores, SOFA scores,
time on ventilator, inotropes required, positive cultures, days on ICU or death.

One patient in the control arm (7-day group) had meropenem stopped on the third day because
of isolated positive cultures from a drain site for S. aureus and was instead treated with rifampicin
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TABLE 2 Reason for hospital admission

Reason No. of patients Group 1 (2 days) Group 2 (7 days)
CABG 15 6 9
CABG + heart valve surgery 9 3 6
Heart valve surgery 10 8 2
Great vessels 3 1 2
MI and/or PCI 5 2 3
Oesophagogastrectomy 2 2 0
Lung surgery for cancer 2 1 1

CABG, coronary artery bypass graft; Great vessels, surgery of the thoracic aorta; MI, myocardial infarction; PCI, percutaneous coronary
intervention.

TABLE 3 Baseline demographic data and blood test results

Variable Group 1 (2 days, n=23) Group 2 (7 days, n=23) p-value
Gender, n (%) Female 9(39.1) 7 (30.4) 0.542
Male 14 (60.9) 16 (69.6)
Age (years) Mean (SD) 68.5 (9.8) 65.3 (11.5) 0.31
Range 53-86 39-81
Ethnicity, n (%) White British 23(100) 22 (95.7) 0.99
Asian/Asian British 0 14.3
Smoking status, n (%) Never 6 (26.1) 3(13.3P 0.31
Ex-smoker 15 (65.2) 13(61.9)
Current 28.7) 5(23.8)
Weight (kg) Median (IQR) 78 (28 80.5 (28)° 0.72¢
Diabetes, n (%) None 14 (60.9) 18 (81.8)¢ NS
Type | 14.3) 14.5)
Type 2 8(34.8) 3(13.6)
Preoperatively
White blood count (x10%) ~ Median (IQR) 8.9 (8) 9.8 (5) 0.60¢
Urea (mmol/l) Median (QR) 7.5(6.3) 8.6 (7.7) 0.24¢
Creatine (mol/l) Median (IQR) 102 (64) 104 (75) 0.93¢
eGFR (ml/minute) Median (IQR) 58 (53) 58 (38) 0.66¢
Haemoglobin (g/l) Median (IQR) 11.8(4) 11.25(3.3) 0.64¢

IQR, interquartile range; NS, not significant; SD, standard deviation.
a Chi-squared test.

b Two missing values.

¢ One missing value.

d Mann-Whitney U-test.

(Rifadin®, Sanofi-Aventis) (600 mg) antibiotics for the remainder of the time. Of the patients in
group 1 (2 days of antibiotics), four (17.4%) required further antibiotics; three (13.0%) patients
in group 2 required further antibiotics. All patients had blood cultures taken at the time of
randomisation and some patients were swabbed and had samples of tracheal aspirate taken.

Of these, six (13.0%) returned positive, three in each arm of the trial. These were for S. aureus
(one, 2-day group), Escherichia coli (B. S. Weeks & E. Alcamo) Jones & Bartlett International
Publishers, 2008, (one, 2-day group), non-lactose-fermenting coliform (one, 7-day group),
coagulase-negative staphylococci (one, 7-day group) and yeasts (two, both 7-day group).
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TABLE 4 Physiological and clinical outcome comparisons

Variable Group 1 (2 days, n=23) Group 2 (7 days, n=23) p-value
APACHE Il score Median (IQR) 13 (6) 14 8y 0.72°
Baseline SOFA score Median (IQR) 8(7) 11 (62 0.15
48-hour SOFA score Median (IQR) 5(7) 11 (7)¢ 0.08°
Total time vented (hours) Median (IQR) 28 (155) 108 (218)° 0.08°
Inotropes required (adrenaline and/or No 13 (56.5) 10 (43.5) 0.38¢
noradrenaline), n (%) Yes 10 (43.5) 13 (56.5)
Teicoplanin (Targocid®, Sanofi-Aventis) doses given ~ Median (QR) 3(17) 8(12) <0.001°
Meropenem (Meronem®, AstraZeneca) doses given  Median 6 21
Positive cultures, n (%) No 20 (87.0) 20 (87.0) 0.99°
Yes 3(13.0) 3(13.0)
Length of ICU stay (days) Median (IQR) 5.5(8.5) 13.5(30.5) 0.53°
No. of patients by length of stay in ICU <3 days 4 4 0.047¢
3-10 days 13 5
>10 days 6 13
No. of patients by length of stay in ICU <10 days 17 9 0.036°
> 10 days 6 13
Hospital length of stay (days) Median (IQR) 17 (24) 29.5 (46) 0.30°
Death, n (%) No 20 (87) 22 (95.7) 0.30¢
Yes 3(13) 1.3
IQR, interquartile range.
a One missing value.
b Mann-Whitney U-test.
¢ Two missing values.
d Chi-squared test.
e Fisher’s exact test.
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FIGURE 2 The distribution of ICU stay for the two treatment groups. Group 1: 2 days of treatment with antibiotics;

group 2: 7 days of treatment with antibiotics.
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FIGURE 3 The distribution of hospital stay for the two treatment groups. Group 1: 2 days of treatment with antibiotics;
group 2: 7 days of treatment with antibiotics.

1.0 +

0.8 -
o)
O
c Group
g —1 2-day treatment
% 0.6 A group
§ __rm1 7-day treatment
g group
'g —— 2-day treatment
S 0.4 - group — deaths
.5 —+— 7-day treatment
g group — deaths
Q
[
o

0.2 -

0.0 -

0.0 20.0 40.0 60.0 80.0
Days in ICU
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Three patients in the control group failed to complete their 7-day course of trial antibiotics.
One of these had their antibiotics stopped after 72 hours because of deranged liver function
tests. These tests returned to normal values following cessation of the antibiotics. One patient
died before completing the course and one patient was discharged from hospital after 4 days of
the antibiotics.

In total, four patients died within the 10-day trial period. The trial events adjudication panel
confirmed that none of the deaths was because of the trial intervention. The causes of death
were (1) sepsis and gastrointestinal bleed, pulmonary abscess and oesophageal carcinoma, (2)
multiorgan failure, sepsis, ischaemic bowel and ischaemic heart disease, (3) cerebrovascular
accidents and thoracic aneurysm and (4) multiorgan failure and coronary artery disease. No
patients who died during the trial period had received further antibiotics in addition to the
trial antibiotics.

Trial outcomes

The risk difference between the two groups for the composite outcome was 0.12 [95% confidence
interval (CI) 0.11 to 0.13; p=0.3]. Tracheotomy was performed on three patients who required

a respiratory wean from the ventilator. Table 5 shows the comparison of the need for further
antibiotics and the composite outcome between the two groups.

Trial adverse events

The trial adverse events are summarised in Table 6. There was a single serious adverse reaction
reported. This was a patient whose liver function tests became abnormal after commencement of
antibiotic therapy. Alanine transaminase was 506 U/l (normal range 3-35 U/I), gamma-glutamyl
transferase was 449 U/l (normal range <50 U/l ) and alkaline phosphatase was 627 U/l (normal
range 35-125U/1). These values began to return to normal in the days following cessation

of antibiotics.

Biomarker results

Two biomarker blood tests, PCT and APTT, were used as an indication of sepsis. These were
measured at baseline (after randomisation), at 48 hours and at 10 days or discharge.

Procalcitonin levels were measured in 45 out of the 46 (98%) patients at the time of
randomisation, in 36 (78%) patients at 48 hours and in 26 (57%) patients at 10 days/discharge,
with results summarised in Figure 5.

TABLE 5 Need for further antibiotics and composite outcome

Outcome Group 1 Group 2 p-value

Need for further antibiotics above those allocated at randomisation, 1 (%) No 19 (82.6) 20 (87) 0.682
Yes 4(17.4) 3(13.0)

Composite outcome of death and need for further antibiotics above those ~ No 16 (69.6) 19 (82.6) 0.30°

allocated at randomisation, 1 (%) Yes 7(30.4) 4(17.4)

a Fisher’s exact test.
b Chi-squared test.
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TABLE 6 Adverse events

Variable Group1 (2 days, n=23) Group 2 (7 days, n=23) p-value

Re-explore in theatre, n (%) No 22 (95.7) 21(91.3) 0.55%
Yes 1(6.9) 2(8.7)

Other adverse events, n (%) No 23 (100) 20 (87.0) 0.312
Yes 3(13.0)

HF, n (%) No 18 (78.3) 17 (73.9) 0.73°
Yes 5(21.7) 6 (26.1)

HF due to anuria or oliguria, 1 (%) No 20 (87.0) 18 (78.3) 0.73
Yes 3(13.0) 5(21.7)

HF due to abnormal electrolytes, n (%) No 21(91.3) 22 (95.7) 0.55?
Yes 28.7) 1(4.3)

Other arrhythmias, n (%) No 21(91.3) 23 (100) 0.15
Yes 28.7)

Anaemia (defined as haemoglobin < 8 g/dl), n (%) No 15 (65.2) 15(65.2) 0.99°
Yes 8(34.8) 8(34.8)

Standard tracheotomy, n (%) No 23 (100) 20 (87.0) 0.072
Yes 3(13.0)

HF, haemofiltration.
a Fisher’s exact test.
b Chi-squared test.

The median [interquartile range (IQR)] PCT for patients who restarted antibiotics was
2.4 (6.2) ng/ml, compared with 0.6 (2.7) ng/ml for those who did not receive further antibiotics in
excess of their trial drugs (p=0.06).

Despite the low numbers of patients, a logistic regression analysis of baseline PCT indicated a
trend towards it being a predictor of restarting antibiotics, with an odds ratio of 1.45 (95% CI
1.04 to 2.02; p=0.01). Similarly, a logistic regression analysis of the composite outcome (death
and needing further antibiotics) also showed PCT to be a predictive risk factor, with an odds
ratio of 1.79 (95% CI 1.20 to 2.67; p=0.005).

With regards to the APTT results, unfortunately there is a lack of consensus whether there is a
strong relationship between abnormal APTT waveforms and the underlying pathology of sepsis.
Matsumoto et al.** pointed out that in patients with disseminated intravascular coagulation and
sepsis the test was effective in patients who did not have solid cancers. They used a ‘cut-off” of any
waveform slope below -0.25% T/second to indicate biphasic waveform. We decided to use two
values as cut-ofts (Table 7) as discussed previously by Delannoy et al.,'> who used a comparable
study population to the one in this study. The values that Delannoy et al.'? used were -0.25 and
-0.465%T/second.

The analysis of abnormal APTT waveforms indicated a lack of significant difference between the
two groups at baseline. As a measure of validity of the APTT waveform tests we considered the
APTT results in patients who had known positive blood cultures and then performed tests for
sensitivity and specificity looking for the level of agreement. At the two different cut-off points
of slope of APTT waveform data (-0.25, —-0.465) there was very poor agreement with ‘blood
culture-positive sepsis’ [kappa values (95% CI) of -0.048 (-0.26 to 0.17) and -0.05 (-0.24 to
0.25), respectively].
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FIGURE 5 Median (IQR) PCT levels with IQR error bars.

TABLE 7 Groups and timelines for various cut-off values for biphasic APTT waveforms?

Group and time —-0.25%T/second  —0.465% T/second
Group 1 (2 hours) baseline 11 9
Group 2 (7 days) baseline 8 6
Group 1 (2 hours) 48 hours 2 2
Group 2 (7 days) 48 hours 4 3

a Data represents the slope of the plot between per cent change in
transmittance against clotting time (seconds) symbolised as: —%
transmittance change per second.

To test whether or not an abnormal APTT waveform has the ability to identify people with sepsis
as correctly as can a positive blood culture, sensitivity analyses were performed. The results at
the two different cut-off points of slope of APTT waveform data (-025, -0.465) indicated that
sensitivity (95% CI) was also very poor [0.105 (0.00 to 0.24) and 0.13 (0.00 to 0.30), respectively].

To test whether or not an abnormal APTT waveform has the ability to recognise people without
sepsis, a specificity analysis was performed. The results at the two different cut-off points of slope
of APTT waveform data (-025, -0.465) indicated that specificity (95% CI) was quite reasonable
[0.85 (0.72 to 0.98) and 0.87 (0.75 to 0.99), respectively]. With a likelihood ratio for a positive
test ranging from 0.5 to 1.0, we can interpret the findings as that there is an equal or slightly less
chance of finding a positive abnormal APTT waveform test in someone with ‘blood culture-
positive’ sepsis than in someone without sepsis.

Key findings

Although there was a preponderance of male patients this was equally spread between both
trial groups. There was no significant difference between the groups in terms of age, ethnicity
or weight. Diabetes was less prevalent in the 7-day group but the small number of patients
prevented statistical analysis. Renal function and APACHE II scoring were comparable in both
sets of patients. Relatively few patients were missed for potential enrolment. It is accepted,
however, that patients who were informally discussed between clinicians or patients whom the
individual clinician did not deem to be eligible were probably missed from the screening log. A
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relatively high number (nearly 5%) did not meet the full inclusion criteria but the collected data
do not allow us to ascertain why this was.

Presenting signs of SIRS were equally common in both groups and an abnormal white blood cell
count was present in >75% of patients in both groups. Only 10% of patients in either group had
positive microbiological isolates during the trial period.

