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Lay Summary

Open-heart surgery is routinely conducted using a heart-lung machine. In order to conduct
operations involving heart-lung machines a patient’s coagulation system needs to be reliably
supressed to avoid clot formation. Clot in the extracorporeal circuit generally has fatal
consequences.

In the vast majority of cases (>99%) the desired suppression of the blood clotting system is
achieved by administering heparin. Although relatively short acting, with a half-life of about
150min for a full adult dose, heparin needs to be reversed after weaning from the heart-lung
machine in order to avoid catastrophic bleeding post-operatively.

Heparin reversal is achieved by using protamine. This drug is derived from salmon sperm and is
generally safe to use. However, in a reasonable number of cases it can have severe side effects,
ranging from dangerous hypotension to high blood pressure in the lung circulation with
adequately oxygenate the patient. Severe anaphylactic reactions have also been described.
There is also increasing evidence that inadequately high doses of protamine may lead to an
increased bleeding tendency.

There is controversy about the right dosing of protamine. Traditionally a pragmatic and empirical
‘1:1’ formula is used reversing 100U of heparin with 1mg of protamine. This dosing regime does
not take the decay of heparin during the time spent on the heart-lung machine into account and
potentially exposes patients to unnecessarily high doses of protamine.

Our group was previously able to demonstrate in a pilot project that using a pharmacokinetic
algorithm, which takes heparin decay into account, is able to reduce the protamine dose given
to patients without increased bleeding or transfusion requirements.

We have continued to develop this algorithm into a 2 compartmental model and are seeking to

test the hypothesis that using our formula can reduce patients’ risk of the unwanted side-effects
of protamine by reducing its dose.
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1 StuDY SYNOPSIS

Title Algorithmic Protamine Dosing for Reversal of Heparin after
Cardiopulmonary Bypass (PRODOSE)

Sponsor Papworth Hospital NHS Foundation Trust

Medical Cardiac disease requiring cardiac surgery on cardiopulmonary bypass

condition

Purpose If the hypothesis of this study is proven, it will identify a new method for
reducing blood loss and transfusion requirement after cardiac surgery,
and provide a low cost alternative to existing heparin concentration
devices.

Primary Return to normal coagulation after cessation of cardiopulmonary bypass

objective and reversal of heparin

Secondary Intercostal drain output 4 hours post-surgery

objectives Use of blood products 24 hours post-surgery

Trial design A prospective, two-centre, double-blinded, two-stage, randomised
controlled trial.

Study Primary

Endpoints Return to normal thrombelastography profile
Secondary
Blood loss and blood product usage post-surgery

Sample size 200

Eligibility Inclusion Criteria:

criteria Patients scheduled to undergo elective cardiac surgery

Exclusion Criteria:

Emergency surgery

Age < 18 years

Known or suspected coagulopathy or platelet dysfunction
ADP-receptor antagonists within 7 days of surgery (clopidogrel,
ticlodipine, pasugrel)

Total body weight > 130kg

End stage renal failure requiring dialysis

Plan for severe hypothermia (< 28°C) or deep hypothermic circulatory
arrest

Complex cardiac surgery (redo sternotomy, surgery on the thoracic aorta
[excluding root])

Transplantation
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Screening and

Patients will be identified on the day before surgery is scheduled, once

Enrolment the operating list has been published. If required by the REC patients will
be consented on the evening before, or day of surgery for same day
admissions.

Baseline & Sealed Envelope (an internet based company specialised in providing

Randomisation

randomisation services to trials) will produce the group allocation under
the instructions of PTUC and Dr Villar. Randomisation ratio will be
updated after the interim analysis to favour a superior arm whilst
preserving the power levels.

Interventions

No additional interventions are required to standard practice apart from
adjusting protamine dose in the treatment group

Follow up

No long term follow-up is planned.

End of Study

Once number of patients estimated by power calculation has been
included. It is expected that patient recruitment is completed within 9 — 12
months

Procedures for
safe monitoring

A futility stopping rule is included to stop the trial — if necessary - after
50% recruitment and treatment.

Criteria for
modifying or
discontinuing
allocated
intervention

No modifications are planned; however the study will be abandoned if a
significant increase in blood product usage is demonstrated in the
algorithm group.

