EMERGENCY CARE AND RESUSCITATION CASE STUDIES

	Tungalag is found floating in a river. She is resuscitated by a tourist and brought to University Hospital by ambulance.


Case 1.1

Draw a flow diagram (algorithm) for basic life support in an adult.

Basic life support consists of a number of life–saving techniques provided by trained responders in the absence of advanced medical care.
D
Check for Danger (Hazards/Risks/Safety)
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Responsive? If not, call for help.
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A 
Open Airway, look for signs of life (unconscious, unresponsive, not breathing normally, not moving.)

B 
Give 2 initial Breaths if not breathing normally

C 
Give 30 chest Compressions (almost 2 compressions/second followed by 2 breaths)

D 
Attach Defibrillator as soon as possible

1. Australian Resuscitation Council. Basic Life Support Flow Chart.
Outline the different aetiologies of adult and paediatric cardiac arrest.

Cardiac arrest is the sudden cessation of cardiac activity with hemodynamic collapse. 
Adult cardiac arrest
The most common cause is from a primary cardiac event due to ischaemic heart disease. Other causes include:

· Acute severe asthma

· Drug overdose/toxicity

· Drowning

· Trauma

· Electrolyte imbalance

1. Pescod, David. Developing Anaesthesia Textbook 1.6 p177.

2. Australian Resuscitation Council. Guideline 11.1, Introduction to Advanced Life Support.
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Paediatric cardiac arrest
The most common cause is from a primary respiratory event causing hypoxia. These scenarios include: 

· Trauma

· Drowning

· Sudden infant death syndrome (from birth to 6 months of age)

· Asthma

· Upper airway obstruction

Less common causes are from circulatory shock due to:
· Trauma

· Septicaemia

· Congenital abnormalities of the heart and lung

1. Pescod, David. Developing Anaesthesia Textbook 1.6 p180.

2. Australian Resuscitation Council. Guideline 12.1, Introduction to Paediatric Advanced Life Support.

What are the usual rhythms seen in adult and paediatric cardiac arrest?

In adults, the most common out-of-hospital rhythms are ventricular fibrillation (VF) or pulseless ventricular tachycardia due to is ischaemic heart disease. However, the most common in-hospital or perioperative rhythms are asystole or pulseless electrical activity (PEA) due to progressive respiratory failure, circulatory shock or both.
In children, the most common rhythms are bradyarrhythmias leading to asystole or PEA. VF may occur with congenital heart disease or poisoning.

1. Pescod, David. Developing Anaesthesia Textbook 1.6 p177 and 180.

2. Australian Resuscitation Council. Guideline 12.1, Introduction to Paediatric Advanced Life Support.
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When she arrives at the hospital her ECG shows a regular wide complex QRS with a rate of 180 bpm. What is the likely arrhythmia and how may you manage it?

The most likely arrhythmia would be ventricular tachycardia (VT).

The first priority is to assess the patient’s stability. 
· If the patient is pulseless or VT has degenerated into ventricular fibrillation, advanced life support needs to commence.
· If the patient is hypotensive, treatment is with immediate cardioversion. 
· If the patient is stable, the rhythm should still be considered as VT until proven otherwise. Stable VT can be treated with:

1. IV Amiodarone 150mg over 10 mins then 1mg/min for 6 hours, then 0.5mg/min.

2. IV Lignocaine 1.5mg/kg IV followed by an infusion of 1 to 4 mg/min.

1. Pescod, David. Developing Anaesthesia Textbook 1.6 p144 and 172
2. Arnsdorf M, Fedson S, Ganz L. “Sustained monomorphic ventricular tachycardia in patients with a prior myocardial infarction: Treatment” (Chapter). Uptodate Online 16.3.
3. Podrid P, Ganz L. “Approach to the diagnosis and treatment of wide QRS complex tachycardias” (Chapter). Uptodate Online 16.3.
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Describe the physiological basis of blood flow during chest compression CPR.

External chest compressions will provide up to 25% of normal cardiac output and 33% of coronary blood flow.

