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Editorial Comment


This is a quick guide only. For more detail, please refer to the relevant chapter or to the index.









1 Cardiorespiratory arrest algorithms




[image: image]


Figure 1.1 Adult cardiorespiratory arrest algorithm Reproduced with permission from the Australian Resuscitation Guidelines. Online. Available: www.resus.org.au/public/arc_adult_cardiorespiratory_arrest.pdf (accessed 2 July 2012)












[image: image]


Figure 1.2 Paediatric cardiorespiratory arrest algorithm Reproduced with permission from the Australian Resuscitation Council Guidelines. Online. Available: www.resus.org.au/public/arc_paediatric_cardiorespiratory_arrest.pdf (accessed 2 July 2012)










[image: image]


Figure 1.3 Neonatal cardiorespiratory arrest algorithm Reproduced with permission from the Australian Resuscitation Council Guidelines. Online. Available: www.resus.org.au/public/arc_neonatal_flowchart.pdf (accessed 2 July 2012)














2 Cardiac arrest drugs


The following tables have been adapted from the Australian Resuscitation Council Guidelines.















Drugs routinely used in ADULT cardiac arrest




[image: image]















Other drugs to consider in ADULT cardiac arrest
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Drugs routinely used in PAEDIATRIC cardiac arrest
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Other drugs to consider in PAEDIATRIC cardiac arrest
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3 Miscellaneous drugs—adults















Miscellaneous drugs used in ADULTS
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Commonly used antibiotics in ADULTS
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4 Miscellaneous drugs—paediatrics


The following tables have been adapted from Shann F, Drug Doses, 15th edn, and the Australian Medicines Handbook.















Miscellaneous drugs used in PAEDIATRIC patients
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Commonly used antibiotics in PAEDIATRIC patients
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5 Cardiology





Reversible causes of cardiac arrest (‘4Hs and 4Ts’)










	
Hypoxia

	
Tension pneumothorax






	
Hypovolaemia

	
Tamponade (cardiac)






	
Hypo/hyperkalaemia and metabolic disturbances

	
Toxins






	
Hypo/hyperthermia

	
Thromboembolism (pulmonary/cardiac)



















Post-resuscitation care


Aims:




• Maximise neurological outcome.


• Look for and treat the cause of the cardiac arrest.


• Treat complications (arrhythmias).





Re-evaluate A, B, C, D, E.


Perform ECG and CXR.




• Look for STE or new LBBB post arrest.


• Look for trauma related to CPR (e.g. rib fracture).


• Check placement of tubes (ETT, NGT, OGT)/lines.





Check adequacy of perfusion, oxygenation and ventilation (may require advanced airway if not already placed).




• Aim for systolic BP ≥ 100 mmHg.


• Aim for O2 sats 94–98%





Induce hypothermia (32–34°C) for patients who are unresponsive to verbal command (continue for 12–24 h post arrest).




• Ice packs to neck, axillae, groin.


• Infuse cold fluids (30 mL/kg 0.9% saline).


• Cooling mattress.





Monitor BSLs




• Treat hyperglycaemia (> 10 mmol/L) with insulin but avoid hypoglycaemia.





Identify and treat underlying cause of cardiac arrest.




• See table above (4Hs and 4Ts)


• PCI may be indicated even in the absence of STE or new LBBB post arrest.





Adapted from Guideline 11.7, Post-resuscitation therapy in adult advanced life support, 2010, Australian Resuscitation Council. www.resus.org.au.

















CARDIAC MARKERS















Cardiac markers—approximate time sequence from onset of symptoms




[image: image]















Causes of elevated troponins other than ACS
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MANAGEMENT OF STEMI (STEACS)















Thrombolysis/fibrinolysis versus percutaneous coronary intervention (PCI)







[image: image] Always consider PCI as the preferred primary reperfusion therapy.


[image: image] Primary PCI is superior to thrombolysis IF it occurs:


within 1 hour if the onset of chest pain < 1 hour


or


within 90 minutes if a patient presents later.


[image: image] PCI or CAGS = preferred treatment options for cardiogenic shock secondary to STEMI.








Contraindications for thrombolysis for AMI





 Absolute contraindications




• Any prior ICH


• CVA in the preceding 3 months


• Intracranial neoplasms or cerebral structural vascular lesions (e.g. AVM)


• Significant closed head or facial trauma (within 3 months)


• Active bleeding or known bleeding disorder (excluding menses)


• Suspected aortic dissection











 Relative contraindications




• CVA > 3 months ago


• Dementia


• Current anticoagulant therapy


• Pregnancy


• Non-compressible vascular punctures


• Traumatic or prolonged (> 10 min) CPR


• Refractory hypertension (SBP > 180 mmHg or DBP > 110 mmHg)


• Recent major surgery (within 3 weeks)


• Recent internal bleeding (within 4 weeks)


• Active peptic ulcer

















STEMI high-risk features







• Advanced age


• Hypotension


• Tachycardia


• Heart failure


• Anterior MI











A TIMI (thrombolysis in myocardial infarction) risk score for STEMI which predicts 30-day mortality after an MI is available at http://circ.ahajournals.org/content/102/17/2031.abstract.




















MANAGEMENT OF UA AND NSTEMI (NSTEACS)


(Adapted from the Australian Resuscitation Council Guidelines and the National Heart Foundation.)






High-risk features


Presentation with clinical features consistent with ACS and any of:




[image: image]















Intermediate-risk features


Presentation with clinical features consistent with ACS and any of the following AND NOT meeting any criteria for high-risk NSTEACS:




[image: image]

















Management of UA/NSTEMI patients




[image: image]








A TIMI (thrombolysis in myocardial infarction) risk score for UA/NSTEMI, indicating risk of death and ischaemic events, is available at stroke.ahajournals.org/content/41/12/2731.figures-only.












CHADS2 SCORE FOR AF


CHADS2 score: a clinical prediction rule to determine the risk of stroke in a patient with non-rheumatic atrial fibrillation








	 

	Condition

	Points






	C

	Congestive cardiac failure

	1






	H

	Hypertension

	1






	A

	Age ≥ 75 y

	1






	D

	Diabetes

	1






	S2

	Prior stroke/TIA

	2



















	CHADS2 score

	Stroke risk %

	95% CI






	0

	1.9

	1.2–3.0






	1

	2.8

	2.0–3.8






	2

	4.0

	3.1–5.1






	3

	5.9

	4.6–7. 3






	4

	8.5

	6.3–11.1






	5

	12.5

	8.2–175






	6

	18.2

	10.5–274















[image: image]








The CHA2DS2VASc score, a refinement incorporating additional stroke risk factors, can be found at: http://jama.jamanetwork.com/article.aspx?articleid=192996#tab3.














6 ECGs






ECG FEATURES






Speed and calibration of the ECG




[image: image]


















ECG TERMINOLOGY







Concordance: same polarity—i.e. deflections are occurring in the same direction.


Disconcordance: deflections are occurring in opposite directions.


R wave progression: normally see a relative increase in R wave size and decrease in S wave size when moving from V1 to V6.


Transition zone: the chest lead where the R wave approximately equals the S wave—usually V3/V4.


Time to onset of intrinsicoid deflection: the time from the beginning of QRS to the peak of the R wave.


Axis:




[image: image] Is the average direction of the spread of depolarisation through the ventricles when looking at the front of the patient.


[image: image] Leads aVR and II look at the heart from opposite directions.


[image: image] Looking at the front of a patient, depolarisation spreads from approx 11 o’clock to 5 o’clock (i.e., deflections are mainly negative in aVR and positive in II).


[image: image] Normal axis is a positive deflection in I, II, III as the depolarising wave is spreading towards these leads.




















Normal waves, intervals and complexes in the ECG




[image: image]
























ECG AXIS












ECG axis features








	Axis

	 

	ECG features






	Normal

	−30° to +90°

	Positive in leads I, II and III






	Left axis deviation

	< −30°

	Positive in lead I, negative in II, III






	Right axis deviation

	> +100°

	Negative in lead I, positive in II, III






	Extreme axis deviation

	−100° to +180°

	Negative in I and aVF















[image: image]


Figure 6.1 Hexaxial lead diagram















Causes of axis deviation




[image: image]










[image: image]


Figure 6.2 Normal QRS axis and axis deviation
Most ECGs show either a normal axis or left or right axis deviation. Occasionally, the QRS axis is between −90° and 180°. Such an extreme shift may be caused by marked left or right axis deviation. Figures 6.1 and 6.2 adapted from Goldberger AL, Clinical electrocardiography: a simplified approach, 7th edn, Philadelphia: Mosby, 2006: Figs 5-2 and 5-13. Available: www.mdconsult.com/books/bbmapAsset?appID=MDC&isbn=0-323-04038-1&eid=4-u1.0-B0-323-04038-1..50006-8..gr13&assetType=full.


























ECG INTERPRETATION






ECG parameters to check


Standardisation:




[image: image] Check the paper speed (25 mm/s) and voltage (1 mV = 10 mm).





Rate:




[image: image] Count the number of large boxes between successive QRS complexes (use the R–R interval).


[image: image] Divide 300 by the above number (e.g. if there are 5 large boxes between successive QRS complexes, then the heart rate is 300 ÷ 5 = 60/min).


[image: image] < 60/min = bradycardia.


[image: image] > 100/min = tachycardia.





Rhythm:




[image: image] Regular versus irregular.


[image: image] If irregular, is it regularly irregular (2nd degree heart block, trigeminy) or irregularly irregular (atrial fibrillation)?





P waves:




[image: image] Relationship of P waves to QRS complex: is each P wave followed by a QRS complex?


[image: image] Is the PR interval the same duration for all complexes?


[image: image] If all P waves and QRS complexes are completely unrelated = AV dissociation.





QRS complex:


Look at the:




[image: image] axis


[image: image] amplitude


[image: image] duration—short (narrow complex), normal or widened (broad complex)? Broad complexes = possible bundle branch block (BBB), drug toxicity, electrolyte abnormalities.





ST segment:


Is the ST segment:




[image: image] isoelectric (lies horizontally on the baseline)—normal?


[image: image] elevated = possible myocardial infarction or pericarditis (if widespread)?


[image: image] depressed = possible ischaemia, drug effect (digoxin gives ‘reverse tick’ pattern)?





T wave:


Look at polarity, height and shape:




[image: image] Inverted in aVR, upright in I, II


[image: image] May be normally inverted in III, V1


[image: image] Inversion in V1–V2 ‘persistent juvenile pattern’


[image: image] Examples of patterns:




– Peaked = hyperkalaemia or hyperacute in early AMI


– Flattened or inverted = ischaemia


– Wellen’s syndrome = symmetrical deep T wave inversion (usually > 2 mm) in praecordial leads; indicative of critical proximal LAD stenosis















Conduction abnormalities




[image: image]

















Myocardial infarction localisation




[image: image]










[image: image]


Figure 6.3 Brugada syndrome (From Wilde AA, Strickberger SA et al: J Am Coll Cardio 47:473–484, 2006, Fig. 3.) In Ferri’s Clinical Advisor 2013, 1st ed. Copyright © 2012 Mosby























BBB and AMI






Sgarbossa criteria


ECG criteria that increase specificity of AMI in patients that present with chest pain and new/old LBBB:




[image: image] A score ≥ 2 is > 85% specific for AMI.


[image: image] Remember, new LBBB or LBBB with a concordant segment → reperfusion recommended.











	ECG changes

	Points






	Concordant ST elevation ≥ 1 mm in one lead

	5






	Concordant ST depression ≥ 1 mm in one of leads V1–V3


	3






	Disconcordant ST elevation ≥ 5 mm

	2




















RBBB







[image: image] Any ST elevation, even if disconcordant, is abnormal.


[image: image] In V1–V3, there is often up to 1 mm ST depression, so minimal ST elevation may be seen in an anterior AMI.















Differentiating VT versus SVT with aberrancy




Features making VT more likely


[image: image]























7 Respiratory






OXYGEN SATURATION/INSPIRED OXYGEN












Oxygen dissociation curve (approximations)








	% Oxygen saturation

	Approximate pO2 (mmHg)






	60

	30






	70

	40






	80

	50






	90

	60




















Correlation between FiO2 and expected pO2: ‘factor of 5’ rule





Examples:




21% FiO2 = pO2 ~ 100 mmHg


90% FiO2 = pO2 ~ 450 mmHg


100% FiO2 = pO2 ~ 500 mmHg


















Approximate FiO2 related to flow rates of semi-rigid masks (i.e. Hudson, non-rebreathing masks)








	O2 flow rate (L/min)

	Approximate FiO2







	4

	0.35






	6

	0.50






	8

	0.55






	10

	0.60






	12

	0.65






	15

	0.70





























ALVEOLAR OXYGEN AND A–a GRADIENT






Alveolar gas equation


PAO2 = PiO2 – (PACO2 × 1.25)





where:




[image: image] PAO2 is the alveolar pO2


[image: image] PiO2 is the inspired pO2 = 713 × FiO2


[image: image] PACO2 is the alveolar pCO2 (assumed to be equal to the measured arterial blood gas estimation of CO2)





Example:


If at room air (21% FiO2) PACO2 = 40 mmHg, then


[image: image]











A–a gradient


A–a gradient = PAO2 – PaO2





where:




[image: image] PAO2 is the alveolar pO2


[image: image] PaO2 is the arterial blood gas estimation of O2









Normal value of A–a gradient:


Calculating normal A–a gradient = (age ÷ 4) + 4





Note: PaO2 decreases with age. As an approximate guide,


PaO2 at room air = [100 – (age ÷ 3)] mmHg.


















CURB-65 SCORE


A severity scoring system for community-acquired pneumonia.








	 

	Criterion

	Score






	C

	Confusion

	1






	U

	Urea > 7 mmol/L

	1






	R

	Respiratory rate ≥ 30/min

	1






	B

	BP (SBP ≤ 90 mmHg or DBP ≤ 60 mmHg)

	1






	65

	≥ 65 years

	1



















	Score

	% 30-day mortality

	Treatment considerations






	1

	2.7 (low risk)

	Outpatient






	2

	6.8 (moderate risk)

	Inpatient or close outpatient follow-up






	3

	14 (severe risk)

	Inpatient ± intensive care admission






	4 or 5

	27.8 (highest risk)

	Inpatient ± intensive care admission






















SPIROMETRY PATTERNS OF OBSTRUCTIVE AND RESTRICTIVE RESPIRATORY DISEASES












Spirometric values




[image: image]
























CLASSIFICATION OF SEVERITY OF COPD




[image: image]


*Post-bronchodilator measurements are recommended.


Adapted from the Global Initiative on Chronic Obstructive Lung Disease, Table 2. At-a-glance Outpatient Management Reference for Chronic Obstructive Pulmonary Disease (COPD).

















NORMAL VALUES OF PEAK EXPIRATORY FLOW




[image: image]


Figure 7.1 Normal values of peak expiratory flow for adult males










[image: image]


Figure 7.2 Normal values of peak expiratory flow for adult females




















8 Trauma






TRANSFUSION






Massive transfusion in severe trauma


(Replacement of a patient’s total blood volume over 24 hours or replacement of > 50% blood volume)






Practical points:







[image: image] After 6 units or as soon as the patient is recognised as potentially requiring a massive transfusion, activate the massive transfusion protocol.


[image: image] Use a blood warmer.


[image: image] Priority should be placed in early definitive haemostasis (e.g. surgery or interventional radiology).


[image: image] Identify patients who are on anticoagulants or antiplatelet therapy.


[image: image] Acidosis and hypothermia can impair coagulation.












Possible complications of massive transfusion:







[image: image] Transfusion of 10–12 units of PRBCs can cause:




– dilutional thrombocytopenia (up to 50%)


– dilutional effect on coagulation factors (approx 10% per 500 mL of red cells transfused).





[image: image] Hypothermia


[image: image] Hypocalcaemia (citrate binds ionised calcium)


[image: image] Hyperkalaemia












Other products to use:







[image: image] Aim for a ratio of 1 PRBCs:1 FFP.


[image: image] Be guided by bleeding visually stopped, haemodynamics.


[image: image] Role of factors and plasma probably greater than role of platelets.


[image: image] Aim for 4–6 units PRBCs:1 unit pooled platelets.


[image: image] Consider 6 units cryoprecipitate.












Monitoring







[image: image] Suggest:




– arterial/venous gas sampling every 60–90 min


– FBC, UEC, coagulation studies, fibrinogen every 3 h.





[image: image] Aim for:




– platelets > 50 × 109/L


– fibrinogen > 1 g/L


– PT, APTT > 1.5 × mean control


– Hb > 80 g/L

















Adjunctive agents to consider:







[image: image] Tranexamic acid




– Antifibrinolytic agent


– 1 g IV bolus (over 10 min) within 3 h of injury





[image: image] Recombinant factor VIIa




– Controversial


– Use mainly in blunt trauma





[image: image] Prothrombinex


[image: image] Vitamin K


















CANADIAN CT HEAD RULE







Role: to assist in determining who may need CT imaging to determine the presence of intracranial injury.


This rule only applies to those with GCS 13–15, witnessed LOC, amnesia to the head injury event or confusion.







[image: image]


*High risk of injury requiring neurosurgical intervention.


**Medium risk of brain injury on C T.















CANADIAN C-SPINE RULE


Canadian C-spine criteria (see Figure 8.1 also):




1. Perform imaging on the patient who has any of the following high-risk criteria:




– Age ≥ 65 years


– Dangerous mechanism of injury:




[image: image] Fall from 1 m (3 ft) or 5 stairs


[image: image] Axial load to the head, such as diving accident


[image: image] MVA at high speed (> 100 km/h)




[image: image] Motorised recreational vehicle accident


[image: image] Ejection from a vehicle


[image: image] Bicycle collision with an immovable object, such as a tree or parked car





– Paraesthesiae in the extremities





2. If none of the above, assess for any low-risk factor that allows assessment of ROM of the neck:




– Simple rear end MVA. This excludes:




[image: image] Pushed into oncoming traffic


[image: image] Hit by bus or large truck


[image: image] Rollover


[image: image] Hit by high speed (> 100 km/h) vehicle





– Sitting position in the ED


– Ambulatory at any time


– Delayed onset of neck pain


– Absence of midline cervical spine tenderness





If the patient has none of the low-risk criteria, imaging must be done.


If the patient has any of the low-risk criteria, assess ROM of the neck.


3. Test active ROM of the neck:




– Can the patient rotate their neck actively 45° both left and right?




[image: image] If YES → no imaging is required.


[image: image] If NO → imaging is recommended.


















NEXUS CRITERIA FOR C-SPINE IMAGING


C-spine imaging is indicated for all trauma patients UNLESS they have ALL the following criteria:




1. No posterior midline cervical tenderness


2. No evidence of intoxication


3. A normal level of alertness


4. No focal neurological deficit


5. No distracting painful injuries





(Based on Hoffman JR et al, Selective cervical spine radiography in blunt trauma: methodology of the National Emergency X-Radiography Utilization Study (NEXUS). Ann Emerg Med 1998;32(4):461–9.)














THE CANADIAN C-SPINE RULE


For alert (GCS=15) and stable trauma patients where cervical spine injury is a concern




[image: image]


Figure 8.1 Canadian C-spine rule Adapted from Stiell IG et al. The Canadian CT head rule for patients with minor head injury. Lancet 2001;357:1391–6.


























BURNS












Classification of burns




[image: image]





















Eschar







[image: image] Dead and denatured dermis


[image: image] Can compromise viability of limb/torso if circumferential












Burn treatment tips







[image: image] Remove from source of burning


[image: image] Remove burnt clothing


[image: image] A, B, C assessment


[image: image] O2 (ideally humidified)


[image: image] Water to cool the burn (only useful in 1st 3 h post injury)


[image: image] Cover burn


[image: image] Watch for hypothermia and no ice




[image: image] Assess % TBSA affected


[image: image] For burns > 15% TBSA:




– IV access and begin fluid resuscitation


– IV morphine


– NBM


– ± IDC





[image: image] Analgesia


[image: image] Check tetanus immunisation status









[image: image]


Figure 8.2 Rule of Nines: determining the percentage total body surface area (TBSA) involved; ignore simple erythema












Parkland formula for fluid requirement


4 mL × bodyweight (kg) × % TBSA burned (adults)





Important points:




[image: image] Excludes superficial burns.


[image: image] The calculated volume above is to be given over 24 h from the time of injury, not the time of presentation.


[image: image] Give half the total fluid requirements over the first 8 h, the rest over 16 h.


[image: image] Need to add maintenance fluid requirements and other losses (e.g. traumatic blood loss) to the above-calculated volume.


[image: image] Fluid resuscitation formulas are guides only and the patient’s haemodynamic status must be monitored continuously (HR, BP, urine output) with fluid management adjusted accordingly.


[image: image] Aim for urine output of > 0.5 mL/kg/h (adult) and ≥ 1 mL/kg/h (child).












Consultation/referral criteria to a specialist burns unit







[image: image] Partial-thickness burns in adults > 0% TBSA


[image: image] Full-thickness burns in adults > 5% TBSA


[image: image] Partial/full-thickness burns in children > 5% TBSA


[image: image] Burns involving:




– Face


– Eyes


– Ears


– Hands


– Feet


– Genitalia


– Perineum


– Major joints





[image: image] Chemical burns


[image: image] Electrical/lightning burns


[image: image] Burns associated with inhalational injury


[image: image] Circumferential burns to the limbs or chest


[image: image] Burns associated with other traumatic injuries


[image: image] Burns associated with comorbidities that could affect management and outcome


[image: image] Suspected child abuse

















TETANUS PROPHYLAXIS


National Health and Medical Research Council (NHMRC) recommendations for tetanus prophylaxis (adapted from NHMRC, The Australian Immunisation Handbook, 9th edn, 2008. Online. Available: www.health.gov.au/internet/immunise/publishing.nsf/content/handbook-home).




[image: image]


Features of tetanus-prone wounds


Wounds contaminated with soil, dust or horse manure


Bite wounds


Deep penetrating wounds


Compound fractures


Wounds with foreign bodies (especially wood)


Wounds with extensive tissue damage (e.g. contusions, burns)


Reimplantation of an avulsed tooth


Wounds complicated by pyogenic infection












Tetanus booster options






For < 8 y:


(Note: DTPa = child formulations of diphtheria, tetanus, acellular pertussis-containing vaccines)




[image: image] DTPa-combinations




– Infanrix Hexa DTPa (DTPa + hepB + inactivated polio, Hib)


– Infanrix-IPV (DTPa + inactivated polio)


– Infanrix Penta (DTPa + hepB + inactivated polio)















For > 8 y:


(Note: dTpa = adult and adolescent formulations of diphtheria, tetanus, acellular pertussis)




[image: image] ADT booster (adult formulation of diphtheria, tetanus): 0.5 mL


[image: image] Adacel (dTpa)


[image: image] Boostrix (dTpa)


[image: image] dTpa combinations:




– Adacel Polio (dTpa + polio)


– Boostrix-IPV (dTpa + polio)

















Tetanus immunoglobulin (TIG):







[image: image] 250 IU IM


[image: image] If > 24 h have elapsed, use 500 IU


[image: image] Give a tetanus toxoid-containing vaccine concurrently in a different site


















LOCAL ANAESTHETICS






Types of local anaesthetics


(Note: allergies = more common with esters than amides.)




