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Abstract
The impact of continuous haemofiltration with high-volume
fluid exchange during cardiopulmonary bypass surgery on

the recovery of patients with impaired renal function:

a pilot randomised trial
B Matata,1* N Mediratta,1 M Morgan,1 S Shirley,1 N Scawn,1

I Kemp,1 R Stables,1 A Haycox,2 R Houten,2 S Richards,2
C McLeod,2 S Lane,2 A Sharma3 and K Wilson4

1Liverpool Heart and Chest Hospital NHS Foundation Trust, Liverpool, UK
2University of Liverpool, Liverpool, UK

3Aintree University Hospital NHS Foundation Trust, Liverpool, UK
4Service Users Representative, Liverpool Heart and Chest Hospital NHS Foundation Trust,
Liverpool, UK
*Corresponding author bashir.matata@lhch.nhs.uk

Background: There is widespread variability in clinical practice within cardiac surgery units worldwide on
the use of haemofiltration. The clinical impact and safety of this modality is, however, unknown.

Objectives: The primary pilot trial objectives were as follows: to assess the feasibility of randomising
60 patients with impaired kidney function undergoing on-pump coronary artery bypass graft (CABG)
surgery within 6 months; to assess the suitability and reliability of our chosen outcome measures; to explore
issues that may impact on recruitment into a definitive trial; and to undertake an exploratory
economic evaluation.

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

Setting: Liverpool Heart and Chest Hospital NHS Foundation Trust between November 2010 and
March 2012.

Participants: Men and women, aged > 18 years of age, undergoing on-pump CABG surgery, who had
pre-operative impaired kidney function indicated by an estimated glomerular filtration rate (eGFR) of
< 60 ml/minute adjusted for 1.73 m2 of body surface area.

Interventions: Group 1: patients who received haemofiltration during bypass (experimental group).
Group 2: patients who did not receive haemofiltration during bypass (control group).

Main outcome measures: (1) Feasibility outcome measures: barriers to recruitment to a larger trial were
documented as observations made during the recruitment period of the trial. Reliability of data collection
methods was monitored using a 13-point case record form validation check for data entry against the
patient clinical notes and the trial database. (2) The main clinical outcomes were frequency of intensive
care unit (ICU) stay of duration > 3 days and the length of ICU stay days. (3) Other clinical outcomes were
the need for postoperative haemofiltration in the ICU, mechanical ventilation time, hospital stay,
composite of outcome of unfavourable perioperative events and eGFR values at 6 weeks' follow-up.
(4) Secondary health economic feasibility outcomes.
v
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ABSTRACT

vi
Results: Recruitment into the pilot trial was from 21 November 2010 to 30 March 2012. Thirty-seven
eligible patients were consented and successfully randomised into the trial arms (30%). The main issues
impacting on recruitment were the high volume of off-pump CABG surgery within the centre; recruitment
being restricted to research nurses' working hours of the week; issues arising associated with the screening
process for identifying prospective eligible patients based on eGFR values; protocol deviations/treatment
crossovers; and unexpected outbreaks of pandemic influenza and other infectious conditions. The data
collection process was sufficiently robust, with few errors detected. The length of ICU stay days was
deemed a suitable primary outcome. There was an overall trend towards reduction in the length of ICU
stay for patients who were given intraoperative haemofiltration, more so for those with diabetes. The
economic evaluation estimated that the incremental costs per person were £1744 lower for the
intraoperative haemofiltration group, while the incremental benefits per person increased by 0.11.

Conclusion: Given sufficient resources and broadening of the inclusion criteria, the recruitment into a
larger multicentre trial is feasible and may demonstrate potential clinical and cost benefits of using
intraoperative haemofiltration in this group of patients. However, owing to the small sample size in this
pilot trial, no firm conclusions can be drawn from the findings at this stage. The outcomes of this pilot
study are very encouraging and suggest that it is feasible to design a continuous superiority trial with the
length of ICU stay days or time to tracheal extubation as the primary outcome measure, provided that
guidelines for avoiding bias are implemented. An alternative primary outcome measure that avoids bias is
mortality. The inclusion criteria should also be widened to include all cardiac surgery patients with impaired
renal function.

Trial registration: ISRCTN49513454.

Funding: This project was funded by the NIHR Health Technology Assessment programme and will be
published in full in Health Technology Assessment; Vol. 17, No. 49. See the HTA programme website for
further project information.
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Scientific summary
Background

Coronary artery bypass graft (CABG) surgery is predominantly performed on-pump by using the heart and
lung machine commonly termed cardiopulmonary bypass (CPB). Patients undergoing on-pump cardiac
surgery have an increased risk of developing major organ dysfunction. The traditional risk factors for
developing postoperative complications include advanced age, pre-operative left ventricular dysfunction,
perioperative low cardiac output, pre-operative renal impairment, duration of CPB and aortic
cross-clamp time.

For patients with pre-operative moderate renal impairment, on-pump surgery also poses major challenges
such as the further deterioration of kidney function. It is estimated that up to 20% of patients undergoing
cardiac surgery have a pre-existing renal insufficiency (increased creatinine > 132 µmol/l). In this patient
group, on-pump CABG can be associated with a decline in renal function. Several strategies have been
developed to manage perioperative kidney impairment. Strategies such as extracorporeal leucodepletion
and haemofiltration during CPB appear to show some promise, although the extent of clinical efficacy is
not clear.

Although there is evidence from a variety of sources that early filtration soon after on-pump surgery is
beneficial for patients who have pre-operative renal impairment, there is not much work on the prognostic
impact of intraoperative haemofiltration (haemofiltration applied during on-pump surgery) on these
patients. There is currently no evidence to suggest that haemofiltration when applied to patients during
the period of the operation may have an impact on the postoperative cost of care and renal impairment.

We hypothesised that the initiation of intraoperative haemofiltration during on-pump CABG surgery for
patients with pre-operative impaired renal function may reduce the progression of renal impairment and
overall length of intensive care unit (ICU) stay. We therefore sought to conduct a pilot randomised clinical
trial on the use of intraoperative haemofiltration to assess the issues that might impact on conducting a
definitive multicentre trial. In addition, we sought to assess the safety of this procedure and the suitability
and reliability of selected outcome measures, and to evaluate whether or not intraoperative
haemofiltration had a significant clinical or cost impact.
Objectives

As no large randomised trial has involved this kind of study before, the study design was limited by the
absence of past trial data that could be used as a reference. In order to overcome these limitations,
we at first made a decision to conduct a pilot trial with an embedded feasibility study to explore the
following objectives:

1. To assess the feasibility of randomising 60 on-pump CABG surgery patients with impaired kidney
function in 6 months within a single centre for intraoperative haemofiltration; that is, to investigate the
likely recruitment rates and issues that may impact on recruitment into the study.

2. To assess the suitability and reliability of the chosen outcome measures.
3. To investigate the likelihood of recruitment into the main definitive study and explore issues that may

impact on recruitment, such as staffing, barriers to recruitment, and suitability and reliability of the
outcome measures selected.
xi
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SCIENTIFIC SUMMARY

xii
The feasibility outcomes of the pilot trial included the assessment of the ratio of patients screened as
eligible versus 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 sought 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.
The pilot trial compared the patterns of the clinical outcomes for on-pump CABG surgery with or
without the use of intraoperative haemofiltration to assess suitability for and applicability to a larger
randomised trial.
Methods

This single-centre pilot randomised trial was carried out at the Liverpool Heart and Chest Hospital NHS
Foundation Trust between November 2010 and March 2012. Institutional, Ethics and National Competent
Authority [Medicines and Healthcare products Regulatory Agency (MHRA)] approvals were obtained
prior to commencement of recruitment. Patients were recruited if they were undergoing CABG surgery
and had a known impaired kidney function indicated by an estimated glomerular filtration rate
(eGFR) ranging between 60 and 15 ml/minute adjusted for 1.73 m2 of body surface area, in accordance
with the US National Kidney Foundation guidelines. Consenting men and women with impaired
kidney function were included if they were ≥ 18 years old and were scheduled to undergo elective
on-pump CABG.

Patients were excluded if they were undergoing surgery on the great vessels (aortic surgery) or valve
surgery, had significant impaired liver function [serum bilirubin > 60 µmol/l or international normalised ratio
(INR) > 2 without anticoagulation], were further down the line of renal failure (i.e. eGFR < 15ml/minute) or
already required dialysis. In addition, they were excluded if they could not give informed consent, had any
known malignancy or were known to be pregnant.

Patients who were scheduled to undergo elective/urgent on-pump CABG surgery and who fulfilled the
inclusion and exclusion criteria and gave informed consent to participate in the study were randomised
into one or the other of the two study groups on the day prior to surgery as follows:

1. On-pump CABG surgery patients with eGFR < 60ml/minute receiving haemofiltration during
cardiopulmonary bypass (experimental group).

2. On-pump CABG surgery patients with eGFR < 60ml/minute not receiving haemofiltration during
cardiopulmonary bypass (control group).

Treatment assignment was done online and was based on the block randomisation method using
randomly varying block sizes of 2, 4 and 6 to ensure numerical balance between the groups. In the
experimental group, patients were given zero-balance ultrafiltration (Z-BUF) during CPB.

In-hospital follow-up was continued until hospital discharge or up to 30 days of postoperative hospital
stay. Patients were then followed up from discharge until the 6-week postdischarge follow-up visit. All
information was collected in structured case record forms (CRFs). Data were entered into a secure
password-protected bespoke database. Prospective monitoring of adverse and clinical events started at
randomisation and continued until hospital discharge. Costs associated with each of the two pilot arms,
postoperative renal replacement therapy, ICU stay, hospital ward stay and medications were estimated up
until hospital discharge. Serious adverse and clinical events monitoring started at randomisation and
continued until the 6-week postdischarge follow-up visit.

Outcome measures included the frequency of duration of ICU stay > 3 days and overall length of stay in
ICU (days) for patients with renal impairment. Other clinical outcome measures included length of CPB and
cross-clamp time, duration of mechanical ventilation and time to tracheal extubation, duration of hospital
NIHR Journals Library www.journalslibrary.nihr.ac.uk
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stay, need for postoperative continuous venovenous haemofiltration (CVVH) in the ICU, eGFR at 6-week
follow-up, and frequency of perioperative incidences of bleeding, sepsis, death, arrhythmias, stroke and
myocardial infarction.

Secondary health economics outcomes were defined as resource utilisation and key cost indicators
associated with each of the two pilot arms, specifically for ICU and hospital stay, postoperative renal
replacement therapy, mechanical ventilation and medications, estimated up until hospital discharge or up
to 30 consecutive days of hospital stay.
Results

The pilot trial was conducted over a period of 15 months (21 November 2010 to 30 March 2012). A total
of 1276 patients were screened for eligibility, of whom 952 were excluded because their eGFR was
≥ 60ml/minute. A further 137 were excluded for the following reasons, despite having eGFR
< 60ml/minute: undergoing off-pump surgery (n = 103) or had planned combined valve replacement or
other complex surgeries (n = 34). One hundred and seven out of 187 patients undergoing isolated
on-pump CABG with an eGFR of < 60ml/minute met the inclusion criteria. Thirty-seven out of the
107 eligible patients consented and were successfully randomised into the trial arms. This number proved
to be far short of the original recruitment target of 60 patients. The ratio of randomised to screened
eligible patients was 3.5 : 10 (35%). A total of 26 eligible patients declined to participate, while
124 patients were lost to recruitment owing to other reasons.

The main barriers to recruitment were as follows:

1. In our centre up to 50% of coronary surgery is performed off-pump, a figure that is one of the highest
in the UK, and this trial was recruiting on-pump CABG patients only. Our figure demonstrates that
103 patients with pre-operative renal impairment underwent off-pump CABG during the time frame of
the trial.

2. Recruitment was restricted to the research nurses' working week of Monday to Friday, 0900 to
1700 hours. Consequently, 36 patients who were potentially eligible for the trial could not be recruited
outside of these hours.

3. Issues were encountered through the screening process for identifying prospective eligible patients.
Patients had to have had an eGFR of < 60ml/minute in order to be eligible. For urgent or interhospital
transfer cases the eGFR values were often not documented in the case notes/clinical database or
blood samples were not taken until later on the day before surgery. This was particularly common in
patients admitted as urgent cases. Consequently, 30 patients who were eligible for the trial were
not recruited.

4. Seasonal outbreaks of influenza pandemic and other infectious diseases occurred. In the winter of
2010–11, an outbreak of pandemic influenza led to the closure of all elective cardiac surgery from
December 2011 to February 2012. In addition, an outbreak of norovirus within one surgical ward in
January 2012 significantly reducing planned cardiac surgical activities for 2 weeks and only urgent cases
were considered for operations.

5. There were two protocol deviations and four crossovers. In three cases this was because of a necessary
change in clinical strategy intraoperatively. Of the remaining cases, in two there were communication
errors and in the last case it was noted that eGFR had recovered to normal post randomisation
compared with the value at the initial screening.

Treatment fidelity for intraoperative haemofiltration was followed in all cases where the intervention
was received in accordance with standard protocol for Z-BUF, regardless of whether or not the patients
were crossovers.
xiii
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xiv
Twenty-seven per cent of the randomised participants were female, equally spread between the two study
groups. Demographic factors such as age, ethnicity, family history of ischaemic heart disease,
hypertension, hypercholesterolaemia, smoking, diabetes, and baseline eGFR and EuroSCORE were
comparable between the two groups.

Data collection process was sufficiently robust, with few errors detected. Some outcome measures were
also more reliable than others; for example, the outcome measure of length of ICU stay was deemed to be
more informative than the categorical variable of frequency of duration of ICU stay > 3 days. The
composite outcomes variable was also found to be less informative and therefore we propose that a
broader outcome measure of the number of hospital complications would be more useful in a larger trial.

The application of intraoperative haemofiltration was associated with a trend towards reduced length of
ICU stay, particularly for patients with diabetes. The cumulative number of patients being discharged from
the ICU at any given time between the two treatment groups was presented using a Kaplan–Meier plot as
an illustration. The pattern was similar in the earlier periods of ICU stay of up to 50 hours. The period
exceeding 50 hours indicated that fewer patients in the no-intraoperative haemofiltration group were
leaving ICU compared with those who received intraoperative haemofiltration for anything up to
150 hours.

Adverse events were few in both groups and not in excess of expected postoperative complications
following major cardiac surgery in the study population.
Conclusions

The data from this pilot trial are suggestive that although there are likely barriers to recruitment these are
not insurmountable with adequate resources. In addition, there is potential for significant benefits of using
intraoperative haemofiltration to be realised in a larger randomised trial. If the use of intraoperative
haemofiltration was routinely applied to all patients with impaired renal function undergoing on-pump
CABG, in cost terms alone there would be a potential saving in excess of £150,000 per year in a unit as
large as ours. This could extrapolate to an overall significant national health economy saving. However,
evidence from this pilot trial is not definitive, hence it warrants further investigation in a large randomised
trial with greater patient numbers. Such a trial should explore further efficacy and cost implications of
intraoperative haemofiltration at both the national and the international scale.
Trial registration

This trial is registered as ISRCTN49513454.
Funding

This project was funded by the NIHR Health Technology Assessment programme and will be published in
full in Health Technology Assessment; Vol. 17, No. 49. See the HTA programme website for further
project information.
NIHR Journals Library www.journalslibrary.nihr.ac.uk
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Chapter 1 Introduction
Background
The majority of cardiac surgery is performed as on-pump surgery with the support of a heart and lung
machine commonly termed cardiopulmonary bypass (CPB).1 Although recent evidence shows that
off-pump coronary artery bypass graft (CABG) surgery is associated with lower in-hospital mortality and
complication rates than on-pump CABG, the long-term morbidity outcomes are comparable.1

Patients undergoing on-pump cardiac surgery have an increased risk of developing major organ
dysfunctions.2 Two mechanisms that may contribute to postoperative organ dysfunction with on-pump
cardiac surgery have been postulated. Firstly, on-pump surgery induces a significant haemodilution that
has a deleterious effect on oxygen transport throughout tissues.3 Haemodilution occurs as a result of the
use of 1–2 litres of priming solution, which is added into the perfusion circuit. The combination of this
‘pump prime’ and subsequent cardioplegia may, in some cases, rapidly add a total of 2–3 litres to the
patient's fluid balance. The consequence of this haemodilution is increased extravascular water, which is
common during the onset of multiple organ dysfunctions, particularly in the heart, lungs and brain.3

Secondly, on-pump cardiac surgery is associated with the development of the so-called ‘post-bypass
systemic inflammatory response syndrome’ (SIRS), characterised by an onset of a capillary leak syndrome
akin to septic shock.2–4 Although the increased capillary permeability often subsides within 12–24 hours, it
presents a major challenge for the critical care physician in the immediate postoperative period, during
which time it is important to maintain adequate intravascular fluid volumes without inducing overhydration
and tissue oedema.3 It is well recognised that such perioperative complications lead to increased hospital
stay and mortality, and eventually to increased cost of health care.4–7 Mortality has remained high despite
the use of different renal replacement therapies in these patients in the postoperative phase and after
hospital discharge.8

For patients with pre-operative moderate renal impairment, on-pump surgery often may lead to further
deterioration of kidney function.9 It is known that pre-operative mild kidney impairment is an independent
predictor of long-term postoperative risk of death.10–12 It is estimated that up to 20% of patients
undergoing cardiac surgery have pre-existing renal insufficiency, typically with a creatinine value of
> 132 µmol/l.13 An increasing body of evidence suggests that inflammatory factors and oxidant stress play
significant roles in the pathogenesis of coronary artery disease in patients with underlying end-stage
kidney disease.14 It is therefore reasonable to expect that patients with renal impairment and elevated
oxidative stress are at increased risk of complications after cardiac surgery.14,15