Adverse events were few in both groups and not in excess of expected postoperative
complications following major cardiac and thoracic surgery in the study population. There was
no statistical difference in adverse events between the two groups.

Sequential Organ Failure Assessment scores decreased over the trial period in both groups

with the suggestion (not significant) of lower SOFA scores at 2 days in the 48-hour antibiotics
group. This difference was significant at 10 days but data were missing in some patients. Inotrope
requirements were unchanged following antibiotic use in either group. Length of stay on ICU was
shorter for those who received only 2 days of antibiotics and mortality was comparable between
groups. There was a suggestion of longer periods of invasive ventilation for those patients in the
7-day group, although this was not statistically significant.

Less than 10% of patients receiving only 2 days of antibiotics required further antibiotics during
the trial period. Only three of these had positive microbiological culture resultsm with two
patients receiving an extended course of antibiotics for reasons based on clinician preference
alone and one having antifungal therapy added based on clinician suspicion alone. One patient
in the 7-day group was on long-term steroids. This patient did not require a longer course of
antibiotics but was started on antifungal therapy for yeasts (tracheal aspirate) on day 6. Of those
receiving 7 days of antibiotics, three had additions made to their antimicrobial regime based on
positive microbiological results, with two patients receiving further doses of teicoplanin based
on a clinician decision. No patients who died required antibiotics in excess of those they received
as part of the trial. There were no documented incidences of MRSA or C. difficile infection in
either group.

Barriers to recruitment

One of the objectives of the trial was to obtain an understanding about what the barriers to the
recruitment of potentially septic patients would be. The recruitment of a relatively small number
of patients during the trial period highlights that such barriers did exist.

There were a number of major barriers:

m  Probably the single biggest barrier was the screening process used to identify prospective
patients. The system we employed for the trial was that the ICU clinical staff would ‘flag
up appropriate patients to the trial team; however, despite frequent reminders and regular
advertising attempts, it is likely that several patients who would have been eligible for
inclusion either were not identified to the trial team or were discovered after alternative
treatment plans had been established. It would be crucial for a full study to have a larger
number of clinical researchers so that all ICU patients could be monitored for signs of sepsis
on a more frequent basis.

m  Another barrier was the definition of ‘sepsis of unknown origin’ The commonest ICU
infection is respiratory in origin and is often diagnosed primarily by changes on chest
radiography. However, in our patient population, which is primarily patients who have
undergone cardiac or thoracic surgical procedures, abnormal chest radiography is common
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and caused by numerous non-infective causes. Because patients with a known ‘new’ chest
infection were excluded from randomisation, it seems likely that some patients were missed
because they were deemed to have new chest radiography changes suggestive of infection,
but in fact had those changes because of other causes, such as contusion.

m  Because this trial was carried out specifically in ICU patients, many of the patients who were
eligible for the trial were unable to give their own consent at the time of their recruitment.
Because of the need for antibiotics to be prescribed as soon as possible for septic patients, it
was important to obtain urgent ‘assent’ from the next of kin. Despite careful and empathetic
counselling, several families found that the situation of their family member being in
intensive care was sufficiently stressful that they were unable to agree to them being entered
into the trial.

m  Further, because most of the patients were elderly and often had elderly relatives, it was
decided that it was not appropriate to contact these elderly relatives to gain assent in the
middle of the night; therefore, patients were usually not recruited if their sepsis symptoms
became apparent after 2200 and before 0600.

m Inaddition, many relatives felt that they needed some time to read the trial information
documentation and to discuss the trial with other family members. Often this introduced a
significant delay, which risked these patients having to be excluded from the trial so that they
could receive their antibiotics without this delay.

m At the time of this trial the cardiothoracic ICU was not a ‘closed’ unit in which patients
are cared for by a single intensive care team, but instead is a unit in which patient care is
‘shared’ between the intensivists and the cardiac surgical teams. Within the cardiac surgical
teams during the period of the trial, there was significant difficulty in the recruitment and
retention of registrar-level doctors. The consequence of this is that it proved much harder
than anticipated to control the prescribing habits of this group of staff, resulting in several
patients being commenced on antibiotics without prior referral to the research team and not
in keeping with the trial protocol.

m A lack of adequate clinical staff to recruit patients. Other than the primary investigator, all
recruiting was carried out by two clinical fellows. Regrettably there were occasions when one
of the investigators was not available to obtain assent/consent.

Other smaller barriers were:

® A small number of patients were referred as fulfilling recruitment criteria but on more
detailed screening they had to be excluded either because they had finished a previous
course of antibiotics within the previous 24 hours or because they were concurrently taking
medication that could alter their immunological response (immunomodulators). For
example, one patient was taking treatment for breast cancer, which could also have affected
their ability to mount an immune response to infection.

®m  During the middle of the recruitment period there was a national HIN1 flu pandemic. The
consequence of this was that our cardiac unit stopped all elective operating for several weeks
and had reduced operating for several further weeks. The aim was to provide beds for general
ICU admissions or flu patients, but in fact these referrals did not arise and instead, for
about 6 weeks, we had a virtually empty cardiothoracic ICU with minimal patients eligible
for recruitment.

m  Only after the official start of the trial recruitment period were we made aware of the
MHRA standards around drug storage and labelling, which resulted in a 6-week period of
lost recruitment during which six patients were screened and would have been suitable for
recruitment had we been compliant with the appropriate standards at the trial start date.

m  The delayed start described above also resulted in a ‘false start” for the trial publicity, which
meant that once the trial restarted after the initial delay there was more confusion than
would be ideal and a sluggish initial referral rate.
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Reliability of data collection methods

Data collection was the responsibility of the trial research nurse, who visited the unit daily
(Monday to Friday). The research nurse then entered the data onto the trial database. The
accuracy and reliability of this method of data collection were assessed by an audit clerk, who
was independent of the trial, using a 13-point CRF validation check. The audit clerk randomly
chose 10 CRFs and checked their recorded data against the patient clinical notes and the generic
database. Because 13 events were checked in each of 10 CRFs, the total number of events
checked was 130. From this check there were found to be two data entry errors (1.5%). Both of
these errors were in the SOFA score calculations — one at baseline and one at 48 hours. On both
occasions, when the data point was corrected and the SOFA score recalculated, there were no
differences in the two scores.
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Chapter 4

Economic analysis

For the full economic analysis see Appendix 3.
The major findings were as follows:

1. Cost minimisation analysis (CMA) was used as there were no significant differences between
the trial and control groups.

2. The mean antibiotic cost per patient for the 2-day group was £168.97 and for the 7-day group
was £375.86. The average cost difference was therefore > £200 per patient.

3. We obtained data detailing the number of patients seen in our ICU department for 9 months
and the number of these patients who had blood cultures taken and the number who
returned a positive result. These data were then extrapolated for a full year. Interestingly,
of all the patients who had cultures taken over the 9-month period, only 10.4% returned a
positive result.

4. The potential per annum cost saving for the ICU was estimated to range from £108,140
to £126,060, assuming that, at 48 hours, if the cultures were negative, the antibiotics were
stopped in all cases.
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Chapter 5
Discussion

Sepsis is a potentially serious medical condition that is characterised by an inflammatory
response to an infective agent that may affect the whole body.»** The patient may develop
an inflammatory response to microbes in their blood, urine, lungs, skin or other tissues."* If left
untreated sepsis may progress to severe sepsis and septic shock, which is associated with a high
mortality rate.

Most patients who develop suspected sepsis either requiring ICU admission or during an ICU
admission are given antibiotics.*->* In cardiothoracic ICUs clinical decisions are often taken to
treat patients with suspected sepsis of unknown origin for a week or longer with broad-spectrum
antibiotics, usually on the basis of onset of fever, increased tracheal aspirates, increased white cell
count and heart rate, even if no radiographic changes are apparent. However, there is increasing
concern that this practice may be detrimental to patients, as several observers have highlighted
in the medical literature over the last 30 years.>””~* In particular, the rise in reported C. difficile
cases linked to mortality® and the increasing levels of antibiotic-resistant bacterial strains is

of concern.

Indeed, current evidence from a recent retrospective study by Aarts et al.® has suggested that
patients without proof of nosocomial infection receiving empirical antibiotics for longer than

4 days had higher 28-day mortality (32.1%) than those whose antibiotics were discontinued
(7.7%). International recommendations and guidelines have suggested that there should be
continuous reassessment of antibiotic therapy guided by clinical response, microbiology and
clinical data and also a reduction in the duration of therapy when it is appropriate (from the usual
7-10 days).”! However, in the absence of strong evidence for optimal duration of antibiotic use in
the ICU from randomised trials, these recommendations and guidelines have had little impact

on current practice. Other evidence in the literature, also from small studies, is suggestive that a
reduction in antibiotic use may be cost saving and may reduce the rates of antibiotic resistance.”

With regard to the primary outcome measures for this pilot trial there was no significant
difference in the need for additional antimicrobial therapy or an increased risk of mortality

for patients treated with only 2 days of empirical antibiotics compared with those treated for

7 days. This suggests that further investigation by means of a multicentre trial would be safe and
advantageous using our approach to treatment of suspected nosocomial infections in critical
care areas.

Prolonged ICU stay in those patients receiving antibiotics for 7 days may suggest that the 7-day
patients were sicker. This was not borne out, however, by the APACHE and the initial or 48-hour
SOFA scores. Alternatively, the continuation of potent, broad-spectrum antibiotics may have

led clinicians to perceive these patients as being ‘critically unwell’ for longer periods of time.
Continuing antibiotics may have delayed decisions to remove central access catheters and arterial
pressure lines. All of these factors may have contributed to prolonged ICU stay.

Although not clinically significant, the difference in total time invasively ventilated is intriguing
(although there is significant crossover between the IQRs). Again, if these values did represent
a significant difference one might question if the 7-day group were a ‘sicker’ cohort of patients
despite the illness severity scores suggesting otherwise. It is difficult to hypothesise why patients
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on longer courses of antibiotics might need longer periods of ventilation other than because of a
clinician perception of patients being ‘critically unwell’ while still on broad-spectrum antibiotics.
This may have led clinicians to prolong advanced organ support in these patients for fear of them
relapsing should that support be withdrawn too quickly. Additionally, the effect of individual
clinicians’ weaning strategies on this result cannot be accounted for from these data.

In the case of both ICU length of stay and length of invasive ventilation, both groups had spent
a similar time in ICU before being enrolled. This again refutes the suggestion that those patients
who received 7 days of antibiotics were sicker because they had spent more time in ICU before
they were involved in the trial.

Several studies exist in which the rate of decline of PCT concentration has been used to guide
length of course of antibiotics, but in this trial it was not used as part of the intention-to-treat
protocol. However, despite the relatively small trial numbers, the trend for high initial PCT levels
to predict the need for further antibiotics was significant. It would be useful in a future, larger
trial to try and quantify a concentration of PCT above which the necessity of further antibiotics
would be assured. The obvious corollary of this would be that this would give an initial PCT
concentration below which it could be assumed that it would be safe to stop the antibiotics after
an initial 48-hour course.

Interestingly, the comparison of secondary health economic outcomes — determined by assessing
resource utilisation and costs associated with each of the two pilot arms - indicated that there
was a significant cost saving in the 2-day arm of up to £126,060 per annum, ranging from £191.06
to £222.72 per patient, a finding that is in agreement with a previous small study.?! If this cost
saving is extrapolated nationally, in England alone it represents a substantial saving to the NHS
health-care budget.

As described in the results section, the main obstacles to recruitment in this pilot trial were
adequate screening of all of the ICU patients on a frequent basis, excluding sepsis of known
origin and factors related to the strategy for obtaining consent. Differences in interpretation

of what constituted a ‘probable’ chest infection, particularly when patients had ‘increased
sputum production, in which case they would be considered ineligible for recruitment (because
this would constitute sepsis of known origin), undoubtedly resulted in an excess number of
patients receiving prolonged courses of antibiotics to treat non-existent chest infections. This
was even more the case when there was the appearance of basal or lobar collapse on chest
radiography. However, the nature of cardiothoracic surgery (thoracic wall incisions, lung collapse
intraoperatively, high incidence of chronic lung disease in the patient population) means that
the appearance of abnormalities on chest radiography is more frequent but does not necessarily
constitute a pneumonic process. In the future it is recommended that these patients should be
considered for inclusion in the trial and it is in this group of patients that PCT may prove to be a
beneficial agent for distinguishing infected patients.

The need for expedited initiation of antibiotic treatment once a patient is suspected of having
sepsis significantly limits the amount of time that patients or their next of kin have to decide
whether or not to participate in the trial. In some cases this was the basis for several patients

or their legal representatives declining permission for enrolment in the trial - they had
insufficient time to consider their decisions. In addition, difficulties in contacting patients’ legal
representatives could result in delays to the commencement of antibiotic treatment. Outcomes
have been shown to be worse in septic patients when antibiotics were delayed'**>** and so in most
instances these patients were excluded.
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Although uncommon in our sample group, the onset of possible sepsis during antisocial hours
meant that it was inappropriate to contact next of kin for these patients to discuss enrolment. In a
few cases, attending clinicians were of the opinion that the illness was too severe and that it would
be unethical to delay antibiotics while assent was being sought. It could have been inappropriate
to approach relatives/legal representatives in such a situation when objective decisions regarding
involvement in a clinical trial would have been difficult. For these reasons some of these patients
were not recruited into the trial and therefore may potentially represent a source of bias. It is
suggested that these recruitment issues could be addressed by the use of preoperative consent of
patients in the outpatient setting. Alternatively, because both arms of the trial are the same for
the first 48 hours it might be prudent to agree with the ethical committee that recruitment of
these patients could occur at any time within the first 48 hours rather than before any antibiotics
are given.