The physiological basis of blood flow have been described by 2 competing theories:

1. Cardiac pump theory

2. Thoracic pump theory

The “cardiac pump” theory postulates that direct compression of the heart between the sternum and vertebral columns creates a pressure gradient between from ventricle to the aorta on the left side, and from ventricle to pulmonary artery on the right. Atrioventricular valves closes during compression to allow blood to proceed in a forward direction and opens during decompression to allow the ventricles to fill.
The “thoracic pump” theory postulates that direct compression creates a pressure gradient from the intrathoracic to extrathoracic systemic circulation and that retrograde flow is prevented by venous valves. The heart and great vessels here act as passive conduits without having any pump function.
1. Pescod, David. Developing Anaesthesia Textbook 1.6 p177

2. Andreka P, Frenneaux M. Haemodynamics of cardiac arrest and resuscitation. Current Opinion in Critical Care 2006, 12:198-203

Discuss the physiological requirements for a successful outcome of cardiopulmonary resuscitation.
CPR is the technique of rescue breathing combined with chest compressions to maintain oxygenated blood to the brain and heart until the return of spontaneous circulation (ROSC) with defibrillation and advanced life support (ALS). Successful outcome is dependent on:

1. Early recognition and calling for help

2. Early CPR and defibrillation – CPR plus defibrillation within 3-5mins of cardiac arrest can produce survival rates as high as 49-75%. Each minute of delay in defibrillation decreases survival by 10-15%.

3. Early ALS and optimal post-resuscitation care.

4. The quality of ventilation and cardiac compression during CPR.
Ventilation
Important points are:

· As blood flow to the lungs is reduced during CPR, adequate ventilation-perfusion ratio can be maintained by a lower minute ventilation (a tidal volume of 6-7mls/kg at 8-10/min). 

· Hyperventilation reduces survival as it increases intrathoracic pressure, decreasing venous return to the heart.

· Without an endotracheal tube, a tidal volume of 1 litre produces significantly more gastric distension than 500mls.

· Ventilations should be delivered over 1 second to avoid excessive ventilatory force which increases intrathoracic pressure, while minimising the duration of interruptions to chest compressions
Cardiac compression
Important points are:
· Compressions should occur in “the centre of the chest” (lower half of sternum) to simplify the technique and minimises delays between chest compression and also encourage more people to attempt CPR.

· Compressing the chest at a rate of 100/min and depth of 4-5cm in adults, while allowing it to completely recoil after each compression optimises coronary perfusion pressures and the probability of ROSC. Full chest recoil is important as it lowers intrathoracic pressures, increasing venous return and preload, and subsequently leads to higher coronary perfusion pressures.

· Minimise interruptions to chest compressions as this results in a decline in coronary perfusion pressures leading to poorer outcomes.

· A compression:ventilation ratio of 30:2 is recommended to minimise interruptions, prevent hyperventilation and simplify teaching. There is insufficient human evidence for an optimal compression:ventilation ratio but animal data and a mathematical model suggests that 30:2 provides the best compromise between blood flow and O2 delivery.
1. Australian Resuscitation Council. Guideline 6, Compressions.

2. Australian Resuscitation Council. Guideline 11.1, Cardiopulmonary Resuscitation for Advanced Life Support Providers

3. Handley AJ, Koster R, Monsieurs K, Perkins GD, Davies S, Bossaert L. European Resuscitation Council Guidelines for Resuscitation 2005. Section 2. Adult basic life support and use of automated external defibrillators. Resuscitation 2005; 67S1: S7-S23

4. International Liaison Committee on Resuscitation. Part 2: Adult basic life support. Resuscitation 2005; 67: 187-201

5. Tiamfook-Morgan T, Pozner C. “Overview of basic cardiovascular life support in adults” (Chapter). Uptodate Online 16.3.
Case 1.2

	Tulga has inhaled a lump of buuz. He is clutching his throat and coughing weakly.


Draw a flow diagram for the management of an inhaled foreign body.








1. Australian Resuscitation Council. Flow Chart for the Management of Foreign Body Airway Obstruction

[image: image4]
Case 1.3

	A 26-year lady presents to the sum hospital with a one-day history of severe abdominal pain and a two-month history of amenorrhea. She collapsed when the doctor was taking her history. She had a weak pulse; pulse rate 140/min and her BP was unrecordable. She responded to 3 litres of intravenous fluid. Her haemoglobin was 60 g/l after fluid resuscitation. It is decided that she will need urgent operation at the Sum hospital.