Several strategies have been used to manage perioperative kidney impairment. Theoretically, strategies
that optimise the delivery of renal oxygen may be effective.16–23 Interestingly, pharmacological interventions
that increase renal blood flow or decrease renal oxygen consumption have not proved successful.16–22 On
the other hand, several non-pharmacological strategies related to the management of the CPB circuit have
been shown to have some potential to reduce renal injury by the mechanism of avoiding excessive
haemodilution and the need for red cell transfusion.23 Strategies such as extracorporeal leucodepletion and
haemofiltration during CPB appear to show some promise, although the extent of clinical efficacy is not
clear.23 Newer developments in surgical techniques, such as minimally invasive surgery which avoids the
manipulation of the ascending aorta, can also reduce kidney complications.23

Although there is evidence from a variety of sources24–26 that early filtration soon after on-pump surgery is
beneficial for patients who have pre-operative renal impairment, there is a deficit of previous work on the
clinical impact of intraoperative haemofiltration (haemofiltration applied during on-pump surgery). The
Society of Thoracic Surgeons and the Society of Cardiovascular Anaesthesiologists' blood conservation
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practice guidelines27 also recommend that the existing evidence, designated IIb(a) (p. 948), is insufficient to
reach a consensus as to whether or not intraoperative haemofiltration is significantly beneficial. It was
therefore concluded that there was need for large randomised trials or meta-analyses.27 A recent meta-
analysis of small randomised trials on zero-balanced ultrafiltration (Z-BUF) by Zhu et al.28 failed to show an
apparent improvement in postoperative recovery predominantly because of heterogeneity in the statistical
results and presumably because of the small sample sizes involved. In contrast, an earlier randomised trial
that recruited 192 patients29 demonstrated that both intraoperative haemofiltration and steroids
attenuated the inflammatory response, but only haemofiltration reduced time to tracheal extubation for
adults after CBP. Previous non-randomised studies also demonstrated that Z-BUF removes inflammatory
mediators.30,31 A non-randomised study32 also demonstrated that haemofiltration during CPB attenuates
postoperative anaemia, thrombocytopenia and hypoalbuminaemia, and may thus reduce postoperative
bleeding and decrease postoperative pulmonary complications. Further evidence from a non-randomised
study also demonstrated that intraoperative haemofiltration protected renal function.13 In another
setting,33 combined use of balanced ultrafiltration and modified ultrafiltration was shown to be effective at
concentrating blood, modifying the increase of some harmful inflammatory mediators, and attenuating
lung oedema and inflammatory pulmonary injury, thus mitigating the impairment of pulmonary function.
However, none of these studies has investigated the impact of intraoperative haemofiltration in a
subgroup of patients with pre-operative kidney impairment. In view of the evidence that has shown the
potential advantages of haemofiltration during cardiopulmonary bypass, we hypothesised that
intraoperative haemofiltration could form the basis for a reduction in intensive care unit (ICU) stay,
perioperative complications and overall length of hospital stay for patients with pre-operative kidney
impairment, hence the objective of this pilot study. In addition, there is currently no evidence to suggest
that haemofiltration when applied to patients during the period of the operation may have an impact on
the postoperative cost of care and clinical renal impairment outcomes.

In summary, there is an absence of past trial data from randomised trials to inform practice on whether or
not the use of intraoperative haemofiltration during on-pump CABG surgery is clinically efficacious in
protecting vulnerable kidneys and whether or not the treatment strategy is cost-effective. We hypothesised
that the initiation of intraoperative haemofiltration using high-volume fluid exchange during
cardiopulmonary bypass in patients with pre-operative impaired renal function effectively reduces overall
length of ICU stay and limits progression of renal impairment. We therefore sought to conduct a pilot
randomised clinical trial to assess the issues that might impact on conducting a larger definitive multicentre
trial. In addition, we sought to assess the safety of the procedure, and to evaluate whether or not
intraoperative haemofiltration had any impact on certain cardiac outcomes. These outcomes assessed
would include duration of ICU stay for patients with significant pre-operative renal impairment [estimated
glomerular filtration rate (eGFR) < 60ml/minute and > 15ml/minute), ability to improve renal outcomes or
protect vulnerable kidneys, and projected health economic outcome measures.
Trial aims and rationale
This pilot study had the primary objective of assessing the feasibility of randomising 60 coronary artery
bypass surgery patients, with impaired kidney function, in 6 months within a single-centre for
intraoperative haemofiltration in order to investigate the likelihood of recruitment into the main definitive
study and explore issues that may impact on recruitment, such as the likely patient numbers, staff
requirements, barriers to recruitment, and suitability and reliability of the outcome measures selected.

Specifically, as renal impairment is one of the major complications for patients undergoing cardiac
operations, the results would be useful in giving a preliminary indication of the impact that the procedure
has on health-care pathways such as length of stay in the ICU and the total overall hospital stay.
Furthermore, the results of the pilot trial would be useful to guide us on whether or not a definitive
randomised trial could address the underlying concerns about the costs and clinical benefits of using
intraoperative haemofiltration.
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These outcomes may be beneficial in influencing clinical decision-making and potentially help to achieve
cost savings within the NHS.

A definitive randomised trial on the application of intraoperative haemofiltration may also provide
information as to whether or not this technique can increase capacity by freeing more ICU bed-days
(wherever the care is carried out) and reducing ward stay, consequently allowing more operations to be
performed in the same amount of time. In addition, a definitive randomised trial may provide information
on the number of potential cases where permanent renal damage or end-stage chronic renal failure could
be averted by this strategy, hence saving on long-term use of NHS resources.
Trial objectives
As other previous large randomised trials had not based their inclusion criteria on the basis of pre-existing
kidney impairment, the study design is limited by the absence of past trial data that could be used as a
reference. In order to overcome these limitations, we first made a decision to conduct a pilot trial with an
embedded feasibility study with the following objectives:

1. to assess the feasibility of randomising 60 on-pump CABG surgery patients with impaired kidney
function in 6 months within a single centre for intraoperative haemofiltration; that is, to investigate the
likely recruitment rates and issues that may impact on recruitment into the study

2. to assess the suitability and reliability of chosen outcome measures; and
3. to investigate the likelihood of recruitment into the main definitive study and explore issues that may

impact conducting such a study, for example staff requirements, barriers to recruitment, and suitability
and reliability of the outcome measures selected.
3
© Queen's Printer and Controller of HMSO 2013. This work was produced by Matata et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.





DOI: 10.3310/hta17490 HEALTH TECHNOLOGY ASSESSMENT 2013 VOL. 17 NO. 49
Chapter 2 Methods
Trial setting
This single-centre pilot randomised trial was carried out at the Liverpool Heart and Chest Hospital NHS
Foundation Trust between November 2010 and March 2012. Institutional, Ethics and National Competent
Authority [Medicines and Healthcare products Regulatory Agency (MHRA)] approvals were obtained prior
to commencement of recruitment.
Trial design
This was a pilot, open-label, single-centre randomised trial comparing outcomes of on-pump CABG
surgery with or without the use of intraoperative haemofiltration. The secondary feasibility outcomes of
the pilot trial included the assessment of the ratio of patients randomised to those screened as eligible; 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 sought 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 scheduled to undergo isolated CABG surgery were identified daily by the research nurse from the
cardiac surgery referrals database and from the operation lists. Patients were screened by the research
nurse for impaired kidney function, indicated by an eGFR of < 60ml/minute adjusted for 1.73 m2 of body
surface area in accordance with the US National Kidney Foundation guidelines.34 On occasion, participating
surgeons would also screen patients for eligibility in their outpatient clinics and then alert the research
nurse to obtain consent. Most elective patients were screened for eligibility 1–2 weeks before admission to
hospital for surgery, via the pre-investigation outpatient clinics. Patients who gave informed consent were
recruited into the study. Patients who were admitted to hospital via the urgent or interhospital transfer
pathways were screened in hospital wards 1–2 days before their operation. Renal dysfunction was
assessed pre-operatively on the basis of reduced eGFR determined within a 4-week window before the
operation. eGFR was selected because it takes into account that patients can have significant reduction in
clearance while having normal plasma creatinine.
Inclusion/exclusion criteria

Consenting men and women with impaired kidney function were included if they were ≥ 18 years old and
were scheduled to have elective or urgent on-pump isolated CABG surgery. Patients were excluded if they
were undergoing redo surgery, surgery on the great vessels (aortic surgery) or valve surgery; had significant
impaired liver function [serum bilirubin > 60 µmol/l or international normalised ratio (INR) > 2 without
anticoagulation]; had severe/end-stage renal failure (i.e. eGFR < 15ml/minute); or were on dialysis. In addition,
they were excluded if they could not give informed consent, had a malignancy or were known to be pregnant.
Randomisation

Patients who fulfilled the inclusion and exclusion criteria and gave informed consent to participate in the
study were randomised into either of the two study groups on the day prior to surgery as follows:

1. On-pump CABG surgery patients with eGFR < 60ml/minute to receive haemofiltration during
cardiopulmonary bypass (experimental group).
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2. On-pump coronary artery bypass graft (CABG) surgery patients with eGFR < 60ml/minute not to receive
haemofiltration during cardiopulmonary bypass (control group).

Treatment assignment was done online and 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. Each participant had an equal chance of being
randomised to an experimental group of Z-BUF or a control group without intraoperative haemofiltration.
Patients were stratified at the design stage on the basis of diabetes mellitus and the level of eGFR (eGFR
between 15 and 40ml/minute versus eGFR between 40 and 60ml/minute). Only trial staff with a unique
user identification and password could log on to the bespoke, encrypted database. The allocation was
revealed only after unique patient data were entered. Access to any list of previously randomised patients
or to case record forms was not permitted; only the research nurse had such access.
Treatment
Anaesthetic management was per consultant preference. All anaesthetics were opioid based with
anaesthesia being induced with either a benzodiazepine (diazemuls or midazolam) or propofol (Diprivan®,
AstraZeneca). Muscle relaxation was maintained with vecuronium (Norcuron®, Organon) and anaesthesia
was maintained using isoflurane in oxygen/air. Depth of anaesthesia was continuously monitored in all
patients using bispectral index monitoring. Inotrope requirements were at the discretion of the individual
consultants but all inotropes used were recorded within the case record.

In all cases, CABG surgeries were performed through a median sternotomy. Following full anticoagulation
with heparin given at an initial loading dose of 300 IU/kg, then as required to maintain an activated
clotting time of 400–600 seconds, CPB was instituted using ascending aortic cannulation and a two-stage
right atrial venous cannulation. A roller pump (Jostra HL-20) and hollow-fibre membrane oxygenator
(commonly Jostra Quadrox or Sorin Apex) were used. The extracorporeal circuit was primed with
800–1400ml of Hartmann's solution and 5000 IU of heparin. CPB was maintained with non-pulsatile flow
with a minimum flow rate of 2.4 l/m2/minute at normothermia with temperature allowed to drift to 32 °C.
Arterial line filtration was used in all cases. Shed blood was recycled using cardiotomy suction. Acid–base
was managed with alpha stat control. Myocardial protection was based on surgical preferences, with a
choice between intermittent cold blood and intermittent cold crystalloid cardioplegia (St Thomas' solution).
The delivery route was antegrade only or antegrade followed by retrograde. Some surgeons preferred to
complete all anastomoses proximal and distal while the aortic cross-clamp was still on. Others preferred to
do the distal anastomoses with a partially occluding side-biting clamp on (once the aortic cross-clamp had
been removed) and some used a variation of the above depending on the number of grafts and condition
of the aorta. A standard 1.3 m2 haemoconcentrator set was used for intraoperative haemofiltration that
was supplied by Chalice Medical, UK (www.chalicemedical.com). Heparin was reversed with protamine at
1 : 1 ratio on weaning off CPB.

Patients randomised to the control arm were operated on without ultrafiltration during CPB. Patients in
the intervention arm were given a Z-BUF technique during CPB. Z-BUF was commenced from the time of
establishment of safe CPB to just prior to the termination of CPB in patients randomised to the
haemofiltration group. As fluid was removed from the circulation an equivalent amount of fluid, Accusol
35 (Baxter Healthcare Ltd, Deerfield, IL, USA), a balanced salt crystalloid solution, was added to the
circulation to replace it; therefore, a fluid exchange occurred, removing potentially harmful metabolites
and pro-inflammatory markers. The overall fluid balance was maintained at a relatively constant level.

During CPB, haemofiltration is a simple procedure where blood is drawn passively from the CPB circuit using
the arterial pump pressure to drive the flow through the haemofilter. To prevent patient blood flow being
compromised, the arterial pump rate is increased to compensate for the blood flow through the haemofilter.
The hydrostatic pressure difference occurring across the haemofilter membrane, termed the transmembrane
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pressure (TMP), provides the driving force for filtration. TMP is a function of the average pressure within the
blood path minus the pressure on the effluent side. TMP can be altered by modifying these variables. In this
study a high filtration rate was achieved by using a high-pressure source for the inlet to the filter and, if
necessary, modification of the pressure at the outlet and/or on the effluent side. The haemofilter blood
contact surface was a 1.3m2 through polysulfone (PS-Polypure, Allmed Medical GmbH, Pulsnitz, Germany)
pre-set filter unit that was able to remove protein macromolecules to a molecular size of 30,000 Da. A
minimum exchange of approximately 6000ml/hour, which is a filtration rate of 100ml/minute, could be
maintained. Fluid removed was replaced with the equivalent volume of Accusol 35.

It was not possible to blind surgeons and other clinicians in the surgical theatre to noticing the presence of
vacuum containers full of waste solution, which is indicative of the haemofiltration procedure, and
therefore only patients and ICU staff were considered blinded to the intervention allocation. Discharge
from ICU is based on nurse discharge guidelines, which are independent of ICU physicians and follow a
scoring system, termed Modified Early Warning Score (MEWS),35 which ranges from 0 to 3. Nurses usually
discharged patients from ICU when the MEWS was < 2.0 and only consultant cardiac surgeons/intensivists
were authorised to discharge a patient from ICU when the total MEWS was > 3.0. All ICU staff remained
blinded to whether or not a patient received intraoperative haemofiltration, in order to eliminate bias.
Incidences such as infection, antibiotic usage, reoperation or reopening of the chest in ICU, postoperative
anaemia, thrombocytopenia, hypoalbuminaemia, postoperative bleeding and postoperative pulmonary
complications, which are potential confounding factors that determine ICU stay, were documented. In
addition, to avoid any bias, the need for renal support postoperatively by haemofiltration followed hospital
standard surgical guidelines as follows. Indications for postoperative haemofiltration were:

l hyperkalaemia (potassium levels > 6.0 mmol/l)
l metabolic acidosis of renal origin
l anuria or oliguria: urine output of < 0.5 ml/kg/hour for > 6 hours (despite adequate filling and

adequate cardiac output) resulting in clinically significant fluid overload. The value of 0.5 ml/kg/hour is
commonly used to define oliguria in adults.

The choice of use of inotropes and the duration was left to the discretion of ICU clinicians. However,
in our ICU only noradrenaline and adrenaline intravenous infusions, and on rare occasions enoximone, are
used. The total number of inotropes and duration of usage was documented and summarised for each
treatment group.
Follow-up data collection
Hospital follow-up started from the day of surgery and continued until hospital discharge or up to the 30th
consecutive day of hospital stay before discharge. Patients were also monitored after hospital discharge
and data were collected up to the follow-up clinic visit that took place 6–8 weeks later. All information
was collected in structured case record forms (CRFs). A manual of operation documents containing
relevant procedural instructions and definitions was produced. Data were entered into a secure
password-protected bespoke database. Prospective monitoring of adverse and clinical events started at
randomisation and continued until hospital discharge. Costs associated with each of the two pilot arms,
postoperative renal replacement therapy, ICU stay, hospital ward stay and medications were estimated up
until hospital discharge. Serious adverse and clinical events monitoring started at randomisation and
continued until hospital discharge or up to 30 consecutive days of in-hospital stay.
Sample size
This pilot trial investigated whether or not it was feasible to randomise 60 patients in a period of 6 months
at a recruitment rate of 10 patients per month from our centre. This complies with the previous
7
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recommendation for good practice that pilot randomised control trials should recruit a minimum number
of 60 patients.36 The objective was to use the results from this pilot data to calculate a more accurate
sample size, trial duration and/or the number of recruiting centres that would be required for the
main trial.
Outcome measures
Outcome measures were assessed for suitability for the main trial and whether or not they were reliably
informative of the impact of intraoperative haemofiltration.
Primary outcome measures

The primary outcome measure was the frequency of duration of ICU stay > 3 days for patients with renal
impairment. Total ICU length of stay as a continuous variable was also determined.
Secondary clinical outcome measures

Secondary clinical outcome measures were:

l composite of perioperative incidences: bleeding (clinically defined significant loss of blood that needed
transfusion of blood products), sepsis, death, arrhythmias, stroke and myocardial infarction

l 30-day mortality
l need for postoperative continuous venovenous haemofiltration (CVVH) in the ICU: indications for

requirement of postoperative CVVH adhered to standard surgical guidelines (i.e. onset of
hyperkalaemia > 6.0 mmol/l; metabolic acidosis of renal origin; and anuria or oliguria) defined above

l mechanical ventilation time
l postoperative hospital stay; and
l eGFR change from baseline at 6-week follow-up.
Secondary economic outcomes

Resource utilisation and key cost indicators associated with each of the two pilot arms, specifically ICU
stay, hospital stay, postoperative renal replacement therapy, mechanical ventilation and medications, were
estimated up until hospital discharge or up to 30 consecutive days' in-hospital stay. A health-related
quality-of-life questionnaire, European Quality of Life-5 Dimensions (EQ-5D),37 was administered at hospital
admission before surgery and at the 6-week follow-up hospital visit.
Adverse events

Adverse events occurring during the perioperative and follow-up periods were documented and reported.
Typically, adverse events reported included complications such as anaemia, bleeding, pneumothorax,
respiratory/chest infections, atelectasis, in-hospital deaths, gastrointestinal complications, pleural effusion,
pulmonary oedema, reintubation, sepsis in ICU, cerebrovascular accidents, myocardial infarctions, cardiac
arrests and heart blocks. Other complications that required the return of patients to theatre for
reoperation, such as bleeding, tamponade and rewiring, were also included. Patients who developed acute
renal failure (defined as eGFR decline of > 50% of the baseline value13) were managed by postoperative
haemofiltration or other renal replacement therapies. Some patients also developed wound complications
such as sternal dehiscence or infection (including sternal infections). In addition, arrhythmias such as atrial
fibrillation were frequently observed and commonly treated with amiodarone infusion or in some cases by
cardioversion shock.
Feasibility outcome measures

Barriers to recruitment to a larger full study were documented as observations made during the
recruitment period of the trial. Reliability of data collection methods was monitored using a 13-point CRF
validation check (see Appendix 1). Three audit clerks who were independent of the trial team performed
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this check. They randomly chose 12 CRFs and checked the data entry against the patient's clinical notes
and the generic database.
Statistical analysis
All analyses were undertaken on the intention-to-treat basis and were carried out using the statistical
package SSPS (PASW) version 18 (SPSS Inc., Chicago, IL, USA). Summary statistics, including mean, median
and frequencies, along with corresponding measures of variability such as standard deviation (SD) and
confidence intervals (Cls), were used to describe demographic data, study outcomes and adverse events.