Version 1.3 Date: 16 October 2017




Page 5 of 25

Papworth Hospital

NHS Foundation Trust

TABLE OF CONTENTS

LS 1 (0 1o | VA1 Y/ g Lo o L PSPPSRI 3
P | ] (oo [8 o 1o o HR PSP PPPPP T SPPPP 7
N B = 7 Ted (e ] (0] 0] o T PP PPOPPPPPPPPRN 7
2.2 RAHONGIE ..ot e e 7
2.3  Expected Output of Research/Impact ...........cooooiiiiiiiiiii e 9

3 Trial ODJECHVES ...ttt e e et e e et e e e e nn e e e e enteeaeean 10
3.1 Primary ODJECHVE .....cooiiiiiie e 10
3.2 SecoNdary ODJECHIVES ......cc.uuiiiiiiiee et 10
3.3 StUAY ENA POINES ... 10
3.3.1 Primary ENAPOINt...........oeeiiiiiiii e 10
3.3.2  Secondary ENAPOINTS .......cooiiiiiiiiiiieeeei e 10

O I = I T o o PP PUPUPPPRTPPN 11
4.1 Statement Of dESIGN .......eiiiiiie e 11
4.2 SHUAY SEENG ..eeeeiiiiiiii e e e 11
4.3 SHUAY PrOtOCOI ...ttt e e e e e e e e e 12
44 SAMPIE SIZE ..ottt e e e et e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaaans 14

5 Participant Recruitment, Randomisation and FOIOW Up..........cccooriiiiiiiiiiiiiiiiiccee e 16
5.1 Study Population and eligibility............ooccuuiiiiiiiiiiii e 16
5.2  Participant identification and informed consent procedure.............c.oooeiiiiiiiiiiiiiccien. 16
5.3 RaANAOMISALION ... e 17
5.4 INTEIVENTIONS .. e e 17
5.5  Participant follOW UP ..coooeeieeeeeeee s 17

6 Data Handling and Record KEeping............ueeeiiiiiiiiiiiiiiee e 19
6.1 Screening and reCrUItMENT ..........oooi i 19
6.2 Baseline and clinical follow Up data.............ccoooiiiiiiiiiiiie e 19
6.2.1 Primary ENAPOINT..........ooiiiiiiiieee e 20
6.2.2  Secondary ENAPOINTS ......ccooiiiiiiiiiiiiiee e 20

6.3 Recording and management of Adverse Events.........cccccoooiiiiiiiiiiiiiniii 20

A S 1 = 1] {1023 PP PP 20
8  Project Management ... e 20
8.1  Research Management and gOVEINANCE ...........cuuviiiiiieiiiieeeee e 20
8.2  Study RegiStration ........cooi i 21

Version 1.3 Date: 16 October 2017




Page 6 of 25

Papworth Hospital

NHS Foundation Trust

8.3  Trial Steering CommMIttee (TSC) ...uuiiiiiiiiiieiie e 21
8.4  Data Monitoring Committee (DMC) .........cooiiiiiiiiiiiiee e 21
8.5  CRN EGSIEIN ..ot e e e e e e e e e e e e e nees 21

9 Ethical & Research Governance approvals UK SIteS ..........cccvviiiiieiiiiiiiiiiieee e 21
9.1 Initial REC and HRA APProval...........ooooiiiiiiiiii e, 21
9.2  Site Capability and CapaCity .........cccoeiiiiiiiiiiiiiiie i 21
9.3  Protocol amendmeNnts ........ooooiiiiiiiiiiie 22
10 [ T=T U] =T o Lo = 22
11 PUDBIICAION POLICY ..o 22
12 RETEIENCES. ... 22
13 Appendix 1: Definitions of Adverse Events..............ccc . 25
131 AAVErSE EVENE (AE) ... . et 25
13.2  Serious AdVEISE EVENL........oiiiiieieeeeeeeee ettt e e e e e e e e e e e e e e aaaaaeas 25
13.3  EXpected MOrbDidity ..........oeiiiiiiiiiiii e 25
13.3.1  Expected morbidity following PRODOSE intervention: ............ccccvveiiiiiiiiiinnnnn. 25

Version 1.3 Date: 16 October 2017




Page 7 of 25

Papworth Hospital

NHS Foundation Trust

2 INTRODUCTION

2.1 BACKGROUND

Systemic, high-dose anticoagulation (prevention of blood clotting) is fundamental to the safe
conduct of cardiopulmonary bypass (CPB). Globally, unfractionated heparin remains the most
widely used agent for this purpose. It is found on the WHO Model List of Essential medications,
reflecting affordability, predictable behaviour when being metabolised, and the availability of an
effective reversal agent: protamine. However, where heparin is lauded for its ease of use, the
administration of protamine is undertaken cautiously, due to its well-known side-effect profile.
Where much of the early focus in the literature was on the negative cardiovascular effects of the
drug, attention has recently turned to its anticoagulation properties, particularly in excessive
doses, and with special implications for preventing bleeding after CPB.

The continued use of relatively high, fixed protamine dosing for the reversal of heparin has been
increasingly questioned in the literature*'” due to increasing recognition of substantial
variability between individuals. This has led to the development of heparin concentration
devices designed to better predict protamine requirements during cardiac surgery. However,
such devices are often expensive, and the benefits of using them have been questioned. The
last few years have bought the development of statistical and pharmacokinetic models for
protamine administration as an alternative®®3,

Our group has developed a dual compartment pharmacokinetic algorithm that can be tailored to
the individual patient using ideal body weight, and the doses and time intervals of administered
heparin before and during CPB. This algorithm is already in use locally, nationally and
internationally following the publication of promising pilot data?® and similar data from a Dutch
group?'.