What information do you want from the doctor at the sum hospital? What information/instructions do you give them?

	
	Information you would ask
	Instructions you would give

	Conscious state
	Is she conscious? 
	If not, start Basic Life Support immediately.

	Airway
	Is the airway safe?
	If in doubt, intubate.

	Breathing
	What is the respiratory rate?

Is she on O2?
	Give O2 if not done already.

	Circulation
	Does she have a stable circulation with good access?


	If not, she needs two large IV cannulae followed by boluses of fluid until her blood pressure and pulse rate are near normal?

Insert arterial line and/or central line if skilled personnel available.

Insert urinary catheter and monitor output aiming for 0.5mls/kg/hr.

	Disability
	What is her GCS?
	If still unconscious exclude hypoxaemia, hypercapnia, cerebral hypoperfusion or recent administration of sedatives or analgesic drugs.

	Exposure
	What is her temperature?
	Keep warm and prevent hypothermia which will affect coagulation.

	Investigations
	Does she have a cross-match? 

What are her other blood results – coagulation, electrolytes, haematocrit, arterial blood gas?
	If not, perform one and have O-negative blood ready.

Transfuse blood  and correct any coagulation problems.



	Team
	Does the surgical/obstetrics know about the patient? Is theatre prepared for the patient at the Sum Hospital.
	If not, inform them and get them ready for the patient to urgently go to theatre.



	Resources
	How much blood/drugs/equipment is available at Sum Hospital?


	Start mobilising these resources.


It is important to note first that the patient likely has Class III/IV haemorrhage as she has a BP that is unrecordable and a weak pulse at 140 bpm.  This means she has approximately lost 40% of her blood volume!

1. Pescod, David. Developing Anaesthesia Textbook 1.6 p157-159

2. Nolan, J. “The critically ill patient” (Chapter) p854-57. Allman K, Wilson I. Oxford Handbook of Anaesthesia. Oxford University Press 2006.
List drugs and equipment you would take with you. 

All drugs and equipment listed below are essential, and must be taken with you if they are not available at the Sum Hospital.
Drugs
The range of drugs available should include all drugs necessary to manage acute life-threatening medical emergencies and those specific to the patient’s clinical condition. 
Resuscitation drugs

· Adenosine

· Adrenaline*

· Amiodarone*

· Atropine

· Calcium Chloride

· Dextrose
· Frusemide

· GTN spray

· Hydrocortisone

· Lignocaine

· Metaraminol

· Metoprolol

· Naloxone

· Noradrenaline*

· Salbutamol
· Saline ampoules

· Sodium bicarbonate
*Most important

Analgesics

· Fentanyl

· Morphine


Sedatives/Induction agents

· Diazepam or midazolam
· Propofol or Thiopentone

· Ketamine

Muscle relaxants

· Non depolarising muscle relaxants – atracurium, rocuronium, vecuronium

· Suxamethonium
Reversal

· Neostigmine + atropine or glycopyrrolate


IV fluids

· Crystalloid

· Colloid


Blood products

· Red blood cells

· Fresh frozen plasma
Equipment

The assessment of patient, level of therapeutic intervention needed and duration of transport should be taken into account when choosing the right equipment. Attention must also be given to its size, weight, volume, battery life, oxygen consumption and durability.

Respiratory support

· Airways (oral and nasopharyngeal airways and a range of LMAs)

· Oxygen, mask, nebuliser

· Air viva/Laerdal bag with PEEP valve

· Suction

· Stethoscope

· Portable ventilator with capnometer and disconnect and high pressure alarms

· Intubation set (range of laryngoscope blades, endotracheal tubes, gum elastic bougie)

· Emergency surgical airway set


Circulatory support

· ECG/defibrillator/external pacer combined unit

· Pulse oximeter

· Aneroid sphygmomanometer (not mercury containing) with a range of cuff sizes

· Vascular cannulae, peripheral and central

· IV fluids and pressure infusion set

· Infusion pumps

· Arterial cannulae

· Arterial monitoring device (pressure transducer)

· Syringes and needles
· Sharps disposal container

Other equipment

· Nasogastric tube and bag

· Urinary catheter and bag

· Nasal decongestant spray

· Instruments, sutures, dressing, tape, antiseptic, gloves, glasses

· Thermal insulation and temperature monitor
1. ANZCA. Policy Documents. Minimum Standards for Transport of Critically Ill Patients
2. ANZCA. Policy Documents. Minimum Standards for Intrahospital Transport of Critically Ill Patients

3. Nolan, J. “The critically ill patient” (Chapter) p854-57. Allman K, Wilson I. Oxford Handbook of Anaesthesia. Oxford University Press 2006.
What are the anaesthetic options?