Time to discharge from ICU was described using a Kaplan–Meier plot.
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Chapter 3 Results
Introduction
A Consolidated Standards of Reporting Trials (CONSORT) diagram is included to describe the recruitment
process in a participant flow chart (Figure 1). This is followed by demographic information, barriers to
recruitment, summary findings, trial outcomes, trial adverse events, feasibility study outcomes and
key findings.

The pilot trial was conducted over a period of 15 months (21 November 2010 to 30 March 2012). As
shown in the CONSORT diagram, a total of 1276 patients were screened for eligibility, of whom 952 were
excluded because their eGFR was ≥ 60ml/minute. A further 137 were excluded, despite having
eGFR < 60ml/minute, because they were undergoing off-pump surgery (n = 103) or had planned
combined valve replacement or other complex surgeries (n = 34), as summarised in Table 1. One hundred
and seven out of 187 patients undergoing isolated on-pump CABG surgery with an eGFR of
< 60 ml/minute met the inclusion criteria. Thirty-seven out of these 107 eligible patients consented and
were successfully randomised into the trial arms, with a ratio of randomised to screened eligible patients
of 3.5 : 10.

A total of 26 patients declined to participate (for religious or personal reasons), while 124 patients were
lost to recruitment for other reasons. Reasons why eligible patients were not approached included patients
being available for approach outside the hours the centre was staffed for recruitment, patients being
unable to understand the study information, and the surgical decision to exclude patients because of
clinical need. Patients were also excluded if they declined consent or if they were participating in another
study such that it might have impacted on the outcomes of both protocols.
Participant flow chart
Summary of the main reasons for not recruiting eligible patients
Eligible patients were not recruited largely for the following reasons:

1. Patients had an eGFR of > 60ml/minute, or were undergoing off-pump surgery (n = 103) or combined
surgeries/complex surgeries (n = 34): that is, combined CABG and valve surgery, valve replacement
surgery, thoracic aneurysms, redo CABG surgery, transcatheter aortic valve implantation, thoracic
surgery/bronchoscopy, pacemaker change, or sternal wire removal.

2. Recruitment was restricted to the research nurses' working week of Monday to Friday, 0900–1700
hours. Consequently, 36 patients who were potentially eligible for the trial could not be recruited
because they were available for approach outside these hours.

3. Patients were screened but not included because of surgical decisions (n = 44).
4. eGFR was unknown at the time of a patient's hospital admission (n = 30).
5. Patients declined consent for religious or personal reasons (n = 26).

6. Patients were awaiting surgery at the close of trial recruitment (n = 14).
Demographic information

As shown in Table 2, patients had similar patterns of baseline demographic characteristics regardless

of intervention.
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Assessed for eligibility (n = 1276)

Excluded for the following reasons:
Not meeting inclusion criteria (n = 1089)
Declined to participate (n = 26)
Other reasons (n = 124)

Lost to follow-up (n = 2)

Allocated to HF intervention (n = 18)
Received allocated intervention (n = 17)
Did not receive allocated intervention
(n = 1, surgical decision to operate
off-pump) 

Lost to follow-up (n = 0)

Allocated to no HF intervention (n = 19)
Received allocated intervention (n = 15)
Did not receive allocated intervention
(n = 4)
–  Clinical decision to apply HF (n = 1)
–  Clinical decision to operate off-pump
      (n  = 1)
–  Administrative errors within theatre
      (n  = 2)

Analysed (n = 19) 
Excluded from analysis (n = 0)

Analysed (n = 18) 
Excluded from analysis (n = 0)

ALLOCATION

ANALYSIS

FOLLOW-UP
Day of surgery until

6–8 weeks after hospital
discharge

Randomised (n = 37)

ENROLMENT

Death (n = 1)
Did not attend follow-up clinic
appointment (n = 1)

FIGURE 1 Consolidated Standards of Reporting Trials 2010 flow diagram.

TABLE 1 Total number of patients with an eGFR <60 who
were not included, with reasons

Surgery types Numbers of patients

Off-pump CABG 103

Aortic valve replacement/repair 23

Mitral valve replacement/repair 7

TAVI 3

Combined valve surgery 1

Total 137

TAVI, transcatheter aortic valve implantation.

RESULTS
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Feasibility trial outcomes
Barriers to recruitment

One of the key objectives of the pilot trial was to obtain an understanding of the barriers to the recruitment
of trial patients with an initial plan to recruit 60 patients in 6 months. However, only 37 participants were
recruited over a period of 15 months. The recruitment of a relatively small number of patients during the trial
period highlights some significant but not insurmountable barriers to recruitment in this setting.

The main barriers were as follows:

(a) In our centre, up to 50% of coronary surgery is performed off-pump, a figure that is one of the
highest in the UK, and this trial was recruiting on-pump CABG surgery patients only. Our figure
demonstrates that 103 patients with pre-operative renal impairment underwent off-pump
CABG surgery during the time frame of the trial.

(b) Recruitment was restricted to research nurses' working week hours (Monday to Friday, 0900–1700
hours). Consequently, 36 patients who were potentially eligible for the trial could not be recruited
outside of those hours because they were available for approach outside these hours.

(c) Issues were encountered through the screening process for identifying prospective eligible patients.
The primary inclusion criterion for the trial is the presence of mild to moderate impairment in kidney
function as measured by eGFRs (< 60ml/minute and > 15ml/minute). In the cardiac surgery setting
patients may be scheduled for CABG surgery through the elective route or be admitted into the
hospital as an urgent case. It is particularly common in patients admitted as urgent cases that their
eGFR values are often not documented in the case notes/clinical database or that blood samples are
not taken until later on the day before surgery. Consequently, 30 patients who were eligible for this
trial were not recruited.

(d) Seasonal outbreaks of pandemic influenza and other infectious diseases occurred. In the winter of
2010–11, an outbreak of pandemic influenza led to the closure of all elective cardiac surgery from
December 2010 to February 2011. In addition, an outbreak of norovirus within one surgical ward in
January 2012 significantly reduced planned cardiac surgical activities for 2 weeks and only urgent cases
were considered for operations during that time.

(e) Protocol deviations and treatment crossovers arose. There were two protocol deviations and four
crossovers. In three cases this was because of a necessary change in clinical strategy intraoperatively. Of
the remaining cases, in two there were communication errors and in the last case eGFR had recovered
to normal following the initial screening. Treatment fidelity for intraoperative haemofiltration was
followed in all cases where the intervention was received in accordance with standard protocol Z-BUF,
regardless of whether or not the patients were crossovers.

We have also observed that recruitment could be markedly increased if enrolment criteria were widened to
include patients with impaired renal function undergoing other types of cardiac procedures, such as valves
or combined valves and CABG surgery. This is based on observations from another ongoing trial (the
Haemotracker trial, ISRCTN 48429978) in our centre, which is investigating the impact of intraoperative
haemofiltration on oxidative stress for patients with impaired renal function undergoing all cardiac
procedures. As shown in Figure 2, within a similar time frame 91 patients were consented and randomised
into the Haemotracker trial compared with 37 patients in this trial [the filtration on bypass surgery (FOBS)
trial]. If the criteria for the FOBS trial were extended to include all cardiac surgery and recruitment was
optimised to all hours we estimate that we could meet a target of 35–50%.

Reliability of data collection methods
Data were collected by one research nurse, starting from screening and continuing to follow-up.
This research nurse also entered the data into the trial database. The accuracy and reliability of this
method of data collection was assessed using a 13-point validation check form performed by
three audit clerks independent of the trial. These individuals randomly chose four CRFs each and checked
the recorded data against the patient clinical notes and the generic database. Twelve CRFs with a total
13
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TABLE 2 Demographics

Variables No-haemofiltration group (N=19) Haemofiltration group (N=18)

Sex, n (%)

Female 6 (31.6) 4 (22.2)

Male 13 (69.4) 14 (87.8)

Age, mean (SD) 72.66 (7.33) 72.12 (8.29)

Ethnicity, n (%)

White (British) 18 (94.7) 18 (100)

White (other) 1 (5.3) 0 (0)

Procedure, n (%)

Elective 9 (47.4) 11 (61.1)

Urgent 10 (52.6) 7 (48.9)

Family history of IHD, n (%)

No 7 (36.8) 7 (38.9)

Yes 12 (63.2) 11 (61.1)

Hypertension, n (%)

No 4 (21.0) 5 (27.8)

Yes 15 (79.0) 13 (72.2)

Hypercholesterolaemia, n (%)

No 3 (21.0) 3 (16.7)

Yes 16 (79.0) 15 (83.3)

Smoking, n (%)

Smokes cigars 0 (0) 1 (5.6)

Never smoked 7 (38.9) 6 (33.3)

Ex-smoker 11 (55.6) 9 (50.0)

Current smoker 1 (5.3) 2 (11.1)

LV function (EF), n (%)

< 30% 0 (0) 2 (11.1)

30–50% 7 (36.8) 3 (16.7)

> 50% 12 (63.2) 13 (72.2)

EuroSCORE, mean (SD) 5.16 (2.67) 5.17 (3.31)

Diabetic, n (%)

No 13 (68.4) 10 (55.6)

Yes 6 (31.6) 8 (44.4)

NYHA class, n (%)

No limitation 3 (21) 5 (27.8)

Slight limitation 8 (31.5) 9 (50)

Marked limitation 6 (42) 4 (22.2)

Inability to carry out any physical activity 2 (10.5) 0 (0)

RESULTS
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TABLE 2 Demographics (continued )

Variables No-haemofiltration group (N=19) Haemofiltration group (N=18)

CCS class, n (%)

0. No chest pain 5 (26.3) 8 (44.4)

I. Pain on moderate exertion 1 (5.3) 3 (16.7)

II. Slight limitation of normal activities 9 (47.4) 3 (16.7)

III. Marked pain limitation of ordinary activities 2 (10.5) 3 (16.7)

IV. Unstable: pain on any activity or rest pain 2 (10.5) 1 (5.6)

eGFR (ml/minute) at screening, median (IQR) 50.7 (7.3) 49.9 (10.9)

Urea at screening (mmol/l), mean (SD) 8.40 (2.18) 8.40 (4.07)

Creatinine at screening (µmol/l), mean (SD) 111.0 (29) 113.5 (27)

Platelet counts × 109 at screening, median (IQR) 197 (69) 199 (52)

HCT at screening, median (IQR) 38 (5.) 37.5 (5)

Serum albumin at screening (g/l), mean (SD) 42.0 (3.6) 44.16 (3.0)

CCS, Canadian Cardiological Society; EF, ejection fraction; HCT, haematocrit; IHD, ischaemic heart disease;
IQR, interquartile range; LV, left ventricular function; NYHA, New York Heart Association.
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of 9509 database fields were checked for completion and accuracy. This check revealed that 323 database
fields (3.4%) were missing and also some information was outstanding from patients awaiting
follow-up visits. In addition, no data entry errors were found. A future study could easily follow a similar
kind of approach for data collection. However, we plan to work with a registered clinical trials unit in a
future multicenter trial, and it is likely that they would have a more robust data collection and entry
validation tool.
Reliability of outcome measures
The main clinical effectiveness and cost-effectiveness outcomes were assessed to establish whether or not
they would be suitable for a future trial. The length of ICU stay days was considered more suitable as a
primary outcome measure than ICU stay > or < 3 days. However, there is concern that the decision to
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discharge patients to a lower level of care could potentially be influenced by many reasons, such as acute
shortage of ICU beds or availability of ward beds, rather than by a patient's speed of recovery. Time to
tracheal extubation and blood transfusion requirements in theatre are outcome measures that could also
be considered in a larger trial. However, these are limited by the issue of how to define the criteria for
weaning ventilator support or for intraoperative transfusion. A future trial must consider putting in place
clear criteria for addressing these concerns. Thirty-day mortality comparisons are likely to require large
sample sizes in a future trial and therefore may not be appropriate as a primary outcome measure.
Outcomes that seek to establish the level of renal impairment, including eGFR and urinary
albumin–creatinine ratio, should be explored in a definitive trial. It would also be useful to explore the
suitability of other biomarkers of renal impairment, such as urinary neutrophil gelatinase-associated
lipocalin levels, in a larger trial. Other non-clinical outcomes, such as condition-specific health-related
quality of life (HRQL), might add value to the outcomes of a large randomised trial. We have demonstrated
in this pilot trial that these can be collected effectively without due burden on the patient and with a
> 90% completion rate.
Clinical outcome measures
The analysis was as per intention to treat and involved all patients who were randomised. Nineteen
patients were randomised to the no-haemofiltration arm and 18 were randomised to the haemofiltration
arm. One patient randomised to the no-haemofiltration arm died of gastrointestinal complications
(intestine ischaemia) in ICU. Further investigation revealed that the patient had a high pre-operative risk of
death reflected by his or her additive EuroSCORE of 10.

The trial arms were equally balanced in terms of age, sex, ethnicity, baseline eGFR, diabetes, whether
urgent or elective procedure, family history of ischaemic heart disease, hypertension,
hypercholesterolaemia, smoking status, left ventricular function, and additive EuroSCORE. In addition,
there were similar trends in terms of baseline albumin/creatinine ratio, platelet counts, haematocrit, urea
and creatinine.

Table 3 summarises the intraoperative outcomes, such as duration of CPB, cross-clamp time, transfusion
needs, urine volume, inotropic support and intraoperative fluid balance. The results show that there was a
trend towards a reduction in blood transfusion needs in theatre for the haemofiltration group but not in
the postoperative period. Other intraoperative outcomes, such as CPB times and cross-clamp times,
indicated that there is a trend for groups with haemofiltration to require longer duration; however, the
small sample size limits us from drawing any firm conclusions.

Table 4 outlines changes in urea, creatinine, haematocrit (HCT) and serum albumin on admission to ICU, at
24 hours after ICU admission, and a day after ward admission compared with baseline values. The values
indicate a similar pattern between the treatment groups. Interestingly, while the pattern of platelet counts
increased in both groups, HCT levels and serum albumin were lower than baseline during and after the
first 24 hours after surgery. In contrast, the patterns of creatinine and urea levels rose in both groups but
the magnitude was slightly lower in the group who were given haemofiltration.

Table 5 summarises the postoperative clinical outcomes such as time to tracheal extubation, length of ICU
stay, duration of hospital stay (days) and 30-day mortality. The length of ICU had an overall trend towards
a reduced stay for patients who were given intraoperative haemofiltration. This trend was much more
evident in patients with diabetes. The categorical variable of incidents of ICU stay < 3 days and the number
of composite outcome measures were found to be less informative. A future trial should report on total
hospital morbidity (a count of the number of hospital complications) instead of the composite outcome
measure described in this pilot trial. Other outcomes also showed similar trends between the
treatment groups.
NIHR Journals Library www.journalslibrary.nihr.ac.uk



TABLE 3 Intraoperative clinical outcomes

Variables No-haemofiltration group Haemofiltration group

CPB time (minutes), median (IQR) 94.5 (34.5) 100.5 (45.25)

Cross-clamp time (minutes), median (IQR) 56 (25.5) 64.5 (26.25)

Intraoperative blood transfusion needs (ml), mean (SD)

Non-diabetic patients 101 (263) 22 (69)

Diabetic patients 73 (179) 55 (101)

Intraoperative inotropes, n/N (%)

Non-diabetic patients 2/13 (15.4) 1/10 (10)

Diabetic patients 2/6 (33.3) 1/8 (12.5)

Urine volume (ml), mean (SD)

Non-diabetic patients 1556 (581) 1414 (662)

Diabetic patients 1708 (701) 1320 (464)

Total intraoperative haemofiltration time (hours), mean (SD)

Non-diabetic patients NA 1.16 (0.26)

Diabetic patients NA 1.41 (1.34)

Intraoperative fluid balance (ml), mean (SD)

Non-diabetic patients 1303 (513) 1274 (511)

Diabetic patients 1322 (392) 1320 (464)

IQR, interquartile range; NA, not applicable.

