· (5.2.1) recognise the properties of some of the commoner drugs used in anaesthesia and their side effects
Muscle relaxants

	Depolarising (e.g. Suxamethonium)
	Non-depolarising (e.g. atracuronium)

	Mimics action of acetylcholine causing membrane depolarisation

· Depolarises muscle cell membrane

· Not metabolized by acetycholinesterase

· Prevents further muscle activity

· Lasts for several minutes before metabolisation by plasma pseudocholinesterase*.
	Compete with acetylcholine for access to receptors but do not cause depolarization. Used for:

· Maintaining relaxation following suxamethonium

· Facilitating non-urgent tracheal intubation


* A genetic fault in the pseudocholinesterase gene may prolong this period. Heterozygotes have some pseudocholinesterase and the relaxation effect in merely increased to 15-20 minutes. Homozygotes have no fully effective psedocholinesterase and will be apnoeic for 3-4 hours during which time they must be managed appropriately!

	Drug
	Dose
	Modality
	Notes

	Suxamethonium
	1.5 mg / kg
	IV, IM, SC
	· Depolarising

· Rapid onset – muscle fasciculations followed by relaxation in 40-60 s.

· Lasts 4-6 minutes

	Atracuronium
	0.1 mg / kg
	IV
	· Non-depolarising

· Relaxation onset in 90-120 s

· Lasts for 20-25 minutes

· Chosen relaxant in hepatic or renal failure

	Neostigmine
	2.5 mg fixed dose (adults)
	IV with atropine 1.2mg
	· Anticholinesterase – reversal of relaxation from non-depolarising agents.

· Muscarinic effects include: bradycardia; bowel, bladder and bronchi spasm, 

	Edrophonium
	0.5 – 1 mg / kg
	IV with atropine
	· Anticholinesterase – reversal of relaxation from non-depolarising agents.
· Faster onset.
· Less muscarinic effects.

	Atropine
	
	
	· Blocks muscarinic effects


For anaesthetic agents the MAC is an important concept:
· MAC = minimum alveolar concentration (%)

· This is the minimum concentration of the inhalent that prevents response to incision in 50% of patients. Lower numbers are indicative of more potent agents.

· MAC is cumulative with different gases and is decreased if the gas is given with N2O (nitrous oxide) as this gas itself has a MAC value (105% - obtained only theoretically!).

AD95 is similar but less used: it is the minimum concentration of the inhalent that prevents response to incision in 95% of patients. This is actually more useful!

Note that MAC is not the only criteria on which an agent is selected – the side effect profile and other characteristics are also important.

· (5.2.2) Perform venous cannulation competently
· (5.2.3) Recognise some of the complications which may occur during an anaesthetic including, hypertension, bradycardia and tachycardia, myocardial infarction, aspiration of stomach contents
The main complications can be remembered by thinking of the key priorities: ABC

A: Tongue; bronchoconstriction, Vomiting; regurgitation

B: Pneumothorax

C: Hypotension, hypertension, tachycardia, bradycardia

Also remember that failure of analgesia, in which the patient feels pain but cannot move due to the muscle relaxant is a potential complication on its own.

Airway complications

Blockage by tongue

· May result from muscle relaxants

· Chin lift and jaw thrust will move tongue out of the way

· A non-definitive airway may be inserted: oropharyngeal (Guerdal), nasopharyngeal or LMA (laryngeal mask airway)

· A definitive airway may be inserted for a more secure airway: endotracheal tube, thacheostomy tube.

Bronchoconstriction

Anaphylactic reaction to drug

Aspiration (see below)

B agonist

Vomiting and regurgitation

Factors leading to vomiting regurgitation

· This is most prevalent at induction / recovery.

The risks attached to vomiting/regurgitation are

· Aspiration pneumonitis (Mendelson’s syndrome) – acute bronchospasm and circulatory collapse. Mortality ~25%

Prevention

· Ensuring an empty stomach pre-operatively

· Sellicks manoeuvre – firm pressure on the cricoid cartilage with thumb and forefinger during induction to close the oesophagus.

