PRIME Trial
Prevention of Reperfusion Injury in Myocardial infarction
Clinical Trial Proposal
Introduction
Despite medical advances Myocardial Infarction remains a highly prevalent disease globally1. Although rates have decreased in New Zealand over the last 10 years2, Myocardial Infarction continues to have a high morbidity and mortality burden, especially among Māori and Pasifika3,4.
ST-Elevation Myocardial Infarction (STEMI) has a high in hospital mortality rate5.The percentage of myocardial tissue which is infarcted is a key indicator for prognosis6,7. Current standard treatment for patient presenting with STEMI is dual antiplatelet therapy with aspirin and a P2Y12 inhibitor, heparin, and urgent reperfusion with either Percutaneous Coronary Intervention (PCI) or Intravenous Thrombolysis. This therapy aims to salvage myocardium that is at risk from ischaemia but is not yet reached myocardial necrosis8. 
Unfortunately, reperfusion leads to interstitial haemorrhage from vessels that are injured by ischemia but are reperfusable at the time of reflow. This haemorrhage itself increases the interstitial pressure, which in consequence worsens the tissue perfusion again. Moreover, reperfusion induces severe morphologic alterations of the myocardium such as cardiac myocytes swelling, mitochondrial damage, hypercontracture, and loss of myofibrillar organization. Reperfusion injury can account for 50% of the final size of a myocardial infarction9.
Several lab-based, animal studies have shown that Paracetamol has a cardioprotective action against myocardial necrosis10,11, infarction size12, and ventricular arrhythmias13 due to acute ischaemia and reperfusion injury.
Paracetamol has been found to have two different mechanisms of action, both of which may be responsible for protection against reperfusion injury properties. The most likely is through activation of the endocannabinoid system. One of its metabolites, AM40414, acts as an Anandamide reuptake inhibitor15 Anandamide is an endogenous endocannabinoid acting on both CB1 and CB2 receptors.16 It has been shown that administration of Anandamide significantly decreases myocardial infarction size, through its agonism of CB2 receptors.17
The other mechanism is through inhibition of Prostaglandin synthesis. Paracetamol blocks the peroxidase (POX) site on Prostaglandin H2 synthetase(PGHS), the enzyme responsible for the conversion of arachidonic acid to the inflammation inducing PGH-2. PGHS comprises of two sites: a cyclooxygenase (COX) site and a peroxidase (POX) site. The conversion of arachidonic acid to PGG(2) is dependent on a tyrosine-385 radical at the COX site. Formation of a ferryl protoporphyrin IX radical cation from the reducing agent Fe(3+) at the POX site is essential for conversion of tyrosine-385 to its radical form. Paracetamol acts as a reducing cosubstrate on the POX site and lessens availability of the ferryl protoporphyrin IX radical cation. This effect can be reduced in the presence of hydroperoxide-generating lipoxygenase enzymes within the cell (peroxide tone) or by swamping the POX site with substrate such as PGG(2). Peroxide tone and swamping explain lack of peripheral analgesic effect, platelet effect, and anti-inflammatory effect by paracetamol.18 This also makes this mechanism of action less likely to be the reason for protection against reperfusion injury.
Other animal studies have failed to show a cardioprotective effect for Paracetamol but, importantly, have not shown any safety concerns for its use19,20. In human studies Paracetamol has been shown to not be associated with an increased risk of myocardial infarction or stroke in a large cohort of hypertensive patients21, and therefore can be considered safe to use in this situation.
Patients presenting with STEMI are also given intravenous opiates to reduce pain and therefore circulation catecholamines, this reduces the myocardial oxygen demand. Intravenous administration of Paracetamol has been shown to give comparable analgesic effects as morphine22, and administration orally can be expected to augment the action of opiates. 
The purpose of this trial will be to see if administration of oral Paracetamol prior to percutaneous coronary intervention (PCI), decreases expected infarction size in patients presenting with STEMI to Waikato Hospital. This would be the first ever clinical trial looking into this possible use for Paracetamol.
Primary outcome
Average peak Troponin level in patients receiving Paracetamol prior to PCI compared to control group. Peak Troponin levels, in the context of STEMI, have been shown to be proportional to infarction size and inversely proportional to Left Ventricular Ejection Fraction23,24.
Secondary outcomes
Incidence of ventricular arrhythmias post PCI
30-day Mortality rate
Left Ventricle ejection fraction post PCI
Inclusion Criteria
Patients presenting to Waikato Emergency Department with Acute STEMI who will treated with PCI within 4 hours of recruitment to the trial.
Exclusion Criteria
Allergy to Paracetamol
Known liver failure (Child-Pugh class C)
GCS less than 15
Unable to swallow tablets – ie. intubated
Method
This will be a single centre clinical trial. The trial will be performed in two phases. The first phase will use a historic control group, using data from the All-New Zealand Acute Coronary Syndrome Quality Improvement (ANZACS-QI) registry. The second phase will be a non-blinded randomised control trial.
Phase 1
Patients will be recruited at time of arrival to Waikato ED, after they have been diagnosed as to be having a STEMI and will be treated with urgent PCI.