Normally, the choice of anaesthesia will depend on the type of surgery, the experience of the anaesthetist, the equipment available, the time available and the condition of the patient.

However given the following factors:

· patient is in hypovolaemic shock secondary to a significant abdominal bleed

· likely not fasted with an acute abdomen which delays gastric emptying

· will likely require a laparotomy

· surgery is time critical
The only safe anaesthetic option would be a rapid sequence induction with preoxygenation and cricoid pressure to secure the airway and prevent aspiration, followed by a relaxant general anaesthetic.

The choice of induction agent to produce hypnosis quickly would be propofol or thiopentone, both of which can cause cardiovascular collapse due to vasodilation by propofol and venodilation by thiopentone. This can be minimised by adequately resuscitating the patient prior to induction, reducing the dose of induction agents and using vasopressors with the administration of the induction agents. 

The choice of muscle relaxant to produce muscle relaxation quickly would be suxamethonium and if this is contraindicated, rocuronium.
1. Pescod, David. Developing Anaesthesia Textbook 1.6 p36-37

The most likely diagnosis is a ruptured ectopic pregnancy. You decide to take some blood with you. Which blood group and how much would you take?

You should take the patient’s blood group if it is known and enough is available. If not, then O negative should be taken.
The volume of blood to take with you can be estimated by:

1. How much transfusion she needs immediately?

2. How much blood loss will occur in surgery?

3. How much compatible blood is available at the Sum Hospital or how long will it take to transfer compatible blood from the nearest available centre?

Estimating transfusion needed now
Can be calculated by the following formula: 

Blood volume to transfuse = (Hct desired – Hct present) ( blood volume/Hct transfused blood 
where estimated values would be:

Hct desired = 0.3

Hct present ( 0.25 (given the patient has lost about 40% of her blood volume and her Hb is 60g/L after fluid resuscitation)
Blood volume ( 70mls/kg ( weight of patient ((60kg) ( 4200mls
Hct transfused blood ( 0.67 

(Blood volume to transfuse ( 300 mls or 1 units.
Estimating blood loss during surgery
This may be between 1-3 litres depending on the surgical complexity and physiological derangement of coagulation.

Estimating how much blood to bring
The minimum amount of blood that should be taken would be 4 units. More should be taken if there no available compatible blood at the Sum Hospital, or if the nearest available source is more than 2 hours away. This should provide enough time to order more blood if required.

1. Pescod, David. Developing Anaesthesia Textbook 1.6 p160-162
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	There are a number of different oxygen cylinders available. How long will each last if you use 4l/min of oxygen?


O2 is stored at 13,700 kPa at 15(C.

	Common types
	Contents
	Operation time at 4L/min

	D cylinder
	340 litres
	85 mins

	E cylinder
	680 litres
	170 mins

	F cylinder
	1360 litres
	340 mins


1. BOC Medical. Medical Oxygen Data Sheet.
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	What do you believe is the minimum anaesthetic/resuscitation equipment/drugs that should be available at a sum hospital?


Anaesthetic equipment

· For the provision of general anaesthesia:

· Anaesthesia delivery system capable of delivering an accurately measured flow of oxygen and medical air.

· Calibrated vaporisers or other systems designed for accurate delivery of inhalational anaesthetic agents when required.

· Infusion devices designed for controlled delivery of intravenous anaesthetic agents when required.

· A range of suitable breathing systems with appropriate measures to ensure the sterility of breathing gases supplied to each patient.

· Breathing systems suitable for paediatric use when necessary.

· Equipment for automatic ventilation of the lungs. 
· Air viva/Laerdal bag with PEEP valve with oxygen supply independent of the anaesthesia delivery system.

· Suction for the exclusive use of the anaesthetist.

· Protection – gowns, disposable gloves, mask and eye shields.