· Endotracheal tube

Treatment

· Lower the patients head and turn it to one side – aspirate vomitus from pharynx.

If inhalation has taken place:

· Aspirate the tracheal contents immediately via endotracheal tube or bronchoscopy.

· Artificial ventilation with O2 enriched air

· Antispasmodic (agents such as aminophiline)

· Antibiotics and hydrocortisone IV

Breathing complications

Pneumothorax: These can be open or closed – in the latter, the leak spontaneously closes off, while in the former the communication between the lung and the pleural space remains patent

Tension pneumothorax: in which a small communication remains open only during inspiration so that the volume of air in the pleural space slowly or rapidly increases compressing the adjacent lung.

	Iatrogenic causes: 

· Insertion of CVP line 

· Artificial ventilation 

· Artificial pneumothorax 

· Thoracocentesis 

· Thoracic or cervical surgery
	Symptoms:

· May be asymptomatic

· Rapid onset pleuritic chest pain

· Breathlessness is seldom severe unless a tension pneumothorax develops
	Signs:

· Tachypnoea

Examination of the chest over a pneumothorax reveals: 

· reduced expansion 

· hyperresonance 

· reduced breath sounds


Treatment

· If the pneumothorax is small (less than 20%) and enclosed then the pneumothorax should be left to spontaneously resolve unless the patient has compromised respiratory function due to underlying lung disease. (In the presence of underlying lung disease aspiration or a chest drain may be required.)

· Large pneumothoraces should be aspirated. A syringe may be used to draw off up to 1500 mls of air. Larger volumes make it increasingly likely that the pneumothorax has not sealed and an intercostal drain may be required.

· Repeat chest X-rays should be taken to assess resolution of pneumothorax.

· A tension pneumothorax is a medical emergency requiring immediate decompression: insert a large-bore intravenous cannula into the second intercostal space in the midclavicular line on the affected side if there is a sudden release of air, the diagnosis is confirmed and should be followed immediately by an intercostal chest drain in the fifth intercostal space in the midaxillary line if the diagnosis is in doubt, order a chest x-ray and proceed with the chest drain if confirmatory

Circulatory complications

Hypotension

Factors leading to hypotension

· Loss of sympathetic stimulation (effect of sedative)

· Central depression of vasomotor centre ( vasodilatation

· Depression of myocardium ( decreased CO

· Diminished venous return to the heart

· Loss of volume

A decrease of about 25 mmHg is natural after pre-med (phenothiazines and pethidine especially) - this can also occur during sleep. This commonly rises to closer to normal after surgery has started.

The risks attached to hypotension are

· Cerebral damage from hypoxia

· Myocardial damage from hypoxia

· Thrombus formation

· Over long periods, renal and hepatic damage mayoccur due to inadequate circulation to these organs.

Treatments include

· Infusion of appropriate fluids where volume is low. Elevation of the feet is an important first aid measure.

· Reduction of agent (e.g. halothane) where this is thought to be responsible. If bradycardic then atropine 0.6 mg IV can be given.

Hypertension

Factors leading to hypertension

· Underventilation of lungs ( retention of CO2 ( hypoxaemia

· Inadequate analgesia

· Phaeochromocytoma (rare)

Treatments include

· Institution of controlled ventilation or increase in ventilating volumes

· Checking for signs of reflex activity and administering additional analgesia

Tachycardia

Factors leading to tachycardia

· Inadequate analgesia

· Inadequate ventilation

· Hypotension / haemorrhage

· Vagolytic drugs (e.g. atropine, pethidine)

Bradycardia

Factors leading to bradycardia

· Loss of sympathetic stimulation (effect of sedative)

· Halogenated anaesthetics e.g. Halothane

· Second and subsequent doses of suxemethonium

Prevention of bradycardia

· Premedication with atropine

· Restriction of second and subsequent doses of suxemethonium

· (5.2.4) Care for an unconscious patient
Coma ( or unconsciousness ) is a state in which a patient is totally unaware of both self and external surroundings, and unable to respond meaningfully to external stimuli. Coma results from gross impairment of both cerebral hemispheres, and/or the ascending reticular activating system.