TABLE 4 Changes in some selected outcomes from baseline

Variables Times
No-haemofiltration
group

Haemofiltration
group

Urea (mmol/l), mean (± SD) Day of admission to ICU – 1.61 (2.63) – 2.11 (1.54)

24 hours after admission to ICU 0.45 (2.08) – 0.52 (1.40)

1 day after admission to ward 2.45 (2.79) 0.73 (1.78)

Creatinine (µmol/l), mean (± SD) Day of admission to ICU – 15.33 (29.99) – 28.20 (22.97)

24 hours after admission to ICU 5.37 (21.76) 5.22 (24.85)

1 day after admission to ward 10.88 (35.61) 1.73 (28.70)

Platelet counts × 109 (mean ± SD) 24 hours after admission to ICU 4 (37) 8.5 (35)

1 day after admission to ward 52 (109) 24.5 (90)

HCT (mean ± SD) 24 hours after admission to ICU – 2.11 (4.06) – 1.60 (3.20)

1 day after admission to ward – 0.61 (3.95) – 0.46 (3.79)

On hospital discharge day – 1.43 (4.79) – 0.35 (4.66)

Serum albumin (g/l), mean (± SD) 24 hours after admission to ICU – 14.88 (4.10) – 16.39 (4.16)

DOI: 10.3310/hta17490 HEALTH TECHNOLOGY ASSESSMENT 2013 VOL. 17 NO. 49
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TABLE 5 Postoperative clinical outcomes

Variables No-haemofiltration group Haemofiltration group

Time to tracheal extubation (minutes)

Non-diabetic patients, median (IQR) 435 (195) 435 (653)

Diabetic patients, median (IQR) 450 (311) 525 (731)

Overall, mean (SD) 498 (221) 634 (397)

Length of ICU stay (days)

Non-diabetic patients, mean (95% CI) 2.07 (0.97 to 3.16) 2.12 (0.95 to 3.29)

Diabetic patients, mean (95% CI) 4.88 (2.75 to 7.01) 2.70 (0.65 to 4.75)

Overall, mean (SD) 3.10 (2.19) 2.17 (2.00)

Frequency of duration of ICU stay (categorical), n/N (%)

< 3 days 10/19 (52.6) 11/18 (61.1)

3–10 days 9/19 (47.4) 7/18 (38.9)

Hours in CCU area, median (IQR) 58.5 (99.0) 27.0 (75.0)

Days in ward, median (IQR) 5.0 (7.0) 5.5 (5.0)

Number of composite outcomes, mean (SD) 1.8 (1.3) 2.5 (0.7)

Thirty-day mortality, n/N (%)

No 19/19 (94.7) 18/18 (100)

Yes 1/19 (5.3) 0/18 (0)

Haemostasis agents, n/N (%)

No 15/19 (78.9) 14/18 (77.8)

Yes 4/19 (21.1) 4/18 (22.2)

Postoperative blood transfusions, n/N (%)

No 10/19 (52.6) 7/18 (38.9)

Yes 9/19 (47.4) 11/18 (61.1)

Postoperative blood transfusion volume (ml), mean (SD)

Non-diabetic patients 152 (316) 264 (340)

Diabetic patients 293 (227) 243 (183)

Mediastinal blood loss, mean (95% CI) 977 (754 to 1201) 960 (679 to 1241)

Platelet counts × 109 at admission to ICU, median (IQR) 150 (60) 154 (76)

Platelet counts × 109 at 24 hours post operation,
median (IQR)

160 (48) 154 (59)

HCT at admission to ICU, median (IQR) 28.0 (4.0)a 29.5 (3.0)b

HCT at 24 hours post operation in ICU, median (IQR) 28.0 (4.0)a 27.0 (3.0)b

Total number of postoperative inotropes given, n/N (%)

No 6/19 (31.6) 3/18 (16.7)

Yes 13/19 (68.4) 15/18 (83.3)

RESULTS
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TABLE 5 Postoperative clinical outcomes (continued )

Variables No-haemofiltration group Haemofiltration group

Duration of inotrope used (hours), mean (SD)

Non-adrenaline 32 (32) 30 (36)

Adrenaline 7 (1) 72 (34)

Duration of total inotropic support (hours), mean (SD)

Non-diabetic 13 (69) 16 (49)

Diabetic 15 (18) 24 (81)

Dopexamine, n/N (%)

No 17/19 (84.2) 17/18 (94.4)

Yes 2/19 (15.8) 1/18 (5.6)

Postoperative haemofiltration, n/N (%)

No 18/19 (94.7) 16/18 (88.9)

Yes 1/19 (5.3) 2/18 (11.1)

Metabolic acidosis, n/N (%)

No 18/19 (94.7) 18/18 (100)

Yes 1/19 (5.3) 0/18 (0)

Anuria/oliguria, n/N (%)

No 18/19 (94.7) 16/18 (88.9)

Yes 1/19 (5.3) 2/18 (11.1)

IABP, n/N (%)

No 19/19 (100) 17/18 (94.4)

Yes 0/19 (0) 1/18 (5.6)

eGFR (ml/minute) at 6 weeks' follow-up, median (IQR) 49.0 (15)b 54.5 (18)b

CCU, critical care unit; IABP, intra-aortic balloon pump; IQR, interquartile range.
a One missing value.
b Three missing values.
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The time taken to discharge 50% of the trial patients from ICU (median discharge time) was 27 (95% CI
20 to 132) hours for patients given haemofiltration compared with 72 (95% CI 1 to 142) hours for
patients without haemofiltration. The cumulative number of patients in the two treatment groups leaving
the ICU at any given time is presented in a Kaplan–Meier plot in Figure 3. The pattern in the two groups
was similar for shorter periods of ICU stay of up to 50 hours. Beyond this time, fewer patients in the
no-intraoperative haemofiltration group left the ICU relative to those who received intraoperative
haemofiltration, who remained in the ICU for anything up to 150 hours.

Postoperative renal function outcomes and need for

postoperative renal replacement therapy

Urine outputs and fluid balances

We assessed the pattern of urine output and fluid balances during the postoperative period of up to
96 hours after surgery. Table 6 shows similar patterns of urine output between the groups during the
perioperative period of up to 48 hours after surgery. The fluid balances showed different patterns between
19
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the patient groups and also for diabetic and non-diabetic patients during the perioperative period of up to
48 hours after surgery. After the first 48 hours a significant number of data were missing and therefore
are not shown in Table 6. The reason for the incompleteness was the fact that most patients were well
enough to be discharged from ICU into wards after 72 hours. In the wards most patients had their urine
catheters taken out and were free to use toilets and take in fluids as they wished. Consequently, for some
patients, urine outputs and fluid balances were not adequately monitored or documented by staff.

Postoperative acute renal failure
As summarised in Table 7, there were three patients who developed postoperative acute renal failure out
of the 37 randomised patients. These three patients were given postoperative renal support
[haemofiltration, dopexamine (Dopacard®, Cephalon) and furosemide infusions]. One non-diabetic patient
with pre-operative eGFR of 29ml/minute who was randomised to the no-intraoperative haemofiltration
arm developed postoperative metabolic acidosis and anuria/oliguria. The patient was given postoperative
haemofiltration for 67 hours and intravenous dopexamine and furosemide infusions for 107 hours. The
second patient was diabetic and had a pre-operative eGFR of 50ml/minute, was randomised and given
intraoperative haemofiltration and then developed anuria/oliguria postoperatively. The patient was given
postoperative haemofiltration for 19 hours together with intravenous furosemide infusions for < 1 hour.
The third patient was non-diabetic with an eGFR of 25ml/minute, was randomised to the intraoperative
haemofiltration group and then developed postoperative anuria/oliguria and was given haemofiltration for
TABLE 6 Urine outputs/fluid balances at 24 and 48 hours after surgery

Treatment allocations at randomisation Diabetes

Urine output (ml),
mean (SD)

Fluid balance (ml),
mean (SD)

24 hours 48 hours 24 hours 48 hours

Haemofiltration No 1308 (571) 1980 (923) 472 (650) – 473 (1032)

No haemofiltration No 803 (458) 1773 (632) 1037 (648) – 4 (459)

Haemofiltration Yes 1510 (509) 1787 (957) 1510 (509) 1787 (957)

No haemofiltration Yes 1567 (537) 1984 (355) 864 (963) – 16 (779)

NIHR Journals Library www.journalslibrary.nihr.ac.uk



TABLE 7 Postoperative renal support

Patient
no.

Treatment
allocations at
randomisation

Baseline
eGFR Diabetic

Time on
postoperative
haemofiltration
(hours)

Time on
intravenous
dopexamine
(hours)

Time on
intravenous
furosemide
infusions (hours)

009 No haemofiltration 29 No 68 107 17

021 Haemofiltration 25 Yes 22 7 0

026 Haemofiltration 50 Yes 19 0 < 1
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22 hours together with intravenous dopexamine for 7 hours in total. The pattern of the duration of
postoperative haemofiltration appears to favour the use of intraoperative haemofiltration, although owing
to the small numbers no definitive conclusion can be reached based on this observation.

Changes in estimated glomerular filtration rate
The difference in changes in eGFR between 6 weeks' follow-up and baseline values indicated a trend
towards higher values for the haemofiltration group than the group without haemofiltration (Figure 4).
Again, the sample size is too small to draw any conclusions from this.

Health-related quality-of-life measurement (European

Quality of Life-5 Dimensions health scores)
Health-related quality-of-life questionnaires (EQ-5D) were administered to a sample of the patients (n = 20)
as a late addition to the trial protocol to test the feasibility of reliably collecting informative data on
changes on health within this cohort of patients. The EQ-5D consists of two elements: a visual analogue
scale (VAS) and a questionnaire. The VAS asks patients to rate their health on a scale from 0 to 100.
A score of 100 indicates the best HRQL and vice versa, with a score of 0 indicating the worst HRQL.
The results are summarised in Table 8, showing a trend towards improved median HRQL for the
haemofiltration group compared with the no-haemofiltration group. However, the small sample size rules
out any definitive conclusions from these findings.

Trial adverse events

The trial adverse events are summarised in Table 9. The trial events adjudication panel confirmed that
all reported adverse events were not due to the trial interventions. There was only one death, which
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TABLE 8 Health-related quality-of-life scores (EQ-5D VAS scores)

Variables No-haemofiltration group (n = 11) Haemofiltration group (n = 12)

Pre-operative score, median (IQR) 80 (23) 75 (23)

Postoperative score, median (IQR) 80 (25) 83 (26)

Score differences, median (IQR) 3 (10) 18 (33)

IQR, interquartile range.

TABLE 9 Trial adverse events

Variables No-haemofiltration group (N = 19) Haemofiltration group (N = 18)

In-hospital deaths, n (%) 1 (5.3) 0 (0)

Atelectasis, n (%) 7 (36.8) 2 (11.1)

Chest infections, n (%) 5 (26.3) 3 (6.7)

Sepsis in ICU, n (%) 7 (36.8) 4 (22.2)

Events requiring readmission, n (%)

Unstable sternum requiring
rewiring/and need for blood
transfusion in ICU

2 (10.5) 0 (0)

Pleural effusion and ICD insertion
requiring postdischarge hospital
readmission

1 (5.3) 3 (16.7)

Arrhythmias, n (%)

No 10 (52.6) 12 (66.7)

Asystole 1 (5.3) 0 (0)

Atrial fibrillation 6 (31.6) 3 (16.7)

Bradycardia 0 (0) 2 (11.0)

Slow nodal rhythm 0 (0) 0 (0)

Supraventricular tachycardia 2 (10.5) 1 (5.6)

Pulmonary oedema, n (%) 1 (5.3) 0 (0)

Pleural effusion, n (%) 1 (5.3) 0 (0)

Pneumothorax, n (%) 1 (5.3) 0 (0)

Bleeding, n (%) 0 (0) 1 (5.3)

Tamponade, n (%) 0 (0) 1 (5.3)

Re-exploration, n (%) 1 (5.3) 2 (11.1)

Anaemia, n (%) 0 (0) 2 (11.1)

Thrombocytopenia, n (%) 0 (0) 1 (5.6)

Wound infections (including sternal), n (%) 2 (10.6) 0 (0)

Formal surgical reconstruction, n (%) 2 (10.5) 0 (0)

Gastrointestinal complications, n (%) 2 (10.5) 0 (0)

RESULTS
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occurred in a patient in the group without haemofiltration as a result of gastrointestinal complications
(ischaemic gut).

Key findings

The potential barriers to recruitment were identified as the high volume of off-pump coronary surgery
within our centre (37–45%), recruitment restricted to working hours of the week (0900–1700 hours,
Monday to Friday), too narrow enrolment criteria, participation of some patients being restricted by the
absence of eGFR values before hospital admission, and the threat of treatment crossovers. These barriers
can be overcome in a larger trial by widening the inclusion criteria to other cardiac procedures besides
CABG surgery. Priority could be given to centres with low off-pump/on-pump CABG ratios. In addition,
there should be sufficient staff resources and support to all participating centres to ensure that recruitment
activities are covered at all hours. Treatment crossovers and protocol deviations could be ameliorated by
delaying randomisation until patients are as close to undergoing surgery as possible (randomising in
theatre just before surgery begins). For patients admitted to hospital under the urgent or interhospital
transfer pathway whose eGFR values are unknown, consent could be delayed until later on during the
evening/night of the day of admission or the morning before surgery to allow time for the measurement to
be determined in-house.

Twenty-seven per cent of the randomised participants were female, equally spread between the two study
groups. Demographic factors such as age, ethnicity, and family history of ischaemic heart disease,
hypertension, hypercholesterolaemia, smoking and diabetes, as well as baseline eGFR and EuroSCORE,
were similarly distributed between the two groups.

Data collection was sufficiently robust, with few errors detected. One exception is the data on urine
outputs and fluid balances in the duration in excess of 48 hours after the operation, which were largely
missing because a lot of this information was not documented in the case records. One typographical error
was detected in an e-mail message sent out to theatre staff regarding a patient's treatment allocation. A
future trial can avoid such errors by having in place a robust system that automatically generates e-mails to
whoever is concerned regarding the treatment allocation. Some outcome measures were also more reliably
informative than others, such as the continuous outcome measure of length of ICU stay which provides a
better insight into the distribution pattern than the categorical variable of frequency of duration of ICU
stay > 3 days, as highlighted in Table 5. The composite outcomes variable was also found to be less
informative and therefore a broader outcome of the number of hospital complications would be preferable
in a larger trial.

The application of intraoperative haemofiltration in this pilot trial was associated with a trend towards a
reduced length of ICU stay, particularly for patients with diabetes. In addition, the number of adverse
events showed a similar trend in both treatment arms, with no new complications observed that were
different from those expected from major operations such as cardiac surgery.
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Chapter 4 Economic analysis
Introduction
The focus of the economic analysis was entirely determined by the clinical objectives of the feasibility
study, which were to assess the benefits of continuous haemofiltration for on-pump CABG patients in
terms of ICU stay, hospital stay, composite perioperative incidents, mechanical ventilation, medications,
and tests and procedures within the hospital environment. The economic assessment had three main aims:
(1) to undertake an exploratory economic evaluation using the clinical and cost data collected during the
feasibility study; (2) to assess the adequacy of the data collection tools; and (3) to discuss the economic
methodological implications for a future study.
Exploratory economic evaluation

Framework

One of the key issues that needs to be considered is the type of framework to adopt for the economic
analysis. Acute kidney injury is reported in the literature to occur in up to 30% of postcardiac surgery
patients,27 leaving a large scope to provide benefit in terms of both clinical outcomes and costs. However,
whether or not this will be seen in the feasibility analysis and for this particular patient group is uncertain.

The gold standard in economic analysis is cost–utility analysis, in which results are expressed cost per
quality-adjusted life-year (QALY). However, one aspect that needs to be explored within this pilot study is the
feasibility of quality-of-life measurement tools in sensitively differentiating between the two groups of patients.
Methodology

The economic model aims to assess the quality of life and cost variation between the two groups and thus
assess the incremental cost-effectiveness of using intraoperative haemofiltration during surgery. The
perspective of the cost analysis is that of the NHS. The benefits included are quality of life in the form of
the EQ-5D. No adverse events are considered although their occurrence, if the effects remain at follow-up,
should be encompassed within the quality-of-life measurement within the EQ-5D.
Quality of life

A small sample of EQ-5D questionnaires was used with one measurement pre surgery and one post surgery
as a late addition to the protocol whose follow-up is not yet complete for all patients at the time of
producing this report. The sample with pre-admission and postdischarge values is 20 patients. The validity of
any differences between the two groups depends on precision of the matching of the two treatment groups
so that theoretically all patients are the same at the start of the trial. If this is the case then any variation in
quality-of-life outcomes can be attributed to the use of haemofiltration within theatre.

The quality-of-life measure used in this study was the EQ-5D, which classifies 243 different health states
with five different dimensions of health, each with its own level of severity. The EQ-5D is a generic
measure and is the preferred method of the National Institute of Health and Care Excellence (NICE). NICE
recommends the use of the weighted values from the EQ-5D questionnaire to be taken into consideration
when evaluating health-care technologies.

The EQ-5D produces two estimates of quality of life. The VAS records the estimated quality of life of the
individual who marks the scale. The answers to the EQ-5D questionnaire can be weighted according to the
values generated by the UK population's preferences for each of the health states. In this pilot study we
have considered both elements of the EQ-5D.
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Costs

In order to assess the cost implications of the use of haemofiltration within theatre it is necessary to
appropriately identify the resource use that differs between the two groups as a direct result of the change
to treatment.