· Stethoscope.

· Sphygmomanometer.

· Monitoring equipment

· Oxygen analyser.

· Breathing system disconnection or ventilator failure alarm.

· Pulse Oximeter.

· ECG.

· Intermittent non-invasive blood pressure monitor.

· Continuous invasive blood pressure monitor.

· Carbon dioxide monitor.

· Volatile anaesthetic agent concentration monitor.

· Neuromuscular function monitor. 
· Other – monitors for central venous pressure, cardiac output, respiratory mechanics).

· Appropriate range of face masks.

· Appropriate range of oropharangeal, nasopharangeal, laryngeal mask.

· Two laryngoscopes with a range of suitable blades.

· An appropriate range of endotracheal tubes and connectors.

· A range of endotracheal tube introducers and bougies.

· Endotracheal cuff inflating syringe.

· Magill’s forceps and throat packs.

· A suitable range of adhesive and other tapes.

· Scissors.

· Sterile lubricant.

· Tourniquets.

· Intravenous infusion equipment with an appropriate range of cannulae and solutions.

· Means for safe disposal of items contaminated with biological fluids, sharps and waste glass.

· Equipment for scavenging of anaesthetic gases and vapours.

· Equipment to warm or cool patient.

· Equipment for sub-arachnoid, epidural or regional nerve blocks.
Resuscitation equipment

· Equipment for managing difficult intubations.

· Equipment for rapid infusion of fluids.

· A cardiac defibrillator with capacity for synchronised cardioversion.

· Interpleural drainage sets

Drugs

These should be similar to what has been described above (see 2nd question in Case 1.3). Drugs marked with a “*” are additional.
· Drugs for anaesthesia

· Analgesics

· Fentanyl

· Morphine


· Sedatives/Induction agents

· Diazepam or midazolam
· Propofol or Thiopentone

· Ketamine*
· Muscle relaxants

· Non depolarising muscle relaxants – atracurium, rocuronium, vecuronium

· Suxamethonium
· Reversal

· Neostigmine
· Drugs for management of the following conditions – adrenal dysfunction, anaphylaxis, bronchospasm, cardiac arrest, cardiac arrhythmias, coagulopathies, hypoglycaemia, hypotension, hyperglycaemia, hypertension, malignant hyperthermia, pulmonary oedema, raised intracranial pressure, respiratory depression, uterine atony: 
· Adenosine

· Adrenaline

· Amiodarone

· Atropine

· Calcium Chloride

· Dantrolene* (isolated hospitals should have 36 x 20mg ampoules which is sufficient to treat a 70 kg adult with up to 10mg/kg).

· Dextrose

· Ergometrine*

· Frusemide

· GTN spray

· Heparin*

· Hydrocortisone

· Insulin*

· Lignocaine

· Magnesium*

· Mannitol*

· Metaraminol

· Metoprolol

· Naloxone

· Noradrenaline

· Oxytocin*

· Potassium Chloride*

· Protamine*
· Salbutamol
· Saline ampoules

· Sodium bicarbonate
· IV fluids

· Crystalloid

· Colloid

· Blood products

· Red blood cells

· Fresh frozen plasma
1. ANZCA. Policy Documents. Recommendations of minimum facilities for safe administration of anaesthesia in operating suites and other anaesthetising locations.
2. ANZCA. Policy Documents. Recommendations on monitoring during anaesthesia.
Further reading


Aetiologies can be further divided into structural and functional factors.





The structural causes are:


Coronary artery disease (accounts for 80%)


Hypertrophic and dilated cardiomyopathies (accounts for 10-15%)


Inflammatory and infiltrative myocardial disorders


Valvular heart disease


Electrophysiological abnormalities


Pericardial tamponade





The functional causes are:


Changes to coronary blood flow – transient ischaemia or reperfusion after ischaemia


Low cardiac output states – heart failure or shock


Systemic metabolic abnormalities – electrolyte imbalance, hypoxaemia, acidosis


Autonomic fluctuations – central, neural, humoral


Toxic responses – proarrhythmic drugs, cardiac toxins, drug interactions





1. Myerburg Robert J, Castellanos Agustin, "Chapter 267. Cardiovascular Collapse, Cardiac Arrest, and Sudden Cardiac Death" (Chapter). Fauci AS, Braunwald E, Kasper DL, Hauser SL, Longo DL, Jameson JL, Loscalzo J: Harrison's Principles of Internal Medicine, 17th Edition.