[image: image]















Local anaesthesia—buffering


When infiltrating lignocaine subcutaneously for local anaesthesia, buffering with sodium bicarbonate benefits in several ways:




[image: image] It reduces the pain of the injection.


[image: image] It decreases the time to onset of action.


[image: image] It maintains efficacy and duration of the local anaesthetic effect.





To buffer the lignocaine, use 1 part of sodium bicarbonate 8.4% injection (containing bicarbonate 1 mmol/mL) to 9 parts of lignocaine 1%.









Local anaesthetic concentration


Concentrations of local anaesthetics are expressed as a % or in mg/mL.


Multiply by 10 to convert from percentage to mg/mL (e.g. 0.5% = 5 mg/mL).








	% Concentration

	Concentration in g/100 mL

	Dose per mL






	0.25%

	0.25 g/100 mL

	2.5 mg/mL






	0.5%

	0.5 g/100 mL

	5 mg/mL






	1%

	1 g/100 mL

	10 mg/mL






	2%

	2 g/100 mL

	20 mg/mL




















Local anaesthetics combined with adrenaline


Do not use in:




[image: image] nose


[image: image] digits


[image: image] ears


[image: image] genitals.




















9 Metabolic equations and electrolytes






ANION GAP (AG)






AG acidosis


AG = (Na+) – (HCO3− + Cl−)





Normal AG = 3–12






Causes of ↑ AG acidosis (mnemonic—‘CATMUDPILES’):







C Cyanide


A Alcoholic ketoacidosis


T Toluene


M Methanol, Metformin


U Uraemia


D Diabetic ketoacidosis


P Paraldehyde, Propylene glycol


I Iron, Isoniazid


L Lactic acidosis


E Ethylene glycol


S Starvation ketoacidosis, Salicylates












Causes of normal AG acidosis (mnemonic—‘USED CARP’):







U Ureteroenterostomy


S Small bowel fistula


E Extra chloride (hyperchloraemic acidosis)


D Diarrhoea, resolving DKA, Drugs (acetazolamide, cholestyramine)


C Carbonic anhydrase deficiency


A Adrenal insufficiency


R Renal tubular acidosis (type 1, 2, 4)


P Pancreatic fistula


















ACID–BASE DISORDERS FORMULAS: COMPENSATORY MECHANISMS


These formulas are used to assess the appropriateness of the compensatory response. Deviations from these values indicate mixed metabolic/respiratory disorders.






Metabolic acidosis (Winter’s formula)


Expected PCO2 = (1.5 × HCO3−) + 8 mmHg (± 2)





If the actual PCO2 > expected PCO2, there is a concomitant respiratory acidosis.











Metabolic alkalosis


Expected PCO2 = (0.7 × HCO3−) + 20 mmHg (± 5)





If the actual PCO2 < expected PCO2, there is a concomitant respiratory alkalosis.









Respiratory acidosis


Acute: ↑ 1 mmol HCO3− per 10 mmHg ↑ PCO2 above 40 mmHg


Expected HCO3− = 24 + [(actual PCO2 – 40) ÷ 10] mmol/L





Chronic: ↑ 4 mmol HCO3− per 10 mmHg ↑ PCO2 above 40 mmHg


Expected HCO3− = 24 + 4 [(actual PCO2 – 40) ÷ 10] mmol/L












Respiratory alkalosis


Acute: ↓ 2 mmol HCO3− per 10 mmHg ↓ PCO2 below 40 mmHg


Expected HCO3− = 24 – 2 [(40 – actual PCO2) ÷ 10] mmol/L





Note: This rarely leads to a HCO3− < 8 mmol/L. If HCO3− < 18 mmol/L, a metabolic acidosis co-exists.


Chronic: ↓ 5 mmol HCO3− per 10 mmHg ↓ PCO2 below 40 mmHg


Expected HCO3− = 24 – 5 [(40 – actual PCO2) ÷ 10] mmol/L (± 2)





Note: Compensation is limited to HCO3− of about 12–15 mmol/L.












OSMOLAR GAP






Calculating the osmolar gap


Osmolar gap = Measured osmolarity – Calculated osmolarity





(Normal osmolar gap ≤ 10 mOsm/L.)


Calculated osmolarity = (2 × Na+) + Glucose + Urea





(where all parameters are in mmol/L).









Exogenous agents causing ↑ osmolar gap







[image: image] Ethanol


[image: image] Methanol


[image: image] Ethylene glycol


[image: image] Isopropyl alcohol


[image: image] Propylene glycol


[image: image] Mannitol


[image: image] Sorbitol


[image: image] Glycine


[image: image] Glycerol

















Non-toxicological conditions associated






with ↑ osmolar gap







[image: image] DKA


[image: image] Alcoholic ketoacidosis


[image: image] Severe lactic acidosis


[image: image] Chronic renal failure


[image: image] Trauma and burns


[image: image] Hyperlipidaemia


[image: image] Hyperproteinaemia


[image: image] Massive hypermagnesaemia















HYPERKALAEMIA







[image: image] Severe > 7 mmol/L


[image: image] Signs and symptoms:




– Often asymptomatic


– Neuromuscular (weakness → paralysis)


– Arrhythmias (including palpitations, syncope, chest pain)


















Causes of true hyperkalaemia




[image: image]













ECG changes of hyperkalaemia







• Tall peaked T waves (> 5 mm)


• PR prolongation


• Small amplitude P waves/loss of P wave


• ↑ QRS width


• Intraventricular blocks, BBB


• Fusion of QRS complex with T wave (↓ sine wave)


• Bradycardias, AV dissociation, VT, VF, PEA





















Treatment options for true hyperkalaemia


Note: Patients with hyperkalaemia and normal ECGs can suddenly go into cardiac arrest. The ECG is not an indicator of how serious the hyperkalaemia is in that particular patient.




[image: image]


Note: Avoid calcium in hyperkalaemia caused by digoxin toxicity.




















HYPOKALAEMIA







[image: image] Severe < 2.5 mmol/L


[image: image] Signs and symptoms of hypokalaemia




– Weakness (begins in lower extremities, moves cephalad)


– Muscle cramps and tenderness


– Flaccid paralysis


– Hyporeflexia


– Ischaemic rhabdomyolysis


– Paraesthesiae


– Constipation, ileus


– Ventricular/atrial ectopic beats


– Arrhythmias


















Causes of hypokalaemia




[image: image]











ECG changes of hypokalaemia







• Low amplitude, flattened or inverted T waves


• U waves


• ST depression


• Wide PR interval


• Illusion of prolonged QT (T wave disappears, U wave = prominent)


• Ectopic beats and arrhythmias




















Useful lab investigations in hypokalaemia




[image: image]





















Treatment of hypokalaemia







[image: image] Replace with IV/PO potassium chloride depending on symptoms, severity and cause of hypokalaemia.


[image: image] PO is the safer route.


[image: image] IV if:




– neuromuscular dysfunction


– arrhythmias


– ongoing GI losses


– severe.





[image: image] KCl IV at 10 mmol/h is the safest rate. (Higher rates → pain, phlebitis, ventricular arrhythmias)

















HYPERNATRAEMIA







[image: image] Severe > 155 mmol/L


[image: image] High mortality rate (~50%)















Causes of hypernatraemia




[image: image]





















Treatment of hypernatraemia




[image: image]















*%TBW = percentage total body water




[image: image]




















HYPONATRAEMIA







[image: image] Concerning level: < 130 mmol/L


[image: image] Symptoms occur when the fall in sodium occurs rapidly or when adaptive responses fail to develop.









Useful investigations







[image: image] Serum




– Osmolality


– Uric acid


– TSH, cortisol





[image: image] Urinalysis




– Electrolytes


– Uric acid


– Urea


– Creatinine


– Osmolality















Treatment of hyponatraemia







[image: image] Hypertonic saline (3%) IV for CNS dysfunction (altered mental state, coma, seizures):




– 100 mL IV (can go through peripheral IV access) over 10–20 min (for seizure)


– Can repeat once (10 min between doses)


– Send repeat Na+


– Each bolus will raise Na+ 2 mmol


    Note: Risk of osmotic demyelination with treatment.





[image: image] Fluid restrict unless hypotensive


[image: image] Monitor urine output


[image: image] ‘Rule of 6s’:




– For those with CNS dysfunction, no more than 6 mmol correction in 6 h


– Then no more than 6 mmol correction over 24 h


















HYPERCALCAEMIA


Serum calcium:




[image: image] 45% ionised = physiologically active form of Ca2+


[image: image] 40% bound to albumin


[image: image] 15% bound to other ions (citrate, phosphate, carbonate)










Causes of hypercalcaemia







• Primary hyperparathyroidism


• Malignancy


• Vitamin D excess


• Granulomatous disease (sarcoidosis)


• Renal failure


• Milk–alkali syndrome


• High bone turnover rates




– Paget’s


– Prolonged immobilisation


– Multiple myeloma





















Symptoms of hypercalcaemia




[image: image]











Useful lab investigations







• UEC


• Ionised calcium, phosphate


• BSL


• LFTs (albumin)


• PTH level














ECG changes of hypercalcaemia







• Prolongation of PR interval


• Shortening of QT interval


• QRS widening


• Sinus bradycardia


• BBB, AV block


• Cardiac arrest


























Treatment of hypercalcaemia








	Treatment option

	Dose






	Hydration (0.9% saline)

	Titrate






	Diuretics—e.g. frusemide

	10–40 mg IV






	Bisphosphonates—e.g. pamidronate

	60–90 mg IV






	Calcitonin

	4U/kg IM/SC q12h























HYPOCALCAEMIA







[image: image] Severe: total Ca2+ < 2.175 mmol/L (8.7 mg/dL)


[image: image] If ionised Ca2+ normal, then asymptomatic


[image: image] Symptoms when ionised Ca2+ < 0.8 mmol/L


[image: image] ↑ 0.1 unit of pH → ↓ ionised Ca2+ by 3–8%















Causes of hypocalcaemia




[image: image]























Symptoms and signs of hypocalcaemia


Symptoms dependent on the absolute value and rate of fall in Ca2+.




[image: image]












Chvostek’s sign:







[image: image] Tap 0.5–1 cm below zygomatic process, 2 cm anterior to ear lobe.


[image: image] Positive if see twitching of circumoral Ms and orbicularis oculi.












Trousseau’s sign:







[image: image] Inflate BP cuff to above systolic BP for several minutes.


[image: image] Positive if see carpopedal spasm.








ECG changes of hypocalcaemia







• Bradycardia


• Prolongation of QT interval


• Heart block


• T wave inversion


• Torsades de pointes


























DIFFERENCES BETWEEN Ca CHLORIDE AND Ca GLUCONATE








	Ca chloride

	Ca gluconate






	3 times more potent

	⅓ potency of Ca chloride






	Ca2+ ions immediately available post injection

	Requires liver to metabolism gluconate component and release Ca






	Can be given as a slow push

	Given over 10 min due to sugar load (gluconate) which can cause hypotension






	Highly irritant to veins

	Less irritant






	10% solution → 0.70 mmol/mL

	10% solution → 0.22 mmol/mL




















ION CORRECTION FORMULAS






Sodium corrected for hyperglycaemia


corrected Na+ = measured Na+ + [glucose (mmol/L) ÷ 4]












Calcium corrected for hypoalbuminaemia


corrected Ca2+ (mmol/L) = measured Ca2+ (mmol/L) + [40 – measured albumin (g/L)] × 0.02




















10 Thromboembolism and coagulopathy





Pulmonary embolism rule-out criteria (PERC)







• Age < 50 years


• HR < 100/min


• O2 sats on room air ≥ 95%


• No prior history of DVT/PE


• No trauma or surgery requiring hospitalisation within 4 weeks


• No haemoptysis


• No exogenous oestrogen


• No unilateral leg swelling





Note: Low clinical suspicion for PE + ALL the above criteria = < 2% probability of PE and no further work-up is required.












WELLS’ CRITERIA FOR PE


Determines the pre-test probability of PE. This can then be used in conjunction with a D-dimer assay to determine the need for imaging.




[image: image]


Based on Wells PS et al. Excluding pulmonary embolism at the bedside without diagnostic imaging: management of patients with suspected pulmonary embolism presenting to the emergency department by using a simple clinical model and D-dimer. Ann Intern Med 2001;135(2):98–107.

















WELLS’ CRITERIA FOR DVT




[image: image]















THROMBOPHILIA (PROTHROMBOTIC) SCREEN




[image: image]


MTHFR = methylene tetra-hydrofolate reductase.












[image: image]


Figure 10.1 Coagulation cascade flow chart










[image: image]


[image: image]


Figure 43.1 St Vincent’s Hospital guidelines for the management of an elevated INR in adult patients with or without bleeding (continues)
FFP, fresh frozen plasma; INR, international normalised ratio; PTX, Prothrombinex Based on Tran HA, Chunilal SD, Harper PL et al, on behalf of the Australasian Society of Thrombosis and Haemostasis. An update of consensus guidelines for warfarin reversal. Med J Aust 2013;198(4):198–9














MANAGEMENT OF THROMBOLYTIC-INDUCED MAJOR BLEEDING







1. Ensure large bore IV access.


2. Draw bloods for FBC, platelet count, PT/INR, APTT, bleeding time, G&H.


3. Volume resuscitation—including packed RBCs.


4. Stop heparin/LMWH: consider protamine.


5. 6–12 U cryoprecipitate.




6. Stop antiplatelet therapy.


7. If the patient is still bleeding, check fibrinogen level:




– if fibrinogen > 1 g/L → FFP 2 U


– if fibrinogen < 1 g/L → cryoprecipitate 8–12 U.





8. If patient is still bleeding, consider aminocaproic acid.


9. Recheck PT/INR, APTT, fibrinogen, bleeding time.


10. Haematology consult.







[image: image]


Figure 10.2 Blood components flow chart















REVERSING ANTICOAGULATION: PROTAMINE







[image: image] SLOW IV infusion (if rapid → hypotension, anaphylactoid reaction)





Protamine vs enoxaparin:




[image: image] 1 mg protamine will approximately neutralise 1 mg enoxaparin.


[image: image] Time since last dose of LMWH also determines protamine dose.











	Time elapsed since last enoxaparin dose

	Dose






	< 8 h

	1 mg protamine per 1 mg enoxaparin






	8 h >

	0.5 mg protamine per 1 mg enoxaparin






	> 12 h

	Protamine may not be required













Protamine vs heparin:




[image: image] 10 mg protamine over 10 min followed by 10–20 mg protamine over 10–20 min.


[image: image] This will neutralise 2000–3000 U of heparin.














INHIBITING FIBRINOLYSIS: AMINOCAPROIC ACID







[image: image] Initially 5 g in 250 mL 5% dextrose or NS over 1 h.


[image: image] Followed by 5 g in 250 mL 5% dextrose or NS over 5 h.


[image: image] Cease infusion if bleeding stops.












BLOOD COMPONENTS—SPECIFICS




[image: image]


Adapted from the Australian Red Cross.















BLEEDING DISORDERS




[image: image]


Note: Treatment should be guided by a specialist haematologist.




















11 Neurology






ADULT CEREBROSPINAL FLUID (CSF) STUDIES












CSF studies in adults in normal and infected fluid




[image: image]











Causes of increased protein in CSF







• Inflammation


• Tumour


• Demyelinating disorders


• Subarachnoid haemorrhage


• Traumatic tap



























TRAUMATIC LUMBAR PUNCTURE (TAP)












Differences between traumatic lumbar puncture (tap) and pathological bleeding








	Traumatic tap

	Pathological bleeding






	Decreasing blood in subsequent tubes

	Same amount of blood in all tubes






	Clear supernatant

	Xanthochromia






	Clots

	No clots


























Calculation to correct for falsely elevated WBC count due to a traumatic tap


WBC artificially introduced = WBC in blood × [RBC in CSF ÷ RBC in blood]





Therefore:


WBC in CSF (predicted) = WBC in CSF (measured) – WBC artificially introduced

















COMMON UPPER LIMB NERVE PALSIES












Inspection and signs




[image: image]


[image: image]

















Autogenous zones for median, ulnar and radial nerves








	Nerve

	Zone






	Median

	Volar aspect of the index finger






	Ulnar

	Volar aspect of the little finger






	Radial

	Dorsal aspect of 1st web space















[image: image]


Figure 11.1 Dermatome maps Reproduced with permission from Standring S, Gray’s anatomy, 40th edn. Philadelphia: Churchill Livingstone, 2008: Fig 15.2A.





























12 Important procedures






INTRAOSSEOUS PUNCTURE






Positioning of patient and insertion sites







[image: image] Supine.


[image: image] For proximal tibial placement:




– Sufficient padding under the knee of the uninjured lower limb with approximately 30° flexion of the knee.


– Anteromedial surface of the proximal tibia, approximately 2 cm below patella and 2 cm medial to tibial tuberosity.





[image: image] For distal tibial placement:




– 3 cm proximal to most prominent part of medial malleolus.


– Check the anterior and posterior borders and ensure insertion occurs on the flat part of the bone.





[image: image] For humeral placement:




– Ensure patient’s hand on abdomen with elbow adducted.


– Slide your thumb up the anterior shaft of humerus until greater tuberosity is felt (this is the surgical neck).


– Insert approximately 1 cm above the surgical neck.















Method of insertion into the proximal tibia


Sterile technique.




1. Initially at 90°, insert the intraosseous needle through skin and periosteum.


2. After gaining access into bone, direct the needle 45–60° away from the epiphyseal plate (i.e. towards the foot).


3. Use a gentle twisting motion to advance the needle through the bone cortex and into the marrow.


4. Remove stylet, attach syringe and withdraw, aspirating bone marrow.


5. Flush with saline and check for no evidence of swelling/subcutaneous infiltration.





Note: There are now intraosseous insertion devices (drills) that are easier to use.









Other sites of insertion for adults







[image: image] Distal tibia


[image: image] Proximal humerus

















CHEST TUBE INSERTION






Positioning of patient







[image: image] Semi-upright 30–60°, head up


[image: image] Ipsilateral arm abducted and hand placed behind patient’s head (for lateral approach)












Insertion sites







[image: image] 5th intercostal space just anterior to mid-axillary line on the affected side


or


[image: image] 2nd intercostal space in mid-clavicular line on the affected side












Size







[image: image] Use large bore (28–32 Fr) for trauma












Method of insertion


Sterile technique—including sterile field.




1. Clamp the proximal end of the chest tube with Kelly forceps and place aside.


2. Locally anaesthetise the skin, subcutaneous tissues, periosteum and parietal pleura.


3. Make a 2–3-cm horizontal incision in the insertion site and bluntly dissect with curved Kelly forceps through the subcutaneous tissues, just over the top of the rib.


4. Puncture the parietal pleura with the tip of the artery forceps and put a gloved finger into the dissected tract to avoid other tissue damage and to clear clots, adhesions etc with a circumferential sweep.


5. Keep your finger in the tract.


6. Advance chest tube (using forceps clamped to its tip) into the pleural cavity, alongside your finger, to the desired length (ensure fenestrations are within the thoracic cavity).


7. Try to direct the tube posteriorly along the inside of the chest wall.


8. Look for fogging of the tube and connect to an underwater seal drain and suction.


9. Suture and secure the chest tube in place and apply sterile dressings.


10. Tape all connections to ensure secure.


11. Check position of the tube ± re-expansion of the lung (CXR) and continue close cardiorespiratory monitoring.









[image: image]


Figure 12.1 Tip placement in the pleural cavity, using the finger as a guide Reproduced with permission from Pfenninger JL, Fowler GC, eds. Pfenninger and Fowler’s procedures for primary care, 3rd edn. Philadelphia: Mosby, 2010: Fig 212.7.




















13 Toxicology






POISONS INFORMATION


Call 131126 (nationwide in Australia).









PRINCIPLES OF MANAGEMENT OF POISONINGS







1. Resuscitation


2. Risk assessment and prediction of toxic effects


3. Supportive care, investigations and monitoring


4. Decontamination


5. Enhanced elimination


6. Specific treatment (e.g. antidotes)












PRINCIPLES OF GI DECONTAMINATION







[image: image] Always perform a risk–benefit analysis—risks from the decontamination process vs likely benefit for that particular toxicity and patient.


[image: image] Not routinely used—depends on time of presentation following ingestion and risk of toxicity.


[image: image] Not recommended for non-toxic or sub-toxic ingestions.


[image: image] Not recommended for toxins that may → seizures or ↓ LOC.


[image: image] Not recommended for hydrocarbon ingestions.


[image: image] Not recommended for corrosive ingestions.


[image: image] Single-dose charcoal is the preferred modality. Best used within 1 h post-toxic ingestion.















Decontamination methods




[image: image]


[image: image]


*See table below: Drugs not well adsorbed by activated charcoal


**See box below: Poisonings where whole-bowel irrigation MAY be useful

















Drugs not well adsorbed by activated charcoal








	Drug group

	Examples






	Alcohols

	Ethanol, methanol, isopropyl alcohol, ethylene glycol






	Metals

	Lithium, iron, mercury, potassium, lead, arsenic






	Acids and alkalis

	 






	Hydrocarbons

	Turpentine, kerosene, eucalyptus oil, benzene
















Poisonings where whole bowel irrigation MAY be useful







• Life-threatening ingestions of sustained-release preparations (e.g. verapamil, diltiazem, potassium)


• Life-threatening ingestions of enteric-coated preparations


• Agents that do not bind to charcoal (e.g. lead, arsenic)


• ‘Body packers/stuffers’ (illicit drug ‘mules’)


• Iron overdose














Complications associated with GI decontamination







• GI trauma or perforation


• Bowel obstruction


• Nausea, vomiting


• Aspiration pneumonitis


• Laryngospasm


• Hypoxia














Measurable (serum) toxin levels useful in assessing toxicity







• Alcohol


• Carbamazepine


• Carboxyhaemoglobin


• Digoxin


• Iron


• Lithium


• Methaemoglobin


• Paracetamol


• Phenytoin


• Salicylate


• Sodium valproate


• Theophylline




















Enhanced elimination techniques




[image: image]
























RISK-ASSESSMENT CHART FOR COMMON OVERDOSES


This table highlights approximate doses associated with significant toxicity requiring observation, treatment and discussion with a toxicologist or Poisons Centre.




[image: image]


[image: image]















RATIO OF ACUTE EQUIPOTENCY OF OPIOID ANALGESICS


When changing opioid start at 50%, the equipotent dose, then titrate according to response.




[image: image]


Based on the Australian Medicines Handbook, 2011. Online. Available: www.amh.hcn.com.au

















ANTIDOTES




[image: image]


[image: image]












[image: image]


Figure 13.1 Paracetamol treatment nomogram




Important pitfalls




[image: image] Serum paracetamol is reported in different units from different laboratories. Ensure the correct units are being used before interpreting results with the nomogram.