A significant change was seen in clinician behaviour towards antibiotic use during the latter
part of the pilot period. Closer scrutiny of antibiotic use brought about by the trial led to
clinicians increasing their threshold for starting antibiotics in postoperative patients. Although
commendable in reducing antibiotic exposure for patients, this approach led to reduced
recruitment to the trial and may have exposed truly ‘septic’ individuals to a delay in treatment.

Another difficulty with the trial in our particular unit is that we are not a ‘closed’ unit. For many
patients developing signs of sepsis, their first medical review was by a cardiac surgical registrar.
Despite a great deal of publicity and attempts at education there remained several patients who
were simply commenced on antibiotics by their ‘team’” doctors before being given a chance to

be recruited into the trial. This particular limitation was made worse by the limited number

of investigators undertaking this trial. Primarily in order to remain within the governance

of good clinical practice, all assents/consents for the trial were undertaken by one of only

three individuals. In any future trial it would be important to ensure an adequate number of
appropriately qualified researchers to be available to enrol appropriate patients into the trial.

An additional obstacle to recruitment during the trial period was a 6-week closure of the ICU for
HI1NI1 epidemic national planning purposes.

Another area that needs further consideration when designing the larger definitive trial is

the dispensing of trial antibiotics, which would in the future require unique packaging with
specific tracking numbers different from those for existing medications intended for routine
use. This would avoid confusion with stock drugs used in the unit for non-trial patients. In
addition, careful consideration of the choice of antibiotic regime when involving general and
cardiothoracic ICUs is required. Some units may routinely use third-generation cephalosporins
or beta-lactam/beta-lactamase inhibitor drugs as opposed to carbapenems. The choice of a
regime for a future trial may also be hindered by varying local susceptibility patterns. Finally,
although the use of a glycopeptide drug is becoming a routine part of empirical sepsis cover,
having an outcome measure for MRSA infections in which one of the treatment options is the
trial drug may not be logical.

The small size of this pilot study prevents any kind of definitive answers being derived or even
suggested with any degree of certainty. It is important to note that these were all postoperative
patients and that the incidence of pure sepsis episodes as opposed to SIRS in critically ill medical
patients may not be as pronounced. This calls into question the external validity of future trial
results for general ICU patients.
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Measurement of height to allow calculation of basal metabolic index (BMI) would allow for
better matching of patient demographics and should be included in future trial data collection.
Future trial data would also benefit from more detail being collected around why apparently
suitable patients were not included in the trial.

Although the trial protocol took into account the effect of patient weight on antibiotic dosage, it
did not address potential changes in dose necessitated by renal and hepatic impairment or the
effect of haemofiltration and potential disruptions in this therapy. In practice, this affected only
one patient who transferred from haemofiltration to haemodialysis. The use of steroids in sepsis
was not addressed as a possible confounding factor (the potential immunocompromise may
increase the risk of ongoing infection).
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Chapter 6
Conclusion

he preliminary data from this study are suggestive that, if there are no differences in clinical

outcomes, there may be significant benefits of reducing broad-spectrum antibiotic use in the
ICU without undermining patient safety. In cost terms alone, there would be a potential saving in
our unit of >£100,000 per year, which would potentially extrapolate to a massive national overall
health economy saving. However, evidence from this pilot trial is not definitive and hence further
investigation is warranted using a large randomised trial with greater patient numbers to explore
further efficacy and cost implications of reduced antibiotic use in critical care units (general and
cardiothoracic), both nationally and internationally.

It must be clarified that we are not of the opinion that all patients can be treated with reduced
courses of antibiotics. Invariably, some patients will be experiencing true infective episodes

and will require longer periods of antibiotic therapy. From our trial we would predict that such
patients are those who have a high baseline PCT concentration. This pilot merely highlights that
the distinction between infective and inflammatory processes in critically ill patients is a difficult
one. Even the use of PCT and biphasic waveform APTT to identify those patients who truly have
sepsis has been questioned by analysis of available studies.’* Of particular interest in this trial is
the observation that baseline PCT levels were strongly predictive of both the need for restarting
antibiotics and the composite outcome of death and need for further antibiotics, a feature that
requires further investigation in a large trial.

Clinical reassessment of the need for antimicrobial therapy at 48 hours allows those patients
experiencing a SIRS response to be exposed to broad-spectrum antimicrobials for as short a time
as possible.
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Chapter 7

Recommendations for future research

1. A larger multicentre trial needs to be undertaken to confirm the benefits of reducing
courses of broad-spectrum antibiotics in ICU patients who have signs of sepsis but with no
known cause.

2. A future trial would be designed to provide a better estimate of the savings that could be
made to the whole health economy rather than extrapolating from this relatively small trial.

3. Inclusion of general ICU patients as well as cardiothoracic patients would be required to
ensure that the assumptions made in this trial about the incidence of aseptic SIRS being the
underlying diagnosis in most ICU sepsis patients is applicable in all ICUs and not just those
with a primarily postoperative population.

4. The observation that baseline PCT concentrations are predictive of the need for longer
courses of antibiotics must be included in the design of a future trial.

The outcomes of this pilot study are very encouraging and suggest that it is feasible to design
a binary non-inferiority trial with the need for further antibiotics above those allocated at
randomisation as the primary outcome measure. In this pilot study we observed that the need
for further antibiotic use in the 2-day treatment (group 1) was 17% compared with 13% in
the standard 7-day treatment (group 2). The null hypothesis is that the percentage of patients
requiring further antibiotic use in group 2 is better than the percentage of patients requiring
further antibiotic use in group 1 by an amount d (non-inferiority limit). Assuming different
values of d, Table 8 shows estimated sample sizes at different alpha and power levels.

Secondary outcome measures could include initial PCT as a predictor of the need for an
extended course of antibiotics, death, duration of mechanical ventilation, duration of ICU stay,
and health economics outcomes.

TABLE 8 Sample size calculations for multicentre trial

Alpha Power (%) d (%) Sample size
0.05 80 5 31,500
0.05 80 10 880
0.05 80 125 436
0.05 80 15 260
0.05 90 10 1204
0.05 90 125 604
0.05 90 15 360
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Appendix 1

The Sequential Organ Failure

Assessment score

Health Technology Assessment 2012; Vol. 16: No. 36

SOFA score
Variable 1 2 3 4
Respiration: Pa0,/Fi0, (mmHg) <400 <300 <200 (with respiratory <100 (with respiratory
support) support)
Coagulation: platelets (x10%mm?) <150 <100 <50 <20
Liver: bilirubin [mg/dl (umol/l)] 1.2-1.9 (20-32) 2.0-5.9 (33-101) 6.0-11.9 (102-204) >12.0 (>204)

Cardiovascular: hypotension

Central nervous system: Glasgow
Coma Scale

Renal: creatinine [mg/dl (umol/l)] or
urine output

Mean arterial pressure
<70mmHg

13-14

1.2-1.9 (110-170)

Dopamine <5 or

dobutamine (any dose)?

10-12

2.0-3.4 (171-299)

Dopamine >5 or
adrenaline <0.01 or
noradrenaline <0.12

6-9

3.5-4.9 (300-440) or
<500 ml/day

Dopamine >15 or
adrenaline >0.01 or
noradrenaling >0.12

<6

>5.0 (>440) or
<200 ml/day

37

a Adrenergic agents administered for at least 1 hour (dose in wg/kg/minute).
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Appendix 2

Interpretation of procalcitonin levels

PCT (ng/ml) Interpretation

<0.05 Normal values. Local inflammation or infection is possible: systemic inflammatory response unlikely

<05 On first day of ICU admission this indicates a low risk for progression to severe sepsis and/or septic shock. Local inflammation or
infection is possible: systemic inflammatory response unlikely

>0.5and <2 Systemic inflammatory response present due to infection, severe trauma, major surgery or cardiogenic shock. If the patient has a
proven infection it could be sepsis

>2and <10 Likely to be sepsis (SIRS associated with infection). On first day of ICU admission this indicates a high risk for progression to
severe sepsis and/or septic shock

>10 Severe sepsis or septic shock. Organ dysfunction. High risk of death
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Appendix 3

Economic analysis

READ-ICU (RANDOMISED EVALUATION OF ANTIBIOTIC TREATMENT DURATION IN THE
INTENSIVE CARE UNIT) TRIAL: PILOT STUDY ECONOMIC ANALYSIS

Dr Alan Haycox, Reader in Health Economics, University of Liverpool.
Miss Rachel Houten, Health Economist, University of Liverpool.

The economic analysis is conducted in two parts. In the first part analysis of the results of the
pilot study will be conducted with consideration for the fact that the study is not powered to
obtain any statistical differences and recommendations for data collection requirements to
enhance a larger trial. In the second part two lessons learnt from the pilot study will be discussed
paying particular attention to economic methodology.

Part |

Introduction
Resource utilisation and costs associated with the comparative antibiotic regimens were
measured and valued up until the end of the follow-up period. The economic value of conducting
further research [e.g. in the form of a larger randomised controlled trial (RCT)] was addressed
in relation to the clinical and economic information collected as part of the pilot study. Unit
costs were derived from data on acquisition costs and staff time obtained in the pilot study and
combined with other costs derived from the Liverpool Heart and Chest finance department
and national sources [the British National Formulary*® (BNF)]. Comparative resource use is
provided in both physical (amount of resources consumed in both arms of the trial) and financial
(comparative costs in both arms of the trial) terms to facilitate understanding and generalisation
of the results obtained to alternative settings and as a form of reference for external model
validation of our analyses. The small sample size inhibits the ability of the feasibility study to
undertake robust statistical significance testing; however, comparisons between the two antibiotic
regimens have been made whenever possible, utilising a range of summary statistics.

Economic outcomes evaluated
The focus of the economic analysis was entirely determined by the clinical objectives of the
study, which were to assess the impact of the shorter duration of antibiotic use on the duration
of ICU stay, mechanical ventilation and overall hospital stay and overall resource use within the
hospital environment. Given this focus, resource utilisation and costs associated with each of the
two pilot arms, specifically ICU stay, hospital stay, mechanical ventilation, antibiotics and other
medications, tests and procedures, were measured and valued up until the end of the follow-up
period. Because this was primarily a feasibility study the economic analysis also sought evidence
of any potential tendency towards reduced levels of health outcome (increased incidence of
sepsis, increased need to reinitiate antibiotic therapy or increased levels of infection-related
mortality) that could be explored further in a larger trial.

Resource use and cost information were collected from an NHS hospital-level perspective. This
perspective was chosen for the feasibility study as the health and resource impact associated
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with the change in hospital antibiotic regimen was expected to fall almost entirely within the
secondary care environment. No evidence was obtained within the feasibility study that caused us
to question the limited perspective undertaken for the analysis. Along with costing information
to support the clinical outcomes, the use of antibiotics, other medications, tests and procedures
was also recorded. Both outcome and resource use data were collected on day 10 and on hospital
discharge, whichever is sooner.

From a resource perspective the comparison of the two antibiotic regimes may impose changes
at a number of levels. First (and most visibly), the a priori expectation was that there would be an
immediate and substantial cost saving arising from the shortening of the initial antibiotic regime.
The initiation of an expensive 7-day antibiotic regimen based on a clinical suspicion of infection
risk may lead to unnecessary treatment and wastage of scarce NHS resources. The initiation

of antibiotic therapy is likely to provide no benefit to a substantial proportion of patients who
apparently have no infection. In addition, the provision of such treatment is likely to contribute
towards developing levels of antibiotic resistance in the UK. Although it is important for
clinicians to immediately initiate antibiotic therapy once infection is reasonably suspected, it is
equally important that such therapy is reassessed as soon as the results of the laboratory cultures
are available. Needless to say, antibiotic therapy should be continued only in patients in whom
infection has been confirmed. A further resource saving may appear on identification of lack of
infection in patients if it is then possible that they can be relocated outside the ICU setting.

The perceived benefit of reduced antibiotic treatment does not lie with the cost improvement
alone. Although treatment with antibiotics without the patient having an underlying infection
is not directly harmful, it is unnecessary and can cause resistance to antibiotics in the long run.
Antibiotic-resistant bacteria can then spread making infection more expensive and difficult to
treat. The short-term focus of the feasibility study will not enable estimates of how the more
effective targeting of therapy will impact on antibiotic resistance; this, perhaps, is one element
that should be explored further in any larger study.