The key elements of resource use data that are utilised within the economic analysis concern the duration
of hospital stay and what combination of ICU and ward days this stay consisted of, the use of
haemofiltration, whether it was used within the theatre or in the ICU environment, and drugs prescribed
specifically to aid renal function.

l The costs of nursing time are not included for within theatres because no additional nursing support is
required in order to facilitate the intraoperative haemofiltration, as this is performed by the
perfusionists running the pump. Postoperatively, within the ICU, the nurse to patient ratio is already
1 : 1 and such nurses are trained to be able to use the haemofiltration machine.

l The cost that has been allocated for 1 day on a ward is £264, which is the cost for the ward in which
the patients are most likely to end up.

l The cost of 1 day's stay in ICU has been divided by 24 and used alongside the number of hours that
the patient stays within the ICU, in order to allow for more precision in the estimates. This does not,
however, take into consideration the fact that staying in ICU for 1 hour during the night may in effect
cost less as, for example, meals would not be necessary, or the fact that charges may have to be made
for an entire day, even if the patient occupies the bed for only a short period of time.

l The postoperative haemofiltration machine is estimated to last for 10 years. The number of patient
hours over a 1-year period between November 2010 and October 2011 has been recorded as 1375
and used to calculate the number of hours of use of the haemofiltration machine over a 10-year
period (13,750). The fixed cost of the purchase of the machine (£24,713) has, therefore, for the
purpose of this analysis, been calculated as a cost per hour.

l The cost of haemofiltration consumables within the theatre has been calculated at £63 per patient on
average. This estimate is derived from the Liverpool Heart and Chest Hospital patients who receive
intraoperative haemofiltration in theatre. The duration of the use of the intraoperative haemofiltration
and the cost of consumables used are, however, unlikely to differ in this patient group. This does
mean, however, that the cost of the use of haemofiltration within theatre does not currently take into
consideration the duration of the filtration.

l The costs of consumables used for postoperative haemofiltration within the ICU environment were
estimated from the resource use of three patients similar to those in the trial. In order to estimate the
consumables and other resources used within a full 24-hour period, costs were estimated and an
average generated. In each case, although the full day of usage may have fallen part way through the
treatment period, the cost of the initial set-up material (dialysis line, which is used for the duration of
the treatment unless infection is suspected, and an aqua-set, which is changed every 72 hours) is
included to most accurately represent what the costs of patients within the trial would be. As all the
patients within the pilot study who required postoperative haemofiltration within the ICU were on the
machine for less than 24 hours, the costs of consumables for the second day, when the initial set-up
materials were not needed, did not need to be included.

l The drug use that has been considered within the economic analysis regards only those drugs that
specifically target renal function. Within the ICU, dopexamine is used intravenously. It is assumed that
this drug is used for the duration of the period that the patient remains in the ICU and therefore drug
costs (£19.80 per 24-hour period), along with the cost of saline solution (£4.27 per 24 hours), are
allocated according to hours spent in the ICU.

l In terms of drugs prescribed on discharge, furosemide, assumed at a dose of 20mg, has been included
in the costs (at £0.80 per pack of 28 × 20-mg tablets) when the patient was not already being
prescribed the drug on admission. The furosemide prescription at follow-up has not been included in
the cost analysis as it may be influenced by the variation in time until follow-up.
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Short-term modelling

The economic analysis is largely focused on the data collected within the pilot study. The outcome of interest
for the economic evaluation is HRQL as measured by the EQ-5D. This information can be used to calculate
an incremental benefit of the use of intraoperative haemofiltration within cardiac surgery. The benefit of
measuring quality of life post surgery but close to discharge from hospital is that it means that any effects of
the surgery that last beyond the hospital stay and impact on quality of life will be picked up. While quality of
life throughout a patient's stay may have varied somewhat, this may not be important over the longer term.
On the other hand, what a postsurgery measurement close to discharge does not capture is the time that
the individual has spent in hospital. This will be assessed to some extent within the costing element of the
economic analysis; however, it means that those patients who have had to reside within the hospital for a
longer period will not have their overall assessment of quality of life adjusted accordingly.

The EQ-5D follow-up scores could be adjusted to take into consideration the variation in follow-up time,
which could vary between 6 and 12 weeks. Currently, the follow-up time is assumed to be similar in the two
groups on average and therefore the quality-of-life change is compared unadjusted. Such adjustment would
enable greater accuracy in the estimation of QALYs and would need to be considered in a further trial.

A study assessing the HRQL of chronic kidney disease patients was conducted in Japan.38 The authors in that
case also used the EQ-5D questionnaire along with eGFR and took into consideration some comorbidities
including hypertension, diabetes and cardiovascular disease. In this case, patients were categorised as having
cardiovascular disease if they had ischaemic or congestive heart disease or stroke in their record. EQ-5D
values were produced for each of the five chronic kidney disease states with the subgroups mentioned
above and analysed separately. These can be compared with the results obtained from the sample of
patients in the pilot study, although it must be noted that the preference weights attached to the EQ-5D
values are those of a Japanese population and therefore may differ from those within the UK population.

The clinical outcome of this pilot study is related to the number of days' ICU care that is required by each
patient. This will be captured within the economic analysis as one of the costs to be compared between
groups. The cost of the use of the filtration machine both within theatre and subsequently within the ICU
will also be compared along with the costs of stay within a general ward and any drug use or additional
nursing care that is necessary as a result of the renal impairment. The resource use at the individual level
will have a cost attached to it and then the two groups can be compared.
Results

Quality of life

The EQ-5D consists of two elements: the VAS and a questionnaire. The VAS asks the patients to rate their
health on a scale from 0 to 100. The results of this section are detailed below in Table 10.

The mean on admission differs by almost 10 points between the two groups; however, by follow-up
this difference has narrowed to around 3 points. The mean difference between the two time points
is also recorded in the table showing that the quality-of-life improvement is greater in patients who
received haemofiltration.
TABLE 10 European Quality of Life-5 Dimensions VAS scores

Groups

Pre operation Post discharge Difference

Mean (95% CI) Mean (95% CI) Mean (95% CI)

Non-haemofiltration 75.11 (63.32 to 86.90) 77.78 (67.39 to 88.16) 2.67 (– 5.20 to 10.54)

Haemofiltration 65.91 (50.23 to 81.59) 80.82 (71.43 to 90.20) 14.91 (3.87 to 25.95)
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The answers from the EQ-5D questionnaire can be converted into quality-of-life estimates based on the
preferences of the UK population. These weights have been derived and used to generate the means for
each group as shown in Table 11. The quality-of-life estimated preoperatively is slightly different between
the two groups and this gap then widens at follow-up. The incremental benefit of using intraoperative
haemofiltration, ceteris paribus, is 0.11 within the 0–1 range of the quality-of-life scale.

The mean estimated quality of life of patients with chronic kidney disease in Japan who have
cardiovascular disease is 0.826 (stage 3) and 0.843 (stage 4).38 The improvement in quality of life from
stage 3 to stage 4 is unexpected and may represent abnormalities in the sample used. It could, however,
be a true reflection of quality of life within this group of patients. The quality of life of the patients within
our pilot study is lower than that of the patients in the Japanese study. This could be simply due to the
demographic differences between the people of Japan and the UK but may also be because the patients
within this pilot study all are undergoing CABG surgery, and therefore the severity of their cardiovascular
disease may be greater than that of the patients within the Japanese study sample.
Costs

Table 12 depicts the mean costs for each of the groups for those elements of resource use assumed to be
directly influenced by the use of haemofiltration in theatre. The averages are for all patients for whom
data were recorded.

The largest average cost difference came from the duration of ICU stay, followed by the duration of stay
on the ward. However, only three patients within the pilot study were prescribed dopexamine, and
therefore this element may play a more significant role within a larger data set if the proportion of patients
prescribed the drug was to increase. The total average cost per patient is 24% lower in those patients who
received haemofiltration within theatre.

In such a small sample, the costs of exceptions to the protocol, such as the patient who was randomised
to the no-haemofiltration arm but received haemofiltration in theatre, can make a difference to the overall
cost-effectiveness analysis.

However, we had EQ-5D data for only 20 patients in total and thus, to be consistent, we used the costs
from only these patients. This does not greatly affect costs; the incremental cost for haemofiltration now
becomes –£1744 (Table 13).
TABLE 12 Mean costs of resources for each of the groups (£)

Groups Haemofiltration
ICU
hours

Dopexamine
in ICU

Haemofiltration
in ICU Ward-days

Furosemide
(28/20mg) Total

No haemofiltration 3.51 4614.58 6.69 13.95 2244.00 0.61 6883.30

Haemofiltration 56.46 3444.08 8.87 27.09 1667.37 0.46 5204.33

Difference 52.96 – 1170.50 2.18 13.14 – 576.63 – 0.15 – 1678.97

TABLE 11 Mean estimated quality-of-life scores for patients who completed EQ-5D questionnaires

Groups

Pre operation Post discharge Difference

Mean (95% CI) Mean (95% CI) Mean (95% CI)

No haemofiltration 0.77 (0.63 to 0.90) 0.77 (0.68 to 0.87) 0.01 (– 0.12 to 0.13)

Haemofiltration 0.72 (0.54 to 0.90) 0.84 (0.76 to 0.92) 0.12 (– 0.06 to 0.29)
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TABLE 13 European Quality of Life-5 Dimensions average cost differences per patient (£)

Groups Haemofiltration
ICU
hours

Dopexamine
in ICU

Haemofiltration
in ICU Ward-days

Furosemide
28/20mg Total

No haemofiltration 7.01 4937.50 NA NA 2581.33 0.53 7526.38

Haemofiltration 51.62 4062.50 10.94 25.11 1632.00 0.58 5782.75

Difference 44.60 – 875.00 10.94 25.11 – 949.33 0.05 – 1743.63

NA, not applicable.
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Subgroup analysis
One of the aims of the pilot trial was to stratify the patients into subgroups according to the presence or
absence of diabetes, and kidney functioning levels. It would have been interesting to consider the patients
by both their diabetes status and their eGFR ranges; however, owing to the small sample sizes, this was
not possible. It is worth mentioning that in a larger trial it would be important to explore this aspect
further as it may be possible to make predictions or acquire costs from the patient ranges.

Table 14 categorises the number of patients in each trial arm. As shown in Table 14 the numbers in each
arm are relatively small, which means that the results may not be representative of the patient population
of interest, hence a larger group of patients is required in a future trial.

The impact of diabetic/non-diabetic status on the cost analysis
Part of the study's aim was to stratify the patients where possible and then perform a cost analysis for the
patient subgroups and in particular for those patients with or without diabetes. From this we added costs
for each of the patients in their groups (as shown in Table 14) and then calculated as an average cost for
each of these subgroups. However, one caveat to note at this point is that at such a small scale we can
only discuss the patterns of trends shown from the average costs. Table 15 depicts the averages from the
subgroup costings.

Table 15 has itemised the costs for diabetic and non-diabetic patients in both groups (non-haemofiltration
and haemofiltration) in order to establish whether or not there are any trends. As shown in Table 15,
in both groups the costs are greater for the diabetic patients than for the non-diabetic patients.
The sample is too small to definitively say if there is a relationship between the two, although it is
feasible that additional care is required for diabetic patients and this could be the reason for the increase
in overall costs. Additionally, it is interesting to note that the length of time spent in ICU (and therefore
the costs associated) for the diabetic groups, regardless of whether or not they had haemofiltration,
was approximately twofold higher than for the non-diabetic patients. This too may relate to costs
associated with diabetes as a disease although with such a small sample the evidence cannot
be conclusive.
TABLE 14 Patients within each category

Groups Patients in group (total) Patients in group (with an EQ-5D result)

No haemofiltration

Diabetic 7 2

Non-diabetic 11 7

Haemofiltration

Diabetic 7 2

Non-diabetic 12 9
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TABLE 15 Cost analysis of resources for diabetic and non-diabetic patients (£)

Groups Haemofiltration
ICU
hours

Dopexamine
in ICU area

Haemofiltration
in ICU Ward-days

Furosemide
28/20mg Total

No haemofiltration

Diabetic 0 6830 0 0 2187 0.57 9018

Non-diabetic 5.74 3204 10.94 22.82 2280 0.64 5524

Haemofiltration

Diabetic 63.13 4437 6.88 34.07 1584 0.34 6125

Non-diabetic 52.58 2864 10.03 23.02 1716 0.53 4666
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As we can expect, the cost of longer ward-days is a large driver of the overall average cost. For the
non-haemofiltration patients this was higher; however, when this was broken down between diabetic and
non-diabetic patients what was found, which we may not have expected, is that costs accrued are greater for
the non-diabetic patients. Despite this we cannot categorically claim that this would apply to all non-diabetic
patients. On further analysis we see that one patient in particular within the non-diabetic group is driving up
the costs through an unusually longer ward stay (than average for the group). Therefore, owing to the smaller
sample size of the groups and any unusual characteristics that the patient might have, this can impact
dramatically on the average costs. Consequently we cannot draw any definitive conclusions from this finding
and so must look at the costs as provisional estimates owing to the small sample size of the groups.

It is important to note here that some patients allocated to the no-haemofiltration group have some costs
arising from haemofiltration given in theatre because of treatment crossover. Although the costs are only
small, they are attributed to one patient in the group who was given intraoperative haemofiltration during
surgery. This is, therefore, a study treatment crossover and although this should not have occurred, it did,
and is included in the costs for the purpose of completeness.
European Quality of Life-5 Dimensions in diabetic/non-diabetic patients

The EQ-5D was conducted in 20 of the patients from the whole sample; from this it was possible to
compare costs between the haemofiltration and non-haemofiltration patients. It was not feasible to
analyse the data any further in terms of whether patients were diabetic or non-diabetic. The comparisons
would have been only one versus seven patients in the group with no haemofiltration for diabetics and
non-diabetics respectively, and two versus nine patients in the group with haemofiltration for diabetics and
non-diabetics respectively. It would be valuable in a larger study to assess this to see if there are any
significant cost and quality-of-life differences.
Incremental cost-effectiveness ratio

The incremental cost-effectiveness ratio (ICER) is calculated by dividing the difference in costs by the
difference in benefit. In order to enable like-for-like comparisons to be made, only the patients who have
complete EQ-5D data have been included in the costing element of the ICER. In the case of the current
population the incremental benefit of the use of haemofiltration within theatre is an improvement
of 0.11. This comes at an incremental cost of –£1744, so haemofiltration saves money. The ICER is
therefore –£15,851. Thus, haemofiltration in theatre dominates the non-haemofiltration strategy, as it is
associated with lower costs and increased quality of life.

This figure should be viewed with caution as the sample size of 20 patients in total (group A = 9, group
B = 11) with complete EQ-5D pre-operatively and post discharge is far too small to have any statistical
significance. It is also hugely dependent on the costs that have been included being influenced directly
by the use of the haemofiltration machine within theatre, which cannot be proven without a larger data
set, and so their inclusion is based on clinical assumption of the impact of the use of haemofiltration
within theatre.
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Owing to the small sample any single large fluctuations in costs will have large implications for the
resulting ICER estimate. For this reason, the patients who had to be readmitted either to ICU or to hospital
following discharge have been excluded from the main analysis above. As none of the patients was
recorded as being readmitted as a result of their renal functioning, this should not alter the comparability
of the two groups. In a further trial readmission should, however, be considered for its relationship
between haemofiltration in surgery and, if found to be an important factor, included within the costing.

The ICER estimation is influenced by each of its constituent elements. Sensitivity analysis can be
undertaken in order to quantify the impact of each of the structural elements of the economic model
(Table 16). A countless number of scenarios can be built to test the influence of the parameters within
the model.

As standard care is currently dominated by the use of haemofiltration within theatre due to providing
a benefit coupled with a cost saving, sensitivity analyses have been conducted to test the influence of
some of the key parameters and how much they would need to change in order for the costs of
non-haemofiltration to outweigh the costs of haemofiltration.

l Sensitivity analysis (SA) 1: if, for example, it was proven that the length of time in a general ward has
no relationship to the renal function of the patient, then the costs of the ward stay would need to
be excluded from the analysis. This reduces the cost saving but, as long as there is an incremental
quality-of-life benefit, haemofiltration would still dominate standard care.

l SA2: the cost of consumables used in the use of haemofiltration within theatre was given as a set cost
of £63 per patient in this analysis. Within the current model structure, including the cost of stay in a
general ward, the cost per patient within theatre of haemofiltration consumables would have to
increase to £2600 in order for group A to cost more on average than group B. With the quality-of-life
improvement of 0.11, this would result in an ICER of £456.

l SA3: hours spent in ICU is the primary outcome measure within this pilot study and therefore its
impact on the cost-effectiveness estimates has been explored. The average number of hours spent in
ICU in the pilot result for group A was 79 and for group B was 65. The average ICU hours for group B
needed to increase to 100 (keeping the average hours of group A the same) in order for group B to
cost more on average per patient. With the quality-of-life improvement of 0.11, this would result in an
ICER of £4035.

l SA4: the final scenario in the sensitivity analysis excluded the costs of ward-days as in SA1 but also
looked at an increase in ICU hours from group B. In this case the average stay had to be 82 hours in
comparison with 65 in group A in order for group B to be more costly on average per patient. With
the quality-of-life improvement of 0.11, this would result in an ICER of £2335.