[image: image] To convert paracetamol results in micromol/L to mg/L, multiply the result by 0.151.








From Daly FFS, Fountain JS, Murray L et al. Guidelines for the management of paracetamol poisoning in Australia and New Zealand—explanation and elaboration. MJA 2008; 188(5)296–302.

















14 Drug infusions






AMIODARONE







Loading dose: 5 mg/kg over 20 min to 1 h (over < 3 min if cardiac arrest)


Concentration: 900 mg in 500 mL 5% glucose (dextrose) in GLASS bottle (1.8 mg/mL)


Dose required: 15 mg/kg over 24 h to a maximum of 1200 mg intravenously. Note: For fluid restricted patients only use 900 mg/100 mL. Prepare this by removing 18 mL from 100 mL 5% glucose GLASS bottle then add 900 mg (9 mg/mL); see table ‘Amiodarone infusion’ below.


Cautions:




– Cardiac monitoring


– Glass must be used due to adsorption of amiodarone to plastic bags


– Central line is preferable for infusion





Side effects:




– Rapid injection can cause hypotension/circulatory collapse


– Bradycardia plus other arrhythmias


– Hot flushes, sweating, nausea, vomiting


– Acute pulmonary toxicities, bronchospasm


















Amiodarone infusion




[image: image]
























GLYCERYL TRINITRATE (GTN)







Concentration: See table ‘GTN infusion’; use 5% glucose


Intravenous infusion rate:




– Starting dose usually 5 microg/min


– Increments of 5 microg can be made every 3–5 minutes according to clinical response (pain and BP)





Side effects:




– Hypotension


– Headache, nausea, vomiting







Cautions:




– Glass bottle used to minimise GTN adsorption to plastic bag


– BP monitoring


















GTN infusion




[image: image]
























HEPARIN







Concentration: 15,000 units in 100 mL 5% glucose















Intravenous infusion rate








	Weight (kg)

	Rate (mL/h)






	< 54

	5






	55–64

	6






	65–74

	7






	75–84

	8






	85–94

	9






	> 95

	10





























INOTROPE INFUSIONS






‘Rule of 6s’






For adrenaline, noradrenaline and isoprenaline







[image: image] 6 mg in 100 mL of 5% glucose = 60 microg/mL


[image: image] ∴ 1 mL/h = 1 microg/min


[image: image] Run infusion at 1–20 microg/min = 1–20 mL/h














For dopamine and dobutamine







[image: image] 6 mg/kg in 1000 mL 5% glucose = 6 microg/kg/mL


[image: image] ∴ 10 mL/h = 1 microg/kg/min












For dopamine







[image: image] 3–5 microg/kg/min (renal dose) = 30–50 mL/h


[image: image] > 5 microg/kg/min (inotropic dose) = > 50 mL/h












For dobutamine







[image: image] 1–20 microg/kg/min = 10–200 mL/h


















LIGNOCAINE







Loading dose: 1 mg/kg over 2–3 min


Concentration: 4 g in 500 mL 5% glucose (= 8 mg/mL)


Intravenous infusion rate:


    8 mg/min (60 mL/h) for 20 min (total volume infused = 20 mL)


    THEN 2 mg/min (15 mL/h) as maintenance infusion


Side effects:




– GI




[image: image] Nausea, vomiting





– CNS




[image: image] Paraesthesiae


[image: image] Drowsiness


[image: image] Blurred vision


[image: image] Tinnitus


[image: image] Confusion


[image: image] Tremors


[image: image] Seizures





– CVS




[image: image] Bradycardia


[image: image] Arrest


















ACETYLCYSTEINE INFUSION: 3-STEP IV INFUSION PROTOCOL


The 3 infusions take approximately 20 h to complete. If the infusion needs to be continued after 20 h, do so at the dose and rate indicated in step 3.




1. 150 mg/kg IV in 200 mL 5% glucose over 15–60 min


2. 50 mg/kg IV in 500 mL 5% glucose over 4 h


3. 100 mg/kg IV in 1 L of 5% glucose over 16 h

















Acetylcysteine (Parvolex) infusion dosage guide in adults


(According to Parvolex product information)




[image: image]















Acetylcysteine infusion dosage guide in children


The volume of 5% glucose should be appropriate for the patient’s weight.




[image: image]
























NALOXONE







Concentration: 2 mg per 100 mL 5% glucose or 0.9% saline


Intravenous infusion rate:




– 5–135 mL/h (0.1–2.7 mg/h); titrate to GCS and RR


– Set rate to ½ to ⅓ of total bolus dose required for initial clinical response


















Naloxone infusion








	Initial dose required (mg)

	Hourly naloxone required (mg)

	Infusion rate (mL/h)






	0.2

	0.1

	5






	0.4

	0.2

	10






	0.8

	0.5

	25






	1.2

	0.8

	40






	1.6

	1

	50






	2

	1.3

	65






	4

	2.7

	135































OCTREOTIDE







Bolus: 25 microg IV


Concentration: 100 microg in 100 mL 5% glucose


Intravenous infusion rate: 25 microg/h (25 mL/h)


Side effects:




– Pain, redness and swelling at site of injection


– Impaired glucose tolerance


– Liver dysfunction


– Bradycardia


– Abdominal pain, diarrhoea, bloating





Cautions: Monitor blood sugar levels (may increase)

















15 Paediatrics






EQUIPMENT












Defibrillation paddle size








	Weight of child

	Size






	< 10 kg

	4.5 cm






	> 10 kg

	4.5 cm or adult size




















Self-inflating bags








	Bag volume

	Age group






	250 mL

	Very small babies only






	500 mL

	Up to 8 y






	1500 mL

	> 8 y to adults





























PAEDIATRIC FORMULAS






Formulas for approximate weight (kg) based on age








	Age

	Approximate calculated weight






	Age < 9 y

	(2 × age) + 9






	Age > 9 y

	3 × age






	Age < 12 mo

	(Age in months ÷ 2) + 4




















BP


Approximate systolic BP (mmHg) = 80 + (age in years × 2)









Formulas for ETT size




[image: image]


(Adapted from Shann F, Drug Doses, 15th edn. Melbourne: The Royal Children’s Hospital; 2010.)




















PAEDIATRIC VITAL SIGNS: NORMAL RANGES




[image: image]















PAEDIATRIC MODIFIED GLASGOW COMA SCALE




[image: image]

















PAEDIATRIC PEAK EXPIRATORY FLOW




[image: image]


Figure 15.1 Peak expiratory flow chart for children 5–18 y (male and female)















PAEDIATRIC FLUID THERAPY







Bolus for resuscitation: 20 mL/kg IV with usually 0.9% saline


Maintenance fluids:




– < 10 kg child: 10% glucose + 0.45% saline


– > 10 kg child: 5% glucose + 0.45% saline)








	Weight in kg

	mL/kg/day

	mL/kg/h






	0–10

	100

	4






	11–20

	50

	2






	> 20

	20

	1
















Example 1: 3-kg child


[image: image]




Example 2: 13-kg child


[image: image]


Example 3: 25-kg child


[image: image]


Note: This formula does not include any losses or additional fluid requirements. Add any deficits and ongoing losses to the above.















Example 4: 11-kg child with 5% dehydration


[image: image]





[image: image]





[image: image]


























16 Pathology















Haematology




[image: image]


Fe = iron; Hb = haemoglobin; LDH = lactate dehydrogenase; MCH = mean corpuscular haemoglobin (average amount of Hb in RBCs); MCV = mean corpuscular volume (average size of RBCs); N = normal; RBC = red blood cell; TIBC = total iron-binding capacity; WBC = white blood cell.
























PLEURAL FLUID






What tests to order:







[image: image] Differential cell count


[image: image] Protein


[image: image] LDH




[image: image] Glucose


[image: image] Culture (also put fluid into blood culture bottles—this improves yield of anaerobic organisms)


[image: image] Cytology





Note: There must be simultaneous measurement of the equivalent serum values of protein, LDH and glucose in order to do the calculations below.









Normal pleural fluid








	Colour

	Clear






	pH

	7.60–7.64






	Protein content

	< 2% (1–2 g/dL)






	Cell count

	< 1000 WBC per mm3







	Glucose

	Similar to that of plasma






	LDH

	< 50% that of plasma




















Exudate if:




[image: image]










[image: image]












[image: image]





















SYNOVIAL FLUID ANALYSIS




[image: image]




















17 Orthopaedics






SYSTEMATIC APPROACH TO DESCRIBING A FRACTURE







1. Age and sex and occupation of patient


2. Name the bone(s) involved


3. Open versus closed injury—if open, describe the wound (e.g. abrasion, full thickness laceration) and its relationship to the fracture site


4. Location of the fracture




a. Is it in the proximal, middle or distal part of the bone?


b. Is it at a junction?


    Examples:




[image: image] Junction of the proximal ⅔ and distal ⅓


[image: image] Junction of the proximal ¼ and distal ¾


[image: image] Junction of the lateral ⅓ and medial ⅔





c. Is it involving the head, neck, shaft or base of the bone?


    Examples:




[image: image] Head of the 5th metacarpal


[image: image] Middle part of the shaft of the humerus





d. Is it involving an anatomical part of the bone?


    Examples:




[image: image] Greater trochanter of the femur


[image: image] Greater tuberosity of the head of the humerus








5. Pattern/direction of the fracture (horizontal, spiral, oblique, comminuted [more than 2 pieces], segmental [several large fragments in one bone], T-shaped, Y-shaped etc)


6. Alignment




a. Is it displaced or undisplaced?


b. Is it straight or angulated (estimate degree of and anatomical direction)?





7. Special features




a. Number of malleoli in ankle (unimalleolar/bimalleolar/trimalleolar)


b. Medial and lateral plateau of tibia


c. Colles number (distal radius)


d. Neck of femur—subcapital, transcervical, pertrochanteric, intertrochanteric












[image: image]


Figure 17.1 Common types of fractures












OTTAWA ANKLE RULES






An ankle X-ray is required if:


There is any pain in the malleolar region and one of the following:




[image: image] bone tenderness at the posterior edge of the distal 6 cm of the fibula or the tip of the lateral malleolus or


[image: image] bone tenderness at the posterior edge of the distal 6 cm of the tibia or the tip of the medial malleolus or


[image: image] inability to weight bear both immediately and in emergency department.












A foot X-ray is required if:


There is any pain in the midfoot region and one of the following:




[image: image] bone tenderness over the base of the 5th metatarsal or


[image: image] bone tenderness over the navicular or


[image: image] inability to weight bear both immediately and in emergency department (not applicable to < 18 y).





Clinical judgment is required for those intoxicated, uncooperative, ↓ sensation in leg or with distracting injuries.







[image: image]


Figure 17.2 Weber classification of ankle (fibular) fractures















OTTAWA KNEE RULES






A knee X-ray is required if:







[image: image] Age > 55 y


[image: image] Unable to transfer weight for 4 steps both immediately after injury and in emergency department


[image: image] Unable to flex to 90º


[image: image] Tenderness over fibular head


[image: image] Isolated tenderness of patella















INTERPRETATION OF ELBOW FRACTURES IN CHILDREN






Is there a joint effusion?







[image: image] Fat pad sign—present with effusion


[image: image] Look for upward displacement of anterior fat pad


or


[image: image] a visible posterior fat pad (not normally seen).














Is there normal alignment of the bones?







[image: image] Radiocapitellar line—line drawn through the centre of the proximal radius should pass through the centre of the capitellum on all views. If not, the radial head is subluxed or dislocated.


[image: image] Anterior humeral line—line drawn on a lateral view along the anterior border of the humerus should pass through the medial ⅓ of the capitellum—in supracondylar fractures, it often intersects with anterior ⅓ or beyond.












Are there normal ossification centres?


These appear at highly variable times but, as a general guide, the following can be used. The significance is the order in which they appear to help you decide whether a small piece of bone is a fracture fragment or an ossification centre.









Elbow ossification order—CRITOE








	 

	Ossification centre

	Age of appearance






	C

	Capitellum

	1 y






	R

	Radial head

	3 y






	I

	Internal (medial) epicondyle

	5 y






	T

	Trochlea

	7 y






	O

	Olecranon

	9 y






	E

	External (lateral) epicondyle

	11 y




















X-ray changes to look for








	Features to look for

	What it means

	Likely cause






	Elevation of anterior fat pad

	Joint effusion

	Fracture or dislocation of radial head in elbow joint






	Presence of a posterior fat pad (not normally visible at all)

	Joint effusion

	Fracture or dislocation of radial head in elbow joint






	Radiocapitellar line (evident on all views)

	Displacement of radial head

	Subluxation or dislocation of the radial head






	Anterior humeral line (use a TRUE lateral view)

	Displacement of the distal part of the humerus

	Supracondylar fracture


















Supracondylar fractures







• Represent 60% of paediatric elbow fractures


• Commonly distal fragment angulates and displaces posteriorly


• Pay close attention to neurovascular status of the limb—10% incidence of nerve injury—radial most commonly then median and finally ulnar
























SALTER-HARRIS CLASSIFICATION OF PHYSEAL (GROWTH PLATE) FRACTURES IN CHILDREN







[image: image] Grades I–V (see also Figure 17.3)


[image: image] Significance: higher grades have greater risk of growth abnormalities







[image: image]










[image: image]


Figure 17.3 Salter-Harris classification of physeal (growth plate) fractures in children




















18 Obstetrics and gynaecology






BETA-HUMAN CHORIONIC GONADOTROPHIN (beta-hCG)







[image: image] In normal pregnancy, levels double every 2 days.


[image: image] Transvaginal ultrasound (TVUS) will detect:




– gestational sac at ~4.5–5 weeks gestation


– yolk sac at 5–6 weeks (until 10 weeks)


– fetal pole with cardiac activity (5.5–6 weeks).





[image: image] Discriminatory zone:




– This is the serum beta-hCG level at which a gestational sac should be visualised by ultrasound if the pregnancy is intrauterine.


– For TVUS, this is 1500–2000 IU/L.


– For transabdominal ultrasound (TAUS), this is 6500 IU/L.


– These may vary according to individuals/multiple gestation.















Rh D IMMUNOGLOBULIN (ANTI-D) ADMINISTRATION






Dose:







[image: image] If < 12 weeks gestation → 250 IU IM


[image: image] If > 12 weeks gestation → 625 IU IM












Indications:







[image: image] Possible fetomaternal haemorrhage (see box below)








Indications for Anti-D administration







• Antenatal haemorrhage


• Induced abortion


• Miscarriage


• Ectopic pregnancy


• Maternal abdominal trauma


• Delivery


• Partial molar pregnancy


• Chorionic villus sampling, amniocentesis


• Cordocentesis


• Percutaneous fetal procedures (e.g. fetoscopy)


• External cephalic version


• Abruptio placenta


• Manual removal of the placenta





















PRETERM LABOUR SUPPRESSION







[image: image] Between 24 and 34 weeks.


[image: image] Accounts for only 10% of births but is associated with 75% of neonatal morbidity and mortality.




[image: image] To prevent respiratory distress syndrome, administer betamethasone 11.4 mg IM. Repeat the dose 24 h later, unless delivery has occurred.


[image: image] Tocolytic agent (see table) = nifedipine is preferred; salbutamol may also be used







[image: image]


*To make up infusion, withdraw 10 mL from a 100-mL bag of 0.9% saline and replace with 10 mL (10 mg) of obstetric salbutamol. This results in 100 microg/mL. FHR = fetal heart rate.




















19 Dental















Dental trauma




[image: image]










[image: image]


Figure 19.1 Ellis fracture classification












[image: image]


Figure 19.2 Patterns of luxation
A, Extrusive luxation. B, Intrusive luxation. C, Lateral luxation.







[image: image]


Figure 19.3 Dental chart—nomenclature and universal numbering system for permanent (adult) dentition


























LOCAL ANAESTHESIA—SUPRAPERIOSTEAL INFILTRATION


This technique is useful for a single tooth or closely clustered group of teeth.




[image: image] Place the needle in the mucobuccal fold with the bevel facing the bone.


[image: image] Direct the needle tip toward the apex of the desired tooth (usually several millimetres deep).


[image: image] If bone is contacted, withdraw slightly to avoid periosteal infiltration.


[image: image] Inject anaesthetic once satisfied the needle is in the correct place (i.e., not intravascular).


[image: image] Generally 1–2 mL of local anaesthetic is sufficient.


[image: image] It may take up to 10 min to achieve complete anaesthesia.












REIMPLANTATION OF AVULSED TOOTH







[image: image] Gently clean tooth in either normal saline or sterile auxiliary solution (e.g. Hank’s balanced salt solution).


[image: image] Avoid scrubbing the tooth or any unnecessary delay before reimplantation.


[image: image] Return tooth to its original position by applying firm finger pressure.


[image: image] Handle the tooth by the crown, and avoid trauma to the tooth root.


[image: image] Stabilise the tooth with a temporary periodontal splint.


[image: image] Ensure early dental follow-up.


[image: image] Give antibiotics to cover intraoral flora (e.g. penicillin, clindamycin).

















20 Common conversions















Conversion table/calculator




[image: image]


[image: image]





























21 Antibiotic prescribing






TREATMENT OF COMMON INFECTIONS


Drug choice may be influenced by local factors, susceptibilities. For children, check the dose of the antimicrobials.




Drug choice may be influenced by local factors, susceptibilities. For children, check the dose of the antimicrobials.


[image: image]


[image: image]


[image: image]


[image: image]


[image: image]


[image: image]


[image: image]


[image: image]


[image: image]


[image: image]


[image: image]


[image: image]


*Hypersensitivity excluding immediate hypersensitivity.


**Immediate hypersensitivity characterised by development of urticaria, angio-oedema, bronchospasm or cardiovascular collapse within an hour or two of antibiotic administration.




















22 Normal values


(Approximate reference ranges)















Blood chemistry




[image: image]















Full blood count




[image: image]
































Abbreviations








1°, 2° primary, secondary


3D three-dimensional


AAA abdominal aortic aneurysm


AAI acute arterial insufficiency


ABC airway, breathing, or ABCs circulation (the ABCs of resuscitation)


ABCDE (in medical retrieval) airway, breathing, circulation, disability, exposure/expectations


ABG arterial blood gas


AC acromioclavicular; alternating current


ACE angiotensin-converting enzyme


ACEM Australasian College for Emergency Medicine


ACI acute cardiac ischaemia


ACL anterior cruciate ligament


ACLS advanced cardiac life support


ACS acute coronary syndrome


ACTH adrenocorticotrophic hormone


AD Addison’s disease, atopic dermatitis


ADC AIDS dementia complex


ADH antidiuretic hormone


ADHF acute decompensated (chronic) heart failure


ADL or ADLs activities of daily living


ADT adult diphtheria tetanus


AED automatic external defibrillator


AF atrial fibrillation


AG anion gap


AGE arterial gas embolism


AGEP acute generalised exanthematic pustulosis


AGVHD acute graft-versus-host disease


AHF acute heart failure


AIDS acquired immune deficiency syndrome


AIR assessment, intervention, reassessment


ALS (adult) advanced life support


ALT alanine aminotransferase


AMC area medical coordinator


AMI acute myocardial infarction


AML acute myelocytic leukaemia


ANUG acute necrotising ulcerative gingivitis


AP anteroposterior


APLS advanced paediatric life support


APO acute pulmonary oedema


APTT activated partial thromboplastin time


ARDS acute respiratory distress syndrome


ARF acute renal failure


ARS adjective rating scale (for pain)


ART antiretroviral therapy


ASCOT a severity characteristic of trauma


ASD atrial septal defect


ASET aged service emergency team


AST aspartate aminotransferase


ATLS advanced trauma life support


ATMS Abbreviated Mental Test Score


ATN acute tubular necrosis


ATP adenosine triphosphate


ATS Australasian Triage Scale


AV arteriovenous; atrioventricular


AVM arteriovenous malformation


AVN avascular necrosis


AVNRT AV nodal re-entry tachycardia


AVRT AV re-entry tachycardia


AWS Alcohol Withdrawal Scale


AXIS electrical pathway mapping


BAC blood alcohol concentration


BD, bd, bid twice daily


BBB bundle branch block


β-hCG beta human chorionic gonadotrophin


BiPAP bi-level positive airway pressure




BLS basic life support


BNP B-type natriuretic protein


BP blood pressure


bpm beats per minute


BPV benign positional vertigo


BPPV benign paroxysmal positional vertigo


BSA body surface area


BSL blood sugar level


BURP backward, upward, rightward pressure


BVM bag–valve–mask


Ca calcium


CABG coronary artery bypass graft


CAL (acute-on)-chronic airflow limitation, chronic airway limitation


CA-MRSA community-acquired methicillin-resistant Staphylococcus aureus


CAM Confusion Assessment Method


CAPD continuous ambulatory peritoneal dialysis


CAS coloured analogue scale (for pain)


CBR chemical, biological, radiological


CCF congestive cardiac failure; chronic cardiac failure


CCO casualty collecting (ambulance) officer


CCR5 chemokine (C–C motif) receptor 5 (blockers)


CCU coronary care unit


CHB complete heart block


CIN clinical initiatives nurse


CO cardiac output


COPD chronic obstructive pulmonary disease


CHB complete heart block


CIAP Clinical Information Access Program


CIN clinical initiatives nurse


CJD Creutzfeldt–Jakob disease


CK creatine kinase


CLL chronic lymphocytic leukaemia


CMC central medical coordinator


CML chromic myeloid leukaemia


CMO career medical officer


CMV cytomegalovirus


CNS central nervous system


CO carbon monoxide


CO2 carbon dioxide


COAD chronic obstructive airways disease


COLD chronic obstructive lung disease


COPD chronic obstructive pulmonary disease


CPAP continuous positive airway pressure


CPK creatine phosphokinase


CPP cerebral perfusion pressure


CPR cardiopulmonary resuscitation


CRAG cryptococcal antigen


CRF chronic renal failure


CRP C-reactive protein


CSF cerebrospinal fluid


C-spine cervical spine


CSL Commonwealth Serum Laboratories


CT computed tomography


CTCA CT coronary angiography


CTG cardiotocography


CTPA computed tomography pulmonary angiogram


CTR cardiothoracic ratio


CVA cerebrovascular accident


CVC central venous catheter


CVP central venous pressure


CVS cardiovascular system


CXR chest X-ray


D&C dilation and curettage


DBP diastolic blood pressure


DC direct current


DD differential diagnosis/diagnoses


DFA direct fluorescent antibody


DI diabetes insipidus


DIC disseminated intravascular coagulation




DIP distal interphalangeal


DISPLAN medical response plan


DKA diabetic ketoacidosis


DM diabetes mellitus


DNA deoxyribonucleic acid


DPL diagnostic peritoneal lavage


DRESS drug reaction/rash with eosinophilia and systemic symptoms


DRS disability rating scale


DSA digital subtraction angiography


DTP diphtheria, tetanus, pertussis (vaccine)


DTaP, DTPa diphtheria, tetanus, acellular pertussis (vaccine)