The economic methodology applied
The choice of economic methodology is entirely derived from the purpose and context of the
trial. Our prior clinical expectation is that the removal of treatment with antibiotics in the
absence of infection (when infection is initially suspected but unconfirmed by results from
blood cultures) does not pose any health threat to the patients whilst simultaneously conserving
significant levels of valuable resources for the NHS. As the pilot study was never intended to be
sufficiently powered to show statistically significant differences between the outcomes of the two
groups we are unable to make definitive recommendations on the cost and outcome implications
of the introduction of the protocol. We can, however, look for any large variances between the
two treated groups of patients in terms of outcomes, adverse events and survival. If we have a
reasonable basis derived from the results of the feasibility study to believe that outcomes appear
to be equivalent across the two groups then the analysis collapses to a simple question of which
antibiotic regimen achieves this equivalent outcome at the lowest resource cost to the NHS. By
posing the question in this manner it becomes apparent that the most appropriate methodology
to employ in analysing data from this study is CMA,* which is the economic framework that
deals with cost analysis in the presence of evidence of equivalent outcomes. However, it is
important to re-emphasise the fundamental premise on which this choice of methodology is
made, which is that it assumes that the outcomes for patients in both of the groups are equivalent
and unaffected by the duration of antibiotic treatment. If this is the case then the groups can
be compared on a cost basis alone with the key cost saving to the NHS of the 2-day antibiotic
treatment group arising from the reduction in the length of antibiotic therapy provided to
patients in cases in which this was not clinically required.
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Results

In applying the CMA methodology it is crucial to check that the occurrence of adverse events
and survival are similar across the two groups to ensure that our assumption of equal outcomes
is not being violated. Such variances would have to be closely monitored in a larger trial and
outcome variation incorporated to offset any cost saving of antibiotic treatment in the economic
analysis. Such issues are addressed in much greater detail later in this appendix.

If variation is apparent between the two groups then a cost-effectiveness methodology would be
applied. Cost-utility analysis is the gold standard health economic framework in which outcomes
are expressed in terms of quality and quantity of life and evaluated alongside resource use and
cost to ensure an effective use of resources. A cost-utility analysis would be inappropriate in

the context of the trial as any quality-of-life measurement of the patients within this cohort is
unlikely to be sensitive enough to the changes experienced. As the difference between infected
and non-infected patients is not symptom related (and why the trial is necessary), it is likely that
the short-term quality of life of these patients would in fact be the same.

Three patients whose treatment deviated from the protocol have been excluded from the
economic analysis to ensure comparability across groups. The results of the blood cultures taken
at the time of initiation of antibiotic therapy are provided in Table 11.

Hours of ventilation

The mean hours that patients in each arm of the trial spent on ventilation were substantially
different although this was not statistically significant, an observation that may be related to
inclusion of outliers by chance alone. Patients in the 2-day antibiotic arm of the trial (treatment
group 1) spent an average of 80 hours on ventilation in comparison to an average of 136 hours for
patients in the 7-day arm of the trial (treatment group 2). The results and CIs for both arms of the
trial are provided in Table 9.

Patients on 2-day antibiotic regimens spent on average only 55% of the time ventilated that
patients on 7-day antibiotics were ventilated for. However, care needs to be taken in estimating
the additional cost associated with the additional time spent on ventilators by patients in the
7-day arm of the trial. The cost of ventilation is included in the per day cost of stay in ICU
(postoperative coronary care unit) and therefore including an additional per hour cost of
ventilation would double count some elements of cost difference between the two groups.
However, given the apparent importance of this element, both the reasons for and the cost
implications of variations in ventilator use in the critical care context should be explored in
greater detail in any subsequent trial.

Duration of intensive care unit stay

The duration of stay in critical care is an important determinant underlying the comparative cost
for the patients in this trial. Variations in length of stay may indicate a difference in the speed

of recovery being experienced between the patients in each of the treatment groups. This would
have important resource use implications.

TABLE 9 Hours vented by trial group

Treatment group No. of patients Mean hours vented 95% Cl
1 (48 hours) 23 79.57 38.3110120.82
2 (7 days) 20 136.00 78.93 0 193.07
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As the follow-up period is 10 days the data are truncated at one end. This is, however, justified as
the influence of the infection and any treatment would not be expected to go beyond this period.
Thus, any variation in stay past this point is more likely to be driven by other factors than the
length of antibiotic regimen provided to the patients. Patients who died were given their duration
in the critical care area as the total number of days that they were in the trial. The results and CIs
for mean days in critical care for both arms of the trial are provided in Table 10.

Patients on 2-day antibiotic regimens spent on average 75% of the time on ICU that patients

on 7-day antibiotic regimens spent on ICU. An average cost per day for the ICU in the host
hospital for the trial was obtained from the finance department of the Liverpool Heart and Chest
Hospital. The data provided emphasised that the ICU cost will vary from £1350 to £1600 per day
depending on a patient’s requirements, for example the need for ventilation adds substantially

to the per day cost in ICU, but unfortunately more detailed costing data were not, at this

stage, available.

Results of the blood cultures

The proportion of patients who had been initiated on antibiotic therapy because of clinical
suspicion of infection but in whom infection was not identified in the blood culture was
remarkably high (87%). Such a result highlights the importance of this trial as it emphasises

the potential for resource saving and prevention of unnecessary treatment arising from early
identification of negative results. However, interpretation of the results is fundamentally linked
to the sensitivity and specificity of the blood culture tests in accurately dichotomising at an early
stage between patients with and without infection. Arguably a false-positive is of less concern as
it will simply result in having resources wasted on patients through the continuation of antibiotic
therapy; however, a false-negative could have huge implications for the health of the patient if
treatment is withdrawn as a result and the infection is allowed to develop unchecked. Factors
underpinning the accuracy with which the blood culture tests can minimise false-positive and
(especially) false-negative results should be a fundamental aspect of the clinical and economic
analysis undertaken in a larger trial. A follow-up blood test to ensure patient safety may be one
way to circumvent any sensitivity and specificity variation in blood culture results in a larger trial.

Cost analysis

The main costing analysis has been conducted using patient-level data on the duration of
antibiotic therapy. Per patient costing for ICU duration could not be calculated as the data set
did not contain enough information to correctly allocate the actual cost incurred from the broad
range of estimates obtained from the Liverpool Heart and Chest Hospital (from £1350 to £1600).

TABLE 10 Mean days on ICU

Treatment group No. of patients Mean days on ICU 95% Cls
1 (48 hours) 23 6.07 4.58107.55
2 (7 days) 20 8.13 6.63109.62

TABLE 11 Blood culture results

Treatment group Positive cultures No. of patients
1 (48 hours) No 20

Yes 3
2 (7 days) No 20

Yes 3
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Using the mean difference in days on ICU between the two treatment groups (2.06), the potential
cost savings from a reduction in ICU stay can be estimated to range between £2781 and £3296.
Using the CIs to estimate the largest and smallest differences we can derive a broader range of
potential cost savings of between £1242 and £8064.

As the number of blood cultures obtained as part of the trial should not differ between groups
their costs have not been calculated in the economic analysis.

The antibiotic therapy costing analysis undertaken was based on a number of assumptions that
were made in collaboration with the clinical investigators. The nature and implications of these
assumptions are outlined in the following sections.

Intention-to-treat analysis

The analysis has been conducted on an intention-to-treat basis; however, there were four patients
in the 2-day treatment arm who in practice received > 7 days of antibiotic therapy. This will
obviously have a negative impact on the cost difference associated with the antibiotic therapy
between the treatment groups; however, because of the clinicians’ autonomy to treat their patients
as they see fit this cannot be discounted from the analysis as our aim is to produce estimates that
best reflect a real-life application of the protocol.

When patient weight was missing an average was imputed for each

group for use in the calculation of antibiotic dosage

The appropriate amount of one of the antibiotics routinely prescribed (teicoplanin) is weight
dependent. Thus, in estimating the amount and cost associated with the prescribing of
teicoplanin, accurate recording of a patient’s weight is fundamentally important. Unfortunately,
in a small number of cases (n=2) it proved impossible to ascertain the weight of the patient as
they were emergency admissions and hence in such circumstances an average weight (and hence
cost) was attributed to the patient. Patients who weigh <85kg are given 400 mg of teicoplanin
twice a day for the first day and 400 mg per day thereafter; patients who weigh > 85kg are given
6 mg/kg twice a day for the first day and 6 mg/kg per day thereafter.

Vials are assumed to be indivisible

For the purposes of the cost analysis it was assumed (following clinical guidance) that the
splitting of vials of antibiotics is not permitted. As such, as soon as a new vial is opened,
irrespective of how much of the vial is used, the full cost of the vial is allocated to the patient.

The antibiotic wastage over the course of the trial was estimated to quantify the additional cost
of being unable to divide a vial of teicoplanin. Between the 46 patients in the trial population,
87 vials’ worth of teicoplanin was wasted, which at a cost of £6.10 per vial equates to £530.70.

The dosage of antibiotics was allocated according to the protocol

and multiplied by the number of hours on antibiotic therapy as

recorded in the summary data

The cost of the antibiotics calculated included only the antibiotics given as part of randomisation.
The use and costs of other antibiotics may be an important factor in the roll-out of such a
protocol; however, in such a small sample the costs for the seven patients who needed further
antibiotic therapy above that allocated at randomisation would have large implications for the
average costs of treatment and would likely disguise the direct cost saving by not providing
unnecessary treatment.

The number of hours spent on antibiotic therapy was recorded for each patient. These data were
used to estimate the total number of doses of antibiotics provided to each patient. In all cases the
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BNF costs™ were applied to the estimated quantity of antibiotics used. In the case of teicoplanin
the cost per vial (400 mg) was £6.10. The dosage of meropenem is not weight dependent;
therefore, along with their teicoplanin treatment patients will be given 1g three times per day for
the duration of the treatment. The cost per 500-mg vial of meropenem is £8.60.

The antibiotic costs in both arms of the trial are provided in Table 12.

The results of the antibiotic cost analysis emphasise the significant potential savings in antibiotic
utilisation and cost that arise from use of an initial 2-day regimen. The cost of antibiotic use in
the 2-day group is only 45% of the cost of antibiotic use in the standard care group, leading to an
average antibiotic cost saving of over £200 per patient.

Although the difference in antibiotic cost between the two arms of the trial is statistically
significant it is important to remember the limitations of the current trial. The patient-level
costing was conducted to estimate the cost saving of the protocol in a practical environment
and as the 95% ClIs show there is variation in the treatment costs that cannot be solely explained
by the difference in the average weight of the two treatment arms (group 1: 77.7kg, group 2:
80.41kg). We would expect, because of the very nature of the protocol, that the 7-day treatment
arm would cost more in terms of antibiotic therapy. However, the exact magnitude of this cost is
likely to fluctuate in line with variations in clinical practice. As the sample is currently small the
reported cost difference could be largely driven by a few key outliers in the data and the practice
of individual consultants who choose to continue or cut short antibiotic therapy on the basis of
the blood culture results. A larger trial would enable greater confidence to be placed on the cost
difference as the variation due to individualistic factors would be lost and the outcomes could be
interpreted as being more robust and generalisable.

It is widely recognised that hospitals are usually able to negotiate significant discounts for the
drug therapies that they purchase. However, the baseline analysis follows National Institute for
Health and Clinical Excellence guidance in using published costs as the basis for the costing of
drug use. To assess the impact of drug price discounts, a sensitivity analysis around the cost of
the drugs has been conducted. The results of the sensitivity analysis show that a 30% reduction in
the price of both antibiotic therapies would result in the average cost difference between the two
groups being reduced to £144.82 per patient.

A larger trial of 2-day compared with 7-day use of antibiotics in this patient group would benefit
from resource use data on the outcomes and adverse event profiles of the individuals as well

as the calculation of costs that could be allocated to the resource use. This would enable cost-
effectiveness estimates to be produced if the evidence suggested that the outcomes of the two
treatment arms were not equivalent. The ability to delineate the ICU stay cost from its association
with ventilation would also allow any variation in ventilation to be captured as a distinct category.

Potential cost savings

Antibiotic use is one of the major cost elements in most hospitals within the UK. As such, to
illustrate the potential cost savings arising through moving to an initial 2-day antibiotic regimen

TABLE 12 Mean antibiotic costs

Treatment group No. of patients Mean antibiotic cost per patient (£) 95% Cls (£)
1 (48 hours) 23 168.97 105.76 10 232.18
2 (7 days) 20 375.86 328.48 10 423.24

Average cost difference 206.89
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the analysis has estimated the cost saving that would arise if this protocol was applied at a
broader level. The first aggregated analysis estimates the potential savings in antibiotic costs if the
2-day policy was applied across the whole of the ICU at Liverpool Heart and Chest Hospital.

The analysis was based on figures obtained from the hospital’s infection control database and
relate to the 9-month period from November 2010 to July 2011 (Table 13).

The most striking aspect arising from these figures is that only 10.4% of those patients for
whom blood samples were obtained because they were suspected of infection returned positive
cultures indicating that they did indeed have an infection. From a face validity perspective it

is perhaps heartening that this figure closely correlates with the 13% observed in the trial. To
estimate the potential annual savings in antibiotics that could be made by the ICU the results
obtained in the 9-month period analysed were extrapolated into an annual equivalent. This
assumption therefore ignores any seasonal fluctuations that may have affected antibiotic use in
this 3-month extrapolation.

The annual equivalent analysis estimates that 2093 patients were treated in the ICU over the
12-month period. Of these it is estimated that 631 patients would initially be treated with
antibiotics as a consequence of suspected infection and, of these, only 66 (10.4%) would be
expected to have this diagnosis confirmed by the blood test. The anticipated cost savings per
patient associated with the 95% CIs range between £191.06 and £222.72. Imputing these values
into the annual estimates outlined above results in antibiotic cost savings ranging between
£108,140 and £126,060 for the ICU at Liverpool Heart and Chest Hospital. These results
emphasise that a roll-out of the 2-day antibiotic regimen across all units in the local area or
nationally would promote significant cost savings to the NHS without detrimental impact on
patient health.