An additional one-way scenario analysis was undertaken to see how much costs would have to increase to
reach the NICE threshold of £30,000. Assuming that the benefit remains at 0.11 for haemofiltration, the
incremental cost for haemofiltration would need to increase from –£1744 to £3300 per patient for the
ICER to reach £30,000 per QALY. This would obviously change if the benefit was also reduced.
TABLE 16 Sensitivity analyses

Groups

Average costs (£)

Pilot results SA1 SA2 SA3 SA4

Non-haemofiltration 7526.38 4945.05 7808.27 7526.38 4945.05

Haemofiltration 5782.75 4150.75 7858.47 7970.25 5201.88

Difference – 1743.63 794.30 50.21 443.87 256.84

SA, sensitivity analysis.
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Potential cost savings

There were 1276 patients who were operated on during the same time period as the trial. Of these
patients, 107 were identified as meeting the eligibility criteria for the trial. If we assume that all of these
patients could have received haemofiltration within theatre, using the average cost saving estimated from
the trial, the cost saving to the Liverpool Heart and Chest Hospital could be in excess of £150,000
annually. This example aims to demonstrate the potential for cost saving within a single unit; however, it is
important to recognise that the cost savings estimates are tentative only and therefore their implications in
terms of overall cost savings should be viewed with caution. In such a small sample the costs of exceptions
to the protocol, such as the patient who was randomised to the non-haemofiltration group but received
intraoperative haemofiltration in theatre, can make a difference to the overall cost-effectiveness analysis.
Likewise, any changes to the variables included within the costing analysis as a result of clinical findings
from a more robust sample, could have a considerable impact upon the final cost difference.
Suitability of data collection tools for future studies

Quality of life

In this feasibility analysis only EQ-5D was used to value patient quality of life. Many studies, such as that of
Fructuoso et al.,39 who measured quality of life in chronic kidney disease patients, have used the Short
Form questionnaire-36 items (SF-36).40 Like the EQ-5D, this is a generic measure and well validated,
although it is not as widely used in the UK. Along with the EQ-5D score, a more disease-specific measure
such as the Kidney Disease Quality of Life (KDQoL)41 or KDQoL Short Form (KDQoL-SF)39 may be useful in
capturing any sensitive changes that a generic measure would not. The KDQoL-SF includes SF-36 scales as
well as dimensions specific to kidney disease; the dimensions contain 43 items that can be summarised in
12 scales.39 Fructuoso et al.39 also used the KDQoL in their study and found that it is sensitive enough to
detect important changes in the effects and burden of kidney disease, overall health and patient
satisfaction; in addition to this, validation studies have been conducted on the KDQoL-3642 and found it to
be informative with high validity, which is one main argument in favour of including it in a future trial.
Resource use and costs

Given the small sample size and the exploratory nature of the economic evaluation, it is unclear if all of the
relevant costs and resources have been adequately captured. For example, only three patients received
haemofiltration postoperatively, two of whom were in the non-haemofiltration group. This difference is
only a one-patient variance but in such a small data set the effect is magnified. In a future trial, all of these
differences would need to be carefully explored to ensure that they are real differences and not
spurious results.

One cost that might be relevant to a future economic analysis is the cost of treating anaemic
adverse events.
Methodological implications for future studies
If it is perceived that the results obtained in the feasibility study support the therapeutic superiority of
haemofiltration for on-pump CABG surgery patients, then this has important implications for the structure
of any subsequent trials and for the subsequent economic evaluation.
Longer-term economic model

The long-term model could follow a structure as below. The data collected from the larger trial would end
at follow-up; however, using estimations from the published literature and from clinical estimates the
future implications of any prevention in chronic renal impairment can be analysed. Based on the data
generated at follow-up the patients would be categorised as having chronic, acute or no presence of renal
impairment. If the follow-up period was not sufficient to estimate whether or not the impairment is
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chronic then the likelihood of the current functioning worsening or improving would be modelled to aid
with the categorisation of patients. Patients assumed to have acute renal impairment would have their
quality of life and costs of treatment estimated and patients would move between subgroups depending
on their probability of worsening or improving in that period.

The patients with chronic renal impairment enter the staging model in accordance with their eGFR. A
Markov model with Monte Carlo patient-level simulation will then move them between stages depending
on the transition probabilities of disease progression and death within each period. Owing to the
progressive nature of the disease patients cannot retreat through stages, but jumping over progressive
stages is possible. The period length used within the model will be guided by clinical experts and the
evidence in the literature as to which is the most appropriate period for measuring change within chronic
renal disease. Orlando et al.43 produced an economic model of chronic kidney disease modelling natural
history and incorporating seven treatment interventions. Their Markov model uses, for example, monthly
cycle lengths and includes adverse events such as strokes and myocardial infarction.

The probability of adverse events occurring within each period will also be modelled owing to the close
relationship between kidney function and coronary-related events and disease.44 The adverse event node
in Figure 5 represents modelling of key adverse events such as heart attacks, strokes and the development
of diabetes.

Quality of life and costs of treatment for each of the diseases and stages of chronic renal disease will be
estimated to allow QALYs and ICERs to be calculated. For example, when a patient reaches stage 5, kidney
failure is assumed and the costs of dialysis will be included in the analysis, as will the probability of a
transplant and its likelihood of success. Discounting of longer-term costs and benefits would also need to
be included within the model structure. The treatment and control groups will be analysed separately to
estimate whether or not the use of haemofiltration within theatre is a cost-effective use of scarce
resources over the long term.

It is important, however, to be aware that extrapolations of short-term data far into the future is done
with decreasing confidence in the precision of the estimates over time, and therefore bootstrapping could
be conducted to quantify the uncertainty in the estimates. In order to justify the comparison of the patient
groups in such a long-term model, the data must first prove a significant difference in renal impairment at
6–12 week
follow-up

Chronic renal
impairment

Acute renal
impairment

No renal
impairment

Stage 1

Stage 2

Stage 3

Stage 4

Stage 5

Dead

Adverse
events
FIGURE 5 Model schema.
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follow-up, which is likely to be as a result of the use of haemofiltration within theatre, as the patient
groups have as far as possible been matched to be equivalent in every other sense.
Uncertainties and issues
l The type of economic analysis most suitable for this condition is uncertain. If the full trial shows that
there are no clinical benefits of haemofiltration, then the assessment becomes a cost-minimisation
analysis. If there are important benefits with haemofiltration, such as quality-of-life gains, then a
cost-effectiveness analysis will be most appropriate.

l The time frame of the analysis will also affect the economic model developed. If a long-term
perspective is taken, then the long-term costs and outcomes of chronic kidney disease would likely
need to be estimated, rather than just the short-term differences in EQ-5D.

l Whichever economic framework is developed for the full trial, a more detailed microcosting of the
consumables used within haemofiltration treatment at an individual level would enable the differences
in terms of haemofiltration consumables within theatre and ICU to be incorporated. However, if these
elements are unlikely to change between groups then the total costs as used here may be adequate.

l The number of times that the machine clogs and has to be reset has implications for the length of time
it is used and the consumables needed. Whether the likelihood of coagulation is random or related to
patient-specific characteristics needs to be considered along with the cost implications of the use of
more consumables and potentially more nursing time.

l Does the length of time on the haemofiltration machine play a role in the final outcome? If the
assumption is that the haemofiltration machine is only needed as the CPB machine is causing the
reduction in functional ability, then the use of the haemofiltration machine for the duration of the CPB
usage should suffice. What happens, however, if the patient is on the CPB machine longer than on the
haemofiltration machine? Should the ratio of time be considered and banded into subgroups for
analysis in a further trial?

l In a further trial, it would also be useful to compare the use of off-pump surgery. Over the period
between November 2012 and March 2012, 19 patients with on-pump surgery and 17 off-pump
patients required haemofiltration postoperatively. This would create a second comparator group within
the trial, but may help to clarify if the use of the CPB machine is in fact the cause of the renal
impairment within CABG surgery, and also help to determine which is the most clinically effective and
cost-effective strategy.

l Although only three patients received haemofiltration postoperatively, two of these patients were in
the non-haemofiltration group; therefore, the cost for this element is greater than for those patients
within standard care. This highlights an important consideration that needs to be made in any further
trial. If the use of haemofiltration within theatre does not reduce the need for its use within the ICU
environment, then it is imperative that we can be confident that any variation in other resource use,
such as ICU stay, is not simply due to other external factors.

l Another important consideration for the economic analysis, which is also essential in the clinical
assessment, is the matching of the treatment and control groups. Without confidence that the groups
being compared are similar prior to the initiation of the randomised controlled trial (RCT), we cannot
read too much into the results. An initial assessment of the similarity between the groups in terms of
quality of life would need to be conducted to ensure comparability between the groups. If the quality
of life varies between the two groups initially then adjustments would need to be made to ensure that
any resulting difference is not as a result of baseline variation. In the case of this pilot study the groups
are unlikely to be precisely comparable, as owing to the recruitment volume being smaller than
expected the randomisation was not completed.

l It is conceivable that the use of haemofiltration within surgery may not be cost-effective for all
patients. Renal injury during cardiac surgery appears to be related to a number of issues, such as
pre-existing renal dysfunction, diabetes mellitus, ventricular dysfunction, older age and hypertension.27

The data are already sectioned into eight subgroups and, although the sample size is not sufficient in
this pilot study to enable analysis at this level, the subgroups could be explored separately in the
economic analysis of any future trial.
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l According to NICE guidelines, there is a causal relationship between chronic kidney disease and
cardiovascular risks (in both directions); however, the level of risk is not known, although it has been
recorded that patients with chronic kidney disease have a much greater prevalence of dying from
cardiovascular disease-related issues than going on to develop kidney failure.45 This relationship would
need to be explored further in order to incorporate it into any longer-term modelling that was required.

l There are a number of reports that have commented on the relationship between cardiac function and
renal impairment; many of these studies used serum creatinine as an index in order to derive the eGFR;
however, it has been suggested by Levey et al.45 and Moist et al.46 that creatinine levels can be
affected by factors other than eGFR. If this is proven to be true, a full haemofiltration study should look
at the effects of factors other than simply eGFR to determine changes in kidney function, and such
factors could be incorporated into the disease staging in the long-term model. Essentially owing to
their close relationship, the prevalence rates of cardiac problems in patients with renal impairment are
also explored in a number of studies. Sarnak et al.47 suggest that in higher-risk populations in
particular, albuminuria levels and reduced eGFR are the greatest risk factors to cause kidney disease
patients to encounter cardiac problems. It is also suggested that individual patient factors such as sex
and race play a bigger role in kidney function, and therefore more focus within the study should be
given to the different racial groups and the sexes within each. Such evidence could be used to
incorporate risk profiles of development of chronic kidney disease and progression within the disease
stages in the economic model related to variable demographics and comorbidities.

l Although during this feasibility study longer-term data were not available, it has been suggested that time
frame may have a considerable impact on overall cost-effectiveness. In a similar study, Klarenbach et al.48

found that, during sensitivity analysis, extending the time frame to a patient's lifetime in the haemofiltration
group managed to reduce the cost of a QALY, and therefore increased overall cost-effectiveness.

l Cox proportional hazard regression can be used to estimate the hazard ratios for the treatment and
control arms. This information coupled with the means would allow estimations of the impact of
haemofiltration within theatre on the time in ICU to be analysed. This would enable the length of stay to
be taken into account when the current point estimates of quality of life do not allow for such variation.
What lessons can be learnt from the feasibility study for the
design of a major study of filtration on bypass surgery?
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 is a crucial step in
determining the appropriateness of the trial as an evidence source on which to undertake cost–utility
analyses. For these to be of value, the primary health outcomes must be the dominant outcome from the
perspective of both patients and clinicians and capture the most clinically relevant benefits of the
competing treatments.

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.

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

l What is the most appropriate economic methodology to apply in a future study in the light of the
clinical results obtained in this study?

l 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?

Both of these issues are explored in further detail below.
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What is the most appropriate structure of economic analysis for
evaluating filtration on bypass surgery?

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 FOBS, two potential
options were available given that the feasibility study indicated that there were likely to be significant
improvements in outcome as a consequence of the use of filtration on bypass surgery. The first option
would be to undertake the full-scale trial in the context of a cost-effectiveness analysis. Such an analytical
structure would identify measure and value variations in both cost and outcome arising between the two
strategies to generate a cost per unit of outcome.

If we were unable to conduct a cost-effectiveness analysis, the second-best methodology that we would
look to employ would be a cost–utility analysis. The use of a cost–utility analysis, however, would be
conditional on the ability to capture the additional health benefits arising from the use of filtration by the
preference-based generic measure employed from the EQ-5D. Analysis of the clinical data obtained in the
feasibility study appears to indicate significant variations in EQ-5D results between the two arms of the
trial. Therefore, this would appear to indicate that the nature of the clinical outcome variations exhibited
between both arms of the trial might be appropriately captured in a cost-per-QALY (i.e. cost–utility)
framework. Such a framework would greatly facilitate the ability to place the results obtained from this
analysis in the context of QALY analyses undertaken in a wide range of alternative therapeutic areas.

The value of having access to the results of this feasibility study arises from the fact that they can be used
to effectively inform and structure decisions with regard to any subsequent economic study that is
undertaken. By definition, the appropriate structure of economic analysis to be employed in a clinical trial
cannot be known with certainty in advance in the absence of a feasibility study. Such a study provides a
priori evidence that allows a full trial to be structured in the most appropriate manner49–51 using empirically
generated evidence concerning comparative patient outcomes. In the case where evidence has been
generated in a feasibility study in which the EQ-5D appears to adequately capture outcomes, a cost–utility
analysis can be adopted as an appropriate methodology for subsequent health economic analyses. If this
crucial and indispensable element underpinning the decision to use a cost–utility analysis is found to be
erroneous in the light of further evidence gained in a full trial then it would be comparatively simple for
the analysis to revert to a cost-effectiveness analysis.
What lessons have been learnt concerning the structure of any future
trials of filtration on bypass surgery?

Randomised controlled trials can be structured to evaluate superiority therapeutic equivalence or
therapeutic non-inferiority. The greatest support for the use of cost–utility analysis occurs when a feasibility
study identifies the EQ-5D as being an effective instrument for identifying and measuring significant
variations in quality of life between patients on the two arms of the trial. The implications of adopting an
inappropriate clinical trial design or misinterpreting the results of a clinical trial are often considerable:
NIHR
. . . wrongly discounting treatments as ineffective will deprive patients of better care. Wrongly

accepting treatments as effective exposes patients to needless risks and wastes.52,53
However, such certainty in trial outcomes, is rare and in practice there exists a myriad of ‘grey’ areas that
may be indicative of various ‘shades’ of applicability and appropriateness of different structures of
economic evaluation, which are likely to require more careful analytical consideration and judgement. In
large part, the interpretation of clinical evidence will depend on the specific context of the clinical trial, the
range of outcomes being measured and the judgement of the analyst. In such circumstances, although a
feasibility study will provide helpful guidance, the results obtained should always be viewed as being
indicative rather than definitive.
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Summary
Currently, the economic analysis indicates that haemofiltration for on-pump CABG surgery patients
dominates non-haemofiltration; that is to say that haemofiltration has lower costs and a greater benefit
than non-haemofiltration. However, the economic analysis was only exploratory and based on a very small
sample of patients, and therefore any differences between groups have to be questioned.

There are many uncertainties with a future economic analysis, as detailed above. Fundamental to the
framework and assessment of the economic evidence is whether or not haemofiltration has any real
clinical benefits. The clinical analysis showed no definitive differences in any of the clinical outcomes.
However, analysis of EQ-5D results during the economic analysis showed a small but potentially important
benefit. Nevertheless, given the small data set this result could be spurious. If data from a future larger trial
proved that haemofiltration for on-pump CABG surgery did not have any clinical benefits (including quality
of life) compared with no haemofiltration, then a cost-minimisation study design would be adopted for the
economic analysis. In this case, as the impact on clinical outcomes and HRQL is assumed to be equal, only
the costs of providing haemofiltration in each scenario would be compared.

The small data set means that differences in costs between the two groups are magnified, perhaps by
chance alone. For example, only three patients received haemofiltration postoperatively, two of whom
were in the non-haemofiltration group. Therefore, the cost for this element is greater than for those
patients within standard care. This highlights an important consideration that needs to be accounted for in
any further trial, as it is imperative that we be confident that any variation in other resource use, such as
ICU stay, is not simply due to other external factors.
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Chapter 5 Discussion

On-pump cardiac surgery is known to have some deleterious effects that may result in the dysfunction
of major organs.3 Mild impairment in kidney function is known to be a risk factor for patients

undergoing cardiac surgery and is associated with increases in hospital stay, mortality and eventually the
cost of health care.5 It has been estimated12 that up to 20% of patients undergoing cardiac surgery
already have a pre-existing renal insufficiency (increased creatinine > 132 µmol/l), an observation that
agrees with our findings of a 25% rate (323 out of 1276). Of the known major risk factors, CPB is an
important determinant of acute renal failure after surgery.13 CPB-related renal dysfunction can be
attributed to renal hypoperfusion, non-pulsatile flow, hypothermia and stimulation of the inflammatory
response.13 Several measures have been recommended to prevent postoperative deterioration of renal
function, especially in patients with pre-operative renal dysfunction.54

Other strategies that have recently been reported27 include the early and aggressive use of postoperative
CVVH, which was found to reduce morbidity and mortality in high-risk patients. However, the use of
postoperative CVVH is costly as it is associated with prolonged ICU stay and resources. It is also not
without significant risks such as the formation of blood clots within the filter circuit despite the use of
heparin. A simple way of performing haemofiltration at the time of surgery when the patient is on CPB
was tested in some settings, and it was found that this mode of intraoperative haemofiltration protected
postoperative renal function.13 However, evidence is still lacking to justify the routine use of intraoperative
Z-BUF in patients with mild to moderate renal impairment for either clinical or economic benefit. Much of
the published evidence is from non-randomised studies or small-scale randomised trials, many of them
with differing approaches to haemofiltration. Indeed, a recent systematic review and meta-analysis of a
small number of randomised trials (n = 7) on Z-BUF by Zhu et al.29 failed to show any apparent
improvement in postoperative recovery, predominantly because of heterogeneity in the statistical results
and possibly due to the small number of participants in the trials. Indeed, many of the trials included were
of similar size to this pilot trial with recruitment numbers ranging from 20 to 60. The only large trial that
was not included in the systematic review by Zhu et al.29 combined conventional ultrafiltration with Z-BUF
and was by Zhang et al.55 Interestingly, the trial by Zhang et al.55 recruited 120 participants and found that
combined haemofiltration strategy was associated with significant reductions in hospital morbidity, total
intubation time and volume of blood transfusions. In view of the existing controversy, this feasibility study
aimed to explore issues that may impact on successful recruitment into a large multicentre randomised trial
with findings as described below.
Barriers to recruitment
In this pilot trial we investigated the feasibility of conducting a large randomised trial and also explored
issues that might impact on successful recruitment into a definitive multicentre trial. As a primary objective
we set out to assess the feasibility of recruiting 60 patients into the pilot randomised trial in a single
centre. This objective was not met. As described in the results section, one issue was the high volume of
off-pump coronary surgery in our unit. Only on-pump CABG surgery patients could be considered for the
trial. Recruitment was restricted to the research nurses' working week hours (Monday to Friday,
0900–1700 hours). There is potential to further optimise recruitment if staffing levels are increased in each
centre to cover the time outside these hours.