2.2 RATIONALE

1. Transfusion after cardiac surgery

It has been recognised that the transfusion of allogeneic blood, despite the improvements in
oxygen delivery that it imparts, has multiple negative physiological consequences. Transfusion
has been shown to be associated with increased morbidity related to ischaemia," infection,?™
renal impairment,® post-CABG graft occlusion’ and acute lung injury.® With respect to longer
term outcomes, Engoren and colleagues found that blood transfusion during cardiac surgery
was associated with a doubling of the risk of death at 5 years.® Whilst the aetiology of these
reactions is not yet fully defined, it almost certainly relates to the presence of allogeneic
leukocyte material, despite the universal leukoreduction of packed red blood cells, and
associated transfusion related immunomodulation. This phenomenon results in a down
regulation of host immune response, and consequently, allogeneic red cell transfusion has been
shown to be a strong predictor of all-cause mortality after cardiac surgery.

Version 1.3 Date: 16 October 2017




Page 8 of 25

Papworth Hospital

NHS Foundation Trust

Yet despite the host of negative consequences associated with transfusion following cardiac
surgery, recent evidence has suggested that allowing severe anaemia to develop before
transfusion is not a better alternative. In a recent large, randomised controlled trial,'® a
restrictive transfusion threshold of < 7.5g.dI”" was compared with a more liberal threshold of < 9
g.dI”". Surprisingly (given what was thought to be known about allogeneic transfusion in this
population), there were more deaths in the restrictive-threshold group than in the liberal-
threshold group (4.2% vs. 2.6%; hazard ratio, 1.64; 95% ClI, 1.00 to 2.67; P = 0.045). This study
has substantially influenced the body of literature on transfusion, with recent meta-analyses
suggesting that the overall preponderance of evidence is turning in favour of transfusion.’

This finding creates more difficulties. Transfusing more patients would incur a substantial cost
on the health system, both with respect to the costs of procuring and processing blood products,
and the implications of a further strain on an already scarce and expensive resource. Attention
must turn, therefore, to strategies to prevent any transfusion threshold, liberal or restrictive, from
being reached in the first place. Minimising or preventing intra-operative and post-operative
blood loss most effectively achieves this.

2. Excessive protamine administration and haemostatic effects

Systemic, high-dose anticoagulation is fundamental to the safe conduct of cardiopulmonary
bypass (CPB). Globally, unfractionated heparin remains the most widely used agent for this
purpose'®'®. Itis found on the WHO Model List of Essential medications, reflecting affordability,
predictable pharmacokinetics, and the availability of an effective reversal agent: protamine.
However, where heparin is lauded for its ease of use, the administration of protamine is
undertaken cautiously, due to its well-known side-effect profile. Where much of the early focus
in the literature was on the negative cardiovascular effects of the drug', attention has recently
turned to its anticoagulation properties'>="", particularly in excessive doses, and with special
implications for haemostasis after CPB.

At present, protamine is normally dosed at a fixed ratio, based on the dose of heparin required
to establish therapeutic anticoagulation prior to bypass. The most frequently used dose is
referred to as 1:1, or 1mg of protamine for every 100 IU of heparin that was required to establish
anticoagulation.

It has long been recognised that protamine is an anticoagulant in its own right. Excessive dosing
downregulates thrombin generation through inhibition of factor V'” and platelet aggregation.®
Clinical evidence now exists that excessive protamine dosage increases the risk of post-
operative bleeding, whereby a high fixed dose ratio of protamine (1.3:1) compared to a lower
fixed dose ratio (0.8:1) led to higher intrinsic clotting times, lower thrombin generation and
higher post-operative blood loss.®

In preparation of this proposal a retrospective analysis of a prospectively collected database
was undertaken at Austin Health, reviewing all cases of on-pump coronary artery bypass grafts
and single valve repair/replacements from 01/01/2011 to 31/12/2015. Using a moderate
protamine:heparin (0.6 — 1:1) dosage group as a reference range, the low dose
protamine:heparin (< 0.6:1) group was 56.46% less likely to receive a PRBC transfusion (OR
0.435; 95% CI1 0.270 — 0.703 p = 0.001) while the high dose group (> 1:1) carried a 241%
increased risk of transfusion (OR 3.412; 95% CI 2.399 — 4.853 p < 0.001).
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3. The PRODOSE algorithm