There are many causes of coma and these may be classified as either focal or diffuse brain dysfunction.
Focal brain dysfunction
· focal head injury

· vascular events (CVA)

· demyelination

· infection, such as cerebral abcess

· brain tumour

 
Diffuse brain dysfunction
· Drugs, poisoning and overdoses (including alcohol)

· Diffuse head injury

· Epilepsy

· Infection, such as meningitis or encephalitis

· Hypoxia and hypercarbia

· Metabolic/endocrine causes, such as diabetic coma, hepatic or renal failure, hypothyroidism, severe electrolyte disturbances

· Hypotension, or hypertensive crisis

· Subarachnoid haemorrhage

· Hypothermia, hyperthermia

· Sometimes, people just pretend!

 

Management of the unconscious patient
First of all, make sure quickly that they are unconscious, and not just asleep. Often, someone else has already done this for you. Next, the primary care is EXACTLY the same as Basic Life Support – AIRWAY, BREATHING, CIRCULATION.

A patient who is unconscious is at a very high risk of compounding their problems by adding to them by asphyxia, leading to death. When consciousness is lost, the tongue usually falls back in the pharynx and obstructs the airway. The cough reflex is lost, and blood or regurgitated stomach contents are often aspirated into the lungs. Therefore, the unconscious patient must have their airway supported by tilting the head and lifting the chin (sometimes with the help of an oral or nasal airway), and by placing them into the coma position to prevent aspiration. Their breathing must be checked frequently 

· Look – watch the chest moving easily, without the use of accessory muscles or the abdomen heaving.

· Listen – with you ear at the patient mouth, or with a stethescope

· Feel – the flow of air at the mouth with your hand or cheek, and chest or abdominal movements.

 

Alternatively, they may have an endotracheal tube placed, preferably by an anaesthetist. All unconscious patients should be given supplemental oxygen therapy at a high concentration. VERY FEW PATIENTS HAVE END STAGE OBSTRUCTIVE AIRWAYS DISEASE AS THE CAUSE OF THEIR COMA. Therefore, give more than 24% oxygen!!!

The circulation in the unconscious patient often requires support, and so early good intravenous access is required, with measuring of the pulse and blood pressure and appropriate treatment.

Diagnosis
If available, the history from relatives or ambulance staff will often give all the necessary clues needed to make a provisional diagnosis of the cause of unconsciousness. 

Making a diagnosis is important, because it will direct appropriate therapy. However, it does not reduce the need for generic supportive care, such as that offered on intensive care. Sometimes, the diagnosis allows the withdrawal of care, if the cause of coma is untreatable and the brain damage irreversible. 

Evaluation
The comatose patient should be physically examined for any helpful signs, such as lumps on the head and non blanching rashes. The system which will be examined most intently ( and often provides the least information) is the nervous system. There are certain parts of the central nervous system which are easy to examine, including the eyes and reflexes, but other information is provided by the posture and muscle tone, and the respiratory pattern. The eyes do give useful information – pupil size and equality, and direction of gaze.

Evaluation using the Glasgow Coma Scale should be made – ideally this should be repeated (and recorded!) every 15 minutes until transfer to an appropriate ward / ITU. Keep a record of the separate scores, not just the total.