DTs delirium tremens


DUB dysfunctional uterine bleeding


DVT deep vein thrombosis, deep venous thrombosis


EB epidermolysis bullosa


EBV Epstein–Barr virus


ECC emergency control centre


ECF extracellular fluid


ECG electrocardiogram, electrocardiography


ECMO extracorporeal membrane oxygenation


ED emergency department


EDH extradural haematoma


EDIS Emergency Department Information System


EER external emergency response


EEG electroencephalogram, electroencephalography


EF ejection fraction


eFAST extended FAST (focused assessment with sonography in trauma)


eGFR estimated glomerular filtration rate


EGFRI epidermal growth factor receptor inhibitor


EIA enzyme immunoassay


ELISA enzyme-linked immunosorbent assay


ELS emergency life support


EM erythema multiforme


EMA Emergency Medicine Australia


EMD electromechanical dissociation


EMR Electronic Medical Record


EMLA trade name for topical anaesthetic


EMST early management of severe trauma (guidelines)


EOC emergency operation centre


ENT ear, nose, throat


EOC emergency operation centre


EPAP expiratory positive airway pressure


EPS electrophysiological study


ERCP endoscopic retrograde cholangiopancreatography


ESR erythrocyte sedimentation rate


ESWL extracorporeal shock-wave lithotripsy


EtCO2 end-tidal carbon dioxide


ETT endotracheal tube


EUC electrolytes, urea and creatinine (also UEC)


EVD external ventricular drain


FAS facial affective scale (for pain)


FAST focused assessment with sonography in trauma


FBC full blood count


FBE full blood examination


FDP fibrin degradation products; flexor digitorum profundus (deep digital flexor)


FDS flexor digitorum superficialis (superficial digital flexor)


FEV1 forced expiratory volume in the first second


FFP fresh frozen plasma


FIM functional independence measure


FiO2 fraction of inspired oxygen


Fr French gauge


FRC functional residual capacity




FSH follicle-stimulating hormone


FVC forced vital capacity


G&H group and hold (blood)


GABA gamma-aminobutyric acid


GBHS group B beta-haemolytic Streptococcus


GCS Glasgow Coma Scale


GDR Geriatric Depression Scale


GFR glomerular filtration rate


GHB gamma-hydroxybutyrate


GI gastrointestinal


GIT gastrointestinal tract


GM-CSF granulocyte–macrophage colony-stimulating factor


GNR Gram-negative rods


GORD gastro-oesophageal reflux disease


GP general practitioner


GTN glyceryl trinitrate


GVHD graft-versus-host disease


HAART highly active antiretroviral treatment


HADS Hospital Anxiety and Depression Scale


HAPE high-altitude pulmonary (o)edema


HAV hepatitis A virus


HA-MRSA hospital-acquired methicillin-resistant Staphylococcus aureus


Hb haemoglobin


HBC hepatitis B core antibody


HBO hyperbaric oxygen therapy


HBS hepatitis B surface antibody


HBV hepatitis B virus


hCG human chorionic gonadotrophin


HCM hypertrophic cardiomyopathy


Hct haematocrit


HCV hepatitis C virus


HDL high-density lipoprotein


HDV hepatitis delta agent


HEV hepatitis E virus


HF hydrofluoric acid


HFMD hand, foot and mouth disease


HGV hepatitis G virus


HHNS hyperosmolar hyperglycaemic non-ketotic state


HHS hyper-osmolar hyperglycaemic syndrome


HIDA hepatobiliary iminodiacetic acid (scan)


Hib Haemophilus influenzae type b


HIDA hepatobiliary iminodiacetic acid scan


HITH hospital in the home


HITTS heparin-induced thrombotic thrombocytopenia syndrome


HIV human immunodeficiency syndrome


HLA human leucocyte antigen


HOCM hypertrophic cardiomyopathy


HONK hyperosmolar non-ketosis


HPI history of present illness


HPV human papillomavirus


HR heart rate


HRT hormone replacement therapy


HSV herpes simplex virus


HTLV-1 human T-lymphotropic virus type 1


HZ herpes zoster


IABC intra-aortic balloon counterpulsation


IBS irritable bowel syndrome


ICC intercostal catheter


ICD implantable cardiac defibrillator


ICF intracellular fluid


ICH intracerebral haemorrhage


ICP intracranial pressure


ICRP International Commission on Radiological Protection


ICS intercellular space


ICU intensive care unit


IDC indwelling (urinary) catheter


IDU injecting drug user


IIOC immediate initiation of care




Ig immunoglobulin


IHD ischaemic heart disease


ILCOR International Liaison Committee on Resuscitation


IM intramuscular(ly)


IMI intramuscular injection


IMV intermittent mandatory ventilation


IN intranasal, nasally


INH isoniazid


INR international normalised ratio (for prothrombin time)


IO intraosseous(ly)


IOP intraocular pressure


IP intraperitoneal


IPAP inspiratory positive airway pressure


iPEEP intrinsic PEEP (positive end-expiratory pressure)


IPPV intermittent positive-pressure ventilation


IRIS immune reconstitution inflammatory syndrome


IRT incident response team


ISS Injury Severity Score


IT information technology


ITN ischaemic tissue necrosis


ITP idiopathic thrombocytopenia, idiopathic thrombocytopenic purpura


IUD, IUCD intrauterine (contraceptive) device


IV intravenous(ly)


IVC inferior vena cava


IVDU intravenous drug use/user


IVI intravenous injection


IVP intravenous pyelogram


IVS intravascular space


IVT intravenous therapy


JRA juvenile rheumatoid arthritis


JVP jugular venous pressure


JVT jugular venous distension


K potassium


KPI key performance indicator


KS Kaposi’s sarcoma


KUB kidneys–ureters–bladder (X-ray or CT)


LAD left-axis deviation (in ECG); left anterior descending


LAFB left anterior fascicular block (anterior hemiblock)


LAP left atrial pressure


LBBB left bundle branch block


LBFB left posterior fascicular block (posterior hemiblock)


LCA left coronary artery


LCL lateral collateral ligament; lateral cruciate ligament


LDH lactate dehydrogenase


LDL low-density lipoprotein


LFT liver function test


LH luteinising hormone


LIF left iliac fossa


LMA laryngeal mask airway


LMO local medical officer


LMP last (normal) menstrual period


LMWH low-molecular-weight heparin


LOC level of consciousness; loss of consciousness


LP lumbar puncture


LPFB left posterior fascicular block


LR likelihood ratio


LSD lysergic acid diethylamide


LTBI latent tuberculosis infection


LV left ventricular


LVEF left ventricular ejection fraction


LVF left ventricular failure


LVH left ventricular hypertrophy


m, mo, mths months


M/C/S or M&S microculture and sensitivity (both used)


MAC Mycobacterium avium–intracellulare complex


MAOI monoamine oxidase inhibitor


MAP mean arterial (blood) pressure


MAST military antishock trousers




MCH mean corpuscular haemoglobin


MCI mass-casualty incident


MCL medial collateral ligament


MCP metacarpophalangeal


MCU micturating cystourethrogram


MCV mean corpuscular volume


MDI metered-dose inhaler


MDMA 3,4-methylene dioxymethylamphetamine (ecstasy)


MET mobile emergency team


Mg magnesium


MILS manual in-line stabilisation/immobilisation


MIMMS major incident medical management and support


MMR measles, mumps, rubella


MMSE Mini Mental State Examination


MODS multi-organ dysfunction syndrome


MR magnetic resonance


MRA magnetic resonance angiography


MRI magnetic resonance imaging


MRSA multi-resistant Staphylococcus aureus; methicillin-resistant Staphylococcus aureus


MS mitral stenosis


MSM men who have sex with men


MSU midstream urine


MVP mitral valve prolapse


N/2 half normal


N/4 quarter normal


N2O nitrous oxide


Na sodium


NAAT nucleic acid amplification testing


NAC N-acetylcysteine


NAD nothing abnormal detected


NAPA N-acetylprocainamide


NAPQI N-acetyl-p-quinoneimine


NAT nucleic acid testing


NBM nil by mouth


NFR not for resuscitation


NG nasogastric


NGO non-government organisation


NGT nasogastric tube


NHL non-Hodgkin’s lymphoma


NIBP non-invasive blood pressure (monitoring)


NIPPV non-invasive positive-pressure ventilation


NIV non-invasive ventilation


NMDA N-methyl-D-aspartate


NMR nuclear magnetic resonance


NMS neuroleptic malignant syndrome


NNRTI non-nucleoside reverse transcriptase inhibitor


NO nitric oxide


NOF neck of femur


NORSA non-multiresistant oxacillin-resistant Staphylococcus aureus


NP nurse practitioner


NRS numeric rating scale (for pain)


NRTI nucleoside reversion transcriptase inhibitor


NSA normal serum albumin


NSAID non-steroidal anti-inflammatory drug


NSTEACS non-ST-segment elevation acute coronary syndrome


NSTEMI non-ST-elevation myocardial infarction


NT N-terminal


NTT nasotracheal tube


O&G obstetrics and gynaecology


O2 oxygen


OCP oral contraceptive pill


od once daily


OI opportunistic infection


OM occipitomental


OPG orthopantomogram


ORIF open reduction internal fixation


OT occupational therapy; operating theatre


PA posteroanterior




PACO2 partial pressure (tension) of alveolar carbon dioxide


PaCO2 partial pressure of arterial carbon dioxide


PACS Patient Archiving and Communication System


PAN polyarteritis nodosa


Pap smear Papanicolaou smear test


PAWP pulmonary artery wedge pressure


PBL problem-based learning


PC platelet count


PCA patient-controlled analgesia; percutaneous coronary angioplasty


PCI percutaneous coronary intervention


PCL posterior cruciate ligament


PCO2 partial pressure of carbon dioxide (may be arterial or venous)


PCP Pneumocystis jiroveci (carinii) pneumonia


PCR polymerase chain reaction


PCV packed cell volume


PDN paroxysmal nocturnal dyspnoea


PE pulmonary embolism


PEA pulseless electrical activity


PEEP positive end-expiratory pressure


PEFR peak expiratory flow rate


PEP post-exposure prophylaxis


PERC PE Rule-out Criteria


PET positron emission


PG prostaglandin


PGL persistent generalised lymphadenopathy


PI product information (drugs); protease inhibitor


PID pelvic inflammatory disease


PiO2 partial pressure of inspired oxygen


PIOPED prospective investigation of pulmonary embolism diagnosis


PIP peak inspiratory pressure; proximal interphalangeal


PML progressive multifocal leucoencephalopathy


PND paroxysmal nocturnal dypnoea


PNS peripheral nervous system


PO per orem, by mouth


POP plaster of Paris


POSI position of safe immobilisation


Posm plasma osmolarity


PPE personal protective equipment


PPI proton-pump inhibitor


PPNG penicillinase-producing Neisseria gonorrhoeae


PPV patency, protection, ventilation


PR per rectum, rectally


PRN, prn as required


PRVC pressure-regulated volume control


PSA prostate-specific antigen


PSI Pneumonia Severity Index


PSVT paroxysmal supraventricular tachycardia


PT prothrombin time


PTCA percutaneous transluminal coronary angioplasty


PTH parathyroid hormone


PTHrp parathyroid hormone related protein


PTSD post-traumatic stress disorder


PTT partial thromboplastin time


PUD peptic ulcer disease


PUO pyrexia of unknown origin


PUVA psoralen ultraviolet A (therapy)


PV per vaginam, vaginally


q4h every 4 hours (etc)


QID, qid 4 times daily


R respiratory quotient; right


RA radiofrequency ablation; rheumatoid arthritis


RAA renin–angiotensin–aldosterone (system)


RAD right-axis deviation (in ECG)


RAP right atrial pressure


RAT rapid assessment team




RBBB right bundle branch block


RBC red blood cell


RCA right coronary artery


RF radiofrequency


RICE rest, ice, compression and elevation


RMO resident medical officer


RNA ribonucleic acid


ROM range of movement


ROSC return of spontaneous circulation


RPFB right posterior fascicular block


RPR rapid plasma reagin (test)


RR relative risk


RSI rapid-sequence induction, rapid-sequence intubation


RSV respiratory syncytial virus


RTA road traffic accident


rTPA tissue plasminogen activator


RTS Revised Trauma Score


RUQ right upper quadrant


RV right ventricle


RVH right ventricular hypertrophy


SA sinoatrial


SAED semi-automated external defibrillator


SAH subarachnoid haemorrhage


SaO2 peripheral oxygen saturation


SARS severe acute respiratory syndrome


SBP systolic blood pressure


SBT skin bleeding time


SC subcutaneous(ly)


SCA sickle-cell anaemia


SCAR serous cutaneous adverse reaction


SCD sickle-cell disease


SCID severe combined immune deficiency


SCIWORA spinal cord injury without radiological abnormality


SDH subdural haematoma/haemorrhage


SF-36 a 36-item health survey (Medical Outcomes Study)


SFFS sitting fetal feet supported


SGOT serum glutamic oxaloacetic transaminase


SIADH syndrome of inappropriate antidiuretic hormone


SIDS sudden infant death syndrome


SIMV synchronised intermittent mandatory ventilation


SIRS systemic inflammatory response syndrome


SJS Stevens–Johnson syndrome


SK streptokinase


SLE systemic lupus erythematosus


SLS sodium lauryl sulfate


SMA superior mesanteric artery


SNRI selective serotonin and noradrenaline re-uptake inhibitor


SOB shortness of breath


SOL space-occupying lesion


SPC suprapubic catheter


SpO2 peripheral oxygen saturation


SR sinus rhythm


SSD silver sulfadiazine


SSLR serum-sickness-like reaction


SSNRI selective serotonin norepinephine release inhibitor


SSRI selective serotonin re-uptake inhibitor


SSSS staphylococcal scalded skin syndrome


stat at once


STD sexually transmitted disease


STEMI ST-elevation myocardial infarction


SV stroke volume


SVC superior vena cava


SvO2 central venous oxygen saturation


SVT supraventricular tachycardia


TAC tetracaine, adrenaline and cocaine in a gel preparation


TASER Thomas A Swift Electric Rifle


TB tuberculosis




TBI traumatic brain injury


TBSA total body surface area


TED thromboembolism


TCA tricyclic antidepressant


TDS 3 times daily


TEN toxic epidermal necrolysis


TENS transcutaneous electrical nerve stimulation


TFT thyroid function test


TGA Therapeutic Goods and Administration


THC tetrahydrocannabinol


TIA transient ischaemic attack


TIG tetanus immunoglobulin


TIMI thrombolysis in myocardial infarction (score)


TIPS transjugular intrahepatic portosystemic shunt


TLS tumour lysis syndrome


TMJ temporomandibular joint


TNF tumour necrosis factor


TPHA Treponema pallidum haemagglutination assay


TOE transoesophageal echocardiogram/echocardiography


TORCH toxoplasmosis, rubella, cytomegalovirus, herpes simplex and HIV


TOV trial of void


TPA tissue plasminogen activator


TPHA Treponema pallidum haemagglutination assay (syphilis test)


TPN total parenteral nutrition


TPR total peripheral resistance


TRALI transfusion-related acute lung injury


TRISS Revised Trauma Score and Injury Severity Score combined


TRTS Triage Revised Trauma Score


TSH thyroid-stimulating hormone


TSST toxic shock syndrome toxin


TT thrombin time


U/A urinalysis


UA urinalysis; unstable angina


U&E urea and electrolytes


UEC urea, electrolytes and creatinine (also EUC)


UNH unfractionated heparin


URTI upper respiratory tract infection


US ultrasound


UTI urinary tract infection


VAS visual analogue scale (for pain)


VBG venous blood gas


vCJD variant Creutzfeldt–Jakob disease


VDK venom detection kit


VDRL venereal disease reference laboratory (test)


VEB ventricular ectopic beat


VF ventricular fibrillation


VP ventriculoperitoneal


V/Q ventilation–perfusion


VSD ventricular septal defect


VT ventricular tachycardia


VTE venous thromboembolism


vWF Von Willebrand’s factor


VZIG varicella zoster immune globulin


VZV varicella zoster virus


WBC white blood cell


WCC white (blood) cell count


WHO World Health Organization


WPW Wolfe-Parkinson-White (syndrome)


y, yrs years













Preface


Since the first edition of this book in 1988 and following editions in 1992, 1998, 2004 and 2009, emergency medicine has — fortunately — continued to advance. In this edition much new information, many new approaches and extensive refinements of existing clinical management have been incorporated. Again, current and respected practising clinicians have been chosen as authors for their clinical expertise and experience, so that they can compact their knowledge into the pocket-sized format. As healthcare resources continue to be stretched, the first hours of a patient’s illness or initial contact with healthcare providers, outside and inside a hospital, are even more critical to the outcome. It is also very pertinent given the challenge of re-engineering patient flow, e.g. the ‘4-hour rule’, which is coupled to funding. The aim of this book is to help with this initial contact.


Any suggestions for improving this will be very much appreciated: please send them to gfulde@stvincents.com.au.
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Chapter 1


Cardiopulmonary resuscitation




Gordian W O Fulde, Paul Preisz and Melinda J Berry





A patient in cardiac arrest is not an uncommon situation in the emergency department. Medical and nursing staff should all be familiar with the delivery of basic and advanced life support.


Time to defibrillation remains the most important feature of cardiac arrest management. Rapid defibrillation makes the biggest impact on patient outcome of any intervention. Uninterrupted, effective chest compressions have now also been shown to improve outcomes, but this should not delay defibrillation.


Cardiac arrest is a stressful situation for everyone involved. The basic life support (BLS) and adult advanced life support (ALS) algorithms are kept clear and simple so that people can follow them under duress. The algorithms should be clearly displayed so that they can be referred to during the course of an arrest.


Effective management of a patient in cardiac arrest also involves communication and teamwork skills in the context of a highly pressured situation. Simulation of arrest scenarios allows learning and rehearsal of these skills in addition to practising the steps of the algorithm.






Basic life support (BLS)


The principles of BLS are the same in children and adults, and the Australian Resuscitation Council recommends the same BLS algorithm for all ages. This allows for ease of learning and retention for lay people in the community (as well as many healthcare workers!)


There are obviously differences in anatomy, physiology and pathology between children and adults, and this is reflected in the recommendations for healthcare workers providing more-advanced life support for these different groups (see following sections).


BLS commences with looking for danger, quickly assessing the response of the patient and calling for help. If there is life-threatening external bleeding, it must be stopped by applying direct pressure and elevating the wound above the level of the heart.




[image: image]


Figure 1.1 Basic life support
AED, automatic external defibrillator; CPR, cardiopulmonary resuscitation From Australian Resuscitation Council; reproduced with permission








Open the airway with a head tilt, chin lift and/or jaw thrust. Any visible obstructing material can be removed, but a routine finger sweep is not recommended. Look, listen and feel for normal breathing.


Commence chest compressions if the patient is unresponsive and not breathing normally. Healthcare workers may feel for a pulse, but this has been found to be alarmingly unreliable and can cause delays in commencing chest compressions. No more than 10 seconds should be spent feeling for a pulse before moving on to start chest compressions. Chest compressions are commenced prior to delivering ventilations.


Chest compressions are delivered at a rate of 100/min to the lower half of the sternum and to a depth of at least one-third of the depth of the chest. After 30 compressions, pause briefly to deliver 2 ventilations. Early, effective and uninterrupted chest compressions have been shown to improve survival outcomes from cardiac arrest.


Chest compressions to an adult are delivered with a two-handed technique. For infants and small children, only one hand may be needed; and for babies, two fingers or the thumb/hand encircling technique. In late pregnancy, position the arrested patient supine but with something under the right buttock to provide sideways pelvic tilt to lift the gravid uterus off the inferior vena cava.


Performing chest compressions is tiring, even in a paediatric patient, and effectiveness declines over time with the same compressor. Change compressors every 2 minutes wherever possible, but with minimal interruption to the compressions.


Ventilations can be delivered by mouth-to-mouth expired air (mouth-to-nose in babies and infants), mouth-to-mask or by bag-and-mask. The volume delivered just needs to be enough to see the chest wall rise. Overventilation causes hyperinflation of the chest which impairs venous return to the heart, limiting cardiac output. Overventilation can also cause gastric distension, predisposing to regurgitation of stomach contents and aspiration of this into the lungs.


Early defibrillation improves outcome. Automatic external defibrillators (AEDs) allow early defibrillation in community areas and low-acuity hospital areas where advanced life support is not immediately available. If an AED is available, it should be used as soon as possible.









Adult advanced life support (ALS)


ALS involves defibrillation, oxygenation of the vital organs and reversing any causes of the arrest. Minimal interruptions to effective chest compressions and prompt defibrillation remain the priority.


Defibrillation of a shockable rhythm (ventricular fibrillation VF or pulseless ventricular tachycardia VT) must occur as soon as possible. The praecordial thump is no longer recommended. Maximum joules (200 J for biphasic defibrillator) are used for the first and all subsequent shocks. Stacked shocks are no longer recommended.


Defibrillation electrode pads are now widely available. Place one pad at the right parasternal area over the 2nd intercostal space, and the other pad in the left mid-axillary line over the 6th intercostal space. Antero-posterior (left parasternal area and just below the left scapula) is an alternative, but involves rolling the patient to apply the posterior pad and hence interrupting chest compressions. Avoid ECG electrodes, medication patches and pacemaker boxes.
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Figure 1.2 Advanced life support for adults
ABCDE, airway, breathing, circulation, disability, exposure algorithm; CPR, cardiopulmonary resuscitation; ETT, endotracheal tube; IO, intraosseus; IV, intravenous; LMA, laryngeal mask airway From Australian Resuscitation Council; reproduced with permission








Rhythm analysis occurs every 2 minutes. The defibrillator can be charged up while compressions are continuing. A pause in compressions allows for rhythm analysis and shock delivery if VT or VF is present. This sequence minimises interruptions to compressions. Every 2 minutes, the manual defibrillator can be charged up ready for shock delivery at the same pause in chest compressions as for rhythm analysis. The charge can be dumped if the rhythm is non-shockable (pulseless electrical activity PEA or asystole).


Chest compressions are resumed immediately after every shock, regardless of a change in rhythm. The theory behind this is that the heart is ‘stunned’ after defibrillation and cardiac output may still be very poor, even if an organised rhythm has been achieved. Unless the patient has obvious signs of a good cardiac output (moving or talking!), chest compressions continue until the next 2-minute mark when the rhythm is analysed and the patient is examined for a pulse. If a pulse is not detected after 10 seconds, chest compressions are resumed.


Adrenaline is administered in an attempt to direct more blood flow to the heart and brain. The recommended dose is adrenaline 1 mg (10 mL of 1:10,000 solution) intravenous IV (or intraosseous IO) every 4 minutes (every 2nd cycle). If the patient is not in a shockable rhythm, adrenaline is administered immediately. If the rhythm is shockable, adrenaline is administered after the 2nd unsuccessful shock as chest compressions are recommenced.


Amiodarone is recommended for refractory VF or VT. Amiodarone 300 mg is administered (IV or IO) after the 3rd unsuccessful shock with the recommencement of chest compressions.