Whilst it has been established that excessive protamine dosage increases the risk of post-
operative bleeding and transfusion, it is also true that inadequate reversal of heparin also
increases post-operative bleeding through the perpetuation of anticoagulant effects. This begs
the question whether or not fixed dose ratios (even in the setting of lower doses of protamine)
are the most effective strategies in reversing heparin. This is perhaps best highlighted by the
considerable interindividual variability in heparin requirements that can be demonstrated during
CPB.™

In light of this, further researches are beginning to appear in the literature advocating the use of
statistical or pharmacokinetic models for the dosing of protamine in cardiac surgery?>?* In a
collaboration with Austin Health and the University of Melbourne in Australia, and Papworth
Hospital NHS Foundation Trust in the UK, we have developed a dual compartment model that
predicts heparin concentration over the course of cardiopulmonary bypass and permits precise
dosing of protamine when reversal is required.

In a small pilot study, 60 patients were allocated to receive either protamine dosed according to
an earlier, single compartment model of the aforementioned algorithm (n = 30), or using
conventional treatment with a fixed dose ratio of 1:1 (n = 30). Patients who had protamine
dosing according to the algorithm demonstrated a lower protamine requirement post-bypass
relative to empirical management as measured by absolute dose (243 + 49mg vs. 305 +
34.7mg; p < 0.001) and heparin to protamine ratio (0.79 £ 0.12 vs. 1.1 £ 0.15; p < 0.001). There
was no difference in the pre- to post-bypass ACT ratio (1.05 £ 0.12 vs. 1.02 £ 0.15; p = 0.9).
Whilst lower ICC outputs and allogeneic transfusion rates were seen in the algorithm group,
these differences were not statistically significant®.

2.3 EXPECTED OUTPUT OF RESEARCH/IMPACT

This study will aim, with appropriate power, to prospectively determine if the use of a bespoke
pharmacokinetic algorithm is superior in returning coagulation parameters to normal, pre-
heparin values, thereby preventing bleeding and subsequent requirement for blood transfusion
post-operatively when compared with standard practice — the use of a fixed dose of protamine.
If the hypothesis is shown to be right this is likely to impact internationally on the practice of
reversing full heparinisation after cessation of cardiopulmonary bypass.
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3 TRIAL OBJECTIVES

3.1 PRIMARY OBJECTIVE

We aim to demonstrate that the use of a bespoke pharmacokinetic algorithm can more reliably
return coagulation parameters to pre-heparin levels, decrease the risk of post-operative
bleeding and transfusion through superior titration of protamine after cardiopulmonary bypass

3.2 SECONDARY OBJECTIVES

As previously noted, the recognition of the negative coagulation effects of protamine and inter-
individual variability is not adequately accounted for by fixed dose ratios, while alternatives such
as heparin concentration devices are relatively expensive.

Recently attention has turned to pharmacokinetic algorithms to bridge the gap in practice. Up
until now, any field-testing of such algorithms has been done in an in-vitro, retrospective or non-
randomised fashion. The PRODOSE study will represent the first RCT in this evolving area, and
has the potential to substantially influence practice and policy, specifically, that where a heparin
concentration device is not available, consideration should be given to using a pharmacokinetic
algorithm rather than fixed dosing ratios.

3.3 STuDY END POINTS

3.3.1 Primary Endpoint
¢ Kaolin TEG r-time at 3 minutes post-protamine administration after cessation of
cardiopulmonary bypass.

3.3.2 Secondary Endpoints
¢ Kaolin ACT: Heparinase ACT ratio at 3 minutes after protamine administration;
e Kaolin ACT pre-bypass : Kaolin ACT post-bypass ratio at 3 minutes after protamine
administration;
Kaolin TEG r-time pre-bypass: Kaolin TEG r-time post-bypass ratio;
o Intercostal catheter drainage at 4 hours post-operatively;
¢ Allogeneic blood transfusion 24 hours post-operatively.
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4 TRIAL DESIGN

4.1 STATEMENT OF DESIGN
A prospective, two-centre, double-blinded, two-stage, randomised controlled trial.

4.2 STUDY SETTING

The PRODOSE algorithm

Initially our group our group was mainly concerned with the derivation of an exponential decay
curve for the central pharmacokinetic department. This was accomplished by deriving a time
constant (k) based on ideal body weight from publicly available pharmacokinetic data?’.

Residual heparin (and thus the protamine dose) is calculated using the dose of heparin
administered to achieve anti-coagulation sufficient for the safe conduct of CPB, and the ideal
body weight of the patient. This information is then used to derive an exponential decay curve.

An exponential decay curve is based on the equation:
H=Ae™*t

Where H represents the amount of heparin in the system at point t, A represents the amount of
heparin in the system at time zero, k represents the reaction time constant and t represents the
time elapsed since the dose of heparin was administered.

To determine the individual heparin metabolic pattern of the patient, k must be derived. To do
so, we must determine H at a specific point in time (t).