After being recruited and consented to the trial they will be given 1.5g of Paracetamol, alongside current standard STEMI treatment. Loading doses of Paracetamol (1.5-2g) are used widely and have been shown to be safe whilst resulting in higher peak serum concentrations25,26.
Patients who have already taken Paracetamol within four hours of diagnosis of STEMI will be given an extra dose of 500mg, if they took 1g, and then be included in the study.
Patients will then be given 1g of Paracetamol four times per day whilst they are an inpatient, as well as their standard therapy as directed by their Cardiologist.
Primary and Secondary outcomes will be measured and then compared to patients from the preceding year using data from the ANZACS-QI registry. A t-test will be performed, followed by a Wilcoxon rank sum (Mann-Whitney U) test if required. For categorical variables, the χ2 test or the Fisher exact test will be used. A medical Statistician will oversee this process.
The number of patients aimed to be recruited will be determined after analysis the standard deviation of peak troponins from the ANZACS-QI registry to ensure that it is sufficiently powered.
Phase 2
Patients will be recruited at time of acceptance by the Cardiac Interventionalist On-call as having a STEMI requiring urgent PCI.
When the Cardiac Interventionalist confirms the patient meets PAMI criteria and does not have a contra-indication to being given Paracetamol, they will use an on-line generator app, Randomizer.at, and then instruct the referring practitioner to either give Paracetamol alongside current standard STEMI treatment or not.
Patients who have already taken Paracetamol within four hours of diagnosis of STEMI will be included in the treatment arm of the study without receiving additional paracetamol.
Patients on the treatment arm of the trial will receive 1.5g of Paracetamol, followed by oral Paracetamol four times a day for the rest of their hospital stay. 
Recruitment number will be determined after analysis of the first phase data.
Ethics
The study will be reviewed by the Health and Disability Ethics Committee (HDEC) and will start after approval has been granted.
Consent
Consent will be obtained from the patient at the time of recruitment to the trial.
Training will be given to all medical personnel who may be required to recruit patients to the study.
All patients will receive both written and verbal information on 
· What the study is
· Why the study is taking place.
· What the risks are
· How the data will be stored
· How the results of the study will be shared
Patients will then sign a consent form to be included in the trial.
Patients will be able to exit the trial at any stage and have they’re data deleted if requested.
Data from the ANZACS-QI registry will be requested from the ANZACS-QI Registry Trials Group, a sub-set of members of the NZ Cardiac Network. Prior consent for use of this data will be confirmed by the Trials Group prior to use. This data will be in non-identifiable form.
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PRIME Trial Protocol
Recruitment
Patients will be recruited in the Emergency Department (ED) of Waikato Hospital.
Eligibility
Presenting with acute ST-Elevation Myocardial Infarction (STEMI) on ECG, as interpreted by ED or Cardiology SMO or Senior Registrar.
The patient will then be discussed with the on-call Cardiac interventionalist, if the best treatment for the patient is judged to be primary percutaneous intervention (PCI) within the next 4 hours, the enrollment process can then be started.
Exclusion Criteria
Allergy to Paracetamol
Known liver failure (Child-Pugh class C)
GCS less than 15
Unable to swallow tablets – ie. not intubated or too medically unwell to safely swallow tablets.
Consent
Patients will be given written information on the trial and sign the trial consent form if they wish to be recruited into the trial. This can be performed by any member of the Emergency of Cardiology medical team if they have received training prior from a member of the research team.
If the patient has not had any Paracetamol in the preceding 4 hours
They are given 1.5g of Paracetamol orally prior to going for PCI. They also receive any other standard treatment for STEMI, Dual antiplatelet therapy, Opiate analgesia, Nitrates, Beta-blockers etc.
If the patient has already taken Paracetamol in the preceding 4 hours
They are given a dose to increase that total4 hour dosage to 1.5g. i.e. If they have taken 1g of Paracetamol 3 hours ago they are given 500mg to make a total of 1.5g. They also receive any other standard treatment for STEMI, Dual antiplatelet therapy, Opiate analgesia, Nitrates, Beta-blockers etc.
Patients will then go for PCI and then be transferred to cardiac care unit (CCU). 
Whilst on CCU they will be given Paracetamol 4 times a day orally, as well as any standard therapy for their STEMI, as directed by their Cardiologist.
They will be seen by a member of the research team on CCU during business hours to answer any questions, and ensure they still want to be enrolled in the trial.
Serum Troponin levels and Echocardiograms will be performed at the same times they would for any patient presenting with STEMI.
Primary and Secondary outcome measures will then be recorded and stored in a password protected data base on password protected computers.
Safety monitoring
Safety monitoring will occur through-out the patients stay on the cardiac care unit.
If an adverse event occurs the patients treating cardiology team will assess the patient and perform any clinically indicated treatments required to ensure the patients safety.
The research team will be contacted immediately, and a full review will be performed.
If a treatment injury has occurred, the relevant ACC forms will be completed.
If the treatment injury is thought to be due to the study protocol a formal, independent review will be arranged and the trial suspended until the results of the review have been finalised.
Criteria for terminating study
Evidence of paracetamol toxicity caused by the trial protocol.
Evidence of increased ventricular arrythmias
Evidence of increased mortality due to the trial
Concerns of harm caused by the trial by any Cardiologist responsible for patients care.
