
During this assignment the pharmacological pathway associated with an acute myocardial infarction (AMI) will be explored. This paper will discuss and critically analyse the relevant pharmacological implications of two drugs in particular: the analgesic Morphine and the antiplatelet Clopidogrel. The use of Oxygen Therapy for patients with an AMI will also be discussed, demonstrating underpinning knowledge of pharmacology, and legal, professional and ethical issues relative to paramedic practice will be considered.

Beebe and Myers (2011) assert that a patient is identified to be experiencing an AMI through distinct electrocardiographic findings that are obtained by conducting a 12-Lead electrocardiograph (ECG), alongside an accumulation of a clinical history. An ECG is not always conclusive, and a Troponin blood test must be carried out to determine the exact clinical impression. Beebe and Myers (2011) state that no presentation of a cardiac related event was present on the initial ECG obtained by the medical clinician regarding over 50 per cent of patients who later went on to be diagnosed as having experienced an AMI. Nonetheless drugs given to treat acute coronary syndrome should still be administered even without conclusive ECG findings. Caroline (2012) supports this, writing that the mnemonic ‘MONA’ which stands for the medication that is typically administered during an AMI, that is, Morphine, Oxygen, Nitroglycerin and Asprin, should be followed when a patient is symptomatic of Acute Coronary Syndrome (ACS). In addition, Caroline (2012) elaborates that Oxygen should be administered first and foremost, with the intent of keeping the patient’s oxygen levels at 94% and above, elaborating that it may help to confine myocardial ischaemia, thus lessening the ST-segment elevation. 

A paper produced by the Resuscitation Council (2006) also advocates the use of the aide memoir MONA during the management of a suspected AMI. ‘MONA’ implies that the paramedic must first administer Morphine, the fastest route being intravenously. The paramedic may wish to administer anti-emetic Ondansetron at this stage. Spiers (2010) supports Caroline (2012), agreeing that Oxygen therapy then should follow, regardless of the patient’s saturation levels. However, The Joint Royal Colleges Ambulance Liaison Committee (JRCALC) (2016) argues that unless the patient presents as hypoxaemic with saturation levels of below 94, supplemental Oxygen is not required. JRCALC (2016) also states that nitrates such as 400-800 micrograms of Glyceryl Trinitrate (GTN) should then be given, with the contraindications of hypotension, head trauma, hypovolaemia, cerebral haemorrhage, unconscious patients and patients who have taken Sildenafil within the last 24 hours. Spiers (2010) warns that although nitrates are used to dilate the coronary arteries in order to increase myocardial perfusion, they also decrease cardiac pre-load and afterload. Therefore, this can impact on the patient’s blood pressure, so caution should be taken upon administration by careful titration, especially with patients with an already low blood pressure.

The Health and Care Professionals Council (HCPC) (2016) state that upon registering with them the code of ethics for staff includes, but is not limited to, advocating and safeguarding the interests of service users and carers and gaining consent for everything, including the administration of drugs when the patient is conscious and has capacity. This is important as a patient may be intolerant to certain medication or have strong beliefs against being administered certain medications. It is essential that a medical professional communicates effectively with the patient in order to, for example, gain an understanding of what the medical emergency is and whether the patient needs medication to help with pain management.

Spiers (2010) asserts that the management of a patient’s pain is crucial to providing effective care in an emergency environment and that often a patient may need several forms of analgesic in order for their pain to subside. Spiers (2010) continues that management of pain relief as quickly as possible is crucial to both the patient’s physical and mental wellbeing as experiencing pain can be both frightening and emotionally difficult but can also cause the stimulation of the sympathetic nervous system which could result in an increased respiratory rate, thus leading to an increase in myocardial ischaemia which in turn can cause an arrhythmia. 