Where IV access is not attainable, the IO route is recommended. Endotracheal administration of medications is no longer recommended. IO access devices for adults (drills) are becoming more widely available.


Two-person bag-and-mask ventilation with simple airway manoeuvres and adjuncts is the first-line technique to deliver oxygen to the lungs. Endotracheal intubation has advantages, such as a secure and protected airway, but does not take priority over chest compressions and defibrillation. If intubation is performed, chest compressions should not be interrupted for more than 20 seconds. A traumatised airway or an oesophageal intubation worsens the outcome for the patient, so this needs to be taken into consideration. Once the patient is intubated, chest compressions can be continuous at 100/min with ventilations at a rate of 6–8/min.


Reversible causes need to be considered in all arrests. These can be recalled by using the ‘four Hs and four Ts’ mnemonic:




H Hypoxia


H Hypovolaemia


H Hyper/hypo K, Mg, Ca, glucose


H Hypothermia (temperature below 30°C)


T Tension pneumothorax


T Tamponade


T Toxins (including anaphylaxis)


T Thromboembolus





Once cardiac output is re-established, post-resuscitation care is an opportunity to lessen morbidity and mortality for these patients. This includes appropriate airway management, achieving normal oxygen levels while avoiding hyperoxia and maintaining a blood pressure that provides adequate perfusion to the vital organs and a normal blood glucose level. The underlying cause of the arrest needs to be addressed, including consideration of cardiac angiography in many adult cases.


Patients who remain unconscious post arrest may have a greater chance of a good neurological outcome if they are cooled in the first few hours to 32–34°C for 12–24 hours. Cooling can start right from the beginning of the resuscitation.


It is impossible to predict accurately the degree of neurological recovery during or immediately after cardiac arrest. Relying on the neurological examination during or immediately after cardiac arrest to predict outcome is not recommended and should not be used.


In cases where there is no return of spontaneous circulation, senior medical staff may decide to stop resuscitation efforts and declare the person deceased. This decision is made in the context of the duration and nature of the arrest, the premorbid state of the patient and the likelihood of significant neurological recovery.









Advanced life support in children


The basic life support (BLS) algorithm given above is the same for children as adults, but for healthcare workers providing advanced life support, 2 ventilations should be given after every 15 compressions.


Bradycardia and asystole are common initial rhythms in paediatric cardiac arrest and hypoxia or hypovolaemia are more commonly the cause than primary cardiac disease. However, VF and VT do still occur in children and so rhythm analysis and defibrillation of shockable rhythms must occur as soon as possible. Defibrillation dose is 4 J/kg for the first and all subsequent shocks.


Effective uninterrupted chest compressions are just as important in children as in adults. Again, two-person bag-and-mask ventilation with simple airway manoeuvres and adjuncts is the first-line technique to deliver oxygen to the lungs.


Adrenaline 10 microg/kg IV (or IO) is administered immediately in cases of asystole or PEA and after the 2nd unsuccessful defibrillation in VF or VT with the recommencement of chest compressions. Amiodarone 5 mg/kg is recommended for refractory VF or VT after the 3rd unsuccessful defibrillation attempt.


IV access is the first-line route of drug administration. No more than 90 seconds should be spent attempting IV access before resorting to IO access.


The reversible causes need to be considered and this can be remembered with the four Hs and four Ts (see opposite). Hypovolaemia is prominent in paediatric arrest, so a fluid bolus of 20 mL/kg (normal saline) is routinely administered. Blood sugar level should be tested early on, with administration of dextrose 10% 5 mL/kg if hypoglycaemic.
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Figure 1.3 Advanced life support in children From Australian Resuscitation Council; reproduced with permission








Parents or primary caregivers may wish to be present during the resuscitation process. This should be encouraged, with the provision that there is a senior nursing or medical staff member allocated solely to explaining events and answering questions.









Resuscitation of the newborn


A small percentage of newborn babies require some resuscitation at birth, usually initial breathing assistance. Deliveries in the ED are unexpected or precipitous and so carry a higher risk of neonatal complications. All deliveries in the ED warrant preparations for full neonatal resuscitation with a team that is separate from the staff assisting the mother.


Initial assessment occurs while the newborn is being dried, the cord clamped and the baby placed on dry bedding under a radiant heater, or placed on the mother’s chest and covered with a dry blanket if it is obvious that no resuscitation is required.


Assess response to stimulation, colour, tone, respiratory rate/effort and heart rate (which should be 110–160 bpm). If the baby is not moving or breathing, place on the neonatal resuscitation bed under a radiant heater and provide stimulation by drying with a soft towel. Ensure the airway is open. Routine suctioning is not recommended, but if there are secretions causing obstruction, these can be very gently and briefly suctioned.
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Figure 1.4 Newborn life support
CPAP, continuous positive airway pressure; HR, heart rate; LMA, laryngeal mask airway; SpO2, peripheral oxygen saturation From Australian Resuscitation Council; reproduced with permission








If the baby has not started breathing or the heart rate is < 100 bpm, provide positive-pressure ventilation with air via a self-inflating 500 mL paediatric resuscitation bag (240 mL bag is used for pre-term babies under 2.5 kg). Use a soft-rimmed mask that covers the mouth and nose, but not the eyes. Keep the head in a neutral position as extension or flexion can kink and obstruct the airway.


Deliver breaths at a rate of 40–60/min with just enough volume to see the chest wall rise. The heart rate should rise above 100 bpm. Ongoing bradycardia is usually due to hypoxia and inadequate ventilation. Oxygen can be added if there is no improvement in heart rate after the first few minutes.


If the heart rate is < 60 bpm after 30 seconds of positive-pressure ventilation with oxygen, commence chest compressions. Use two fingers on the lower half of the sternum, or both hands encircling the chest with both thumbs on the lower half of the sternum. Compress the chest to one-third of its depth at a rate of 100/min. Perform 3 compressions before pausing to deliver ventilation. Intubation can then be performed if there is an experienced operator available.


Drugs and IV fluids are rarely required. If the heart rate remains below 60 bpm despite adequate ventilation, oxygenation and chest compressions, adrenaline 10–30 microg/kg IV may be administered but must not detract from the above measures. IV access is usually readily available through the umbilical vein.









Foreign body airway obstruction


Sudden onset of noisy breathing, stridor and coughing can be signs of partial airway obstruction by a foreign body. The patient’s own coughing can be the most effective way of relieving the obstruction, but if coughing is inadequate, call an ambulance or cardiac arrest team and move on to the manoeuvres outlined below.


The conscious patient who is unable to cough and clear their own airway needs assistance. Deliver up to 5 back blows with the heel of the hand to the middle of the back between the shoulder blades, checking after each to see if it has been successful in clearing the airway. If this is unsuccessful, up to 5 chest thrusts can be performed. This is a sharp blow with the heel of the hand delivered to the same area of the chest as chest compressions. Continue 5 back blows and 5 chest thrusts until the obstruction is relieved.


If it is a baby or infant, they can be placed prone and head down across your lap. Firm blows are delivered with the heel of your hand to the baby’s back between the shoulder blades. Deliver up to 5 blows, checking in between to see if the airway has been cleared. If not successful, turn the infant over and perform up to 5 chest thrusts. Again, these are sharp blows delivered to the same location as for chest compressions. Continue 5 back blows and 5 chest thrusts until the obstruction is relieved.
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Figure 1.5 Management of foreign body airway obstruction (choking) From Australian Resuscitation Council; reproduced with permission








If the patient becomes unconscious, commence basic life support while waiting for the ambulance or arrest team to arrive.









Online resources


Australian Resuscitation Council (ARC) www.resus.org.au


International Liaison Committee on Resuscitation (ILCOR) www.ilcor.org
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Securing the airway


(Paul Gaudry and Melinda Berry)


Assessment and stabilisation of the airway have priority over other aspects of resuscitation in patients with life-threatening illness or injury.





Editorial Comment


Lack of an adequate airway is still the most common cause of preventable death outside and inside a hospital.












DIFFERENCES BETWEEN THE AIRWAY ANATOMIES OF CHILDREN AND ADULTS


The anatomy of the airways of infants and young children differs significantly from that of older children and adults in ways that are relevant to airway management:




1. larger and more mobile head, which tends to flex the neck in the supine position


2. larger tongue, more prominent oropharyngeal tonsils and larger epiglottis


3. higher and more anterior larynx in an infant (cervical vertebrae 3–4) than in a child or an adult (cervical vertebrae 5–6)


4. narrowest at cricoid cartilage rather than at vocal cords


5. smaller diameter and shorter length of trachea


6. small amounts of mucosal swelling producing large effects on airway resistance.














CAUSES OF AIRWAY OBSTRUCTION AND RESPIRATORY FAILURE







1. Decreased level of consciousness (cerebrovascular accident, seizure, infection, poisoning, head injury, near-drowning)


2. Trauma (maxillofacial fractures, blunt and penetrating neck injuries, laryngotracheal and bronchial rupture, chest injury, spinal cord injury)


3. Burns (face and neck burns, inhalational burns)


4. Foreign bodies (supraglottic, trachea, bronchus, oesophagus)


5. Infection (peritonsillar abscess, retropharyngeal abscess, epiglottitis, croup, pneumonia)


6. Inflammation (angioneurotic oedema, caustic ingestion, asthma, aspiration pneumonitis, parenchymal lung disease)


7. Shock (haemorrhagic, septic, anaphylactic, spinal)


8. Tumours (pharynx, larynx, trachea, bronchus)


9. Generalised weakness (neuropathies, myopathies)


10. Congenital anomalies in children (vascular ring)












ASSESSMENT AND ANTICIPATION OF AIRWAY OBSTRUCTION


Establish whether the airway is patent and protected, threatened, or partially or completely obstructed. A patent airway is an absolute first priority. Protection from aspiration is only a relative priority and does not take priority over initial assessment and treatment of the patient’s breathing and circulation.




1. Observe and listen for air movement and the rate and depth of respirations (at the mouth and nose, movement of the chest wall, presence of tracheal tug).


2. Listen for noisy or abnormal sounds (gurgling, snoring, choking, coughing, stridor, wheeze).


3. Assess the sound and quality of the voice (weak, painful, hoarse).


4. Determine the level of consciousness (Glasgow Coma Scale score).


5. Inspect the mouth for foreign body.


6. Test the tone of the jaw, mouth and oropharyngeal muscles.


7. Test the gag reflex.


8. Feel the maxillofacial and neck regions (swelling, deformity, subcutaneous emphysema).





Upper airway obstruction. Initially the airway may only be threatened, but the pathological process may be progressive, as with burns and infection or movement of a foreign body. Priority must be given to securing the airway, as delay may itself precipitate complete obstruction. Intravenous sedation may also precipitate complete obstruction and should be avoided. If anaesthesia is required, inhalational induction may be preferred and relaxants avoided until bag–valve–mask ventilation is confirmed.









AIRWAY EXAMINATION FINDINGS


Several examination findings correlate with difficult mask ventilation or laryngoscopy. They should be taken into account. Positive findings tend to overestimate the chance of difficulty, but it is preferable to be over-prepared than under-prepared. Multiple abnormalities are more highly suggestive of difficulty. Negative findings do not exclude difficulty, and so problems may still arise unexpectedly. Difficult airway management algorithms help to work through problems when they occur.






Difficult mask ventilation


A poor seal between face and mask impedes bag–valve–mask ventilation. Six risk factors for difficult mask ventilation have been defined: beard, age > 57, snoring, BMI > 26, Mallampati III/IV, limited mandibular protrusion.


A commonly used mnemonic for a quick assessment of ventilation difficulty is BONES:




B Beard


O Obesity


N No teeth


E Elderly


S Stiffness












Difficult intubation


The following section reviews the commonly used clinical tests and examination to predict difficult laryngoscopy.


The LEMON mnemonic can be used as a reminder:




L Look externally: gestalt view—trauma, trismus, obesity


E Evaluate 3:3:2 rule (below)


M Mallampati score (below)


O Obstruction


N Neck immobility: cervical collar, rheumatoid arthritis, surgery









3:3:2 rule







[image: image] Inter-incisor distance (3 fingers)




— Measure with the mouth fully open and head extended.




— Less than 3 fingerbreadths imply more difficulty with intubation.


— Average adult values are 3.5–4.5 cm.





[image: image] Hyo-mental distance (3 fingers)




— Measure accurately from mental process to the hyoid bone with the head extended.


— As a general rule a thyro-mental distance (mental process to thyroid cartilage) < 6.5 cm predicts a difficult intubation.





[image: image] Thyro-hyoid distance (2 fingers)




— Measure from the thyroid cartilage to hyoid bone (or base of mouth) with neck extended.















Mallampati examination


This examination is performed with the patient sitting upright, head neutral, mouth fully opened, tongue extended and not talking (i.e. we can rarely ascertain a true Mallampati score in an ED patient requiring intubation but it can often be done prior to procedural sedation).


It was originally described with three classes and later modified by Samsoon and Young into four classes:




[image: image] Class I: soft palate, fauces, uvula, anterior and posterior pillars


[image: image] Class II: soft palate, fauces, uvula


[image: image] Class III: soft palate, base of uvula


[image: image] Class IV: hard palate















Difficult surgical airway


Look for factors which may obscure surgical landmarks. These can be remembered using the mnemonic SHORT:




S Surgery/Scar


H Haematoma


O Obesity


R Radiation


T Trauma/Tumour















FACTORS CONFOUNDING AIRWAY MANAGEMENT







Cervical spine injury. Head and neck immobilisation must be maintained in the victim of blunt trauma until injury to the cervical spine is definitely excluded. If endotracheal intubation is indicated, it must be achieved without flexion, extension or distraction of the neck. Intubation should be performed while an assistant maintains in-line immobilisation, without traction, of the head and neck.




Full stomach. All seriously ill or injured patients requiring intubation must be presumed to have a full stomach. Apply cricoid pressure during intubation to prevent regurgitation and aspiration.


Limited haemodynamic reserves. A patient with any form of shock is subject to haemodynamic deterioration during intubation, from the drugs used to facilitate intubation or from hypoxaemia before or during intubation. Pre-intubation oxygenation volume resuscitation and sometimes inotrope support are needed. The drugs used, and especially the drug dosage, must be individualised.












MANOEUVRES TO OPEN OR MAINTAIN THE AIRWAY


Head tilt, chin lift and jaw thrust help to open the airway by pulling the tongue off the back of the oropharynx. In patients with suspected cervical spine injury, this is limited to jaw thrust.









MANOEUVRES TO RELIEVE FOREIGN BODY OBSTRUCTION


If the patient is capable of air movement, spontaneous coughing and breathing should be encouraged. The patient with poor or no air movement requires immediate help.




Back blows. Deliver four forcible blows between the scapulae with the heel of the hand. This may relieve partial or complete obstruction.


Chest thrust. Deliver four chest compressions with the hands over the sternum with the patient lying or sitting.


Finger sweep. To relieve obstruction in the oropharynx. Not recommended in infants.


Repeated sequence. Back blows, chest thrust, finger sweep, Heimlich manoeuvre and mouth-to-mouth ventilation is recommended.


Suction or Magill forceps can then remove obstructing material.


Infants under 1 year of age. The recommended sequence is back blows, chest thrust and mouth-to-mouth ventilation.












OROPHARYNGEAL AND NASOPHARYNGEAL AIRWAYS







Oropharyngeal airway (Guedel airway). Must be placed over the tongue, so that the tongue is lifted off the hypopharynx. Insert using a tongue depressor or insert concave side up and then rotate 180°. Only tolerated if gag reflex is impaired. Can be used as a bite block in the intubated patient.




Nasopharyngeal airway. Lubricate well and insert through medial and inferior aspect of nasal cavity. Can be inserted in patients with tightly clenched teeth. Tolerated even if the patient has an active gag reflex. Tip needs to lie behind the tongue and low in the hypopharynx but above the larynx.
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Figure 2.1 Correct placement and sizing of an oropharyngeal airway From St Vincent’s and Mater Health Campus Emergency Airways Handbook, produced and published by the Don Harrison Patient Safety Simulation Centre and Emergency Department St Vincent’s Hospital, Sydney.











Editorial Comment


LMAs (laryngeal mask airways) are now increasingly used in the field as formal ETT (endotracheal tube) insertion may not be effective.


Evidence is accumulating that even in the ED an LMA first-line can provide oxygenation and protect the airway as a step in a crashed patient before formal, difficult intubation.















TYPES OF VENTILATION






Mouth-to-mask ventilation


Mask should incorporate a one-way valve. It is preferable to mouth-to-mouth ventilation. Patients can be adequately ventilated until definitive assisted ventilation techniques are obtained.











Bag–valve–mask ventilation


Use 2 L bag for adults and children over 5 years of age, 500 mL bag for younger children and infants, 250 mL bag for premature infants.


Mask-to-face seal is maintained with even pressure using thumb and index finger on the mask and the other fingers applying chin lift or jaw thrust, depending on the size of the patient. A second resuscitator may be needed to assist with jaw thrust.









Endotracheal intubation


Endotracheal intubation is the most effective and reliable means of securing an airway. It provides airway patency, prevents aspiration, assures oxygenation and permits high ventilatory pressures and the use of positive end-expiratory pressure. It readily allows suctioning and can be used for administration of drugs if there is no intravenous access.




1. Approximate tube size (internal diameter) in adults is 7.5–8.0 mm in females and 8.0–8.5 mm in males. In pre-term infants use 2.5 mm, in term infants 3.0 mm, in 3- to 9-month-olds 3.5 mm, and in 9- to 24-month-olds 4.0 mm. Tube size for patients over the age of 2 years is calculated from the formula:


Diameter (mm) = [Age (in years) + 4] ÷ 4


2. Uncuffed tubes are used in patients under the age of 8–10 years, allowing for an audible leak to prevent excessive pressure on the subglottis.


    Large-volume, low-pressure cuffs are used in older children and adults.


3. Orotracheal intubation is faster and easier than nasotracheal intubation.









Technique of orotracheal intubation







1. Precheck equipment (airways, tubes, introducers, forceps, bag–valve–mask, laryngoscopes).


2. Oxygen, suction and monitoring equipment must be available.


3. Skilled assistance is invaluable (with knowledge of the equipment used, to provide in-line manual immobilisation of the head and neck, and to apply cricoid pressure).


4. The ‘sniffing’ position allows optimal visualisation of the vocal cords. Positioning obese patients by placing the head on a pillow may not achieve adequate neck flexion or head extension. A ramp effect may be needed, achieved by placing a pillow under the shoulders and two pillows under the head.
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Figure 2.2 Cormack-Lehane laryngoscopic grading system
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Figure 2.3 Correct placement of the laryngoscope blade From St Vincent’s and Mater Health Campus Emergency Airways Handbook, produced and published by the Don Harrison Patient Safety Simulation Centre and Emergency Department St Vincent’s Hospital, Sydney.








5. Be calm and orderly.


6. Monitor oxygen saturation, ECG and BP during the procedure.


7. ‘Stiffen’ the tube to aid manipulation of the tube tip, by placing a lubricated ‘introducer’ inside the tube.


8. Aid visualisation of the larynx by the application of backward, upward, rightward pressure (BURP) to the thyroid cartilage.


9. Maintain visualisation of the tube passing through the vocal cords until the proximal end of the cuff is 2 cm beyond the cords.




10. Observation and auscultation should be performed to verify bilateral lung expansion.


11. Secure the tube in position, then insert an intragastric tube.


12. Capnography is required to confirm tube placement in the trachea.


13. Chest X-ray will ascertain the position of the tube tip in relation to the carina.


















RAPID-SEQUENCE INDUCTION (RSI)


This is employed to induce unconsciousness and muscular paralysis to provide optimal intubating conditions, to avoid aspiration from a probable full stomach and to protect against reflex bradycardia and raised intracranial pressure due to manipulation of the airway. It is contraindicated if ‘difficult’ intubation is predicted and successful bag–valve–mask ventilation is considered unlikely. This will depend on the patient, the equipment and assistance available and the skill of the operator.




1. Preoxygenation. Administration of 100% oxygen, using a well-fitting bag–mask for 2 minutes, will result in 95–98% nitrogen washout. This will protect against hypoxia during apnoea for up to 8 minutes. Manual ventilation is preferably avoided until intubation is accomplished. Preoxygenation in a semi-sitting or head-up position may be more effective in the obese patient.


2. Simultaneous in-line manual immobilisation of the head and neck. Used in the blunt trauma victim when cervical spine injury is a possibility.


3. Cricoid pressure. As soon as consciousness is lost, cricoid pressure is applied with the thumb and index finger to compress the oesophagus between the cricoid cartilage and the cervical spine. Compression is maintained until the tube cuff is inflated. This technique helps to prevent regurgitation and aspiration, but is contraindicated if the patient vomits. It should not be confused with BURP (backward, upward, rightward pressure) to bring the vocal cords into view.




— Note: At this time, the routine application of cricoid pressure is considered a standard of care. There is, however, no evidence absolutely supporting its routine use in RSI.


— When properly applied by a trained individual, cricoid pressure tends to improve laryngoscopy. It can also be used to assist in the BURP manoeuvre, which can improve laryngoscopic view by one grade.


— It should be remembered that improperly applied cricoid pressure can render laryngoscopy more difficult.







4. Secure intravenous infusion site, for fluid and drug administration.


5. Atropine (10–20 microg/kg) is given as pretreatment to prevent bradycardia, which is more likely in children under 8 years of age and after repeated doses of suxamethonium.


6. Induction. Thiopentone 2.5% (3–5 mg/kg) induces unconsciousness within seconds of a single IV dose; its duration is a few minutes. Use a smaller dose (1–2 mg/kg) if depressed level of consciousness is already present. Its main side effects are cardiovascular and respiratory depression. Hypotension is managed with intravenous fluids. The dose must be reduced if there is already hypovolaemia or hypoxaemia. Propofol (2.0–2.5 mg/kg) also induces unconsciousness; a single induction dose lasts 5–10 minutes; avoid in children under 3 years. Alternatives are midazolam (0.1–0.2 mg/kg) combined with morphine (0.1–0.2 mg/kg) or fentanyl (2–4 microg/kg). Preinduction treatment of depressed cardiac output (from hypovolaemia, hypoxaemia, septic or cardiogenic shock) and titrating the drug dose against response are important, regardless of the agent. Lignocaine 1.5 mg/kg may be used as pretreatment in patients at risk of elevation of intracranial pressure.


7. Suxamethonium (1–2 mg/kg, 2–3 mg/kg in infants) induces neuromuscular depolarisation (fasciculations) followed by relaxation. Relaxation occurs within 60 seconds and generally lasts 3–10 minutes. Hypertension and tachycardia may occur due to stimulation of autonomic ganglia, or there may be bradycardia and salivation due to muscarinic effects. Other side effects include potassium flux from muscle cells, myoglobinaemia, muscle pain, a rise in intragastric, intraocular and intracranial pressure and triggering of malignant hyperthermia. Prolonged relaxation occurs if there is pseudocholinesterase deficiency. An alternative is an ‘intubating dose’ of vecuronium (0.2–0.3 mg/kg), which produces relaxation by non-depolarising neuromuscular block. Onset is within 90 seconds and duration is 90–120 minutes.