2. Nichol N, Robertson C. “Chapter 1.2.1 Pathophysiology and causes of cardiac arrest” (Chapter). Webb AR, Shapiro MJ, Singer M, Suter P: Oxford Textbook of Critical Care,  1st edition 1999.


3. Siscovick D, Podrid P. “Overview of sudden cardiac arrest and sudden cardiac death” (Chapter). Uptodate Online 16.3.





Further reading


Children have much better survival outcomes than adults following asystole and PEA (24% vs 11%) due to differences in: 


Patient characteristics


Prearrest conditions


Earlier recognition and treatment of the cardiac arrest


Interventions during CPR


Post resuscitation care.





1. Nadkarni VM, Larkin GL, Peberdy MA, et al. First documented rhythm and clinical outcome from in-hospital cardiac arrest among children and adults. JAMA 2006; 295:50-57.








Further reading


Other differentials would include:


Supraventricular tachycardia associated with functional or rate related bundle branch block.


Antidromic atrioventricular re-entrant tachycardia (AAVRT) in the presence of preexcitation (commonly Wolff-Parkinson-White syndrome)


Wide QRS pacing generated by ventricular pacing


Hyperkalaemia


Tricyclic antidepressant toxicity





If VT has been ruled out with certainty, AV nodal blockers (adenosine, beta blockers, calcium channel blockers and digitalis) can be considered, but are absolutely contraindicated in patients who have WPW with atrial fibrillation or a wide QRS complex tachycardia that is not known with certainty to be AAVRT.





1. Goldberger Z, Rho RW, Page RL. “Approach to the Diagnosis and Initial Management of the Stable Adult Patient With a Wide Complex Tachycardia.” Am J Cardiol 2008; 101:1456-1466


2. Podrid P. “Pharmacologic therapy of arrhythmias associated with the Wolff-Parkinson-White syndrome” (Chapter). Olshansky B, Manaker S. Uptodate Online 16.3.











Assess severity





Mild airway obstruction (effective cough)











Severe airway obstruction (ineffective cough)





Encourage coughing





Continue to check until recovery or deterioration





Call for help if needed











Unconscious














Conscious














Call for help





Commence CPR














Call for help





Give up to 5 back blows





If not effective


Give up to 5 chest  thrust














Further reading


Back blows are applied by standing to the side and slightly behind the patient. Support the chest with one hand and have the patient lean well forward and give up to 5 sharp blows between the shoulder blades with the heel of the other hand.





�Figure 1. Back blows








Chest thrusts are applied by first supporting the patient’s back with one hand, with someone else behind or with the patient standing against a wall. Then at the same point on the chest that is used when providing chest compressions during CPR, chest thrusts are delivered at a sharper but slower rate than chest compression during CPR. 





�Figure 2. Chest thrusts








Abdominal thrusts are not recommended by the Australian Resuscitation Council as there is evidence of harm caused by this procedure.





1. Australian Resuscitation Council. FAQ5, p3.








Further reading


High altitude decreases the partial pressure of O2 – at 1580m, barometric pressure is 628 mmHg and the fraction inspired pO2 is 122mHg and the alveolar pO2 is 72mmHg. When transferring the critically ill, this has to be compensated by increasing the delivery of supplemental O2 which means that a cylinder’s operation time will be decreased.





High altitude is also associated with lower temperatures which will decrease the pressure inside a cylinder. Therefore, using pressure as an indication of how much volume is left inside the cylinder will lead to an underestimation of the true volume.





Try working out what the alveolar pO2 will be at Mt Everest base camp where the altitude is 5400m and the barometric pressure is half of that at sea level using the alveolar gas equation!








Further reading


Each unit of packed cells with a volume of 300 mL contains approximately 200 mL of red cells and, in an adult, will raise the haematocrit (Hct) by roughly 3 to 4 percentage points and the hemoglobin (Hb) by about 1 gm/dl, unless there is continued bleeding.





1. Kleinman S, May AK. “Indications for red cell transfusion in the adult.” (Chapter). Olshansky B, Manaker S. Uptodate Online 16.3.