Our screening process relied on the availability of pre-operative eGFR. For many patients this information
was not always available especially for those admitted via the urgent or interhospital transfer route.
Screening could have been improved by scrutinising the eGFR values on the day of admission. However,
this would have required additional resources to cover staffing for all hours.
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Other trials have overcome this barrier by recruiting all patients undergoing cardiac surgery regardless of
their renal function status. This approach would contradict our study hypothesis. A future trial could screen
and consent on the day of surgery and also randomise when the patient is in theatre and as close to
undergoing surgery as possible in order to minimise protocol deviations and treatment crossovers.

Our narrow inclusion criteria limited participation only to patients undergoing CABG surgery. Other trials
have included all patients undergoing cardiac surgery including valve or combined procedures. As we have
found in our other ongoing study, the Haemotracker trial, recruitment would have inevitably been
enhanced by widening our inclusion criteria.

One of our study's major limitations was the high volume of off-pump CABG surgery conducted in our
centre but we could be optimistic that this would be less of an issue for a multicentre trial as most other
centres perform far fewer cases of off-pump surgery, with current rates estimated at 19–20% of all CABG
patients (Figure 6).56,57

We encountered unanticipated obstacles to recruitment in our pilot trial through the pandemic influenza
outbreak, which happened in the winter of 2010, and the norovirus outbreak in 2012. This limited ward,
ICU and theatre availability.

With the exception of the unanticipated pandemic influenza or other infectious outbreaks, most of the
other issues to recruitment could be addressed in a future, larger, trial.
Suitability of outcome measures
We explored the suitability of the frequency of duration of ICU stay > 3 days in patients undergoing
on-pump coronary surgery with or without the use of intraoperative haemofiltration as a potential primary
outcome measure. The results were similar in both groups. As an outcome, frequency of duration of ICU
stay > 3 days was found to be less informative than the continuous variable of length of ICU stay days. The
latter outcome gave a better quantitative description of the magnitude of trend which could not be
discerned through the categorical outcome of frequency of duration of ICU stay > 3 days. The results
showed that there was an overall trend for a reduction in length of ICU stay in favour of haemofiltration
treatment with a mean (SD) of 2.17 (2.00) days compared with 3.10 (2.19) days for the no-haemofiltration
group. In particular this trend was more evident for patients with diabetes, with a mean of 2.70 days
(95% CI 0.65 to 4.75 days) compared with 4.88 days (95% CI 2.75 to 7.01 days) for the
no-haemofiltration group. However, the sample size was too small to allow any definitive conclusions to
be drawn.
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FIGURE 6 Percentage of isolated first-time CABG surgery performed using off-pump surgery [data source: National
Institute for Cardiovascular Research (NICOR)].56
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Overall, the length of ICU stay as a continuous variable appears to be a better primary outcome measure
in terms of revealing more information compared with the categorical variable of ICU stay > 3 days or not
and was consistent with previous recommendations.58 The pattern of the duration of ICU stay appears to
favour the use of intraoperative haemofiltration, although owing to the small numbers no definitive
conclusion can be reached at this stage. This observation, however, supports the inclusion of duration of
postoperative haemofiltration as an outcome measure in a larger randomised trial. In this feasibility study
preservation of renal function was also assessed through the change in eGFR at 6 weeks' follow-up from
baseline values. The results indicate a trend for higher eGFR values in patients given intraoperative
haemofiltration compared with those with no haemofiltration. This is potentially a very important
observation in view of the evidence from previous studies that has shown that patients with new-onset
postoperative kidney impairment are at higher risk of death.59,60 Other variables have been explored in
some trials54 and these include time to tracheal extubation, transfusion requirements and hospital
morbidity, which are also potential primary outcome measures in a future large trial.
Adverse events and overall safety of intraoperative
zero-balance ultrafiltration
The adverse events observed in this study were found to relate to the surgery rather than the
haemofiltration intervention. Some intensive care clinicians have expressed concerns that intraoperative
haemofiltration may be responsible for increased damage to red blood cells and may lead to
thrombocytopenia. This opinion is not supported by evidence from this study and other similar studies
where the patterns of HCT were found to be similar.61,62 Evidence from a recent meta-analysis also
supports the idea that the need for blood transfusions is significantly reduced by ultrafiltration during
cardiac surgery.63 In addition, evidence from the latter study62 also demonstrated that the platelet count
after bypass was not significantly different from that in the non-haemofiltration group, an observation that
is also in agreement with our findings.

One potential aspect that could be investigated in a larger trial is the issue of clearance of toxins that may
protect the kidneys against volume overload and uraemic toxicity. Indeed, such a benefit has been shown
in smaller non-randomised studies4 where CVVH removed inflammatory mediators including cytokines,
modifying the adverse immunologic and pro-inflammatory effects of CPB, factors implicated in the
development of postoperative renal damage. It was not possible to explore the likely benefits of the
removal of cytotoxic products in this feasibility study because our hospital policy dictates that only the
polysulfone (PS-Polypure, Allmed Medical GmbH, Pulsnitz, Germany) type of membrane device (clearance
cut-off of 30 kDa) should be used to minimise costs. Other filter units made from a membrane with a
clearance cut-off of > 36 kDa, such as AN69s, may be better suited. There is, therefore, a need to explore
further the removal of fluids and clearance of potential cytotoxic metabolic by-products as predictors of
efficacy of intraoperative haemofiltration in a future large randomised trial using more appropriate filters.
Health economic outcomes
Interestingly, the comparison of pilot secondary health economic outcomes determined by assessing
resource utilisation and costs associated with each of the two pilot trial arms indicated that intraoperative
haemofiltration dominates the non-haemofiltration strategy as it is associated with lower costs (24%
reduction) and increased quality of life (ICER was –£15,851 per EQ-5D benefit), that is to say that
intraoperative haemofiltration is clinically more effective than no-haemofiltration strategy and is less costly.
However, it is advised that these health economic outcomes be viewed with caution in light of the small
sample size and exploratory nature of the trial.
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Chapter 6 Conclusion

The primary objective of this feasibility study was to assess whether or not it was feasible to recruit 60
patients into this pilot trial. The potential barriers to recruitment were identified as the high volume of

off-pump coronary surgery within our centre (37–45%), recruitment restricted to the research nurses'
working hours (0900–1700 hours, Monday to Friday), too narrow enrolment criteria, participation of some
patients being restricted by the absence of eGFR values before hospital admission and the threat of
treatment crossovers. These barriers can be overcome in a larger trial by widening the inclusion criteria to
other cardiac surgeries besides CABG and restricting participation to centres with low off-pump/on-pump
CABG ratios. In addition, there should be sufficient staff resources and support to all participating centres
to ensure that recruitment activities are covered at all hours. Treatment crossovers and protocol deviations
could be ameliorated by delaying randomisation until as close to surgery as possible (randomising in
theatre just before surgery begins). For patients admitted to hospital under the urgent or interhospital
transfer pathway whose eGFR values are unknown, consent could be delayed until later on during the
evening/night of the day of admission or the morning before surgery. This would allow time for the eGFR
measurement to be determined in-house. To achieve this objective, additional staffing is recommended for
the large definitive trial to cover all hours.

The pilot trial also demonstrated that outcome measures such as duration of ICU stay in days, duration of
tracheal intubation and transfusion volumes were likely potential primary outcome variables. The findings
of our pilot trial also indicate that an appropriately powered larger trial may produce evidence of
significant clinical and cost benefits of using haemofiltration. Potential clinical benefit might relate to
reduction in duration of ICU stay and costs, improved management of fluid volumes, reduction in the need
for transfusions during CPB and removal of potential nephrotoxins.

The major limitation of findings from this pilot trial/feasibility study is the small sample size, which prevents
inference of any kind of definitive conclusion from the results. In addition, the interpretation of these
findings is limited by the high numbers of protocol deviations (16% overall). It is likely that in a larger
definitive trial the rate of protocol deviations could be reduced significantly with adequate staffing and
appropriate training.

Despite the uncertainty due to small sample size, the health economic analysis indicates that
haemofiltration in on-pump CABG patients dominates non-haemofiltration in terms of lowering costs and
increasing clinical benefits. However, the economic analysis was only exploratory and based on a very small
sample of patients, and therefore any differences between groups remain speculative at this stage. There
were 107 patients who were identified as meeting the eligibility criteria for the trial. If we assume that all
of these patients could have received haemofiltration within theatre, using the average cost saving
estimated from the trial, the cost saving to the Liverpool Heart and Chest Hospital could have been in
excess of £150,000 yearly. This example aims to demonstrate the potential for cost saving within a single
unit; however, it is important to recognise that the cost savings estimates are tentative only and therefore
their implications in terms of overall cost savings should be viewed with caution. As evidence from this
pilot trial is not definitive, there is need for further investigation in a large randomised trial with greater
patient numbers to explore the efficacy and cost implications of using intraoperative haemofiltration for
this group of vulnerable patients.
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Chapter 7 Recommendations for future research

Recommendations for future research are as follows.

(a) A future larger, multicentre trial needs to be undertaken to confirm the benefits of intraoperative
Z-BUF for patients with pre-operative moderately impaired renal function undergoing cardiac surgery.

(b) Further trials would be designed to provide a better estimate of the savings that could be made to the
whole health economy rather than an extrapolation from this relatively small trial.

(c) A future larger multicentre trial should not be restricted only to patients undergoing CABG surgery, but
instead should be representative of the whole cardiac surgery population.

(d) An investigation into the prognostic value of renal biomarkers as predictors of efficacy of
haemofiltration should be considered in a large randomised trial.
The outcomes of this pilot trial are very encouraging and suggest that it is feasible to design a continuous
superiority trial with the length of ICU stay days or time to tracheal extubation as the primary outcome
measures provided that guidelines for avoiding bias are implemented. We are also very optimistic that
target recruitments could be reached in a larger trial if (1) the inclusion criteria were widened to include
all cardiac surgery patients with impaired renal function, (2) adequate research staff were available and
(3) training was put in place to minimise protocol violations and treatment bias.

The calculation was based on the formula by Julious:64

n ¼ fðα, βÞ�2�σ2 / ðμ1−μ2Þ2 ð1Þ

where μ1 and μ2 are the mean outcomes in the control and experimental groups respectively, σ is the SD
and f(α, β) = [Φ−1(α/2) +Φ−1(β)]2.

In this pilot study we observed that the mean length of ICU stay days (SD) was 3.10 (2.19) versus 2.17
(2.00) for the no-haemofiltration and the haemofiltration groups respectively. Based on this we estimated
that with a mean difference of 0.93 days and SD of 2.00 and allowing for 16% crossovers, a sample size
of 230 (115 experimental subjects and 115 controls) is adequate to show a statistical difference in the
primary outcome measure of length of ICU stay days as significant at 90% power and α = 0.05.

We also observed that the mean (SD) time to tracheal extubation was 498 (221) versus 634 (397) minutes
for the no-haemofiltration group and haemofiltration treatment groups respectively. Based on this we
estimated that with a mean difference of 136 minutes and SD of 397 and allowing for 16% crossovers, a
sample size of 312 patients (156 experimental subjects and 156 controls) would be adequate to show a
statistical difference for the primary outcome measure of time to tracheal extubation as significant at 80%
power and α = 0.05. This would suggest that a large multicentre randomised trial should have a sample
size of 312 patients to ensure that both these outcome measures would show a significant difference
between the treatment groups.
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THE IMPACT OF CONTINUOUS HAEMOFILTRATION WITH HIGH 
VOLUME FLUID EXCHANGE DURING CARDIOPULMONARY 
BYPASS SURGERY ON THE RECOVERY OF PATIENTS WITH 
IMPAIRED RENAL FUNCTION - A PILOT TRIAL – HTA REF 08/53/33 

 

Short Title:  Filtration On Bypass Surgery – FOBS Trial 

HTA Ref: 08/53/33 

 

 

R&D STUDY Number: 853 

 

 

 

Protocol version 6 

ISRCTN protocol registration number 49513454

Dated 17th November 2011 
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Project Lead Clinician and Steering Committee Member 
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Liverpool Heart & Chest Hospital 

 

Steering Committee Member 

Dr Nigel Scawn, 

Liverpool Heart & Chest Hospital 

Steering Committee Member 

Dr Rod Stables,  

Liverpool Heart & Chest Hospital 

 

Steering Committee Member 

Ms Sarah Shirley, Senior Perfusionist, 
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Follow-up Outcome measures will be assessed until hospital discharge or 28 days, 
whichever is sooner and at 6 weeks follow-up appointment 
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3. FLOW DIAGRAM 

 

All patients with renal impairment undergoing coronary 
artery bypass graft surgery – estimated glomerular 
filtration rate 15-60 ml/min. 

Written informed consent  

RANDOMISATION 

Cardiopulmonary bypass with 
Intraoperative Haemofiltration

Cardiopulmonary bypass without 
Intraoperative Haemofiltration 

In-hospital follow-up until discharge or 28 days whichever is 
sooner  

Eligibility check (Inclusion/exclusion) – entry 
into screening log 

Admission for surgery 

Patient entries into trial register 

6-weeks post-discharge follow-up  

Data analysis and dissemination, design of main trial 
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4. RESEARCH OBJECTIVES 
There is a widespread variability in clinical practice within cardiac surgery units worldwide on 

the use of haemofiltration on a case-by-case basis, the impact and safety of this modality 

however, is unknown. In addition, no evidence exists to suggest that haemofiltration as 

applied to patients during the period of the operation may have an impact upon the 

postoperative cost of care and clinical renal impairment outcomes. We hypothesise that the 

initiation of intraoperative haemofiltration with high-volume fluids exchange during 

cardiopulmonary bypass in patients with impaired renal function effectively reduces overall 

length of intensive care unit (ICU) stay and progression of renal impairment. Since no large 

randomised trial has undertaken this kind of study before, the design of the study is limited 

by the absence of past trial data that could be used as a reference. In order to overcome 

these limitations we propose to at first conduct a pilot feasibility study with the following 

objectives: 

 

1. To assess the feasibility of randomising 60 patients with impaired kidney function 

(eGFR<60 ml/min) undergoing coronary artery bypass surgery in 6 months within a single-

centre for intraoperative haemofiltration i.e. to investigate the likely recruitment rates and 

issues that may impact recruitment into the study.  

2. To assess the suitability and reliability of the outcome measures. 

3. To investigate the likelihood of recruitment into the main definitive study and explore 

issues that may impact recruitment such as staff requirements, barriers to recruitment, 

suitability and reliability of the outcome measures selected. 

 

5. BACKGROUND 

Cardiac surgery can be associated with dysfunction of major organs [1]. The perioperative 

complications in patients with impaired renal function undergoing cardiac surgery increase 

hospital stay, mortality and eventually cost of healthcare [2]. It is estimated that up to 20% of 

patients undergoing cardiac surgery already have a pre-existing renal insufficiency 

(increased creatinine >132 µmol/L). An increasing body of evidence suggests that 

inflammatory factors and oxidant stress have significant roles in the pathogenesis of 

cardiovascular disease [3]. Indeed, increased production of reactive oxygen species (ROS) 

in the failing heart is a characteristic feature of oxidant stress. Patients with associated renal 
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disease have a strikingly increased oxidative stress and an impaired antioxidation system. It 

seems reasonable to expect that patients with renal impairment and elevated oxidative 

stress are at increased risk of complications after cardiac surgery [4)]. According to the 

literature, postoperative development of acute renal failure (ARF) has adverse prognostic 

significance and itself increases the risk of death [5, 6]. Some of the other factors that 

contribute to poor outcome in these patients postoperatively are advanced age, preoperative 

left ventricular dysfunction, perioperative low cardiac output, duration of cardiopulmonary 

bypass (CPB) and aortic cross clamp time [7]. Activation of the inflammatory cascade is 

thought to account for some of the respiratory dysfunction and results in prolonged 

mechanical ventilation. In addition, a systemic inflammatory response induced by CPB may 

necessitate the use of intra-aortic balloon pump, the continuous administration of inotropic 

drugs, and at times extracorporeal life support. Mortality has remained high despite the use 

of different renal replacement therapies in these patients in the post-operative phase and 

after hospital discharge [8].  

 

There are several potential explanations for such a high morbidity and mortality. It has been 

suggested that oxidative stress induced by cardiac surgery is involved in the pathogenesis of 

an underlying systemic inflammatory response (SIRS) experienced by most patient’s 

perioperatively [9, 10]. This leads to a further reduction in antioxidant capacity and an 

increased onset of a cascade of events such as protein modification, lipid peroxidation, and 

the activation of circulating blood leukocytes. Some studies have also suggested transient 

endotoxemia as a major stimulus for the development of SIRS in these patients [11-13]. 

However, the pathogenesis involved in this phenomenon is not entirely clear. The 

association between perioperative renal impairment and mortality has been shown in several 

retrospective studies [14-17].  