To acknowledge some of the uncertainty surrounding the projection estimates, namely the
extrapolation of the recorded values from 9 to 12 months, and to show the impact of each of
the parameters a simple sensitivity analysis has been conducted. Table 14 uses the average cost
difference per patient observed in the trial of £206.89 and displays the annual cost savings that
would be observed in the ICU under a range of alternative assumptions. The original value
scenario uses annual throughput estimates and the proportion of patients suspected of sepsis
and the proportion of positive cultures obtained from an audit of the ICU in which the trial has
been conducted. In this case the savings made from a roll-out of the 2-day protocol would be
£117,000 per year. The estimated value scenarios look to quantify the impact of variation of the
key assumptions that we have made in the original value scenario. In each scenario only one
assumption is altered while all other assumptions remain constant at the original values. For
example, if the proportion of patients suspected of sepsis increases to 40% (instead of the current
30%) and the patient annual throughput in the ICU and the proportion of positive cultures
observed remain the same then the annual cost saving for the ICU unit would be £156,000.

This sensitivity analysis shows how the cost-saving potential is dependent on the number of
individuals who would be eligible for a reduction in the duration of their antibiotic therapy. If

TABLE 13 Patient throughput and blood cultures

Description No. of patients
Patient throughput in ICU 1570
Cultures requested 473
Positive cultures 49
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TABLE 14 Cost-saving estimates

Assumption Original value Estimated value

Total throughput of patients 2099 70% 80% 90% 110% 120%

Cost saving (£) 117,100 81,970 93,680 105,390 128,810 140,520

Proportion of sepsis-suspected patients (%)  30.1 5 10 20 40 50

Cost saving (£) 117,100 19,446 38,891 77,783 155,565 194,456

Proportion of positive cultures observed (%) 10.4 5 15 20 25 30

Cost saving (£) 117,100 124,217 111,142 104,604 98,066 91,528
the number of patients suspected of sepsis or eligible for a possible reduction in antibiotic use
was in fact only 5% of the total throughput, and holding the total throughput and proportion of
individuals with positive cultures constant, the annual cost saving is estimated at around £19,466.
If, however, the number of patients displaying symptoms of sepsis was in fact 50% of the total
throughput, holding everything else constant, the cost saving could be around £194,456.

Outcomes

Sequential Organ Failure Assessment scores

Sequential Organ Failure Assessment scores were used to measure the change in outcomes
associated with 2- and 7-day antibiotic regimens. The SOFA score is a summary score used

to monitor the severity of a patient’s health. The summary score is made up from six different
observations concerned with the functioning of different systems within the body. These are the
respiratory, renal, hepatic, cardiovascular, coagulation and neurological systems. The higher the
score the more severe the patient’s condition is deemed to be. The expectation is that patients in
both arms of the trial would experience improving SOFA scores as a result of antibiotic treatment
or as the symptoms of SIRS diminish. If patients from one arm of the trial improved to a greater
extent than those in the comparator arm it would be indicative of the clinical superiority of this
arm of the trial.

The collection of quality-of-life information is inappropriate in this trial. Both patients with
sepsis and those without display the same symptoms even though the cause of the symptoms
is different, and the finite time frame in which the change in symptoms occurs means that the
quality of life of patients would be unlikely to display any change.

Only the SOFA scores of patients who have scores at three time points are used. The repeated
measurement enables changes and improvements to be recorded over time. In a full trial we can
use such scores to ensure equivalence of results between the two groups.

If randomisation has been accurately put into practice we would not, given a larger sample,
expect to see a significant difference between the two groups from baseline to 48 hours as there
should be no systematic variations in treatment patterns between the two groups until some
patients are removed from the antibiotic therapy pathway after 2 days (as a result of negative
blood cultures). The results obtained from the SOFA score analysis are provided in Tables 15-17.

Given that the final SOFA score is taken when the patient is discharged from hospital the exact
period from commencement on antibiotic therapy is likely to vary from patient to patient. This is,
however, true of all of the measurements taken at the end point and is unlikely to skew the results
as (particularly in a larger trial) the randomisation should account for variation such as this in
both arms of the trial. As we are measuring a process change in which quality-of-life assessment
tools are unlikely to be sensitive to those patients suspected of sepsis but in fact have SIRS or
some other condition in which antibiotic therapy will not cure, the SOFA scores would enable a
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TABLE 15 Baseline SOFA scores

Treatment group No. of patients Mean score 95% Cl
1 (48 hours) 11 9.36 5.951012.78
2 (7 days) 13 12.08 9.40 10 14.75

TABLE 16 Forty-eight-hour SOFA scores

Treatment group No. of patients Mean score 95% Cl
1 (48 hours) 1 6.36 3.80108.93
2 (7 days) 13 10.00 7.341012.66

TABLE 17 Final SOFA scores

Treatment group No. of patients Mean score 95% Cl
1 (48 hours) 11 2.00 0.39 10 3.61
2 (7 days) 13 4,08 1.92106.23

Mortality

check on the clinical comparability of the severity of the condition of each of the groups at the
end point of the trial.

Given the comparatively small number of patients with a complete set of SOFA scores (24) it

is difficult to derive any firm conclusions from the analysis. However, it would appear that at
baseline the patients in treatment group 2 were more severely ill (had higher SOFA scores) than
those in treatment group 1. However, the number of patients who have SOFA scores at all time
periods recorded is less than half of the total sample. This is because, to obtain a reading for
some of the elements, a blood sample needs to be taken. It was deemed unethical to obtain such
a sample purely to complete the SOFA score and therefore those patients who no longer had an
indwelling cannula fitted at 10 days or those who had left the ICU do not have a SOFA score. In
light of this, in any larger trial, the aim should be to collect all elements of the SOFA score that
are deemed ethical and, in patients who have recovered sufficiently such that they do not require
any intravenous treatments, perhaps a zero score could be allocated for that element.

Preliminary analysis of the change in SOFA scores in the two arms of the trial show a 32%
reduction between baseline and 48 hours in treatment arm 1 and a 17% reduction in treatment
arm 2. The percentage reduction between 48 hours and discharge is 69% in treatment arm 1 and
59% in treatment arm 2.

The death rate observed in the trial (three deaths in treatment arm 1 and one death in treatment
arm 2) is far too small to draw any significant conclusions. Analysis of the cause of death
indicated that in all cases it appeared to be unrelated to the trial. However, it is crucial that

this element is assessed in detail in any larger trial as any variation in this element identified in
a longer follow-up period would allow survival to also be incorporated as an outcome in the
economic analysis.

Prevention of the development of antibiotic resistance

The European Centre for Disease Prevention and Control highlighted the potential development
of antibiotic-resistant disease as Europe’s biggest disease threat.”” A significant association has
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been observed between the extent of previous antibiotic usage and development of antibiotic
resistance.® In addition, the more vulnerable the patient, with many catheter lines and ongoing
treatments, the more at risk they become of infection by antibiotic-resistant bacteria.*® This fact
coupled with the routine use of multiple classes of strong antibiotics in critical care environments
to treat the critically ill means that these areas become a primary breeding ground for both the
development and spread of antibiotic-resistant bacteria.* It would also appear that the duration
of mechanical ventilation is a particular risk factor for the development of antibiotic resistance.*

The benefits of reducing antibiotic resistance, although difficult to quantify accurately, especially
because of its variability by locality,* should not be underestimated. In addressing long-term
antibiotic resistance it is essential that unnecessary use of antibiotics is minimised. As such,
discontinuation of antibiotic treatment in cases in which such treatment is not required and
providing the shortest course of antibiotics required to achieve maximum patient benefit are
crucial in preventing the development of future antibiotic resistance.”

The simple adjustment in antibiotic utilisation addressed in this feasibility study (providing that a
similar trend was apparent in any larger study) would significantly assist in preventing the future

development of antibiotic resistance, through a reduction in both antibiotic use and the length of
time that a patient remains on mechanical ventilation.

Applying value of information theory to the results obtained from the

feasibility study
Bayesian value of information analysis seeks to quantify the value of research produced to ensure
that it exceeds the costs of acquiring the information. The theory is based on the premise that the
cost-effectiveness of an intervention is quantified as its net benefit (NB):

NB].: QJ}\ - CJ [Equation 1]

where j is the intervention, Q are the expected outcomes, C are the expected costs and A is the
cost-effectiveness threshold.*!

The expected value of perfect information (EVPI) is therefore:

EVPI=E, max, NB(j,0)—max; E,NB(j,0) [Equation 2]
Expected value of Expected value of
perfect information current information

where o are the parameters in the model.*

The NB of an intervention is uncertain and, with only current information available, a decision
must be made with the presence of uncertainty, with the intervention that provides the maximum
expected benefit being the optimal choice.”!

With perfect information there is no uncertainty surrounding the parameter values, and
therefore there is no chance of the wrong decision being made, which would have consequences
and costs for the health service.*”* However, this is unobtainable in reality and therefore the EVPI
is estimated by averaging the maximum NB over the joint distribution of the parameters."

The value of further information for each parameter can be calculated separately by estimating
the value of perfect information in this factor and leaving everything else constant, at the value of
current information."
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The commencement of this feasibility study was preceded by the thinking that a reduction in

the use of unnecessary antibiotic therapy would result in large savings to the NHS in terms of
the direct treatment costs. To conduct a Bayesian value of information analysis some certainty
over the parameters contained within the model is required. What this feasibility study has
discovered, however, is that not only are these direct savings from antibiotic reduction likely to
vary in a practical environment as a result of clinical decision-making but also there may in fact
be other unforeseen impacts — namely a change in the duration of ICU stay and ventilation use.
Producing estimates of the value of additional information through Bayesian methodology when
the model structure is uncertain would produce a range of scenarios that are unlikely to offer any
meaningful contribution until the justification for the inclusion of each parameter is obtained.

A further trial, for example, may contradict the trend that we have seen in this feasibility study
for more ventilation use within the 7-day group and find no difference, therefore providing
justification for exclusion of this parameter in the model of cost-effectiveness, or adverse event
profiles may show between-group variation, which would therefore warrant the inclusion of
these adverse events within the health economic model. In light of the questions raised about

the possible factors influenced by the change in antibiotic usage within this feasibility study, the
potential value of obtaining additional information will be discussed in a more pragmatic sense.

With current assumptions about the equivalence of outcomes in the READ-ICU pilot, the
difference between the two treatment groups is simply related to costs. The most obvious

cost difference is associated with antibiotic usage; however, there may also be cost differences
associated with the length of stay in ICU. Such a value of information model is easily applied
using sensitivity analysis when the measurement of outcome can be quantified in monetary
terms. However, as the collection of quality-of-life information is inappropriate in this trial, as it
would be unlikely to show any difference between the two groups because of the short time frame
of the trial, and the fact that the patients in both cases are symptomatic and it is only the cause of
the symptoms that differs, the allocation of an outcome threshold becomes somewhat abstract.

The relationship between duration of ventilation and ICU stay and duration of antibiotic therapy
needs to be explored in a further trial to confidently estimate its likely magnitude. However, if
the trends in the feasibility study are seen in a larger trial its impact on NHS resources is likely to
be substantial.

The sensitivity and specificity of the blood cultures used to diagnose sepsis are of paramount
importance to both the safety of patients and the likelihood of a cost-effective change in practice.
The value of this information would likely be huge and can be estimated by conducting more
frequent blood cultures in a future trial setting.

A further study should also collect data on additional variables such as the need to reinitiate
antibiotic therapy during the trial period and the monitoring of patients in each arm of the trial
in order to account for all variation in outcomes and resource use as a result of the change in
duration of antibiotic therapy.

What is evident from the preliminary analysis of the pilot trial data is that there appears to be

a significant cost saving to be made from the incorporation of the suggested process change.
Although the current data do not sound any alarm bells in terms of adverse event profiles,
additional information from a further trial to confirm this would be of immense value. There
remains uncertainty around the duration of ICU stay and duration of ventilation because,
although there were no statistically significant differences between the groups because of the
small sample size, there appears to be a pattern of difference emerging between the two groups.
This could have large implications for the cost savings to be made by the introduction of the
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protocol. Quantification of this difference, if it is in fact a true difference, in a larger sample would
enable greater precision when estimating the economic impact of the protocol.

Part Il

What lessons can be learnt from the feasibility study for the design of the
major study?

Introduction

The principal economic issues that have been addressed in this feasibility study are:

1. What is the most appropriate economic methodology to apply in the context of the clinical
results obtained in the study?

2. What lessons have been learnt concerning the structure of any future trials that would
improve their reliability as a basis for health-care decision-making?

Each of these issues are explored in further detail in the following sections.

What is the most appropriate structure of economic analysis for

comparing 2- and 7-day antibiotic regimens?