8. Propofol infusion (1.0–3.0 mg/kg/h) is used to provide sedation to facilitate control of oxygenation and ventilation in adults. Alternatives are sedation and analgesia (midazolam and morphine). Add muscle relaxant if absolute control of ventilation is required. Under no circumstances give relaxants without sedation and analgesia. Usually vecuronium (0.1–0.15 mg/kg) or pancuronium (0.1–0.15 mg/kg) are used for maintenance relaxation. Vecuronium has a shorter duration of action, does not cause histamine release and produces less tachycardia and hypertension than pancuronium.


9. Monitoring is essential during and following the procedure—ECG, BP, oxygen saturation, capnography.







Table 2.1


Drugs in airway management
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BP, blood pressure; HR, heart rate; K, potassium; ICP, intracranial pressure; IOP, intraocular pressure; PRN, as needed; RSI, rapid-sequence induction











Editorial Comment


There is some controversy about how effective BURP is. At intubation be prepared to be flexible—nothing works in all cases.















SUCTIONING


Suctioning is an adjunct to manoeuvres to open or maintain the airway. It is used to remove tracheobronchial secretions via an endotracheal tube.




[image: image] Yankauer sucker is used to remove secretions, blood, vomitus or foreign body from mouth and pharynx. In the unintubated patient, turn the patient on the side during suctioning.


[image: image] Y-suction catheter with a soft tip is used for nasopharyngeal and tracheobronchial secretions. Catheter diameter should not be more than half the diameter of the endotracheal tube.


[image: image] Preoxygenate and bag–valve–tube ventilate the patient before and after suctioning to prevent hypoxaemia and pulmonary collapse.












OXYGENATION AND VENTILATION


Ventilator settings require decisions about minute ventilation, respiratory rate, inspired oxygen concentration, peak airway pressure and the use of positive end-expiratory pressure. (See the section ‘Choosing initial settings for ventilation’ in this chapter.)


Monitor peak airway pressure as well as oxygen saturation, capnography and blood gases. Aim for oxygen saturation above 95% and mild hypocapnia.


A disconnection alarm must be used during mechanical ventilation.









COMPLICATIONS OF INTUBATION







[image: image] During intubation: trauma to any structure from lips to the trachea; inability to oxygenate, ventilate or intubate; exacerbation of spinal cord injury; aspiration; haemodynamic collapse.


[image: image] While tube is in place: misplacement; blockage; problems related to the ventilator.


[image: image] After extubation: laryngospasm; aspiration; complications of trauma.














EXTUBATION







1. The patient must be fully awake and have a gag reflex before extubation.


2. Non-depolarising neuromuscular blockade can be reversed with neostigmine (an anticholinesterase) and atropine (prophylactic antimuscarinic). Antagonists to midazolam and morphine are only rarely required.


3. Preoxygenation, suctioning of pharynx and trachea and intragastric tube should precede extubation, which is performed at the peak of inspiration.


4. Ensure oxygenation after extubation with a bag–valve–mask or a non-rebreathing mask.












ALTERNATIVE AIRWAY TECHNIQUES







Nasotracheal intubation. Can be performed without direct laryngoscopy in the non-apnoeic patient (the ‘blind’ technique). It is an appropriate alternative to orotracheal intubation in confirmed unstable cervical spine injury or spinal cord injury, in severely dyspnoeic awake patients who can be intubated in the sitting position, and in patients unable to fully open their mouth. It is contraindicated in patients with maxillofacial and anterior cranial fractures, and with conditions such as nasal polyps, upper airway foreign bodies and retropharyngeal abscesses.


Airway bougie. An extension of the use of an ‘introducer’, this is used for a ‘difficult’ intubation. A long semi-rigid bougie is inserted between the vocal cords and the endotracheal tube is then passed over the bougie into the trachea. The bougie is then removed.


Video-laryngoscope. Video-assisted laryngoscopy can provide an improvement in glottis visualisation and may be of particular use in anticipated difficult airways and cases with limited neck motion.


Laryngeal mask airway (LMA). Consists of airway with elliptical cuffed ‘mask’ on distal end which rests over the larynx when inserted. Low-pressure ventilation may be performed, but it does not reliably prevent aspiration. Is quicker and an easier technique to learn than endotracheal intubation. Has an established role to provide an airway in the fasted patient during anaesthesia. Is a useful temporising technique if intubation skills are not available. When direct laryngoscopy and intubation fails, it may serve to provide a functional airway until definitive intubation by cannulation of the trachea through the mask is performed.




Fibre-optic intubating laryngoscope. Alternative to intubation guided by transillumination (Trachlight) if RSI is contraindicated. Intubation is performed under local anaesthesia, preferably via the nasotracheal route. The laryngoscope is directed into the larynx and then acts like a guidewire for the tube. Requires a significant amount of training and is not in widespread use. Devices aiding view and intubation via a visual monitor are increasingly available as back-up.








Editorial Comment


There are an increasing number of video-visualisation devices. While they can be quicker, all need training—never to be used first time in an emergency airway crisis. Routine intubation by direct laryngoscopy remains the essential core skill that must be mastered.













Oesophageal–tracheal airway (‘Combitube’). Consists of twin-lumen tube with one lumen inserted into the oesophagus and the other lying above the trachea. A pharyngeal balloon provides a seal to enable ventilation. A distal balloon seals against gastric inflation and aspiration. Is an alternative to LMA if intubation skills are not available.


Translaryngeal oxygenation. Indicated when non-surgical airway management has failed, is contraindicated or is not available (total upper airway obstruction). Preferred to cricothyroidotomy in children under 8 years of age. Temporising oxygenating procedure does not prevent aspiration, may lead to hypercarbia and is not effective if a foreign body is present below the cricoid cartilage.


Cricothyroidotomy. Alternative to translaryngeal oxygenation. May be used after temporising with translaryngeal oxygenation. Preferred to tracheostomy, which should be reserved for the operating room. Percutaneous approach (Seldinger technique) is easiest and fastest. Using a surgical approach, insert a small endotracheal tube or tracheostomy tube. When the patient is stable, convert to tracheostomy or orotracheal tube.












GUIDELINES FOR ‘DIFFICULT’ INTUBATION







1. If ‘difficult’ intubation is predicted but is not urgent, seek assistance from an experienced operator.


2. Assemble the available ‘difficult’ airway equipment. In many institutions it is thought that direct visualisation of the larynx with a standard laryngoscope handle and blade in the management of the anticipated difficult airway is no longer acceptable. Consideration of tools such as the GlideScope or fibre-optic bronchoscope is strongly recommended in such situations. Use of these devices in routine securing of the airway results in proficient use in the emergency situation.


3. Assess whether successful bag–valve–mask ventilation is likely.


4. Use an airway bougie (or intubation guided by transillumination if available) if ‘difficult’ intubation is predicted.


5. Nasotracheal intubation, awake intubation or use of the fibre-optic intubating laryngoscope are options if successful bag–valve–mask ventilation is considered unlikely.


6. Avoid use of muscle relaxants if successful bag–mask–valve ventilation is considered unlikely.


7. If the initial attempt at orotracheal intubation fails and the patient has been paralysed, institute bag–valve–mask oxygenation and ventilation, then use BURP or an airway bougie and re-attempt intubation.


8. A ‘difficult’ intubation occurs if orotracheal intubation cannot be achieved after 2 attempts under direct laryngoscopy. Resume bag–valve–mask oxygenation and ventilation. Then re-attempt intubation using BURP or an airway bougie, or consider using a laryngeal mask airway, an oesophageal–tracheal airway or fibre-optic intubation.


9. If attempts at bag–valve–mask oxygenation and ventilation fail, escalate the use of an LMA or oesophageal–tracheal airway to reoxygenate. Consider passing airway bougie or endotracheal tube though the laryngeal mask.


10. Translaryngeal oxygenation or cricothyroidotomy are indicated when non-surgical airway management fails.












FAILED INTUBATION


(Andrew Finckh)


Following failed intubation, a reassessment of the situation and an analysis of possible reasons for the failure should be made.




1. Patient factors




— Can the patient positioning be improved?


— Can laryngeal positioning be improved (e.g. BURP manoeuvre)?





2. Equipment




— Is the choice of blade (type/size) correct?


— Consider use of other airway tools, such as a fibre-optic laryngoscope, e.g. GlideScope.







3. Drugs




— Has adequate patient relaxation been achieved?















THE DIFFICULT AIRWAY TROLLEY


It is essential that all emergency departments have a difficult airway trolley. It should be well organised and have clearly labelled contents. The exact contents of a difficult airway trolley may vary, but should include a limited selection of tools to assist in securing the airway. The field of airway management is changing rapidly with new and, sometimes, improved devices becoming available. The trolley should reflect this. Its contents should be revised regularly and, if necessary, updated.


Suggested contents of a difficult airway trolley include:




[image: image] laryngeal mask airways


[image: image] supraglottic devices, such as Combitube


[image: image] lighted stylet, such as Trachlight


[image: image] flexible fibre-optic laryngoscope


[image: image] surgical airway, including commercial devices to perform cricothyroidotomy with a modified Seldinger technique.












SECURING THE AIRWAY ALGORITHMS


An algorithmic approach to securing the airway can assist in a systematic and reliable management of the airway.




1. Management of the difficult airway




2. Management of the failed airway







[image: image]


Figure 2.4 Difficult airway algorithm
BVM, bag–valve–mask; SpO2, oxygen saturation via pulse oximetry










[image: image]


Figure 2.5 Failed airway algorithm
LMA, laryngeal mask airway


















Surgical airway


Refer to Chapter 3, ‘Resuscitation and emergency procedures’.









Ventilators


(Judy Alford)


Ventilators are used in the ED to assist or control the respiration of patients. Patients needing invasive ventilation need an artificial airway, most commonly an endotracheal tube. The level of ventilatory support needed by a patient varies widely. Some have essentially normal lungs (e.g. sedative overdose), while others have severe respiratory failure.


Indications for ventilation fall into three broad categories:




1. Respiratory failure




— Airway obstruction


— Neuromuscular weakness (spinal cord injury, myasthenia gravis, organophosphate poisoning, exhaustion)


— Chest wall disorders (deformity, flail chest, morbid obesity)


— Pleural disease (massive effusions, pneumothorax or haemothorax)


— Parenchymal lung disease (infection, adult respiratory distress syndrome (ARDS), pulmonary oedema, fibrosis, asthma, chronic airflow limitation (CAL))





2. CNS disease




— Poisoning


— Trauma


— Cerebrovascular accident (CVA)


— Infections





3. Circulatory failure




— Hypovolaemia


— Sepsis


— Cardiogenic shock








The type of ventilator used in the ED is usually small and portable. The range of ventilatory modes available varies, but is usually less than is available on more complex machines in the ICU. Nonetheless most patients can be managed in the short term.






CHOOSING INITIAL SETTINGS FOR VENTILATION


Initially, ventilator settings are estimated; adjustments should be made according to the patient’s clinical progress and serial blood gas measurements.






Is the patient breathing spontaneously?


Spontaneously breathing patients are ventilated using a mode that assists each inspiratory effort by providing extra pressure or volume. Examples are continuous positive airway pressure (CPAP) and pressure support. Some ventilators and their circuits increase the work of breathing significantly and spontaneous breathing may not be tolerated. In these cases, the patient may need to be sedated and fully ventilated.


The patient who is not breathing adequately needs a mode that does all the work for them. Intermittent positive-pressure ventilation (IPPV) or intermittent mandatory ventilation (IMV) provides a breath at a preset rate regardless of the patient’s respiratory effort. Some ventilators can deliver a breath synchronised to an inspiratory effort; this is known as synchronised intermittent mandatory ventilation (SIMV).









How much oxygen does the patient need?


In most cases, start ventilation with 100% oxygen and titrate downwards as soon as possible according to the patient’s arterial blood gases (ABG) results. Prolonged ventilation with high levels of inspired oxygen may be associated with complications such as absorption atelectasis and oxidative injury.


Some ventilators have limited options in selecting an inspired oxygen level. In patients who are inadequately oxygenated, positive end-expiratory pressure (PEEP) can increase the arterial oxygen tension for a given level of inspired oxygen.









How much gas should the patient receive?


The minute volume is the amount of gas moved every minute:


Minute volume = Respiratory rate × Tidal volume


The arterial tension of carbon dioxide is sensitive to changes in minute volume. Increasing the minute volume reduces the partial pressure of arterial CO2 (PaCO2), and decreasing the minute volume raises PaCO2. In patients with raised intracranial pressure, it may be necessary to deliberately hyperventilate to maintain a modest decrease in PaCO2. In some patients with lung injury, trying to deliver a ‘normal’ minute volume may pose a risk of barotrauma. In these cases, the PaCO2 may be allowed to rise quite significantly, an approach called permissive hypercapnia.


The ventilators in common use apply positive pressure to the lungs to enable gas movement. The amount of gas moved per breath depends on the ventilator settings and the lung compliance.


Ventilators can be set to deliver a given tidal volume at each breath. This mode is called volume control and is available on even the most basic machines. It may be possible to limit the delivery of the set volume if the airway pressures exceed a limit chosen by the operator (pressure-regulated volume control (PRVC) mode).


Pressure control is a mode commonly used in the ICU but not always available on smaller ventilators. A constant airway pressure is provided during inspiration, with the tidal volume varying. This approach is often used where barotrauma is a concern.


Lung compliance is the change in lung volume for a given change in transpulmonary pressure. Diseased lungs often have abnormal compliance (e.g. in pulmonary oedema the lung is less compliant or ‘stiffer’). Trying to deliver a ‘normal’ tidal volume to a poorly compliant lung can cause high airway pressures, increasing the risk of pneumothorax. Overdistension can worsen lung damage. The approach to ventilating is usually one of providing limited tidal volumes (6–8 mL/kg, sometimes less) with PEEP. This can be done using either volume or pressure control.


The choice of initial tidal volume depends on the clinical situation. In patients with respiratory failure or shock, a volume of 6–8 mL/kg is safest, as this will minimise barotrauma and volutrauma. Inspiratory pressures should not exceed 30 cmH2O.












POSITIVE END-EXPIRATORY PRESSURE (PEEP)


PEEP leaves a constant pressure on the lungs at the end of expiration, preventing the collapse of alveoli. Constant opening and closing of alveoli can damage them. Using PEEP may prevent further lung injury as well as maintaining functional residual capacity. As noted earlier, PEEP has a positive effect on oxygenation. However, PEEP has a negative effect on cardiac output because high intrathoracic pressures impede venous return. High levels of PEEP may not be tolerated in haemodynamically unstable patients. Another factor to be considered is ‘auto-PEEP’. This is the pressure difference between the alveoli and the proximal airway at end-expiration, which can be raised in conditions with air-trapping, such as severe asthma. ‘Auto-PEEP’ can contribute to haemodynamic instability in some patients. Prolonging expiration may help to reduce air-trapping in affected patients.






Choosing a level of PEEP


PEEP of 5 cmH2O is tolerated by most patients. In patients with severe lung disease, increases in PEEP up to about 12 cmH2O may be needed. PEEP may not be tolerated in patients with haemodynamic instability. Another group of patients who may not tolerate PEEP have raised intracranial pressure. In some cases the reduction in cerebral venous return may be enough to exacerbate the increase in intracranial pressure.











Special situations






Asthma


Use low respiratory rates with a prolonged expiratory phase to limit air-trapping. Auto-PEEP may be significant, so additional PEEP may lead to hypotension. Avoid large tidal volumes. Permissive hypercapnia may be needed.









Raised intracranial pressure


Avoid hypercapnia. Maintain PaCO2 between 30 and 35 mmHg, using end-tidal monitoring and ABG. High levels of PEEP should be avoided.









Adult respiratory distress syndrome (ARDS)


ARDS is a difficult problem. The ideal ventilatory strategy is controversial. In the ED the key points are: (1) to avoid barotrauma by using small tidal volumes and avoiding high airway pressures; and (2) to use PEEP as tolerated and tolerate a high PaCO2. Paralysis may be necessary. Frequent adjustments to tidal volume and respiratory rate may be needed, along with recruitment manoeuvres to reopen collapsed alveoli. Specialised techniques such as prone ventilation and high-frequency oscillatory ventilation may be undertaken in the ICU. In the rapidly deteriorating patient with refractory hypoxaemia, early referral for consideration of ECMO (extracorporeal membrane oxygenation) may be life-saving.












Troubleshooting







[image: image] Ask for advice early.


[image: image] Never assume the monitor is at fault.


[image: image] If there is difficulty ventilating the patient:




— Immediately remove the patient from the circuit and commence bag ventilation with 100% oxygen.


— Check the endotracheal tube for kinking, displacement (in or out), obstruction and leaking.


— Examine the patient for equal and adequate breath sounds. Check the trachea is midline.


— If breath sounds are diminished, suction for mucous plugs and consider treating for a pneumothorax. Treat bronchospasm or pulmonary oedema if present.


— Get a chest X-ray.


— Consider bronchoscopy.







[image: image] If all of the above are normal, the problem may be with the machine.




— The ventilator may have become disconnected (from the circuit, the gas supply or the power supply).


— There may be leaks in the tubing or valves, or tubing may be obstructed.


— Consider changing the circuit.


















NON-INVASIVE VENTILATION (NIV)


Non-invasive ventilation using positive pressure via a face or nasal mask has become widely used in EDs. Most commonly, a bi-level positive airway pressure (BiPAP) machine is used, although conventional pressure-cycled ventilators can also be used.


The machine delivers a constant low level of positive pressure, which is increased upon sensing the patient’s inspiratory effort. This increased inspiratory pressure is equivalent to pressure-support ventilation but, when setting the machine, the inspiratory positive airway pressure (IPAP) should be set at a level equal to the sum of PEEP and pressure support (e.g. an IPAP of 15 and an expiratory positive airway pressure (EPAP) of 5 is equivalent to pressure support of 10 and PEEP of 5).






Indications







[image: image] Acute respiratory failure due to pulmonary oedema, CAL, asthma, pneumonia


[image: image] Chronic respiratory failure due to neuromuscular conditions


[image: image] Obstructive sleep apnoea












Contraindications







[image: image] Apnoea or impending cardiorespiratory arrest


[image: image] Haemodynamic instability


[image: image] Risk of aspiration


[image: image] Decreased level of consciousness


[image: image] Inability to cooperate with mask












Problems with BiPAP


The mask may not be tolerated for the following reasons:




1. Skin irritation and pressure necrosis


2. Conjunctival irritation or injury


3. Aspiration


4. Gastric over-distension


5. Hypotension due to raised intrathoracic pressure




6. Progressive respiratory failure despite BiPAP, which is an indication for intubation


















Procedural sedation


Procedural sedation (also known as conscious sedation) refers to administration of sedative drugs to facilitate performance of a distressing or painful procedure. The level of sedation required varies with the procedure and the individual patient. The level of sedation falls short of general anaesthesia. The patient should retain the ability to respond to stimulus, and airway reflexes should be maintained.






INDICATIONS


Procedures involving significant pain and/or anxiety are tolerated to varying degrees by individual patients. For example, a child may require sedation for wound suturing where an adult may not.






Procedures requiring sedation in nearly all patients







[image: image] Reduction of dislocations of large joints


[image: image] Reduction and splinting of long-bone fractures


[image: image] Cardioversion












Procedures requiring sedation in some patients







[image: image] Lumbar puncture


[image: image] Central line insertion


[image: image] Wound suturing


[image: image] Foreign body removal


[image: image] Burn dressing


[image: image] Chest drain insertion















REQUIREMENTS


Procedural sedation should be undertaken in an area with working suction and oxygen. Pulse oximetry should be used. Continuous ECG and BP monitoring may be used in selected patients (e.g. older or with cardiac history). Ready access to resuscitation equipment and emergency drugs is essential. At least one person should be present who has the skills to manage any complications, including airway obstruction and cardiac arrest. All patients should have details recorded on a standard form. See Figure 2.6.




[image: image]


Figure 2.6 Anaesthetic procedural sedation assessment





Fasting status does not necessarily preclude the use of sedation, but does influence the depth of sedation induced.











DRUGS


The ideal drug for procedural sedation has rapid onset and offset, has no significant side effects, preserves airway reflexes and is easily titrated. Some commonly used agents are found in Table 2.2.




Table 2.2


Drugs used in procedural sedation


[image: image]












AFTERCARE


The patient should be monitored until they have emerged from sedation. It is not uncommon for patients to become more deeply sedated once painful stimulus has ceased.


Patients should not be discharged from the ED until they have returned to their baseline mental state, are ambulant and have safe transport and supervision. Patients with poor social circumstances may require a longer period of observation.





Editorial Comment


In the management of an urgent airway problem, always have a prepared back-up plan in case the current manoeuvre is unsuccessful.



















Chapter 3


Resuscitation and emergency procedures




Drew Richardson





This chapter gives a brief overview of major procedures which may be carried out in the emergency department. It is meant to be used as a reminder for a doctor who has already been trained in these techniques, and not as a training manual. The common procedures should be practised under supervision, and the uncommon procedures should be formally taught before they are attempted solo. Some procedures require both training and experience, and some institutions require formal accreditation for operators (e.g. for focused assessment with sonography in trauma (FAST) scanning). Many procedures and their integration into complex, team-based resuscitation are best learnt in a simulator laboratory rather than in an ED.


For all procedures, the following steps are essential:




1. Use the appropriate sterile technique and standard precautions. Minimally invasive procedures such as peripheral intravenous access require only gloves and a clean technique, but more-invasive procedures mandate formal sterile technique with a sterile field, appropriate drapes, gown, gloves, mask and eye protection. Less-formal technique may be acceptable only when the procedure is required within seconds (e.g. cricothyroidotomy or ED thoracotomy), and full protection for the staff must still be observed.


2. Obtain the patient’s informed consent whenever possible. The level of explanation obviously varies with the invasiveness of the procedure and the urgency of the patient’s condition, but all conscious patients should give their consent (even if only implied).


3. Ensure patient comfort and the safety of all parties by using appropriate analgesia and, if necessary, sedation. Do not attempt difficult procedures on patients who are unable or unwilling to lie still.




4. Utilise a ‘time-out routine’. Stop and reflect at least for a moment to ensure that the right procedure is being undertaken on the right patient at the right site—look again at any relevant imaging to confirm it is the right way around.


5. Ensure continuing care and resuscitation of the patient, particularly during long procedures, utilising other staff and patient monitoring throughout.


6. Document the time, operator and result of the procedure appropriately, in line with local practice. Even minor procedures such as insertion of an intravenous cannula normally require a standardised form of documentation such as a date written on the dressing.








Editorial Comment


Ask: can I do this procedure more safely with ultrasound guidance?












Intravenous access techniques


There are four basic IV access techniques:




1. Indwelling metal needle is now used only rarely and in peripheral sites, e.g. ‘a butterfly’.


2. Catheter over needle technique includes common IV cannula.


3. Catheter through needle technique is used infrequently. A large-bore needle is inserted into the relevant vessel, and a smaller catheter advanced up the needle, usually into a central vein. The metal needle is then withdrawn and rendered safe in a plastic guard. This technique carries the disadvantage of a small-bore catheter and the risks of catheter-tip embolisation with poor technique and ongoing ooze due to the diameter difference.