 
The Glasgow Coma Scale


	PRIVATE
Eye Opening
	E

	Spontaneous
	4

	to speech
	3

	to pain
	2

	no response
	1

	Best Motor Response
	M

	Obeys
	6

	Localizes pain – pushes your hand away
	5

	Flexion-withdrawal – moves away from the pain
	4

	Flexion-abnormal – upper and lower limbs flex
	3

	Extension – upper and lower limbs extend
	2

	no response
	1

	Best Verbal Response
	V

	Oriented and converses
	5

	Disoriented and converses
	4

	Inappropriate words
	3

	Incomprehensible sounds
	2

	no response
	1


Investigations

A full blood count, and simple biochemistry, give lots of useful information which may make the diagnosis. Other simple tests often useful in diagnosis of unexplained coma include blood sugar, paracetamol and aspirin levels.

An investigation which is used increasingly, and often without a proper physical examination of the patient, is the computerised tomogram of the head, the CT scan.

The procedure puts the patient at some risk while in the scanner, but it does give quite a lot of information about what is going on inside the head. It will show space occupying lesions, bleeds and swelling of the brain. Often the CT scan does not help, except as a route of exclusion. There is a more sophisticated scan available, the MRI, which shows similar things but in better detail. They take longer and are less readily available, and are so not used in the acute stages of management very often.

Lumbar puncture is often undertaken, and will give information about infection or bleeding (the CSF becomes xanthochromic – yellow ) but ↑ICP must be excluded first.

If no diagnosis is still apparent, then just about every other test available will then be used in whatever order comes into the clinician’s head, although sometimes the choices are based on presumed diagnoses.

The EEG may give useful information, especially if epilepsy is suspected.

 

Further Management of the comatose patient
This care will often be delivered in a specialist unit, usually an intensive care/therapy unit. Long term management involves consideration of the problems suffered by a patient lying still for very prolonged periods with no protective reflexes. These include 

· Pressure area care

· Care of the mouth, eyes and skin

· Physiotherapy to protect muscles and joints

· Risks of deep vein thrombosis

· Risks of stress ulceration of the stomach

· Nutrition and fluid balance

· Urinary catheterization

· Monitoring of the CVS

· Infection control

· Maintenance of adequate oxygenation, with the assistance of artificial ventilation

 

 

http://www.ncl.ac.uk/nsa/anmedst.html 

Background box: When is Coma not Coma ?
Often, if the causes of coma are not treated, or cannot be treated, then it will progress to the point of irreversible brain damage and then brain death.

Brain death is more correctly described as brain stem death. What we look for is the absence of the activity in the brain stem that is required for the survival of the body, most importantly breathing. The tests we do for brain death are looking at the integrity of brain stem reflexes.

Before we can commence the tests we must have a patient with a known irresversible cause of coma, and we must exclude:

· any drugs which may be causing CNS depression, or paralysis

· any endocrine or metabolic disturbances causing CNS depression

· hypothermia ( temperature of less than 35 degrees C )

Then, what we look for are:

· absent pupillary response to light

· absent corneal reflex

· absent oculovestibular reflex ( nystagmus in response to cold water in the ear)

· absent motor responses to pain

· absent cough and gag reflexes

· absent respiratory efforts, despite adequate stimulation from carbon dioxide in the blood.

These tests are done by two senior doctors, and usually performed twice. One done, the patient is "dead", and can be an organ donor if suitable. If the patient breathes, they are not brain dead, but in a persistent vegetative state which can potentially go on for years.

A summary so far:


Check response – make sure patient actually IS unconscious


Assess ABC


Tilt head and place into coma (‘recovery’) position. Place airway if available.


Give high levels of oxygen


Establish IV access


Measure pulse, BP


Measure GCS


Repeat observations regularly


Take a history from bystanders, ambulance staff etc.


Take a BM


Take bloods: FBC; U+E; LFT; serum glucose, aspirin, paracetamol.


Imaging as appropriate








E + M + V = 3 to 15


90% less than or equal to 8 are in coma 


Greater than or equal to 9 not in coma 


8 is the critical score 


Less than or equal to 8 at 6 hours - 50% die 


9-11 = moderate severity 


Greater than or equal to 12 = minor injury 





Coma is defined as: 


Not opening eyes 


Not obeying commands


Not uttering understandable words.