1
Heparin half-life (tz) is derived by:

Heparin in system
Ideal Body Weight

1
t2 = 26 + 0.323(

Assuming an initial heparin amount of 1 (100%), the amount remaining once one half-life has
elapsed is 0.5 (or 50% the original amount of heparin).

~05= ekt
1
5 0.5 = ekt?
log,0.5
k= ge1
tz
log,0.5
== 1
t2
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Once the exponential decay curve has been derived, the amount of heparin within the system at
any point in time can be calculated, based on the original loading dose. Subsequent doses of
heparin (administered if the ACT falls below the safe range) are added to the total, with the time
elapsed since the previous dose allowing the residual dose of heparin remaining to be derived.

At the conclusion of CPB, the final amount of heparin within the system is calculated, and a
protamine dose sufficient to reverse this amount is administered at a ratio of 1:1.

Subsequent to these results, we have collaborated with statisticians at the University of
Melbourne to devise a second compartment for the algorithm, using data from another trial in
this area®'. Rather than endeavouring to correct for patient body habitus, Meesters et al elected
to use a common approach between all patients as per the standard equation for first order
pharmacokinetics, whereby:

C,=(Co x A X e ™)+ (Cy, x B x e™Fh)

Whereby A = 0.1, a =10 (or K12), B =10.9, B = 250 and C, reflects the initial dose of heparin. By
combining the two equations (the central compartment of our formula with the peripheral
compartment of the Meesters formula), we yield the following algorithm:

I In 0.5
Heparinin system)]

26+0.323 -
C; = (CO X A X e_“t) +(Cy X B X e (IdealBodyWezght

4.3 STUDY PROTOCOL
The majority of patients will be identified on the day before surgery.

Patients will be initially randomised with an equal probability using a block-randomisation
procedure to receive either a fixed dose ratio of protamine or dosing according to the
aforementioned algorithm. After the interim analysis, if the trial is not stopped for futility*, the
randomisation ratio will be updated in order to optimise response without compromising the
power of the study®'.

As is routine,

e a baseline heparinase and kaolin ACT and TEG will be taken;

o standard practice for the initiation and management of anticoagulation during
cardiopulmonary bypass will be followed;

e heparin will be administered at surgical request at a dose of 300 IU.kg™, and
cardiopulmonary bypass initiated once ACT reaches a predefined safe level (400 — 450
seconds);

e an additional 5,000 IU of heparin will be included in the bypass circuit prime;

o repeat ACT measurements will be taken every 30 minutes during bypass and further
heparin administered at the discretion of the case anaesthetist and the clinical
perfusionist to maintain an ACT > 400 seconds.

As per usual routine, at the conclusion of cardiopulmonary bypass protamine will be given at
surgical request. For patients in the control group, protamine will be dosed on a 1:1 ratio
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according to the total dose of heparin initially required to establish a therapeutic ACT (i.e. if
30,000 1U were required prior to initiating cardiopulmonary bypass, then the protamine dose will
be 300mg). For patients in the intervention group, protamine will be administered according to
the PRODOSE algorithm, which has been incorporated into an Excel spreadsheet for ease of
use (Microsoft Corporation, Redmond, WA). The protamine dose will be administered at the
anaesthetists’ discretion.

Three minutes after protamine administration, blood samples will be taken for ACT and TEG,
FBE and coagulation profile. If kaolin ACT has returned to within 10% of baseline, no further
protamine will be administered. If the kaolin ACT is > 10% above baseline, or the surgeon
complains of excessive microvascular bleeding, then the algorithm in Figure 1 will be used to
facilitate correction of this.

In the event that residual pump blood is administered to the patient after the conclusion of
bypass a dose of protamine equivalent to 10% of the total initial dose for every 500mL will be
administered (i.e. if initial dose of protamine is 200mg, and 1000mL of residual blood is infused
then the dose administered with the pump blood will be 40mg).

Further blood products will be administered (both in theatre and in ICU) in accordance with the
Papworth protocol for usage of blood products if the following limits are reached and bleeding is
judged to be excessive by attending medical staff:

Product Parameter for administration
Packed red blood Hb < 70g.L"
cells

Fresh frozen plasma r-time > 8 minutes, aPTT > 40 seconds, INR > 1.3

Platelets Platelet count < 100 x 10'2.L-", MA < 50mm if functional fibrinogen assay >
20mm
Fibrinogen Fibrinogen < 1.2g.L™", functional fibrinogen assay < 20mm if MA < 50mm

Further data will be collected regarding ICC drainage in ICU, and requirement for allogeneic
transfusion. This information will be prospectively collected from the medical record.
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Study size has been determined from the 1:1 population reported in Meesters et al*! using the
data recorded for the relevant coagulation parameters (r-time) after protamine administration.