The appropriateness of any economic methodology depends on the nature and context of the
underlying clinical analysis. Evaluations based on inappropriate or poor-quality clinical data will
fail to provide a reliable basis for health-care decision-making. The primacy of clinical data is
particularly evident in the choice of economic methodology that is appropriate in any context. In
the case of this trial two potential options were available. First, if the feasibility study indicated
that there were significant differences in outcome between 2- and 7-day antibiotic regimens

then the analysis would be most appropriately undertaken in the context of a cost-effectiveness
analysis (CEA). Such an analytical structure would identify, measure and value variations in both
costs and outcomes arising between the two antibiotic regimens to generate a cost per unit of
outcome. The second potential methodology is to apply a CMA in which, conditional on health
benefits between the two competing antibiotic regimens being equivalent, the least expensive
option is preferred. Analysis of the clinical data obtained in the trial does not appear to indicate
the presence of significant variations in clinical outcome between the two arms of the trial and
therefore the approach of the feasibility study to the economic analysis is CMA. However, it is
important to emphasise that should significant adverse events arising from the shortening of the
antibiotic regimen become apparent then the structure of our analysis would alter.

Many sources of clinical evidence can be used to support economic analyses; however, the

‘gold standard’ is normally considered to be the RCT, which holds everything constant with

the exception of the variation being evaluated. The value of having access to the results of the
feasibility study arises from the fact that it effectively informs decisions with regard to any further
economic study that is undertaken. By definition, the results of clinical trials cannot be known
in advance and therefore in the absence of a feasibility study it would be impossible to plan to
undertake a CMA alongside an RCT because there would be no prior evidence to determine
whether or not the health outcomes being compared could be considered to be equivalent.*
Therefore, no prospective economic evaluation should be initiated as a CMA unless there are
strong theoretical reasons or (as in this case) empirically generated evidence that the outcomes
generated by both arms of the trial are expected to be ‘identical or similar. When such evidence
has been generated in a feasibility study CMA can be adopted as an appropriate methodology for
subsequent health economic analysis.
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The apparent simplicity of the CMA approach belies complex theoretical underpinnings that are
just as rigorous as those underpinning other methods of economic evaluation. Before applying
this methodology it is essential that the clinical trial evidence obtained in the feasibility study is
sufficient to justify the assumption of clinical equivalence between the 2- and the 7-day antibiotic
regimens. Extreme rigour is required in ensuring equivalence in health benefits before deciding
on the appropriateness of employing CMA as an economic methodology. In the case of our
feasibility study, underpinning this choice of methodology was a detailed analysis of clinical
data, which indicated that in all crucial characteristics the interventions being compared lead

to equivalent health outcomes. If this crucial and indispensable element underpinning the
decision to use CMA is found to be erroneous in the light of further evidence the analysis would
revert to CEA.*

What evidence has been obtained from the feasibility study to

inform the structure and focus of future trials comparing 2- and

7-day antibiotic regimens?

It is perhaps surprising that the exact nature of the evidence base required to prove ‘therapeutic
equivalence’ has not been subject to more intense scrutiny. The inability of a health intervention
to prove superiority in a superiority trial in no way indicates that this necessarily implies clinical
equivalence. Recent advances in clinical trial design have made it easier to directly compare
clinical equivalence in a more meaningful manner, with the development of non-inferiority
trials allowing this issue to be directly addressed. Alternatively, when a trial is initially designed
as a superiority trial but such superiority remains unproven the analysis can be switched from
superiority to non-inferiority in appropriate cases. The implications of adopting an inappropriate
clinical trial design or misinterpreting the results of a clinical trial are often considerable:
‘wrongly discounting treatments as ineffective will deprive patients of better care. Wrongly
accepting treatments as effective exposes patients to needless risks and wastes’*

If it is perceived that the results obtained in the feasibility study support the therapeutic
equivalence of the antibiotic regimens then this has important implications for the structure of
any subsequent trials. RCTs can be structured to evaluate superiority, therapeutic equivalence or
therapeutic non-inferiority. The greatest support for the use of CMA occurs when an equivalence
trial unambiguously proves that two health-care technologies are clinically equivalent. Such
certainty in trial outcomes is rare, however, and in practice there exists a myriad of ‘grey’ areas
that may be indicative of therapeutic equivalence but which require more careful analytical
consideration and judgement.

The superiority trial estimates the probability that the effect exists when the null hypothesis is
true using the test statistic (p-value). However, p-values obtained in superiority trials may be
inadequate to interpret the results of clinical trials. The use of CIs and personal judgement may
be a more accurate method of determining clinical equivalence before accepting or rejecting
an equivalence claim: ‘leaving it up to the reader to decide whether the CI includes or excludes
potentially clinically important differences between two treatments. If it does not exclude
differences. .. assume that the two drugs are not the same’*

Superiority trials are specifically designed to demonstrate that there is, indeed, a difference and,
thus, to reject the null hypothesis of equivalence in favour of the alternative hypothesis (i.e. that
there is a difference). Evidence from well-designed superiority trials obtained in the context

of a feasibility study may be of value in generating evidence of health equivalence for use in
structuring further clinical trials; however, future trials should be designed in accordance with
such prior evidence of equivalence. A short examination of the two suggested structures for a
larger and more definitive trial of 2-day compared with 7-day antibiotic regimens is outlined in
the following sections.
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Structure 1: equivalence trials

Equivalence trials are specifically designed to demonstrate that the effect of one intervention

(a 2-day antibiotic regimen) is not worse than the effect of the current intervention (a 7-day
antibiotic regimen) by more than a specified equivalence margin. The aim of an equivalence
trial is therefore to specifically rule out significant clinical differences between the treatments by
directly evaluating the extent to which two health-care interventions have equivalent therapeutic
effects. Briggs and O’Brien*® argue that CMA should be employed as an economic methodology
only when clinical evidence has been obtained from an equivalence trial. However, even in the
case in which an equivalence trial indicates clinical equivalence in primary outcomes (adverse
events), scrutiny of secondary outcomes may reveal significant differences in safety, cost or
convenience: ‘one therapy may offer clinical benefits such as a more convenient administration
schedule, less potential for drug interaction or lower cost’*

In the current trial, for example, the duration of stay on the ICU and the duration for which a
patient requires ventilation show some differences between the two groups, although statistical
significance is not apparent because of the small sample size. Such secondary outcomes have
significant implications both for the patients and for the resources required to treat them and
therefore need to be considered alongside the adverse event profiles to ensure equivalence on
all fronts.

A crucial step in the design of an equivalence trial is the definition of clinical equivalence.

The equivalence margin attempts to incorporate all values that represent unimportant clinical
differences in treatment and must be stipulated in advance of the clinical trial. The equivalence
range, therefore, includes the largest difference between treatments that is clinically acceptable
before treatments become defined as providing significantly different benefits. Clinical
equivalence can be claimed if the 95% CI around the difference in treatments is found to lie
entirely within the predetermined clinical equivalence margin. The setting of the equivalence
margin communicates a judgement about what is and what is not clinically and statistically
acceptable* and it is important that good clinical judgement is employed to ensure that the
chosen margin is clinically relevant and statistically feasible.

Structure 2: non-inferiority trials

The rationale behind a non-inferiority trial is to demonstrate that the 2-day antibiotic regimen
is not worse than the current 7-day antibiotic regimen by a prestated clinical margin. This type
of trial is particularly useful when the issue being evaluated relates to the extent to which the
new antibiotic regimen is as ‘good’ as the current antibiotic regimen. In non-inferiority trials
analysis is focused entirely in one direction - typically that the new treatment is not worse than
the established therapy by more than the non-inferiority margin that has been prespecified. An
improvement of any size fits within the definition of non-inferiority. Span et al.* emphasise the
potential value of non-inferiority trials in informing the results of CMAs: ‘the most efficient
analysis of the clinical effect in a cost minimisation study is the non-inferiority analysis.*

The non-inferiority range should be set in relation to the clinical notion of a minimally
important effect. An acceptable non-inferiority margin depends on defining a difference that
has previously been identified as being not clinically significant. Non-inferiority is demonstrated
when the CI around the treatment difference lies entirely to the right of the lower bound of the
non-inferiority margin.
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Other issues to be addressed in evaluating ‘equivalence’ in future trials of 2
compared with 7 days of antibiotics
Distinguishing between statistical and clinical significance
One of the failings of statistical analyses undertaken in the context of a superiority trial is
that statistical significance may differ from clinical significance. Variables that are identified
as exhibiting statistically significant differences may be entirely unimportant from a clinical
perspective whereas clinically crucial differences remain crucial even if they fail to achieve
statistical significance. In contrast, in equivalence trials and non-inferiority trials, statistical
and clinical significance are inextricably linked through the setting of equivalence and
non-inferiority margins.

Evaluating equivalence in single or multiple outcomes

In clinical practice it is highly unlikely that two health-care interventions will yield exactly the
same health benefits in all dimensions of clinical and patient outcomes. Typically, the design of
equivalence trials and non-inferiority trials identifies a single end point for comparison despite
the perception that one of the treatments is likely to offer significant advantages in another area.
For example, when two treatments have equal efficacy yet one is more convenient to patients,
then the extent to which CMA can be appropriately utilised depends largely on the perspective
adopted by the analysis. When equivalence is not demonstrated for all important outcomes,
the analyst must provide explicit justification for using CMA in light of the study question and
perspective. In large part, the interpretation of clinical equivalence will depend on the specific
circumstances of the clinical trial, the range of outcomes being measured and the judgement of
the analyst. In such cases it is difficult to provide specific guidance that would be appropriate in
all cases.

In any clinical trial it is necessary to identify a primary health outcome that is common to the
competing alternative interventions. Choice and measurement of such an outcome measure
are crucial in determining the appropriateness of the trial as an evidence source on which to
undertake CMAs. To be of value, the primary health outcome must be the dominant outcome
from the perspective of both patients and clinicians and capture the most clinically relevant
benefits of the competing treatments. If not, claims of clinical equivalence, even when based on
equivalence trials, are not sufficient to support the use of CMA.

Conclusions
It is essential that health economists and decision-makers are clear on what is meant by the
concept of clinical equivalence and acknowledge that, given the heterogeneous nature of patient
populations and treatment outcomes, it is likely to prove impossible to achieve exact equivalence
between competing health-care interventions.

The appropriateness of using CMA must be judged in the light of the totality of the clinical
evidence supporting or refuting the hypothesis of therapeutic equivalence between 2- and 7-day
antibiotic regimens. However, certain limited guidance can be provided with regard to the
appropriateness of undertaking CMA analysis.

First, the most appropriate design for a clinical trial to generate evidence that two health-care
technologies are ‘identical or similar’ is the equivalence trial. Such trials are specifically designed
for this purpose and therefore any differences that are identified between the health interventions
being compared are neither clinically nor statistically significant. Therefore, clinical evidence
from a well-designed equivalence trial represents the gold standard in supporting claims of
clinical equivalence between a 2- and a 7-day antibiotic regimen. However, even when data are
available from an equivalence trial it still remains important to consider the extent to which the
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primary health outcome fully captures the benefits being derived from the antibiotic regimens
being compared. If other benefits are clinically meaningful to patients and clinicians, additional
comparisons of clinical equivalence may be required.

Second, failure to prove clinical superiority should not be interpreted as providing evidence of
clinical equivalence. In certain circumstances data from a superiority trial may be reanalysed
to assess clinical equivalence. However, such reinterpretation of the data set must be justified
through further analysis to show that there is indeed a therapeutic equivalence between 2- and
7-day antibiotic regimens.

Third, the extent to which data from non-inferiority trials can be used to justify the use of

CMAs is currently subject to a great amount of uncertainty. In particular, to what extent proof of
non-inferiority represents an acceptable approximation of ‘therapeutic equivalence’ in comparing
2- and 7-day antibiotic regimens remains uncertain.
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Trial protocol

A PILOT RANDOMISED CONTROL TRIAL, IN INTENSIVE CARE PATIENTS, COMPARING SEVEN
DAYS VERSUS TWO DAYS TREATMENT WITH EMPIRICAL ANTIBIOTICS TO TREAT HOSPITAL
ACQUIRED INFECTION OF UNKNOWN ORIGIN

RANDOMISED EVALUATION OF ANTIBIOTIC TREATMENT DURATION IN THE INTENSIVE CARE
UNIT - READ-ICU

TRIAL - HTA Ref 08/13/38
Protocol version 5.1

Dated 29th September 2010

Contact Details and Key Personnel

Sponsor:
The Liverpool Heart & Chest Hospital NHS Trust

Research team contact details:
INDEPENDENT TSC MEMBERS:
Chair of the Steering Committee
Professor Paulo Lisboa
Liverpool John Moore’s University, Liverpool

Dr Nagesh Kalakonda
University of Liverpool, Liverpool

Mr Nathan Howes
The Royal and Broadgreen University Hospitals NHS Trust

Other Trial Steering Committee Members:
Chief Investigator Dr Nigel Scawn, Liverpool Heart & Chest Hospital NHS Foundation Trust

Project Coordinator and Trials Unit Leader Dr Bashir Matata, Liverpool Heart & Chest Hospital
NHS Foundation Trust

Steering Committee Member and Health Economist Dr Alan Haycox, University of Liverpool,
Liverpool

Steering Commitiee Member Dr Rod Stables, Liverpool Heart & Chest Hospital NHS
Foundation Trust

Statistician Dr Steven Lane, University of Liverpool, Liverpool
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Steering Committee Member Dr Mark Jackson, Liverpool Heart & Chest Hospital NHS
Foundation Trust

Steering Committee Member Professor Cheng Hock Toh, Royal Liverpool University Hospital