 

A recent randomised study demonstrated that both intraoperative haemofiltration and 

steroids attenuate the inflammatory response but only haemofiltration reduced time to 

tracheal extubation for adults after cardiopulmonary bypass [17]. In addition, another non-

randomised study [18] demonstrated that haemofiltration during CPB attenuates 

postoperative anaemia, thrombocytopenia and hypoalbuminemia, may reduce post-

operative bleeding and appears to decrease post-operative pulmonary complications. Also 

others [19] showed that the combined use of balanced ultrafiltration and modified 

ultrafiltration can effectively concentrate the blood, modify the increase of some harmful 

inflammatory mediators, and attenuate lung oedema and inflammatory pulmonary injury that 
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mitigates the impairment of pulmonary function. In view of the evidence that has shown that 

the use of haemofiltration during cardiopulmonary bypass reduces time to tracheal 

extubation, length of mechanical ventilation and attenuates postoperative anaemia, 

thrombocytopenia, hypoalbuminemia, post-operative bleeding and post-operative pulmonary 

complications, we hypothesise that this would be the basis for a reduction in ICU stay, 

perioperative complications and overall length of hospital stay, hence the objective of this 

proposal. 

 

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 yielded no present or past randomised trials of this nature. In 

addition, we conducted an extensive literature search of the MEDLINE and EMBASE 

electronic databases between 1990 and July 2009. Terms that were used for the search 

were "haemofiltration", and "intraoperative ultrafiltration". 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. We 

were able to identify a number of previous studies that have investigated the impact of 

haemofiltration and demonstrated that it removes significant amounts of inflammatory 

mediators [15, 20, and 21]. In addition, others have demonstrated retrospectively the 

benefits of haemofiltration on patient's survival [14-16, and 22]. Unfortunately these studies 

were all retrospective and there is no indication as to the length and why haemofiltration was 

given to patients. In addition, no randomised trial has yet been conducted to establish the 

efficacy, safety and cost-effectiveness of haemofiltration as applied intraoperatively. We 

therefore propose for the first time to conduct a pilot randomised clinical trial that will 

evaluate the efficacy in terms of the reduction in duration of ICU stay for patient with 

significant preoperative renal impairment (eGFR<60 ml/min), removal of potentially harmful 

organ-damaging toxins, improvement in renal outcomes, projected health economics 

outcomes and safety of the procedure. 

 

This pilot study aims to assess the feasibility of randomising 60 coronary artery bypass 

surgery patients with impaired kidney function in 6 months within a single-centre for 
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intraoperative haemofiltration. This should allow us to investigate the likelihood of 

recruitment into the main definitive study and explore issues that may impact recruitment 

such as likely patient numbers, staff requirements, and barriers to recruitment, suitability and 

reliability of the outcome measures selected. In the financial year 2008-2009, up to 90 

patients that would meet the inclusion criteria of the study were operated at our centre. We 

predict that it is highly probable that more than 100 patients that meet our inclusion criteria 

will be operated in the financial year 2010-2011 which is our target recruitment period. 

Specifically, the results will be useful in giving a preliminary indication of the impact the 

procedure has on healthcare pathways such as the intensive care and hospital stays since 

renal impairment is one of the major complications for patients undergoing cardiac 

operations.  

Furthermore, the results of the pilot trial will begin to tell us whether a definitive randomised 

trial can address the underlying concerns about costs and benefits (i.e. value) of using 

intraoperative haemofiltration. Currently, the cost of an intraoperative haemofiltration is 

approximately £200 a patient which is only 3-4% of what it would cost to perform 

postoperative continuous veno-venous haemofiltration or dialysis in intensive care units 

(ICU)/high-dependent units (up to £5000-£6000 a patient over and above standard costs). If 

the pilot study can establish that the definitive trial can give clear evidence whether 

intraoperative haemofiltration for patients with renal impairment is effective at reducing the 

likelihood of postoperative haemofiltration, length of stay in ICU and hospital this will 

represent an important treatment strategy that could save the NHS millions of pounds every 

year. Thus there is potential for the main definitive study to influence clinical decision 

making, identify the level of care required to reduce length of stay in ICU and hospital for 

patients, improve overall operative outcomes and reduce treatment costs.  

 

A definitive randomised trial will have the potential for increasing capacity by freeing more 

ICU beds (wherever the care is carried out) and wards consequently allowing more 

operations to be performed in the same amount of time. There is also a potential for a 

reduction in the number of cases who might otherwise go on to develop permanent renal 

damage/ chronic renal failure that would necessitate further long-term use of NHS 

resources. 
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6. TRIAL DESIGN  
Single centre, randomised open-label clinical trial 

6.1 Study Population: Patients that are undergoing coronary artery bypass graft 

(CABG) surgery and with known impaired kidney function indicated by an estimated 

glomerular filtration rate (eGFR) <60 ml/min.  

 

6.2 Selection of Study Participants: Renal dysfunction will be assessed 

preoperatively on the basis of reduced estimated glomerular filtration rate 

(eGFR <60 ml/min). This takes into account that patients can have significant 

reduction in eGFR whilst having normal plasma creatinine. Therefore the ability 

of the kidney to clear the plasma of creatinine will be assessed more 

accurately by the modification of diet in renal disease method (MDRD) [23]. 
 

7. PLANNED TRIAL INTERVENTIONS  
Patients that fulfil inclusion and exclusion criteria will be asked to give consent for the study 

at least a day before surgery and will be randomised into either of the two study groups on 

the day of surgery as follows:  

1. ON-pump coronary artery bypass graft (CABG) surgery patients with GFR<60 ml/min 

without haemofiltration (control group) 

2. ON-pump CABG surgery patients with GFR <60 ml/min undergoing haemofiltration 

(Experimental group) 

Patients will receive standard cardiopulmonary bypass without haemofiltration. Patients with 

preoperative fluid overload will be managed as per normal standard practice for kidney 

management of using diuretics with or without inotropes, dopexamine, and post-operative 

haemofiltration when needed. 

 

Patients will be given a Zero-Balance Ultrafiltration Technique (Z-BUF) during 

cardiopulmonary bypass (CPB). The technique is used for all renal impaired patients that 

require active management on CPB and continues from the establishment of safe CPB to 
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just prior to termination of CBP. As fluid is removed from the circulation an equivalent 

amount of fluid, usually Accusol 35 is added to the circulation to replace it. Therefore a fluid 

exchange is occurring removing potentially harmful metabolites and pro-inflammatory 

markers. The overall fluid balance is maintained relatively constant as is the patient’s 

haematocrit.  

 

During CPB haemofiltration is a simple procedure where blood is drawn passively from the 

CPB circuit using the arterial pump pressure to drive the flow through the hemofilter.  To 

prevent patient blood flow being compromised, the arterial pump rate will be increased to 

compensate for the blood flow through the haemofilter. 

 

The hydrostatic pressure difference occurring across the haemofilter membrane termed the 

transmembrane pressure (TMP) provides the driving force for filtration.  TMP is a function of 

the average pressure within the blood path minus the pressure on the effluent side.  TMP 

can be altered by modifying these variables.  In this study a high filtration rate will be 

achieved by using a high pressure source for the inlet to the filter and if necessary 

modification of the pressure at the outlet and/or on the effluent side.  The haemofilter blood 

contact surface is 1.2 m2 through Polysulfone (PS-Polypure) pre-set filter unit that is able to 

remove protein macromolecules to a molecular size of 30,000Da.  A minimum exchange of 

approximately 6000 ml/hr which is a filtration rate of 100ml/min can be maintained.  Fluid 

removed will be replaced with Accusol 35 a balanced salt crystalloid solution. 

 

The pilot study has two health economic objectives: a) to pilot test the data collection tools 

for quantifying resource use b) to determine the optimal sample size of an eventual 

randomised controlled trial using Value of Information analysis principles.  

 

7.4 INCLUSION CRITERIA  
Consenting men and women must be at least 18 years old, high-risk patients elective 

for on-pump coronary artery bypass graft surgery (CABG). They must also have 
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impaired renal function established preoperative by an estimated glomerular filtration 

rate (eGFR) <60 ml/min measured within 4 weeks before surgery.   

 

7.5 EXCLUSION CRITERIA  
Patients undergoing surgery on the great vessels (aortic surgery) or valve surgery, 

have significant impaired liver function (serum bilirubin> 60 or INR>2 without 

anticoagulation), patients who are further down the line of renal failure (i.e. eGFR <15 

ml/min) or on-dialysis, have malignancy and those that are pregnant.  

 

8. STUDY POPULATION AND RECRUITMENT STRATEGY 
Patients from the routine waiting list for CABG operations will be pre-screened for 

inclusion/exclusion criteria and will be informed about the trial by the investigators during 

their initial visit to the hospital for investigations. Eligible patients will be asked to sign a 

written consent form by the consultant in receipt of the initial referral or research nurse at the 

time of their surgical outpatient visit. In-patients will be given at least 12-24 hours time to 

study the patient information and consent will be sought on the day before the operation. 

Patients will only enter the active phase after having provided informed written consent and 

are included in the trial register. Patients that drop out prior to randomisation after 

registration will be logged on to the CONSORT diagram but not included in the intention-to -

treat analysis. 

 

9. RANDOMISATION 
Random block sizes of 2, 4, and 6 will ensure numerical balance between the two groups. 

Patients will be stratified at the design stage on the basis of diabetes mellitus and the level of 

eGFR (eGFR<40 >15ml/min versus eGFR>40 <60 ml/min). The randomisation service will 

be available 09:00 –17:00 (UK time). Once randomised, the patient will be enrolled into the 

study and data will contribute to the primary outcome. 

 

10. PROTECTING AGAINST OTHER SOURCES OF BIAS 
It is very difficult to disguise the evidence of intraoperative haemofiltration during 

cardiopulmonary bypass. Although it is relatively easy to put up a haemofilter onto the pump 
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and prime it to look as if it is being run in the non-haemofiltration group there is other 

evidence such as the 5 L bags of “Accusol 35” that need to be hanging up and vac sacs full 

of waste solution that cannot be disguised. The surgeon may not ‘know’ which arm a patient 

is randomised to, but it would be nearly impossible to blind them from noticing the presence 

of vac sacs full of waste solution which is indicative of the haemofiltration procedure. Hence, 

only the patients are likely to be blinded as to whether zero-balance filtration has been 

applied. Discharge from ICU is based on Nurse Discharge Guidelines which are independent 

of ITU physicians and follows a scoring system termed “Modified Early Warning Score - 

MEWS” ranging from 0-3 days. Nurses discharge patients from ICU when the MEWS is <2.0 

and that only consultant cardiac surgeons/intensivists are authorised to discharge a patient 

out of ITU when the total MEWS is >3.0. All ICU staff will be blinded as to whether or not the 

patient received intraoperative haemofiltration to eliminate bias.  

 

Incidences such as infection, antibiotic usage, re-operation or re-opening of chest in ICU, 

postoperative anaemia, thrombocytopenia, hypoalbuminemia, post-operative bleeding and 

post-operative pulmonary complications which are potential confounding factors that 

determine ICU stay will be documented. 

 

11. CRITERIA FOR POSTOPERATIVE VENO-VENOUS 

HAEMOFILTRATION 
To avoid any bias, the need for renal support postoperatively by haemofiltration will follow 

standard guidelines laid down by the surgical guidelines as follows: 

Indications for postoperative haemofiltration should be for: 

• Hyperkalaemia (6.0 mmol/l) not responding to insulin infusion  

• Metabolic acidosis of renal origin 

• Anuria or oliguria –20 ml/h for more than 6 hours (despite adequate filling and 

adequate cardiac output) resulting in clinically significant fluid overload 

 

12. STUDY COMPLIANCE 
We do not anticipate any problems with compliance because the treatment will be 

administered in theatre whilst the patient is under anaesthesia. Once consent is obtained 

before the operation the patients will not know what treatment allocation they have been 
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given when they wake up after the operation. There is also no evidence to suggest that 

patients will be lost during the in-hospital follow-up period or at their routine 6 weeks 

postoperative follow-up visit. 

 

13. PROPOSED SAMPLE SIZE 
Calculation of an accurate samples size at this stage would not be precise since this is a 

pilot feasibility study. However, existing data accrued from our audit department suggest 

that, at the Liverpool Heart & Chest Hospital, incident rates for intensive care unit (ICU) stay 

>3 days for patients with estimated GFR <60 ml/min after isolated coronary artery bypass 

graft (CABG) surgery in years between 2002 and 2008 were 18%. We estimate that even if 

the proportion of these patients that stay in ICU for > 3 days is reduced to at least a mean of 

12% because of intraoperative haemofiltration, this will be of significant clinical and 

economic benefit to the NHS. We have estimated that at 80% power (2-sided α=0.05), 1112 

patients with GFR <60 ml/min will need to be randomised in the main definitive study to 

detect a reduction in the mean incidents from 18% to 12%. Our plan in this pilot trial is to 

investigate whether it is feasible to randomise 60 patients in a period of 6 months in a 

recruitment rate of 10 patients per month from our centre. This complies with previous 

recommendation for good practice that pilot randomised control trials should recruit a 

minimum number of 60 patients [24]. The results from this pilot data will allow us to calculate 

a more accurate sample size and trial duration and/or the number of recruiting centres that 

would be required for the main trial.   

 

14. STUDY OUTCOMES 
Proposed Outcome Measures: These will be evaluated for suitability and reliability for 

the main trial - Our chosen primary outcome and secondary outcome measures will be 

monitored to ensure they are suitable and reliably informative of the impact of intraoperative 

haemofiltration. There is an element of concern that the outcomes could be confounded by 

crossovers between the experimental groups, in response to protocol deviation by clinicians. 

All protocol deviations will be documented in the database. The primary analysis will be 

completed on an intention to treat basis but separate information will be provided on the 

incidence and rate of protocol deviation and crossover. We will also report a range of other 

outcomes including key measures of resource utilisation and kidney function at 6 weeks 

follow-up to establish whether these may be suitable for the main trial. The outcome 

measures to be evaluated are: 
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Incidents of ICU stay >3 days for patients with renal impairment identified as an estimated 

glomerular filtration (eGFR) <60 ml/min.  

 

   

• Composite of perioperative incidences: Bleeding, sepsis, death, arrhythmias, stroke, 

and myocardial infarction  

• Need for postoperative continuous veno-venous haemofiltration (CVVH) in the ICU - 

Indications for requirement of postoperative continuous veno-venous haemofiltration 

must adhere to our surgical guidelines.  

• Mechanical ventilation time 

• Hospital stay 

• eGFR at 6 weeks follow-up 

 

: Resource utilisation and key costs indicators 

associated with each of the two pilot arms specifically ICU stay and hospital stay, 

postoperative renal replacement therapy, mechanical ventilation, medications, will be 

estimated up until hospital discharge. Participants will be required to complete health-related 

quality of life questionnaire EQ-5D at hospital admission before surgery and at the 6 weeks 

follow-up hospital visits. 

 

15. FOLLOW UP DATA COLLECTION 
1. Follow-up will be during the in-hospital stay phase and at 6 weeks post-discharge 

follow-up visit.  

2. All information will be collected in structured Case Record Forms (CRFs).  

3. A Manual of Operation documents containing relevant procedural instructions and 

definitions will be produced.  

4. Data will be entered into a secure password protected database.  

5. Prospective monitoring of adverse and clinical events will start at randomisation and 

will continue until hospital discharge 

6. Costs associated with each of the two pilot arms, postoperative renal replacement 

therapy, ICU stay and hospital ward stay, and medications will be estimated up until 

hospital discharge. 
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18. 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. 

 

19. INDEMNITY AND INSURANCE 
The Liverpool Heart & Chest Hospital NHS Trust is covered under the standard NHS 
indemnity sponsorship for the study. 

 

20. 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 

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.  

 

21. ETHICAL ARRANGEMENTS  
The protocol 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), 

the EU and the 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 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 
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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 electronic information will be 

stored in a password protected NHS computer. 

 

 

There evidence to suggest that over 20% of patients elective for cardiac surgery has 

preoperative renal impairment that increases operative risk of death. One of the modalities 

currently in practice aiming to alleviate this problem is intraoperative haemofiltration support. 

However, there is a widespread variability in clinical practice within cardiac surgery units 

worldwide on the use of haemofiltration on a case-by-case basis. Although haemofiltration is 

widely used, its effectiveness as a prophylactic therapeutic tool for renal impairment during 

the intraoperative phase whilst the patient is on cardiopulmonary bypass remains un-tested 

in randomised trials and no evidence from prospective randomised studies is available to 

demonstrate risks associated with its application. The possible risks of taking part are likely 

to be common to all patients with impaired kidney function scheduled to undergo cardiac 

surgery. We anticipate that the risks associated with the trial are outweighed by potential 

benefits to the patients and society as whole as follows: 

1. Reduction in NHS costs by cutting overall ICU treatment costs- Currently, the cost of 

an intraoperative haemofiltration is approximately £200 a patient which is only 3-4% of 

what it would cost to perform postoperative continuous veno-venous haemofiltration or 

dialysis in intensive care units (ICU)/high-dependent units (up to £5000-£6000 a 

patient over and above standard costs). If the study can establish that intraoperative 

haemofiltration for patients with renal impairment is effective at reducing the likelihood 

of postoperative haemofiltration, length of stay in ICU and hospital this will represent 

an important treatment strategy that could save the NHS millions of pounds every year. 

Thus there is potential for this study to influence clinical decision making, identify the 

level of care required to reduce length of stay in ICU and hospital for patients, improve 

overall operative outcomes and reduce treatment costs.  

2. There is also potential for increasing capacity by freeing more ICU beds (wherever the 

care is carried out) and wards consequently allowing more operations to be performed 

in the same amount of time. 
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