4. Seldinger technique is widely accepted for all large or long IV lines. The vessel is punctured with a long needle on a syringe, and a flexible guidewire passed down the needle (sometimes through the syringe). The syringe and needle are removed, and appropriate dilators passed over the wire, and then removed. The catheter is passed over the wire into the vessel, and the wire is then removed. With this technique it is important to:




a. check and understand the equipment before starting (various sets are available)


b. have cardiac monitoring in place if the wire is to be near the heart


c. secure the catheter properly (usually by stitching)


d. above all, never let go of the wire.

















Ultrasound guidance


All of the following techniques benefit from appropriate ultrasound guidance. If small veins cannot be seen or palpated, then ultrasound assists in location. Large deep veins are beyond visualisation, so skin marking using ultrasound before the procedure and/or direct visualisation using ultrasound (with sterile technique) during the procedure increases success and decreases complications. In settings where large deep vessels are regularly cannulated, availability of ultrasound is now considered to represent ‘standard of care’.





Editorial Comment


Ultrasound guidance is increasingly being used for all access and is considered very desirable for any central access procedures.












INTRAVENOUS LINES—PERIPHERAL






Indications







[image: image] Administration of fluid—resuscitative and/or maintenance


[image: image] Administration of drugs


[image: image] Obtaining blood (rare)












Contraindications







[image: image] Overlying skin damage (e.g. burns) or infection


[image: image] Venous damage proximal to site insertion


[image: image] Arteriovenous (AV) fistula in the limb












Technique







1. Apply a venous tourniquet.


2. Identify a suitable vessel, ideally as peripheral as possible. Start looking on the back of the hands. Use cubital fossa veins only when large-volume resuscitation is required or other sites have proven unsuitable.


3. Prepare the area with a disinfectant-soaked swab, swabbing in a distal direction.


4. Stretch the skin slightly over the vein.


5. Insert the needle, bevel upwards, until a flushback is obtained.


6. Advance the catheter over the needle.


7. Remove the needle, attach the IV line or bung and secure the catheter.


8. Check position and patency by infusion or injection to clear blood from the catheter.














Complications







[image: image] Haematoma


[image: image] Subcutaneous extravasation of fluid


[image: image] Damage to nearby structures


[image: image] Inter-arterial cannulation















INTRAVENOUS LINES—PAEDIATRIC


The selection of a site for IV infusion in the neonate or young child should include consideration of the femoral vein in the groin and the scalp veins.


Of these, the femoral vein is probably the best to use in the critically ill child. Although no tourniquet can be applied, the vein is reliably located medial to the femoral artery pulse just below the inguinal ligament.


The scalp veins can be rendered more visible by use of a rubber band tourniquet around the head, and entered in the usual fashion. Always inject saline and check for blanching to exclude arterial puncture. Careful strapping and use of a protector (e.g. plastic cup) are essential to avoid displacement of the scalp vein catheter.









INTRAOSSEOUS (IO) INFUSION—PAEDIATRIC OR ADULT


This is a rapid technique for reliably obtaining vascular access in sick, small children. It can be used in patients of all ages, but the thicker bones of older children and adults mandate the use of a specially designed drill rather than manual insertion, and such a drill should be available for all patients in a setting where this is likely. Blood can usefully be drawn for biochemistry (not haematology) and large volumes of fluid or drug infused. It is highly recommended that this technique be practised on animal bones before it is attempted on a patient.






Indications







[image: image] Critically ill patient (especially small child) in urgent need of drug or fluid administration


[image: image] No other vascular access readily available








Editorial Comment


IOs are becoming standard use in some acute resuscitations and problematic access. Practise with a kit available to you on a simulation trainer/bone to get the feel. Also ensure you know laboratory limitations for any blood tests, care of the IO site and safe length of use.

















Contraindications







[image: image] Infection at puncture site


[image: image] Fracture of the bone


[image: image] Osteogenesis imperfecta


[image: image] Recent nearby IO puncture (relative contraindication that is likely to lead to extravasation)












Technique







1. Identify infusion site: preferably upper medial surface of the tibia, 1–2 cm distal to the tibial tuberosity, but the lower tibia (at the junction of the medial malleolus and the shaft) may be suitable.


2. Prepare the area with an iodine swab.


3. Insert IO needle (16- to 18-gauge special needle with stylet) into the bone at 45°, aiming distally. If performed manually, this requires a rotary ‘grinding’ motion until a ‘crunch’ is felt as the cortex is penetrated. Using a drill, go at 90° and expect progress to be faster, but the definite penetration will still be felt.


4. Remove stylet and attempt to aspirate marrow contents. Success clearly indicates correct placement, but failure sometimes occurs despite placement.


5. Begin infusion or injection of fluids and drugs. Flow should be relatively free.


6. Secure and protect the infusion site.












Complications







[image: image] Extravasation of fluid


[image: image] Needle blockage


[image: image] Infection (rare, reduced by good technique and removal as soon as practicable)















INTRAVENOUS LINES—CENTRAL






Indications







[image: image] Central venous pressure monitoring


[image: image] Infusion of concentrated/irritant solutions (e.g. inotropes, parenteral nutrition)


[image: image] Insertion of specialised equipment (e.g. plasma exchange catheter, Swan-Ganz catheter, transvenous pacemaker)


[image: image] Emergency venous access when peripheral access is impossible












Contraindications







[image: image] Distorted local anatomy


[image: image] Known or suspected vessel damage (current trauma, previous radiation therapy, previous surgery)




[image: image] Coagulopathy or vasculitis


[image: image] Inability to provide cardiac monitoring


[image: image] Pneumothorax in central venous access on the opposite side (risk of bilateral pneumothoraces)












Technique—general


All of the techniques below carry different risks and benefits. All require ongoing cardiac monitoring, but the choice of technique should depend on the experience of the operator and the technique favoured in the particular hospital.


Remember: The ICU may have to care for ‘your’ catheter for days or weeks so, if a choice is available, use the method preferred by the inpatient team.




1. Use local anaesthesia liberally, following down the intended track.


2. Have cardiac monitoring in place, and always withdraw the catheter/wire slightly when arrhythmias (usually ventricular ectopics) occur.


3. After catheter placement, always aspirate each part then inject adequate saline to clear the line.


4. Secure the catheter by stitching, and apply dressing.












Complications







Arterial puncture. When detected, remove the needle or catheter and apply pressure over the site for a full 10 minutes, followed by arterial observation of the limb.


Pneumothorax. Always obtain chest X-ray (CXR).


Malposition of catheter tip. Always check X-ray.




[image: image] Wrong vein—passing into jugular vein from subclavian vein instead of superior vena cava (SVC). This is difficult to reposition without an image intensifier and may require repuncture.


[image: image] Excessive length—in right atrium or ventricle rather than SVC. The CXR should show that the tip is not below the carina. If it is too low, the catheter can be easily withdrawn.





Damage to mediastinal contents. Haemothorax, hydrothorax, arteriovenous fistula and perforation of any structure in the chest (even an endotracheal cuff has been reported) may occur.


Infection.


Embolism of air, wire or catheter parts.


Knotting/kinking of catheter.

















SUBCLAVIAN CANNULATION






Infraclavicular technique







1. Position the patient supine in 15° Trendelenburg with the arm adducted.


2. Enter at the junction of the middle and medial thirds of the clavicle.


3. Aim along the inferior surface of the clavicle towards the suprasternal notch, with a needle bevel facing inferomedially.


4. Advance 1–2 mm after first flush of blood to obtain reliable flow back into the syringe.









Complications







[image: image] Pneumothorax


[image: image] Arterial puncture


[image: image] Others as described above















Supraclavicular technique







1. Position the patient supine in 15° Trendelenburg.


2. Enter the neck just lateral to the lateral border of the clavicular head of the sternocleidomastoid and just above the clavicle.


3. Aim approximately at the contralateral nipple with the bevel of the needle towards the patient’s toes.


4. Advance 1–2 mm after first flush of blood to obtain reliable flow back into the syringe.









Complications


Although the full range of complications as above is described, they occur significantly less frequently with the supraclavicular approach.















INTERNAL JUGULAR VEIN CATHETERISATION






Technique







1. Position the patient’s head down 10° and turned slightly away from side of entry.


2. Enter just above the point of the triangle formed by the two heads of the sternocleidomastoid and 1 cm lateral to the internal carotid pulsation.


3. Aim parallel to the carotid artery (‘straight down the neck’).












Complications







[image: image] Arterial puncture


[image: image] More easily displaced by movement than subclavian lines


[image: image] Others as above (rare)




















Arterial access techniques


The same basic types of cannula used for venous access are available for arterial access, often again in specialised kits. Note that arterial puncture is painful, and for a single-sample puncture the smallest practical needle should be used—usually 25-gauge (radial) or 23-gauge (femoral). Indications for arterial blood gas (ABG) measures are very limited in the emergency setting: the venous pH and PCO2 are normally close enough to the arterial values for diagnostic purposes, and the peripheral oxygen saturation (SaO2) is usually a good measure of gas exchange.





Editorial Comment


Even in the critically ill we should be doing fewer arterial punctures.












INDICATIONS







[image: image] ABG measurement (see above)


[image: image] Need for recurrent (e.g. hourly) blood sampling—normally patients going to ICU


[image: image] Ongoing monitoring of arterial blood pressure—also ICU and theatre patients












CONTRAINDICATIONS







[image: image] Overlying skin damage (e.g. burns) or infection


[image: image] Arteriovenous fistula in the limb


[image: image] Clotting diathesis (relative)












RADIAL ARTERY CANNULATION







1. With the wrist in mild extension, palpate the radial arterial pulse over the distal radius.


2. Insert the catheter or needle into the centre of the pulsation, parallel to the long axis of the forearm with the bevel forward.


3. Pulsatile flushback into the syringe or cannula indicates successful puncture. If inserting a cannula, proceed another 1–2 mm to ensure that the tip of the needle is entirely within the artery.


4. If puncture fails, apply pressure to the site to reduce haematoma formation.












FEMORAL ARTERY CANNULATION







1. Palpate the femoral pulse at the midpoint of the inguinal ligament.


2. Insert the catheter or needle into the centre of the pulsation parallel to the thigh.




3. Pulsatile flushback into the syringe or cannula indicates successful puncture. If inserting a cannula, proceed another 1–2 mm to ensure the tip of the needle is entirely within the artery.


4. If puncture fails, apply pressure to the site to reduce haematoma formation.












COMPLICATIONS







[image: image] Haematoma or haemorrhage (apply pressure)


[image: image] Venous cannulation (check for pulsation, pressure wave)


[image: image] Thrombosis or embolism (rare and usually late)


[image: image] Infection















Chest drainage procedures






NEEDLE THORACOSTOMY


Needle thoracostomy is performed with either a soft flexible catheter ‘over a needle’, such as an IV cannula, or a specialised drainage set which may utilise a catheter through needle or the Seldinger technique. The location depends on setting and urgency. For a tension pneumothorax, the procedure is performed rapidly and without anaesthetic over the anterior chest wall. For therapeutic drainage of an effusion, it is performed posteriorly; and for aspiration of a simple pneumothorax, laterally or posteriorly. Note that many readily available IV cannulae are too short for emergency drainage in an obese population, and that ultrasound may be useful in localising intrapleural fluid.






Indications







[image: image] Tension pneumothorax—drain direct to air


[image: image] Simple pneumothorax (spontaneous) up to 75% collapse


[image: image] Pleural effusion—drainage or sampling












Contraindications







[image: image] Traumatic pneumothorax (unless tension is present), since tube thoracostomy indicated


[image: image] Haemothorax


[image: image] Bleeding dyscrasias (relative)












Technique







1. Check equipment. For drainage of fluid or simple pneumothorax, a large syringe and three-way tap are required in addition to the soft catheter. A syringe is normally attached if an IV cannula is being used.




2. Position the patient:




a. lying flat for anterior puncture of tension pneumothorax—2nd interspace, midclavicular line


b. head of bed elevated for lateral puncture of simple pneumothorax—4th to 5th interspace, just anterior to midaxillary line


c. leaning forwards over a pillow for posterior puncture of pleural effusion—8th to 10th interspace, midscapular line.





3. Inject local anaesthetic if needed.


4. Insert the needle just over the lower rib of the interspace (in order to avoid the neurovascular bundle that lies beneath the rib above).


5. Aspiration of air/fluid through a cannula or a ‘pop’ into the pleural space indicates correct placement—advance the catheter and remove the needle, or follow the technique appropriate to the individual kit.


6. For a tension pneumothorax, leave open and undertake subsequent tube thoracostomy.


7. For other drainage, connect a three-way tap and syringe to the catheter.


8. Aspirate air or fluid, emptying the syringe and sealing the catheter by means of the tap.


9. Remove catheter when aspiration is finished or when the tube thoracostomy is in place.


10. Always obtain repeat chest X-ray.












Complications







[image: image] Damage to local structures—neurovascular bundle, internal thoracic artery (anterior approach)


[image: image] Inadequate drainage due to small size of catheter, adhesions or blockage


[image: image] Underlying lung damage—a pneumothorax will be created if one is not already present


[image: image] Infection at the site















INTERCOSTAL CATHETER (ICC)—TUBE THORACOSTOMY






Indications







[image: image] Tension pneumothorax—only after needle thoracostomy


[image: image] Traumatic pneumothorax


[image: image] Simple pneumothorax that has not responded to needle drainage or is causing significant respiratory compromise




[image: image] Haemothorax


[image: image] Haemopneumothorax


[image: image] ‘Prophylactic’ use in the chest trauma patient who is to receive positive-pressure ventilation or aeromedical transport—depends on available skills and circumstance












Contraindications (all relative)







[image: image] Multiple adhesions


[image: image] Need for immediate thoracotomy


[image: image] Bleeding dyscrasias












Technique







1. Provide appropriate sedation/analgesia. The majority of conscious patients will tolerate narcotics well and should receive them.


2. Position the patient by:




a. elevating the head of the bed 45° if possible


b. raising the arm on the relevant side over the head and placing the fingers behind the head


c. tilting the patient slightly away.





3. Select and mark the site, the 4th or 5th interspace and just in front of the midaxillary line, i.e. at the level of the nipple just behind the muscle bulk of the anterior chest wall muscles.


4. Select appropriate tube size—in general the largest reasonable tube (32 Fr to 36 Fr) should be used in adults with haemothorax, but much smaller tubes are appropriate if only air is to be drained.


5. Prepare drainage system—normally disposable plastic sets with an in-built water trap, but bag drainage with some form of flutter valve is often used in the field.


6. Prepare the area and inject local anaesthetic down to the pleura over the line of the rib below.


7. Incise skin 3–4 cm along the line of the rib below.


8. Bluntly dissect through the subcutaneous tissue and muscle layers to the pleura, passing just above the rib to avoid the neuromuscular bundle. A hiss will normally be heard when the pleural space is entered.


9. Enlarge the tract with a finger and insert the finger into the chest cavity to ensure full penetration and check for adhesions.


10. Insert tube without stylet in one of three ways:




a. hold tube and advance through hole manually


b. grasp tip of tube in curved forceps and advance through hole




c. use specially designed forceps (Pollard forceps) to open a path through which the tube is passed.


    Advance the tube to at least 3 cm beyond the last lateral hole.





11. Immediately connect the tube to the drainage system. If there is to be any delay, the tube should be clamped for a spontaneously breathing patient, but must not be clamped for a patient who is ventilated. ‘Fogging’ of the tube normally confirms its location inside the chest cavity.


12. Check that the underwater drain is bubbling or swinging; ask the patient to cough to confirm position. If it is not swinging, rotate the tube or remove and re-insert.


13. Close the skin wound with sutures and stitch the tube in place. Dress the wound and anchor the dressing to the tube.


14. X-ray to check position of tube and re-expansion of pneumothorax or drainage of haemothorax.












Complications







[image: image] Blockage or failure to drain due to blood clots, position against chest wall, multiple adhesions or kinks


[image: image] Puncture of solid organs—should not occur if stylet is not used and technique is followed, even in the presence of diaphragmatic hernia


[image: image] Reverse flow—keep drainage bottle below patient


[image: image] Re-expansion pulmonary oedema


[image: image] Local injury or infection


[image: image] Persistent bubbling or failure of re-expansion due to leakage in circuit, ICC hole outside pleural cavity or (rare) oesophageal rupture/broncopleural fistula















PERICARDIOCENTESIS


Pericardiocentesis is an emergency procedure for the diagnosis of pericardial tamponade—a diagnosis made clinically, on the basis of high central venous pressure, hypotension, tachycardia and muffled heart sounds, or via ultrasonography (either FAST or formal echocardiography). It is relatively common after penetrating chest trauma, relatively uncommon after blunt chest trauma, and is seen in left ventricular free-wall rupture after myocardial infarction. In any setting where pericardiocentesis is expected to occur, it should be done with ultrasound guidance, but lack of ultrasound is not a contraindication to a potentially life-saving intervention. Survival is poor unless the patient is reasonably fit and there is access to cardiothoracic surgery facilities.








Indications







[image: image] Diagnostic—if the patient is stable, not indicated in the ED


[image: image] Pericardial tamponade or suspicion in deteriorating patient


[image: image] Electromechanical dissociation in cardiac arrest when other causes are excluded—low success rate as tamponade is a rare cause of cardiac arrest unless there is a sizeable hole in the ventricular wall












Contraindications







[image: image] Immediate need for thoracotomy, particularly in cases of trauma


[image: image] Stable patient—seek echocardiographic evidence before proceeding


[image: image] Prolonged cardiac arrest when good outcome is not possible












Technique







1. Position the patient with head up at 45°.


2. Pass a nasogastric tube if abdominal distension present.


3. Prepare equipment—syringe, three-way tap and large needle. Ideally an insulated 10 cm needle, purpose-designed for such taps, or a pericardial catheter (‘catheter over a needle’) should be used. However, when the diagnosis is clear or when the patient is in cardiac arrest, then a large needle or large-bore IV catheter may be used. The metal hub of the needle should be attached to a V lead of the ECG monitor, and monitoring must be ongoing throughout the procedure.


4. Approach—insert needle between xiphoid process and left costal margin at 30–45°, advancing towards the left shoulder.


5. The pericardium is normally entered 6–8 cm below the skin, and any fluid will be aspirated. If the needle touches the epicardium, an injury current with high ST segment should be seen on the ECG. In this case, withdraw the needle a few millimetres.


6. Aspirate with a syringe, using the three-way tap to disperse the contents if necessary. If a catheter has been inserted, withdraw the needle and re-connect the catheter to the tap.


7. Withdraw whatever fluid can be obtained, but if blood continues to flow freely, suspect ventricular penetration. Pericardial fluid may have a lower haematocrit than blood and may not clot, but neither of these tests is absolutely reliable nor helpful within the first few minutes of aspiration.


8. If a response is obtained, leave the catheter in place and be prepared to re-aspirate prior to a thoracotomy.




9. Perform chest X-ray after the procedure to check for a pneumothorax.












Complications







[image: image] Myocardial damage—ventricular puncture or coronary artery laceration


[image: image] Arrhythmias—ventricular ectopics, ventricular fibrillation (VF), cardiac arrest


[image: image] Pneumothorax or lung laceration


[image: image] Air embolism if accidental injection of air occurs


[image: image] Local infection


















Urinary catheterisation






INDICATIONS







[image: image] Urinary retention


[image: image] Monitoring of urinary output


[image: image] Drainage of neurogenic bladder


[image: image] Diagnostic urinary specimen


[image: image] Preoperative procedure for pelvic surgery


[image: image] Management of the unconscious patient












CONTRAINDICATIONS







[image: image] Clinical suspicion of urethral injury—if there is a perineal haematoma and blood at the meatus, then an ascending urethrogram should be performed to identify urethral damage and/or a suprapubic catheter used as an alternative


[image: image] Urinary tract infection (UTI)—relative contraindication, as introducing a foreign body to an infected area is undesirable












TECHNIQUE—MALES







1. Position is supine.


2. Prepare penis using no-touch technique, retracting the foreskin and swabbing the glans and surrounding areas. Drape with a fenestrated sheet and repeat swab.


3. Instil lignocaine gel into urethral opening while holding the penis in the ‘dirty’ hand. From this point on, the hand holding the penis should be considered ‘dirty’ and only the other hand should touch the tray and catheter equipment.


4. After a delay for the gel to take effect, hold the catheter in forceps and insert into the bladder to a distance of 20–25 cm.


5. Inflate the catheter balloon using 5–10 mL sterile saline.




6. Check for free flow of urine and collect a specimen if necessary.


7. Connect an appropriate drainage bag.








Editorial Comment


Ensure the foreskin is fully replaced after every catheterisation.















TECHNIQUE—FEMALES







1. Position is supine with heels drawn up and thighs abducted.


2. Prepare external genitalia by swabbing and drape with a fenestrated sheet. Separate labia with gauze squares and identify urinary meatus and re-swab.


3. Apply sterile lubricant liberally to the catheter.


4. Insert catheter into bladder using forceps, to a distance of 10–12 cm.


5. If catheter is to be left indwelling, inflate balloon with 5–10 mL sterile saline.


6. Collect any specimens necessary and connect appropriate drainage bag.












COMPLICATIONS—BOTH SEXES







[image: image] Failure to catheterise:




— Inability to identify urethra (females). The urinary orifice is frequently displaced by gynaecological surgery or obscured by oedematous tissue. A more thorough examination, repositioning and better light are appropriate.


— Strictures of the urethra. Excessive force should not be used, but a smaller catheter may be tried.


— Prostatic obstruction. This is commonly the indication for catheterisation. Once again, a smaller catheter, and possibly an introducer, should be tried.





[image: image] Trauma—creation of false passage, partial or complete urethral tear, long-term risk of stricture


[image: image] Infection—urethritis, epididymitis, pyelonephritis


[image: image] Haemorrhagic cystitis—rare complication of rapid decompression of a chronically distended bladder


[image: image] Paraphimosis in males—always replace a retracted foreskin









Removal of trapped urinary catheter


Emergency medicine doctors may be called upon to remove a urinary catheter which is either blocked and unable to be removed or simply ‘stuck’ at a time of routine removal. The usual cause is a ‘flap valve’ in the balloon tubing which prevents balloon deflation.


Various techniques are described. Cutting the catheter is rarely effective, since the blockage is usually proximal. If the patient’s bladder is not excessively distended and the catheter balloon definitely lies within the bladder, then the balloon may be overinflated with sterile water or saline until it bursts. If there is doubt about the position of the balloon, then ultrasound should be used to identify it, since it must not be overinflated in the urinary tract. The balloon within the bladder can also be punctured using a suprapubic needle.















Suprapubic cystostomy


Ultrasound localisation of the bladder should be considered mandatory before this procedure unless it is being performed ‘in the field’ or for replacement of a pre-existing catheter.