The final stage of MONA is that the patient should be given the antiplatelet Aspirin to avoid the further formation of thrombi. Ardehali, Perez and Wang, (2012) maintain that patients with a history of cardiac disease should already be prescribed Aspirin while finding that taking Aspirin lowers the risk of AMI by 25 per cent in patients already suffering from heart disease such as angina, a history of percutaneous coronary intervention (PCI) and a history of AMI.
The analgesic Morphine is widely used in the pre-hospital emergency care environment, and is often administered during an AMI where the patient is symptomatic of experiencing severe chest discomfort. The Joint Royal Colleges Ambulance Liaison Committee (JRCALC) (2016) states that Morphine should be the clinician’s first choice of analgesic during a suspected AMI. The maximum dose for an adult who is receiving Morphine intravenously is 20 milligrams, which should be administered at a rate of 2 milligrams per minute.

Morphine must not be given to patients who are hypotensive, which in infants is considered to be less than 70 mmHg, in children to be less than 80 mmHg and in adults to be less than 90 mmHg. Furthermore, a patient who has experienced an obvious or suspected head injury should also not receive Morphine, which can be confirmed by measuring the patient’s Glasgow Coma Scale (GCS) level; when this indicator is below 9 Morphine should not be administered. In addition, any patient who is experiencing severe headache and/or is known to have hypersensitivity to Morphine must not receive it.

The contraindications for Morphine are that it must not be administered to infants under the age of 1 years old and it must not be given to patients who are in respiratory depression. Concerning children, respiratory depression is measured by counting the respiratory rate (RR) over the length of one minute, where depression is considered to be a RR of less than 20 breaths per minute. In adults, respiratory depression is considered to be a RR of less than 10 breaths per minute. The reason that a low RR is a contraindication prior to the administration of Morphine, is that Morphine can cause respiratory depression and therefore may further exacerbate these observations, causing the patient to experience respiratory arrest. Pattinson (2008) contends that respiratory depression is the greatest cause of death in drug addicts that have overdosed on Morphine. Naloxone is an opioid receptor antagonist, able to reverse the negative effects that Morphine may have on a patient experiencing cardiac and respiratory depression and is often used on opioid-addict overdoses in an emergency setting.

An additional side effect of Morphine is nausea. The patient receiving the opioid may become nauseous and or vomit during administration and may need to be administered an anti-emetic to help with this. An anti-emetic administered to prevent and tackle opiate-induced nausea and vomiting by the East England Ambulance Service Trust is Ondansetron. Ondansetron must not be used on any patients with a severe sensitivity to it and it should not be given to any infants under 1 month old. Another precaution is that Ondansetron and Morphine must not be mixed at any point before administration and therefore a new drawing up needle and syringe must be used; as opposed to the one used to prepare the Morphine for administration. The maximum dose of Ondansetron for children aged 12 and over and adults is 4 milligrams which, when administered intravenously, must be given slowly over a period of 2 minutes. 

Wick (2017) explains that Morphine is beneficial to patients who experience nitrate-resistant chest pain, where the administration of nitrates has not had a positive effect on relieving any chest discomfort experienced due to the AMI. 

Although Morphine is a successful medication for relieving pain, it is documented as having several side effects which include but are not limited to, respiratory depression as previously mentioned, hypotension, bradycardia and even death in patients experiencing a non-ST-segment elevation myocardial infarction (NSTEMI)

Parodi et al (2014) suggest that during an ST-segment elevation myocardial infarction (STEMI), antiplatelet agents such as Clopidogrel, alongside Morphine, are advised within the initial hours. Clopidogrel is a P2Y12 platelet that interacts with adenosine diphosphate. The JRCALC (2016) states that the maximum adult dosage for Clopidogrel with regards to a primary percutaneous coronary intervention is 600 milligrams.