NHS Trust

Steering Committee Member Dr Carlos Nistal De Paz, Royal Liverpool & Broadgreen University
Hospitals NHS Trust, Liverpool

Lay Member of the Steering Commitiee Mr Keith Wilson, Liverpool

STUDY SUMMARY

Title of study

Trial acronym

Study design
No of subjects
Study timelines

Inclusion criteria

Exclusion Criteria

Primary outcome measure

Secondary outcome measures

Follow-up

A pilot randomised control trial, in intensive care patients, comparing seven days versus two days treatment
with empirical antibiotics to treat hospital acquired infection of unknown origin

Randomised Evaluation of Antibiotic Treatment Duration

in the Intensive Care Unit READ-ICU
Single-centre, randomised, prospective clinical trial

60

Planning, ethics and start-up Sep 2009 — Dec 2009
Recruitment Jan 2010 — Dec 2010
End of follow-up Jan 2011

Analysis and reporting Jan 2011 — Mar 2011
Final report Apr 2011

Patients in the intensive care unit with signs suggestive of new infection in the absence of positive
microbiological cultures

and

At least two of the four markers of systemic inflammatory response syndrome (SIRS):
temperature of >38°C or <36°C

tachycardia (> 90 beats per minute)

tachypnoea (=20 breaths per minute)

white blood count >12x10%L or <4x10%L

= Positive microbiological cultures before randomisation

= Patients <18 years of age

= Unable to obtain assent or consent

= Patients enrolled in another study such that randomisation in READ-ICU would result in deviation from
either protocol

= Known allergy to treatment antibiotics

The rate of death or initiation of antibiotic therapy after the completion of the treatment schedule allocated at
randomisation

Clinical

= Duration of ICU stay

= Duration of Hospital stay

= Duration of mechanical ventilation

= Incidence of infection with Clostridium difficile

= |ncidence of infection with MRSA

Economic

= Resource utilisation and costs

Feasibility

= The ratio of patients — screened : eligible : randomised

= The incidence of crossover between the randomised treatment groups

= The accuracy of data collection assessed by a 20% source data verification check
Outcome measures will be assessed at day 10 or hospital discharge, whichever is sooner
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BACKGROUND
Hospital Acquired Infection in the Intensive Care Unit
Patients in intensive care units (ICUs) are at higher risk of hospital-acquired infections and sepsis
than those in non-critical care areas [1]. Hospital-acquired sepsis is reported to occur in 10%
to 70% of patients undergoing invasive mechanical ventilation, the rate varying with the patient
population studied and diagnostic criteria used [5]. Despite the major advances in intensive care
management sepsis and its complications remain the leading cause of mortality in ICUs [2].
Bloodstream infections (BSIs), pneumonias, and urinary tract infections (UTIs) are the most
common hospital-acquired infections and are most often associated with the use of invasive
devices [3]. Coagulase-negative Staphylococcus BSIs have recently increased in frequency, and
enterococci such as Staphylococcus aureus have also been reported as causing BSIs in increasing
numbers of ICUs. Recently, gram-negative bacilli have been reported more frequently than gram-
positives in this setting. Fungal urinary tract sepsis has also increased [4].

Why New Treatment Strategies are Needed?

Many patients with suspected sepsis in ICU are given antibiotics for the entire duration of
stay to reduce the risk of complications, even in cases where there are no compelling positive
microbiological results. To date most studies have focused on optimising antibiotic treatment
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for ventilator acquired pneumonia (VAP) that accounts for approximately 50% of antibiotics use
in ICU [6-8] and the other proportion is for treatment of suspected sepsis often of unknown
origin. Since clinical decisions for empirical antibiotic treatment are usually based on fever,
purulent tracheal aspirates, increased white cell counts and heart rate, even if no x-ray changes
are apparent, we hypothesise that prolonged treatments with antibiotics is unnecessary in cases
where there are no confirmed organisms grown in blood cultures. In addition, other markers

of sepsis may guide early diagnosis and decision making on necessity and duration of antibiotic
treatment. On the basis of existing evidence from a recent retrospective study by Arts et al 2007
[9], suggesting that patients without proof of nosocomial infection receiving empirical antibiotics
for longer than 4-days had higher 28-day mortality (32.1%) than those whose antibiotics

were discontinued (7.7%), we hypothesised that 2-day antibiotic regime is sufficiently potent

to eliminate any potential microbial threat in these patients. This is consistent with current
international recommendations and guidelines that there is a need for continuous reassessment
of antibiotic therapy with microbiology and clinical data to reduce duration when appropriate
from the usual 7-10 days of antibiotic therapy guided by clinical response [10].

Current Dilemma

Although early identification and treatment of sepsis can have a major impact on the outcome

of these patients [11], diagnosis of sepsis is generally difficult particularly in cases where there

is no positive isolated microbiological growth. Whilst there has been no shortage of proposed
markers of sepsis [12], two assays have emerged as increasingly relevant in recent years. These are
the biphasic activated partial thromboplastin test (APTT) waveform and procalcitonin (PCT).
The APTT waveform reflects light transmittance changes in plasma and septic patients have been
found by several investigators to show an abnormal biphasic pattern. Increasing abnormality

of this waveform correlates with real time clinical progression and its molecular mechanism is
due to calcium dependent complexes between C-reactive protein (CRP) and very low density
lipoprotein [13]. This has also been shown to be superior to CRP in the diagnosis of sepsis and
the risk of mortality [9]. For PCT, the degree of rise in concentration can help differentiate
between infectious and non-infectious complications in these patients, and indeed, PCT has been
shown to be effective in differentiating infectious from non-infectious causes of acute respiratory
distress syndrome [14]. Most recent work has shown that the use of PCT tests in combination
with the biphasic APTT waveform can increase the specificity of the latter test in identifying
sepsis [15]. Indeed, it has recently been shown that serial measurement of PCT may allow
monitoring of a reduction in antibiotic treatment duration and exposure in patients with severe
sepsis and septic shock without apparent harm [16].

Search For Evidence

We have completed a review of current trials registered in the ISRCTN Register, NHS Trusts
Clinical Trials Register, MRC UK and National Institutes of Health (NIH) randomised trial
records held on NIH ClinicalTrials.gov website. This yielded no present or past randomised
trials of this nature. In addition, we conducted an extensive literature search of the NIH Pubmed,
MEDLINE and EMBASE electronic databases between 1990 and January 2008.

Terms that were used for the search were ‘hospital-acquired infection) ‘antibiotics regimen in
intensive care units’ and ‘biphasic transmittance waveform APTT coagulation assay’ The searches
were limited to ‘human’ and ‘English language’ Reference lists of identified articles were scanned
for additional potentially relevant publications in the Web of Science version 4.1.1, Institute for
Scientific Information 2000 which identified all articles that cited the index publication.

However, evidence from randomised trials about the duration of antibiotic use is absent. This
pilot randomised trial will investigate whether 48 hours of antibiotic treatment is adequate can
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safely treat suspected sepsis in the ICU as compared with the traditional week-long course. In
this pilot study, we will not be using biomarkers of sepsis as part of the entry criteria as this is
not currently routine practice in most UK intensive care units. However, this study presents us
with the opportunity to collect samples for procalcitonin and the APTT waveform to perform a
retrospective analysis of their potential utility in a future full study.

Potential Benefits of the Trial

At our centre the monthly cost attributed to antibiotics use in our ICU is estimated to be £22,000.
A substantial amount of savings of up to approx. £10,000 per month could be realised in our
centre if treatment was limited to the first 48 hours of ICU care in cases where no infecting
organisms can be isolated. This translates to even bigger savings to the NHS as a whole running
into millions every year.

Study Objectives

The main objectives of this pilot study will be to provide preliminary data on the likely safety and
efficacy of a reduced course of antibiotics for the treatment of ICU infections of unknown origin.
In addition, we wish to identify the likely barriers to an effective recruitment to a full study, the
appropriateness and reliability of outcome measures and the data collection methods.

Study Design
This is a pilot, single-centre, randomised, prospective study designed to compare safety and
efficacy of a reduced course of antibiotics with a more traditional seven day prescription, for the
treatment of ICU infections of unknown origin. This study will be carried out in an intensive
care unit (ICU) setting of a Tertiary Heart and Chest Hospital. Approximately 60 patients will be
randomised to receive either 48 hours or 7 days of antibiotic treatment.

Selection of Patients

We will screen for trial entry, all ICU patients suspected of having an infection of unknown
origin. Samples will be taken for microbiological culture testing at baseline. Initial patient status
will be assessed by using APACHE 11 scoring system and documented in the case record form.

Inclusion Criteria
Patients in the intensive care unit with signs suggestive of new infection in the absence of positive
microbiological cultures

and

At least two of the four markers of systemic inflammatory response syndrome (SIRS):
temperature of >38°C or <36°C

tachycardia (> 90 beats per minute)

tachypnoea (=20 breaths per minute)
white blood count >12x10°/L or <4x10°/L.

Exclusion Criteria

m  Positive microbiological cultures before randomisation

m  Patients <18 years of age

®  Unable to obtain assent or consent

m  Patients enrolled in another study such that randomisation in READ-ICU would result in
deviation from either protocol

m  Known allergy to treatment antibiotics.
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Randomisation
Eligible patients with appropriate assent or consent will be randomised in equal proportions
between the two trial groups:

m Antibiotic treatment administered for 48 hours
m  Antibiotic treatment administered for 7 days.

Treatment assignment is based on the block method using randomly varying block sizes of 2, 4
and 6 to ensure numerical balance between the groups. An independent statistician will provide
the randomisation tables. Randomisation will be revealed by telephone contact with the clinical
trial unit. Investigators will be asked to confirm patient’s initials, date of birth and eligibility
criteria before randomisation occurs. The randomisation service will be available 09:00-17:00
(UK time). Outside of these hours urgent randomisation will be performed by opening a sealed,
opaque, serial numbered envelope. Once randomised, the patient will be enrolled into the study
and will be followed for outcome measures.

Antibiotic Therapy

Patient less than 85kg will be given a combination of Teicoplanin 400 mg twice a day for day
1, then 400 mg daily thereafter and Meropenem, 1g three times a day for 2 days or 7 days, as
allocated at randomisation. Patients over 85kg will receive 6 mg/kg Teicoplanin twice a day
for day 1, then 6 mg/kg daily thereafter. Meropenem dose remains the same independently of
patient weight.

After completion of the treatment regime allocated at randomisation, additional antibiotic use
will constitute an outcome measure and the reason for initiation will be documented in the trial
case record forms. Antibiotic choice in this setting will be guided by culture information and
clinical opinion. Anticipated reasons for extended therapy will include:

m  Proven new or ongoing infection episode with positive microbiology
m  X-ray or other imaging diagnostic information
m  Poor physiological status believed to be related to infection.

Sub-study Protocol
Blood samples for the analysis of biphasic APPT and procalcitonin levels will be taken at:

Baseline

48 hours

On the initiation of additional antibiotic therapy beyond the randomised schedule
At day 10 or discharge whichever is the sooner.

Withdrawal from the Trial

Patients can elect to withdraw from the trial at any time without prejudice to their care but every
effort will be made to seek permission to track outcome measures for the normal duration of
follow-up.

OUTCOME MEASURES
Timing of Outcome Measure Assessment
Outcomes will be assessed at 10 days after randomisation or hospital discharge, whichever is
the sooner.
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Primary Clinical Outcome Measure
The rate of death or initiation of antibiotic therapy after the completion of the treatment schedule
allocated at randomisation.

Secondary Clinical Outcomes

m  Duration of ICU stay

m  Duration of hospital stay

m  Duration of mechanical ventilation

m  Incidence of infection with Clostridium difficile
m Incidence of infection with MRSA.

Secondary Economic Outcomes

Resource utilisation and costs associated with each of the two pilot arms specifically ICU stay,
hospital stay, mechanical ventilation, antibiotics and other medications, tests and procedures
measured and valued up until the end of the follow-up period.

Secondary Feasibility Outcomes (Pilot Study Objectives)

m  The ratio of patients — screened: eligible : randomised

m  The incidence of crossover between the randomised treatment groups

®  The accuracy of data collection assessed by a 20% source data verification check.

SAMPLE SIZE

In common with most pilot studies, calculation of an accurate samples size is not possible due to
the paucity of existing data. We will, however, comply with previous recommendation for good
practice that pilot randomised control trials should recruit a minimum number of 60 patients
[19]. A preliminary audit of our ICU database suggests that on average about 10 patients/month
in our ICU are treated for suspected infection. We aim to recruit at least 5 patients/month (50%
recruitment rate) within the duration of 12 months.

Data Collection
A Manual of Operation containing relevant procedural instructions and definitions will be
produced. Structured Case Record Forms (CRFs) will be used to record data at each stage of the
patient journey through the trial. Trial documentation will be completed by specific Research
Nurses working on the project (Claire Prince and Sandra Roberts). In addition, a medically
qualified Clinical Research Fellow will be responsible for day-to-day monitoring of recruitment
activity and assist in maintaining the screening log and obtaining trial consent/assent. Trial-
related data will be transcribed into a bespoke, secure, password protected database in the
Clinical Trials Unit.