Measure

Value

Mean r-time (control)

250 seconds

Mean r-time (intervention)

214.5 seconds (15% decrease)

Standard deviation 76 seconds
a 0.05

B 0.90
Sample size 88

Taking into account loss of data (due to failure to follow up, equipment failure etc.), we aim to
recruit 100 patients into each of the two study groups for a total of 200 patients. The type | error
rate and the power of the study for the sample size were calculated through simulations
(although a close form approximation would also be available).
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5 PARTICIPANT RECRUITMENT, RANDOMISATION AND FOLLOW UP

5.1 STUDY POPULATION AND ELIGIBILITY

Inclusion Criteria:

Patients scheduled to undergo elective cardiac surgery on cardiopulmonary bypass
Exclusion Criteria:

Emergency surgery

Age < 18 years

Known or suspected coagulopathy or platelet dysfunction

ADP-receptor antagonists within 7 days of surgery (clopidogrel, ticlodipine, pasugrel)
Total body weight > 120kg

End stage renal failure requiring dialysis

Plan for severe hypothermia (< 28°C) or deep hypothermic circulatory arrest
Complex cardiac surgery (redo sternotomy, surgery on the thoracic aorta [excluding root])
Solid Organ Transplantation

5.2 PARTICIPANT IDENTIFICATION AND INFORMED CONSENT PROCEDURE

Screening for eligibility criteria and consenting to the study will be done by members of the care
team. A member of the direct care team will take consent as part of obtaining consent for
surgery and anaesthesia.

Patients will be identified from the operating list when published on the day before planned
surgery. This will allow us to exclude the following criteria:

- Emergency surgery

- Age < 18 years

- End stage renal failure requiring dialysis

- Plan for severe hypothermia (< 28°C) or deep hypothermic circulatory arrest

- Complex cardiac surgery (redo sternotomy, surgery on the thoracic aorta [excluding root])
- Solid Organ Transplantation

Reviewing notes will inform on the remaining exclusion criteria:

- Known or suspected coagulopathy or platelet dysfunction

- ADP-receptor antagonists within 7 days of surgery (clopidogrel, ticlodipine, pasugrel)
- Total body weight > 120kg

Eligible patients will be given a written information sheet and will be talked through the project.
They will be given ample opportunity to ask questions and voice their concerns before giving /
refusing informed consent.

Patients will be consented on the afternoon on the day before surgery. They will again be asked
about participation during the check-in process into theatre and can withdraw their consent up
until induction of anaesthesia, which will happen on average between 16 - 24 hours after
consenting.
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5.3 RANDOMISATION

Randomisation process

Randomisation will be done either web or telephone based in accordance with Papworth R&D
procedures taking the two-site, two continent nature of the trial into consideration. Sealed
Envelope (an internet based company specialised in providing randomisation services to trials)
will produce the group allocation under the instructions of PTUC and Dr Villar.

Randomisation issues

In recent months both Papworth Hospital NHS Foundation Trust and Austin Health have seen
an increase in delayed or cancelled operations due to pressures on the service. To avoid
patients being randomised and subsequently not being included because their operation is
cancelled it is prudent to only randomise once a patient is in the anaesthetic room, about to be
anesthetised.

5.4 INTERVENTIONS

At the conclusion of cardiopulmonary bypass, protamine administration will be undertaken at
surgical request. For patients in the control group, protamine will be dosed on a 1:1 ratio
according to the total dose of heparin initially required to establish a therapeutic ACT (i.e. if
30,000 IU were required prior to initiating cardiopulmonary bypass, then the protamine dose will
be 300mg). For patients in the intervention group, protamine will be administered according to
the PRODOSE algorithm, which has been incorporated into an Excel spread sheet for ease of
use (Microsoft Corporation, Redmond, WA).

Criteria for modifying or discontinuing allocated intervention

After the first 50% of patients have been recruited and treated an interim analysis will take
place. A formal futility stopping rule will be binding and will ensure that the operating
characteristics of the trial (type | error and power) are preserved. If the trial progresses into the
second phase the allocation ratio will be updated in order to optimise response without
compromising the power of the study®’

5.5 PARTICIPANT FOLLOW UP
There is no follow up planned beyond 24 hours post-operatively
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Specific Undertaken Screening Baseline Intra-OP ICD output Blood
Activity by Rando- 4h post-OP product
misation usage 24h
post-OP

Identify Local MDT

potential X

participant

Eligibility check Local MDT X

(exclusions)

Approach Local PI

potential X

participant to

discuss study

Take informed Pl or Co- X

consent investigator

Baseline clinical | Local

data collection, Research

including Nurse

. . X

inclusion and

exclusion

criteria

Randomisation Local

(web or Research X

telephone) Nurse

Operation Pl or Co- X

Included investigator X

patients

Clinical Follow Local

up data Research X X X
Nurse

Health Service MDT

and Resource X X X

use data
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6 DATA HANDLING AND RECORD KEEPING

The trial will be conducted according to the Good Clinical Practice and Standard Operating
Procedures of Papworth Trials Unit Collaborative (PTUC) to ensure the monitoring and safety of
trial participants and data validity.