Green (2009) claims that Clopidogrel is not as effective a treatment for ischemic coronary disease as platelet inhibitor Plasugrel. Through his research he found that patients who had previously undergone a percutaneous coronary intervention (PCI), or who had an acute coronary syndrome (ACS), benefitted more from receiving Plasugrel. However, Plasugrel was found to cause an elevated risk of bleeding and thus should not be administered to patients who are in need of any extensive surgery procedures. Green (2009) also found that patients who were administered Clopidogrel as opposed to Plasugrel were more likely to experience acute stent thrombosis (AST), but that Clopidogrel was a more beneficial treatment in the long term. Damman et al (2012) expand on the limitations of Clopidogrel, explaining that due to its pharmalogical attributes it takes several hours for Clopidogrel to be effective after ingestion, possibly causing AST, as opposed to Plasugrel which has a quicker initiation of action.
Zafar et al (2009) argue that administering crushed Clopidogrel as a 300 milligram loading dose via nasogastric intubation ensures quicker benefits of the drug achieved for the patient as opposed to administering the tablets whole. They found during the ‘CLASSICS’ trial that administration of a 300mg loading dose allowed for a less severe event than that experienced by those who did not receive the loading dose. The benefits and disadvantages of both Clopidogrel and Plasugrel result in difficulty in making a strong clinical decision about which antiplatelet should be used. However, Vora et al (2015, p. 27) believe that “In community practice, concern for bleeding may be a stronger driver of decision-making for antiplatelet therapy selection than mortality risk.” The initiation of action of both Clopidogrel and Plasugrel are seen to be obstructed by Morphine.

Abdi and Basgut (2016) affirm that the reason Morphine can have a detrimental effect on patients experiencing an AMI is due to some patients not having an efficient coronary flow reserve (CFR) to withstand the high dosages of Morphine often administered during the event of a symptomatic AMI. Zhang et al (2016) also report that during the care of patients who to have NSTEMI, the administration of Morphine is seen to be related to a higher mortality rate. They believe that this is likely to be the result of the impact on pharmokinetics and the pharmodynamics of the co-administered Clopidogrel in patients that have been found to be in good health.

Kubica et al (2016) state that the CRUSADE registry has 57,093 documented patients that were treated with Morphine due to the presentation of a NSTEMI representation on their ECG. Some patients were treated with Clopidogrel and nitrates alone, where others also received the analgesia Morphine to help with the pain they were experiencing. This evidence, alongside that of Zhang et al (2016), further shows that the patients who were administered Morphine, when compared to the patients who solely received nitrates and Clopidogrel, were found to be at a higher risk of death. These results have prompted discussion as to the adverse impact of Morphine on patients suffering with an AMI, where it is speculated that the adverse impact arises from drug to drug interactions between Morphine and P2Y12 receptor inhibitors such as Clopidogrel. Drug to drug interactions are often the outcome of pharmokinetic interactions. The National Institute for Health and Care Excellence (NICE) Guidelines (2017) explain that these interactions are the result of one drug affecting another drug by changing its absorption, distribution, metabolism or excretion. In this case, it was discovered that in patients who were found to be extensive metabolizers of Clopidogrel, Morphine can result in a poor metabolizer phenotype, thus giving rise to the reduction of the pharmodynamic actions of Clopidogrel. Zhang et al (2016) maintain that Morphine subdues the secretion of the digestive glands and slows gastric peristalsis resulting in drug absorption being delayed. 
A placebo-controlled trial, carried out by Hobl et al in (2014) sought to discover whether the administration of Morphine caused a negative impact on the effect of Clopidogrel on AMI patients, due to a drug to drug interaction. Similarly to Zhang et al (2016), the findings showed that Morphine increases the residual platelet reactivity, hindering the absorption of Clopidogrel and abating the effect of Clopidogrel on AMI patients, resulting in the non-fulfilment of medical care. 

De Wawa et al (2015) alleges that due to the negative effects of IV Morphine, including hypotension, bradycardia and opioid-receptors being stimulated, the body will be greatly impacted. For example, due to stimulation of the opioid-receptors the patient is more likely to further develop myocardial ischemia, thus hindering the healing of the myocardial infarction present. Furthermore, protective hemodynamic responses autonomically produced by the body during an AMI may be outweighed by the presence of hypotension and or respiratory depression, etc.

However, Puymirat et al (2015) highlight that the French Registry of ST-elevation myocardial infarction (STEMI) and Non-ST-elevation myocardial infarction (NSTEMI) noted that Morphine that was administered in the pre-hospital care environment did not correlate with one-year mortality post incident. And that the patients concerned were not at a higher risk of any complications in their treatment whilst in hospital. It may be noted that other analgesics, such as Alfentanil and Remifentanil, which are found to bind at a quicker rate, can cause more adverse effects as opposed to Morphine, which has a slow-moving receptor binding time. 