Prospective monitoring of adverse and clinical events will start at randomisation and will
continue until the end of the trial follow-up period. The Research Nurses will be responsible
for ‘tracking’ each patient during their hospital stay to ensure that all tests are carried out and
blood samples have been taken at the designated time. The reasons why an eligible patient does
not proceed to randomisation will be recorded in the trial specific screening documentation
and database.

Resource Utilisation Data Collection

Costs associated with each of the two pilot arms, length of intubation, ICU and hospital ward
stay and medications will be estimated to the end of the follow-up period. The cost of antibiotics
including the number of regimes used, and length of time on each regime in each arm will be
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calculated. A preliminary measure of key cost drivers will be estimated by applying routinely
collected unit cost figures (NHS Reference costs and PSSRU unit costs), for ICU, ward and BNF
prices for medications, to quantify resource utilisation over the length of the follow-up period of
the study.

STATISTICAL ANALYSIS

The clinical and economic impact of 7 days versus 2 days antibiotic treatment will be examined.
Categorical outcome measures will be examined using a Chi-square test or Fisher’s exact

test as required. Length of ICU stay will be compared using the independent sample ¢-test or
Mann-Whitney non-parametric test if necessary. The potential cost differences per patient will
be estimated with confidence intervals. Exploratory analysis will be undertaken using Bayesian
Value of Information methods described by Tan and Smith 1998 [20] that balance the benefit
of detecting a minimally significant difference with at least a given power against the costs of
the patient sample size and/or the risk that the research poses to patients (e.g. the probability of
incompletely treating sepsis in the intensive care unit). The result of this analysis will provide
guidance on the optimal sample size to use in a future RCT that would seek to evaluate the
antibiotic regimen studied in this pilot study.

ETHICAL ARRANGEMENTS

The study will be conducted according to the principles of the Declaration of Helsinki
(www.wma.net) and Good Clinical Practice, NHS Research Governance (www.doh.gov.uk), EU
and NHS Governance Framework. The study will be sponsored by the Liverpool Heart & Chest
Hospital NHS Trust. The trial protocol will be approved by an internal review board and the local
Research Ethics Committees via the Integrated Research Application System. Approval from

the ethics committee will be obtained if the consent form is updated or amended whenever new
information becomes available that may be relevant to the patient. Patient’s right to privacy will
be respected at all times to comply with the Data Protection Act 1998 and Caldicott Principle.
Medical records may be inspected for monitoring auditing purposes by individuals from the
Clinical Trials Unit, Liverpool Heart & Chest Hospital NHS Trust. Patients consent to this as part
of the written informed consent process. All information will be stored in a password protected
NHS computer.

Risks and Anticipated Benefits for Trial Participants and Society

It is common practice to administer broad-spectrum empirical antibiotics to ICU patients who
are suspected on clinical grounds of developing generalised nosocomial infection of unknown
origin. However, no evidence from prospective randomised studies is available to demonstrate
risks associated with duration of antibiotic usage. The possible risks of taking part are common
to all patients with suspected sepsis/infection. In addition, there is a possible small risk of
recurrence of nosocomial infections associated with a reduced antibiotic treatment regimen.
We anticipate that the risks associated with the trial are outweighed by potential benefits to the
patients and society as whole as follows:

m  Reduction in NHS costs by cutting overall ICU treatment costs
m  Reduced risk of patients developing antibiotics resistant organisms
i. e.g. MRSA infection rate in ICU is currently at 10% of all admissions [21]
m  Reduced risk of patients acquiring other infections
ii. e.g. Clostridium difficile, estimated incidences at 2.2-3% of admissions [22]
m  Reduced exposure of patients to unnecessary treatment with risk of allergic reactions.
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Informing Potential Trial Participants of Possible Benefits and

Known Risks

The patient and family will be given information sheets, describing the nature of the study and a
consideration of risks, benefits and implications for care. The content of the information sheets
will have been approved by the ethics review process and internal mechanisms for oversight by
our Trust Service Users Research Group.

Potential participants will be allowed some time for consideration but the nature of the clinical
setting and the perceived imperative for early intervention means that the period for reflection
may be limited to an hour. There will of course be opportunities for questions and dialogue
with trial personnel. If a decision about trial participation cannot be made in this time scale
the patient will be excluded from randomisation (a key aspect of the secondary feasibility
outcome measures).

Obtaining Informed Consent from Participants Whenever Possible

and Proposed Action When Fully Informed Consent is not Possible

In line with Directive 2001/20/EC of the European Parliament of 2001 all research patients

are required to provide written informed consent before enrolment in a trial. However, since
most of the potential participants in this study will be under sedation or under the influence of
anaesthetic agents, and therefore incompetent, in terms of understanding a research protocol
and decision-making capacity an ‘assent’ will be obtained from surrogates such as from a legal
representative (next of kin or independent professional doctor/nurse). We have experience of
conducting similar studies in Liverpool and procedures for obtaining assent are in place [11].

In summary, the research protocol will be approved in advance by our institutional Research

& Development Committee. Before obtaining informed assent, information will be given in

a language and at a level of complexity understandable to the patient’s legal representative in
both oral and written form by the investigator or designee. Legal representatives will not be
coerced or unduly influenced in order for the patient to participate or remain in the trial. A legal
representative will be given ample time and opportunity to inquire about details of the trial and
all questions about the trial should be answered to the satisfaction of the representative. If the
legal representative is unable to read the consent form, a witness should be present during the
entire informed assent discussion. After the informed consent form is read to and signed by the
legal representative, the witness should also sign the consent form, attesting that informed assent
was freely given by the patient’s legal representative. The patient’s legal representative must receive
a copy of the signed and dated informed consent form. When the patient gets better they will
then be asked either in person or in writing if they are happy with this decision retrospectively
and whether the information gathered on them as part of the study can be used. Patients that
decline consent at this stage will not be included in the study and their results will not be used.
Patient will be informed that they may withdraw or discontinue from the study anytime without
giving an explanation and that their action will not affect their standard of care. Patient’s that die
after randomisation will have their data included in the final analysis, unless legal representatives
raise objections.

TRIAL ADMINISTRATION AND DOCUMENTATION

Retention of Trial Documentation
The trial documentation and data will be stored in a secure storage facility within the Clinical
Trials Unit for a period for at least 7 years after study completion.
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Proposed Action to Comply with ‘The Medicines for Human Use

(Clinical Trials) Regulations 2004
Although the trial is not testing a new medicinal product but only comparing the duration of
treatment with existing drugs not the type of antibiotics to be used for patient with sepsis, ‘the
medicines for human use Regulations 2004’ still applies. A request for authorisation to conduct
this clinical trial was made to the licensing authority (i.e. the MHRA) by the sponsor of the trial
which was granted in 2010.

Safety Reporting
The study procedures adopted here are part of normal clinical practice. Safety will be assessed
by tracking the number and percentage of adverse events (AEs) up to discharge from hospital.
Serious and other adverse events will be recorded and reported in accordance with the
International Conference for Harmonisation of Good Clinical Practice (ICH GCP) guidelines/
the European Clinical Trials Directive 2001/20/EC and the Sponsor’s Research Related Adverse
Event Reporting Policy. ICH GCP requires that both investigators and sponsors follow specific
procedures when reporting adverse/reactions in clinical trials. All serious adverse events must
be reported to the steering committee and documented in CRFs. Such events result in death or
are life-threatening, require hospitalisation or prolongation of existing hospitalisation, result
in persistent or significant disability or incapacity or may have created a congenital anomaly or
birth defect.

Examples would include, but are not limited to:

m  Deaths related or unrelated to infection/antibiotic treatment for
healthcare-acquired infection.

Life-threatening bleeding.

Intracranial haemorrhage.

Cerebrovascular accident.

Profound thrombocytopenia (platelet counts <50,000/mm?).
Occurrence of MRSA isolation.

Occurrence of Clostridium difficile infection.

Allergic reactions.

Adverse Event
Any untoward medical occurrence in a patient or clinical trial subject to whom a medicinal
product has been administered including occurrences which are not necessarily caused by or
related to the product.

Adverse Reaction
Any untoward and unintended response to an investigational product related to any
dose administered.

Unexpected Adverse Reaction
An adverse reaction, the nature or severity of which is not consistent with the information
about the medicinal product in question set out in the summary of product characteristics (or
investigator brochure) for that product).

Research Governance
The Liverpool Heart & Chest Hospital NHS Trust as the sponsor for this trial will ensure that
the rights, safety, and wellbeing of participants will be safe guarded. Issues of consent and
confidentiality are paramount in line with the MRC Guidelines for Good Clinical Practice in
Clinical Trials. Individual patient medical information obtained as a result of this study is
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considered confidential and disclosure to third parties is prohibited. Patient confidentiality will
be further ensured by utilising patient-identification code numbers to correspond to treatment
data in the computer files. With appropriate patient authorisation, medical information

may be given to the patient’s personal physician or to other appropriate medical personnel
responsible for his/her treatment. Data generated as a result of this trial are to be made available
for inspection on request by the participating physicians, by the Ethics Committee and the
regulatory authorities.

Interim Analysis and Stopping Rules
There is no planned interim analysis or stopping rules for the primary outcome measure, because
by the time sufficient data has been accrued, the recruitment will almost be complete.

Major Protocol Violation
Major protocol violations will be documented including: failure to ensure adequate informed
consent, recruitment of ineligible patient into the study on the basis of the inclusion and
exclusion criteria and incorrect randomisation of a patient such that the patients are entered into
the wrong treatment arm for clinical reasons. During the course of the trial, protocol deviations
will be tracked.

Indemnity and Insurance
The Liverpool Heart & Chest Hospital NHS Trust is covered under the standard NHS indemnity
sponsorship for the study.

Trial Organisation
Steering Committee
Professor Paulo Lisboa, Dr Nigel Scawn, Dr Rod Stables, Mr Nathan Howes, Dr Nagesh
Kalakonda, Dr Carlos Nistal De Paz, Dr Bashir Matata, Dr Mark Jackson, Dr Alan Haycox,
Professor Cheng-Hock Toh, Mr Keith Wilson, Dr Steven Lane.

The Steering Committee will be responsible for finalising the protocol, discussing any required
amendments, monitoring recruitment rates, ensuring the study runs to time and generally
overseeing the running of the study. The TSC will include the principal investigators, lay patient
representative in the TSC, expert TSC members, trial statisticians and trial co-ordinators. The
TSC have responsibility for the day-to-day conduct of the trial.

Data Monitoring Committee
Dr Peter Booker, Dr Richard Wenstone, Dr Robert Harris

It is the only body involved in a trial that has access to the unblinded comparative data. The role
of its members is to monitor these data and make recommendations to the TSC on whether
there are any ethical or safety reasons why the trial should not continue. The safety, rights and
well-being of the trial participants are paramount. The DMC considers the need for any interim
analysis advising the TSC regarding the release of data and/or information. The DMC may be
asked by the TSC, Trial Sponsor or Trial Funder to consider data emerging from other related
studies. If funding is required above the level originally requested, the DMC may be asked by the
Chief Investigator, TSC, Trial Sponsor or Trial Funder to provide advice and, where appropriate,
information on the data gathered to date in a way that will not compromise the trial. Membership
of the DMC should be completely independent, small (3 members) and comprise experts

in the field, e.g. a clinician with experience in the relevant area and expert trial statistician.
[Independence, in respect of the DMC, is defined as independent from the Chief Investigator,
TSC and Host Institution. ]
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Study Director
Dr Nigel Scawn.

Local Institution Governance
The Research Governance Department, LHCH NHS Trust.

Independent Monitoring
The Research Governance Department, LHCH NHS Trust.

The Clinical Trials Unit at the Liverpool Heart & Chest Hospital NHS Trust will undertake
day-to-day management and co-ordination of the trial and are responsible for the collection,
management, storage and analysis of all patient information.

Database Coordinator
Ian Kemp.

Research Coordinators
Ian Kemp.

Trial Statistician
Dr Steven Lane.

Publication Policy
The investigators are committed to the publication and widespread dissemination of the results
of the study. There is an agreed policy that the recommendation of any party concerning
manuscripts or text shall be taken into consideration in the final preparation of scientific
documents for publication and presentation. The Steering Committee will be responsible for
finalising the protocol, discussing any required amendments, monitoring recruitment rates,
ensuring the study runs to time and generally overseeing the running of the study. The trial
protocol will be ISRCTN registered before the start of recruitment.

SERVICE USERS INVOLVEMENT

Our institution has established a Service Users Research Endeavour (SURE) group that has been
active for more than 10 years. The SURE group is actively involved in our research as follows;

m  Helps researchers to identify and ask the right questions in their project proposals.

m  Makes sure that the research questions are relevant to patients, people using the service and
the public in general.

m  Gets involved in the research process itself, in terms of designing and managing service
user-led projects.

m  Helps in analysis and dissemination of study results.

®  Assists final internal R&D study approval.

This proposal has been reviewed by our patient service user group (SURE) and any opinions

and comments incorporated. A patient representative will attend TSC meetings and be directly
involved in decision making of trial process and then relay back information to the SURE groups
on a regular basis.
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TRIAL FUNDING

The pilot trial costs are £169,821.32 to be funded by a grant from the Health Technology
Assessment programme. For the justification of costs and roles of team members please see the
Finance Form for details of specific costs.
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Feedback
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your views about this report.
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(www.hta.ac.uk) is a convenient way to publish your
comments. If you prefer, you can send your comments
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