6.1 SCREENING AND RECRUITMENT
Patients will be identified and recruited by the clinical care team, with support from a Research
Nurse or Clinical Trial Coordinator.

6.2 BASELINE AND CLINICAL FOLLOW UP DATA
Baseline data will be include:

o Patient demographics

e Type of surgery

e FEuroSCORE

e Pre-OP medication, particularly anticoagulants

e Pre-OP routine lab (Full Blood Count, coagulation profile)

Intraoperative data will include:

¢ Routine intra-OP lab at standard time points (arterial blood gasses, ACT)
e Heparin dose

e Protamine dose

e Cardiopulmonary bypass time

e Aortic cross-clamp time

e |owest temperature

e Thrombelastography result

Follow up Data will be include:

o Post-operative routine lab (FBE, coagulation profile)

o Post-operative intercostal chest tube drainage

e Post-operative allogeneic transfusion (Red Blood Cells, Fresh Frozen Plasma, Platelets,
Factor concentrates)

e Post-operative additional protamine doses
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6.2.1 Primary Endpoint

¢ Kaolin TEG r-time at 3 minutes post-protamine administration after cessation of
cardiopulmonary bypass.

6.2.2 Secondary Endpoints
e Kaolin ACT: Heparinase ACT ratio at 3 minutes after protamine administration;
e Kaolin ACT pre-bypass : Kaolin ACT post-bypass ratio at 3 minutes after protamine
administration;
e Kaolin TEG r-time pre-bypass: Kaolin TEG r-time post-bypass ratio;
¢ Intercostal catheter drainage at 4 hours post-operatively;
¢ Allogeneic blood transfusion 24 hours post-operatively.

6.3 RECORDING AND MANAGEMENT OF ADVERSE EVENTS

No Serious Adverse Events (SAE) are expected. A previous pilot investigation has
demonstrated that the trial design in both feasible and safe. There is no deviation from standard
clinical practice in order to facilitate the trial.

All SAE occurring between randomisation and the end of follow-up will be recorded in the
patient’s hospital notes and submitted, within 24 hours of the site becoming aware, to Papworth
Trials Unit Collaboration using an SAE form.

All recorded SAEs will be reported to the Sponsor and the Data Monitoring Committee (DMC). If
an SAE occurs that is considered to be both unexpected and related to the study protocol
(SUSAR), it will be reported within 24 hours of recognition.

Non-serious Adverse Events will be not be recorded or reported for the PRODOSE trial, unless
they form part of the clinical event dataset.

The Sponsor will report any SUSARSs to the Research Ethics Committee within 15 days of their
knowledge of the event and local Pls will be notified.

Details of Expected Adverse Events are listed in Appendix 1.

7 STATISTICS

Analysis of the primary outcome will include all patients. Numerical data will be analysed using
an appropriate test based on the asymptotic distribution of the test statistic computed for the
two-stage design. The chi-squared test or Fisher's exact test will be used for categorical data.
Data will be reported using confidence intervals and p-values where appropriate.

8 PROJECT MANAGEMENT

8.1 RESEARCH MANAGEMENT AND GOVERNANCE
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The Senior R&D Manager based at PTUC will oversee the study.

The Trial Manager(s) will co-ordinate all trial-related activities across the participating sites,
monitor progress against the project milestones and manage the finances.

Data management activities will be carried out by the investigators, trial statistician and the
Research Nurse/Clinical Trial Coordinator in collaboration with PTUC.

8.2 STUDY REGISTRATION

The study will be registered with an International Standard Randomised Controlled Trial Number
(ISRCTN) and/or with ClinicalTrials.gov.

8.3 TRIAL STEERING COMMITTEE (TSC)

A TSC responsible for day-to-day running of the study will meet at least every 3 months by
teleconference to discuss recruitment, safety, data management and local site issues.

The TSC will comprise the Chief Investigator, co-applicants, the trial manager, statistician, data
manager and representatives from each site.

8.4 DATA MONITORING COMMITTEE (DMC)

As this is a relatively low risk study a DMC will not be convened unless requested by the funding
committee.

8.5 CRN EASTERN
Our primary linkage will be with Division 1 of the Eastern Clinical Research Network (CRN).

9 ETHICAL & RESEARCH GOVERNANCE APPROVALS UK SITES

Similar approval will be sought for Austin Health before participation in keeping with Australian
research legislation.

9.1 INITIALREC AND HRA APPROVAL

The protocol and all patient-facing documentation will be submitted to a Research Ethics
Committee (REC) and for Health Research Authority (HRA) approval prior to study
commencement. HRA Approval is the process for the NHS in England that brings together the
assessment of governance and legal compliance with the independent REC opinion provided
through the UK research ethics service.