De Wawa et al (2015) emphasise that although research shows the likely link between IV Morphine administration and deaths in NSTEMI patients, there is not enough data available to show the outcome for the patients receiving Morphine after the event of an NSTEMI and therefore more clinical trials must be carried out to reach a conclusive finding. De Wawa et al (2015) add that there is a link between the activity of Adenosine Disphosphate (ADP) being hindered and the administration of IV Morphine, possibly resulting in a higher risk of thrombus burden which in turn would result in an acute permanent injury of microcirculation. 

Wick (2017) further elaborates by saying that although further research is needed in order to gather consistent data to achieve a definitive answer as to what analgesic administration is most beneficial during an AMI, any study design will be difficult to structure because of ethical limitations associated with “placebo-controlled randomization”. It should be noted that although Morphine, like most drugs, has some detrimental side effects, it may be argued that its benefits greater outweigh these.
During an analysis conducted by Gwag et al (2017) it was found that Morphine administered intravenously did not correlate with adverse myocardial outcomes. They continue that upon carrying out research which considered the myocardial salavage index (MSI), in order to ascertain whether the affect that intravenous Morphine has on myocardial injury, was negative in patients experiencing STEMI and was subject to percutaneous coronary intervention (PCI). Gwag et al (2017) explain that during the analysis MSI was looked at closely to verify if there was a correlation between adverse outcomes in STEMI patients who had been administered IV morphine prior to sustaining PCI. Upon calculation of MSI, they found that patients who had received the analgesic Morphine had an increased tendency for the requirement of Thrombolysis. This group were also mostly found to have a larger size infarct and a greater MSI with a considerably higher area endangered than the group of patients who had not received Morphine. However, the propensity matched score found that both groups had a similar MSI, analogous infarct diameter and it showed no discrepancy of the area at risk. Therefore, the analysis demonstrated that the administration of IV Morphine in patients experiencing STEMI did not lead to a negative outcome in regards to the myocardial salvage index, post percutaneous coronary intervention.
Due to Morphine having been found to have many adverse effects on patients experiencing an NSTEMI, therefore making it plausibly unsuitable for all AMI emergencies, it would be beneficial to consider other forms of pain relief that have less negative side effects. Kurdi et al (2014) assert that although it is widely being used at a low dose alongside other medications, the administration of Ketamine is being used in areas other than anesthesia, including in pain management. However, like Morphine it has some adverse side effects including exacerbating hypertension in patients and therefore would not be suitable for patients who are hypertensive. It has also been found, on occasions, to cause airway compromise even though, conversely, it is widely known to maintain the airway. Although Ketamine seems a likely alternative to Morphine in future practice, it is still more commonly known as a drug that is administered in veterinary practice, and thus holds a stigma in some areas in the medical field, possibly hindering the likelihood of its administration on a regular basis in a pre-hospital emergency environment.

From a legal and ethical perspective, a student paramedic should follow the guidance provided by both the university and the ambulance trust where they are completing their placement which outline the need to perform tasks at the level of personal knowledge held. It is essential that an individual does not provide any medical assistance that they are unsure of as it may result in negative repercussions for both themselves and the patient at hand. Local policies must be followed with regards to delegation and the patient at hand must be informed when a task is given to another colleague to continue with. Patient confidentiality must be respected at all times. In general, a medical professional must manage risk by ensuring that they do not do anything that could put themselves, their colleagues or any patients at risk and by being open when things go wrong, Honesty and trustworthiness are crucial, particularly when a mistake has been made. Therefore, the compilation and maintenance of any work undertaken with patients must be retained.
This paper has found that more research into the adverse effects of Morphine needs to be undertaken in order to investigate alternative analgesics for use in pre-hospital emergency, care including consideration of possible drug to drug interactions. The use of Oxygen Therapy during an AMI has been explored, questioning the validity of its automatic use in an emergency care situation. Finally, legal and ethical factors have been examined, relevant to paramedic practice.
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