9.2 SITE CAPABILITY AND CAPACITY

HRA approval replaces the need for local checks of legal compliance and related matters by
each participating organisation in England. This allows participating organisations to focus their
resources on assessing, arranging and confirming their capacity and capability to deliver the
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study. The Trial manager will work with the Sponsor to assist the local site with study set up in
line with the HRA approval process.

9.3 PROTOCOL AMENDMENTS

Substantial amendments to the protocol and any patient-facing documentation will be submitted
to a Research Ethics Committee (REC) and Health Research Authority for approval prior to
implementation.

Amendments may only be implemented after a copy of the HRA approval letter has been
obtained and local R&D departments have confirmed capacity to accommodate the amendment
at that site.

Amendments intended to eliminate an immediate hazard to subjects may be implemented prior
to receiving REC approval. However, in this case, approval must be obtained as soon as
possible after implementation.

10 INSURANCE

UK Centres will be covered by NHS indemnity for negligent harm providing researchers hold a
contract of employment with the NHS, including honorary contracts held by academic staff.

11 PUBLICATION PoLicy

The findings of this research will be disseminated by

- presentation at national and international cardiac anaesthesia conferences

- publication in a relevant journal such as Anesthesia & Analgesia or the Journal of
Cardiothoracic and Vascular Anaesthesia
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13 APPENDIX 1: DEFINITIONS OF ADVERSE EVENTS

13.1 ADVERSE EVENT (AE)

Any untoward medical occurrence or effect in a patient treated on a trial protocol, which does
not necessarily have a causal relationship with this treatment.

13.2 SERIOUS ADVERSE EVENT
An adverse event that:

Results in death

Is life threatening

Requires admission to hospital or prolongation of hospitalisation
Results in persistent or significant disability/incapacity

Is otherwise medically significant

Return to theatre or ITU

13.3 EXPECTED MORBIDITY

13.3.1 Expected morbidity following PRODOSE intervention:

¢ No adverse events related to the intervention are expected
e Adverse event related to cardiac surgery / cardiac disease include:
o Prolonged ICU treatment
o Excess blood loss
o Stroke
o Need for permanent pace maker
o Infection
As with all major surgery there is also a risk of death. The risk of in-hospital death with for the
PRODOSE trial is expected to be 1-3%, in keeping with the institutional mortality for first time
elective cardiac surgery on cardiopulmonary bypass.

No additional risks specific to the PRODOSE trial have been identified.

All in-hospital deaths will be reviewed by the Sponsor and the Trial Steering Committee.
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Recommended protocol amendment:

1. Increase sample size by 28 patients overall (adjusted for drop-out rate to a sensible value). The
adaptive design needs 212 in total but we add 16 more for drop-outs.

2. Modify the CRFs to properly include a more detailed record of blood loss at 4, 6, 12 hours and
at drain removal or 24h, whichever comes first (crucial point is at 6 hours). Re-capture all of
these blood loss measures for the 4 patients that were randomised from the electronic ICU
charts.

3. Re-state that the algorithm protamine dose calculation remains unchanged and the control
group dose calculation based on initial heparin dose rather than cumulative dose. The
justification for this is:

e The precision of the r-time is lower than we expected. Therefore, the variance in the
initial calculation could have been underestimated slightly. In the new calculation we
have used the fact that r-times are measured in minutes with 1 decimal place. The
variance assumed to be 76 seconds based on the De Meesters paper would correspond
with 1.26. We have rounded this value up to 1.4 to be conservative. We still aim at 90%
power on the primary endpoint and the hypothesis that the algorithm reduces r-time in
at least 15%.

e The new increased sample size allows us to have 80% power to detect a 17% reduction in
blood loss at 6 hours (one of our secondary endpoints). The 17% reduction is a likely
value based on our pilot. Blood loss is the clinically relevant end point as reduced blood
transfusion rates decrease patient risk.

o The operating characteristics of the design are preserved. We have a 4% Type | error rate
and a 4% chance of stopping the trial due to futility under the null and 90% power on the
primary question. The fact that the adaptive design aims at preserving power after the
interim allows for an efficiency gain of 10 less patients needed in our sample size change.
If the r-time in algorithm group is in fact 20% higher than in the control group the trial
will stop at the interim with 86% probability.

e The interim analysis is now planned at patient 114. The response-adaptive change in
randomisation ratio is expected to preserve power as much as possible without exposing
patients to a worse arm. If the variance in r-time was still underestimated the change in
the randomisation ratio will ensure that power is maximised given the size of the trial.
This has the added advantage of taking care of the the possibility that variances per arm
might be very different - in this case the sample size of the arm with less variance can be
expected to be reduced.
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