INDICATIONS







[image: image] As for urinary catheter, but catheter cannot be passed due to a suspected or definite urethral trauma


[image: image] Failed catheterisation, usually strictures or prosthetic disease


[image: image] Other reasons, such as blockage of an existing catheter












CONTRAINDICATIONS







[image: image] Previous lower abdominal surgery/scarring/radiation


[image: image] Inability to palpate the bladder (or visualise on ultrasound)


[image: image] Bleeding diathesis


[image: image] Urinary tract infection












TECHNIQUE







1. Check equipment—a number of suprapubic catheter sets are available, mostly relying on a variant of the ‘catheter over the needle’ technique.


2. Position patient supine.


3. Inject local anaesthetic starting 2–3 cm above the pubic symphysis and heading down the expected track at approximately 20° towards the pelvis. When urine is drawn back into the anaesthetic syringe, the bladder has been reached.


4. Incise the skin with an appropriate scalpel blade.


5. Puncture the bladder down the same track used for the anaesthetic.


6. Follow appropriate technique to secure the catheter in the bladder. This varies between suprapubic catheter sets.




7. Collect any necessary specimens and connect the catheter to an appropriate drainage bag.


8. Apply adhesive and/or sutures as appropriate to maintain the catheter in place.












COMPLICATIONS







[image: image] Failure to catheterise the bladder


[image: image] Bowel perforation


[image: image] Extravasation of urine—intraperitoneal or extraperitoneal


[image: image] Local bleeding—intraperitoneal, extraperitoneal or into bladder


[image: image] Infection


[image: image] Obstruction















Cricothyroidotomy






INDICATIONS







[image: image] Supralaryngeal airway obstruction when tracheal intubation not possible (e.g. epiglottitis, burns, facial trauma)


[image: image] Ventilatory support required (e.g. apnoea) and tracheal intubation failed












TECHNIQUE







1. Position the patient supine with the neck extended if possible.


2. Identify the cricothyroid membrane as a horizontal depression in the midline anteriorly between the notch of the thyroid cartilage and the cricoid cartilage. Prepare the area.


3. Make a 1.5 cm incision across the lower half of the cricothyroid membrane, then incise the membrane. This is best done with a guarded scalpel blade, usually supplied in cricothyroidotomy kits. However, it can be accomplished with any scalpel.


4. Open the cricothyroidotomy by dilating with artery forceps or gently twisting the scalpel blade.


5. Insert the tube (either a 6 mm cuffed endotracheal tube for an adult, or a 4.5 mm uncuffed cricothyroidotomy tube) in a downward direction.


6. Remove trocar, secure tube and ventilate the patient.


7. Check ventilation in the same way as for endotracheal intubation.












COMPLICATIONS







[image: image] Local bleeding—external or into the airway


[image: image] Creation of a false passage




[image: image] Damage to larynx, trachea, oesophagus


[image: image] Local infection















Lumbar puncture (LP)






INDICATIONS







[image: image] Clinical suspicion of CNS infection, particularly meningitis


[image: image] Sample of cerebrospinal fluid (CSF) required for non-emergent evaluation (e.g. Guillain-Barré syndrome)


[image: image] Therapeutic—drainage of CSF or installation of chemotherapy












CONTRAINDICATIONS







[image: image] Clinical or CT evidence of raised intracranial pressure or localising signs


[image: image] Infected site of puncture


[image: image] Bleeding diathesis








Editorial Comment


Always explain, and obtain consent (preferably written) as complaints and complications frequently follow.















TECHNIQUE







1. Position the patient: if measurement of CSF pressure is indicated, in the lateral recumbent position with knees drawn up; otherwise sitting up leaning forwards with the feet over the side of the bed on a chair (sitting fetal feet supported, ‘SFFS’). Mark the L4 spinous process which is palpable in a line connecting the posterior and superior iliac crests.


2. Prepare and drape the area.


3. Infiltrate local anaesthetic in L3/L4 or L4/L5. Gently insert a spinal needle in the midline. A non-cutting needle with side port is preferred, in which case the skin may need to be punctured first with a sheath. If a cutting needle is used, position the bevel horizontal. After penetrating the skin, aim approximately for the patient’s umbilicus.


4. Advance, feeling for the loss of resistance as the needle penetrates the ligamentum flavum.


5. Remove the stylet to check for CSF flow. If the subarachnoid space has not been reached, carefully re-insert the stylet and continue.




6. When CSF is obtained, connect a manometer to measure CSF pressure if needed and then collect a sample, normally into 3 sterile bottles.


7. Remove the needle and dress the site.












COMPLICATIONS







[image: image] CSF infection—rare but potentially fatal


[image: image] Spinal cord or corda equina damage—should not occur if performed at the correct level


[image: image] Uncal herniation—described after LP in cases with raised intracranial pressure


[image: image] Post-LP headache















Emergency department thoracotomy


ED thoracotomy should be considered only if the operator is experienced, there is some hope of meaningful survival based on the patient’s presentation, and facilities exist for rapid removal of the patient to a thoracic operating facility.






INDICATIONS







[image: image] Penetrating chest trauma with all of the following:




— signs of life present during pre-hospital phase


— any pneumothorax drained


— pericardiocentesis undertaken


— fluid load given


— continued poor response—in cardiac arrest or cardiac arrest clinically eminent.





[image: image] Blunt trauma—only when signs of life have been present in the ED, no other lethal injuries (e.g. severe head injury) present, no response to standard resuscitation and electrical cardiac activity still present.





Note: Even in these circumstances, the response rate to ED thoracotomy in blunt form is exceedingly low. The aim of ED thoracotomy is to drain pericardial tamponade, repair cardiac lacerations or cross-clamp the aorta. Internal cardiac massage or internal defibrillation may be performed, but does not constitute an indication for thoracotomy alone.









CONTRAINDICATIONS







[image: image] Inadequately skilled personnel


[image: image] Thoracic operating theatre not available


[image: image] ‘Medical’ cardiac arrest














TECHNIQUE







1. Patient is normally supine, intubated, undergoing CPR.


2. Prepare the left side of the chest.


3. Incise along the top of the left 5th rib down to the chest wall muscles. Begin 2 cm lateral to the sternum and extend beyond the posterior axillary line.


4. Dissect through the intercostal muscles into the pleura with Mayo scissors, stopping ventilation so that the lung collapses momentarily. Divide the intercostal muscles with a sweep of the Mayo scissors along the top of the 5th rib.


5. Insert rib spreaders with a handle and ratchet bar downwards and retract the ribs.


6. If pericardotomy is required (history consistent with pericardial tamponade, pericardium swollen and tense), perform it with scissors starting at the diaphragm and moving upwards, 1 cm anterior to the phrenic nerve. Use fingers to gently sweep clots of blood from the pericardium.


7. If direct cardiac compression is required use two hands, anterior and posterior to the heart, to gently compress.


8. If aortic cross-clamping is required, this is difficult to perform with a vascular clamp since the aorta must be separated from the oesophagus. It is easier to apply pressure through the pleura to compress the aorta against the thoracic spine.


9. Repair of lacerations in the myocardium is particularly difficult in the emergency setting, but may be attempted if necessary.


10. Proceed immediately to the operating theatre for further definitive treatment.








Editorial Comment


Most problems arise when procedures are ill-prepared, ill-explained and performed with inadequate analgesia and in haste.



















Chapter 4


Diagnostic imaging in emergency patients




E S Seelan





The aim of this chapter is to explain briefly the need and usefulness of diagnostic imaging services in emergency situations. Many of these emergencies arise ‘after hours’, and staff in most emergency departments have no immediate access to radiologists. The chapter also outlines the various diagnostic imaging modalities available, the basic principles involved in each modality and some clues to interpreting some of the most obvious lesions.





Editorial Comment


Although long, this chapter contains a wealth of practical information. Very few emergency patients escape diagnostic tests. Always, if there is any doubt, talk to the radiographers/radiologists about any study. Always arrange for follow-up of the formal report, as emergency doctors are not radiologists. Even if the images and reconstructions look easy—you are not an expert and are simply giving the patients an impression.












Imaging modalities






PLAIN X-RAYS


Plain X-rays are a commonly used modality. An X-ray beam is passed through the body.


Different tissues of the body absorb different amounts of X-rays. Unabsorbed X-rays are recorded on a film placed on the opposite side. Bone absorbs the most, hence it looks white on film. Air absorbs almost none, hence it looks black on film. Other tissues are demonstrated in shades between black and white.


Plain X-rays are performed as the first line of emergency investigations in many instances, as in fractures and abdominal or chest pain.









ULTRASOUND


Transducers used in this examination pass ultrasound into the body and also receive the echoes. The intensity of the echoes depends on the degree of absorption of sound waves by various tissues. On the image, echogenic areas appear white and sonolucent areas (that transmit sound, e.g. fluid) appear black.


Immediate and instant demonstration of organs by real-time ultrasound imaging and the fact that it is non-invasive and harmless (no radiation) have made this tool very popular. It is used in the following:




[image: image] To find out whether a lesion or lump is solid or cystic.


[image: image] Abdominal and pelvic organs—liver, gall bladder, bile ducts, pancreas, spleen, kidneys, aorta, inferior vena cava (IVC), bladder, prostate, uterus and ovaries, renal stones, gall stones, aortic aneurysm, traumatic and other haematomas—abscess and abnormal fluid collections can be demonstrated.


[image: image] To examine small parts (thyroid, testes and breast) and neonatal heads for ventricular size, etc.


[image: image] For obstetrical work-up, including study of fetus for early detection of abnormalities, and for emergencies like ectopic pregnancy, vaginal ultrasound is extremely useful.


[image: image] Ultrasound-guided biopsy and interventional procedures.


[image: image] Musculoskeletal investigations, e.g. shoulder, knee, muscle and tendon injuries and acute tenosynovitis.


[image: image] Duplex and colour Doppler ultrasound:




— With the advent of duplex and colour-flow Doppler it is now easy to identify arteries and veins non-invasively. This modality should be the first line of imaging for the detection of deep vein thrombosis (DVT) in the limbs. (This study can be difficult in extremely swollen, oedematous lower legs.) In difficult cases venography can be performed. It should be remembered that ultrasound is non-invasive and can be performed repeatedly even in pregnant patients with suspected DVT.


— Duplex ultrasound is useful in identifying superficial thrombophlebitis.


— While excluding thrombosis, ultrasound study can also diagnose other causes of a swollen, tender calf such as ruptured Baker’s cyst, haematoma in calf muscle, e.g. a gastrocnemius tear, mass in groin, axilla.


— Doppler ultrasound is useful in detecting and localising acute arterial occlusion in the limbs and in the investigation of peripheral vascular disease and carotid arterial disease.


— It is also useful in assessing renal artery stenosis and renal parenchymal vascular disease in the investigation of hypertension.

















COMPUTED TOMOGRAPHY (CT)


The same principles are applied in CT as in plain X-rays, but there are two main modifications:




1. The X-ray tube is rotated around the body in an axial plane.


2. Instead of an X-ray film, detectors are used on the opposite side. Multiple fixed detectors are placed around the body to pick up the signals as the X-ray tube rotates around the body. Signals from the detectors are digitalised and the computer builds up an image which can be seen on a TV monitor or recorded on a film.





The resulting images are transverse sections of the part examined. Using the stored information of consecutive thin transverse sections, the images can be reconstructed in sagittal, coronal and oblique planes. CT is now a proven diagnostic tool which delivers valuable information to help in the early diagnosis of many lesions and disease. Its use is greatly appreciated in many emergencies such as head injuries and some chest and abdominal emergencies. It is also useful in demonstrating fractures that are not shown by plain X-rays.






Helical CT scanning


Helical or spiral CT scanning is an improvement that allows very quick scanning of a patient (shorter scanning time than conventional CT) with increased accuracy of lesion detection resulting from volumetric data acquisition. In conventional CT, X-ray exposure and patient movement through the gantry alternate; whereas in helical CT, X-ray exposure and patient movement take place simultaneously giving a ‘spiral impression’.






Advantages







[image: image] Greater length of patient’s body can be scanned with one ‘breath-hold’ thus producing contiguous images without interruption, e.g. a 30-second scan can cover most of the chest.


[image: image] Eliminates respiratory artefacts and reduces partial volume effect, peristaltic and other movement artefacts.


[image: image] Produces overlapping images without extra radiation exposures.


[image: image] Using a window workstation the acquired images can be reconstructed in multiplanar and three-dimensional images with excellent clarity.















Multi-slice CT scans


This is a further advancement whereby the speed of scanning and resolutions are considerably improved by using more-efficient detectors and obtaining thinner slices per rotation of the X-ray tube as the patient passes through the gantry.


Scanners are available to obtain 4, 8, 16, 32 or 64 slices (per rotation) of up to 0.5 mm thickness. A few 300-slice scanners are also available in Australia. These are faster than a heartbeat.






Advantages and uses







[image: image] Speed—some scanners can complete a body scan in 20 seconds; useful in the ICU and in paediatric, elderly, trauma and postoperative patients, where a shorter breath-hold and quick scanning are required.


[image: image] High resolution and fewer artefacts.


[image: image] Less IV contrast usage by allowing the scanning to start when the contrast reaches the area of interest (contrast detection system).


[image: image] Multi-plane reconstruction without loss of resolution.


[image: image] 3D reconstruction useful for surgical planning.


[image: image] CT angiography (including pulmonary angiography to detect pulmonary embolism) and cholangiography.


[image: image] CT fluoroscopy—useful in interventional work, e.g. placement of needle for biopsy, facet joint injection, etc.


[image: image] Virtual endoscopy—enables a bronchoscopic view or colonoscopic view to be obtained.


[image: image] Coronary angiography—introduction of 300-slice CT will be useful for cardiac and coronary assessment without the need for catheterisation.


















MAGNETIC RESONANCE IMAGING (MRI)


In the past 20 years MRI has gradually become the technique of first choice in the investigation of many diseases. The physics involved in MRI is more complex than for any other radiological technique. However, the basic principles are indicated by the original terminology, nuclear magnetic resonance (NMR).






Nuclear


Unlike X-ray images, which are produced by attenuation of X-ray photons by the outer orbital electrons in the atoms of the elements in the body tissue, the MRI signal arises from the centre of the atom—the nucleus. The nuclei used in MRI are those of hydrogen atoms.


Hydrogen is selected because:




[image: image] it makes up about 80% of the human body


[image: image] its nucleus has only 1 proton, which has magnetic properties


[image: image] the solitary proton gives it a larger magnetic field (or moment).














Magnetic


The hydrogen ion, or proton, is a small, positively charged particle with associated angular momentum or spin. This situation represents a current loop and results in the formation of a magnetic field with north and south poles (dipoles). In other words, the protons behave as tiny magnets within the tissues. All nuclei used in MRI must have this property.


In the absence of influence from any external magnetic fields, the protons tend to orientate randomly in all directions. However, when a strong static external magnetic field is applied, these dipolar protons tend to align parallel to the direction of the external magnetic field (longitudinal plane).


The strong external magnetic field must be homogeneous over a volume large enough to contain the human body. This explains why the magnet tunnel is much longer than the CT gantry.









Resonance


This is a phenomenon whereby an object is exposed to an external oscillating disturbance that has a frequency similar to its own frequency of oscillation. Therefore, when a hydrogen proton is exposed to an external disturbance with a similar frequency to its own, the proton gains energy from the external disturbance. This is called resonance. This can happen only if the external disturbance is applied at 90° to the magnetic field of the proton. The oscillation frequency of the hydrogen proton in a static magnetic field of the strength used in clinical MRI corresponds to the radiofrequency band (RF) in the electromagnetic spectrum.


Therefore, for resonance of hydrogen to take place, an RF pulse at the same frequency as the oscillation of the hydrogen proton must be applied at 90° to the magnetic field of the proton. The application of the RF pulse that causes resonance is called excitation, as it results in the nuclei gaining energy. This energy causes the magnetic field of the protons to change direction. Enough RF pulse energy is given to the proton to change the direction from the longitudinal to the transverse plane (flip angle of 90°). Now the protons are rotating in the transverse plane. According to the laws of electromagnetism, if a receiver coil is placed in the transverse plane, the transverse magnetisation will produce a voltage in the coil. This voltage constitutes the MR signal.


When the RF pulse is turned off, the hydrogen protons return to their original orientations in the longitudinal plane. This is called relaxation.


There are two main types of relaxation (T1 and T2). T1 is the return of net magnetisation to the longitudinal plane. T2 is the decay of magnetisation in the transverse plane. These two relaxations and their time variances are used to create imaging sequences. All relaxation times are based on fat and water. This is where most of the body’s hydrogen protons are.




[image: image] T1 images are known for their anatomical details. In T1 images, fluid appears black and fat appears white.


[image: image] T2 images are known for their contrast. In these images, fluid appears white and fat appears grey.


[image: image] Proton density images are a combination of T1 and T2. These images specifically look at the concentration of hydrogen protons.
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PenicillinV (phenoxy-
methylpenicillin) 7.5-15 mg/kg/dose PO géh

Roxithromycin 2.5-4 mg/kg PO q12h
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plus often
subcutaneous
tissue

Charred or
leathery gray or
waxy white

Insensate

Heal by wound
contracture
and edge
epithelialisation

Skin cannot
regenerate
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Uncertain or < 3 doses Yes No Yes Yes
>3 doses plus < 5y since  No No No No
last dose
3 doses plus 5-10 y No No Yes No
since last dose
3 doses plus > 10y Yes No Yes No

since last dose
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FEV, /
Stage FVC* FEV;

1 (mild) <0.70 >80% predicted

Clinical features

Chronic cough, sputum
production

Il (moderate) <0.70 50% < FEV; < 80%

Cough, sputum production,

predicted SOB
Il (severe) <0.70 30% <FEVi <50% TSOB, lexercise tolerance,
predicted fatigue, Tfrequency of
exacerbations
IV (very <0.70 FEV; <30% or <50% Cor pulmonale, hypoxia,
severe) predicted plus chronic impaired quality of

respiratory failure

life, life-threatening
exacerbations
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GCS < 15 at 2 h after injury Yes High risk*
Suspected open or depressed skull # Yes High risk*

Any sign of base of skull #: Yes High risk*
—Haemotympanum,

— 'Racoon eyes’

—CSF otorrhoea/rhinorrhoea

—Battle’s sign

Vomiting > 2 episodes Yes High risk*

Age > 65 years Yes High risk*
Amnesia before impact =30 min Yes Medium risk**
Dangerous mechanism: Yes Medium risk**

—Fall from height > 1 m (3 ft) or 5 stairs
—Pedestrian struck by motor vehicle
—Occupant ejected from motor vehicle
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Advanced Life Support for Infants and Children

Post Resuscitation Care
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Diarrhoea (including laxative abuse)
Vomiting

Intestinal/pancreatic fistulae
lleostomy

During treatment of DKA
Alkalosis
Treatment of asthma (frequent beta-agonists)

Diuretics (loop, thiazides, carbonic anhydrase
inhibitors)

Hypomagnesaemia

Hyperaldosteronism:

— 1° (adrenal hyperplasia, adenoma, ca)

— 2°(renal artery stenosis, CCF, liver cirrhosis)

Alkalosis

Congenital syndromes (Bartter and Gitelman)

Renal tubular damage:

— RTAtype |, Il

— Interstitial nephritis

— Analgesic nephropathy

— Drug toxicity {amphotericin, gentamicin,
toluene)
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Lead Dimercaptosuccinic acid (DMSA)
Sodium calcium edetate (for lead
encephalopathy/severe poisoning)

Lignocaine Intralipid 20%

Methanol, ethylene glycol Ethanol

Methaemoglobinaemia Methylene Blue

Opiates Naloxone
Organophosphates Atropine

Pralidoxime
Paracetamol N-acetylcysteine
Sulfonylureas Octreotide + glucose
Tricyclic antidepressants  Bicarbonate
Warfarin Vitamin K

Prothrombin complex concentrates (e.g.
Prothrombinex, FFP)
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Test Result

HCO-~ High Vomiting
Diuretic abuse
Mineralocorticoid excess
Bartter, Gitelman
Low Renal tubular disease
Diarrhoea
Na* High 1° hyperaldosteronism
Low Diuretic use
Hypovolaemia (Gl loss)
Urine K* < 20 mmol/L Gl loss
Intracellular shift of K+
Poor oral intake
> 40 mmol/L Renal loss
Urine Na* < 20 mmol/L 2¢ hyperaldosteronism

(with T urine K*)
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Loss/deficiency of water

or

Loss of Na*and water with
Na* losses > water losses

Inability to drink/obtain water
Impaired thirst mechanism
Osmotic diuresis:

— Glycosuria

— Mannitol

Extreme sweating

Severe watery diarrhoea
Vomiting

Burns

Water loss without Na*loss

Diabetes insipidus:
— Hypothalamic
— Nephrogenic

Gain of Na* and water with
Na*gain > water gain

latrogenic (NaCl tablets,
hypertonic saline,
administration of NaHCOs,
hypertonic dialysis)

Hypertonic medicines
(ticarcillin)

Cushing disease

Adrenal hyperplasia

Primary aldosteronism

Sea water drownings
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Drug Dose Indi ns

Adrenaline 1 mg IV repeat every 2nd loop during CPR ~ VFNT
Asystole/PEA

Amiodarone 300 mg IV VFNT
Additional dose of 150 mg IV can be
considered that may then be followed by
infusion of 156 mg/kg over 24 h
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Dose and route of admi

Amoxycillin

500 mg PO g8h

Amoxycillin/clavulanic acid

500/125 mg PO g8h (Augmentin Duo)
875/125 mg PO g12h (Augmentin Duo Forte)

Ampicillin 1g1Vgsh
Azithromycin 500 mg-1 g PO daily
500 mg IV daily
Ceftriaxone 1-2 g IV daily
Cefepime 1-2 gV g8h
Cefotaxime 1g1Vgsh
2 g IV g6h (severe infections) up to 6 g/d
Ceftazidime 2gIVgsh
Cephalexin 500 mg PO g6h
Cephazolin 1-2 gV g8h

Ciprofloxacin

250-500 mg PO q12h
400 mg IV g12h

Clarithromycin

500 mg PO g12h

Clindamycin 150-450 mg PO g8h
200-900 mg IV g8h
Dicloxacillin 500 mg PO géh

1g1Vgsh

Continues
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Clinical symptoms of DVT 3

Other diagnosis less likely than PE 3

Heart rate > 100/min 15
Immobilisation or surgery in past 4 weeks 1.5
Previous DVT/PE 15
Haemoptysis 1
Malignancy 1

>6 High (40.6% chance of PE in the ED population)

2-6 Moderate (16.2% chance of PE in the ED population)

<2 Low (1.3% chance of PE in the ED population)
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Drug

Adenosine

For arrhythmia

1st dose
Subsequent doses

Dose and route of ad

0.1 ma/kg IV push (followed by a rapid saline flush)
Increase by 0.1 ma/kg IV every 2 min to a max of
0.5 mg/kg (max adult dose 18 mg) (followed by a rapid
saline flush)

Adrenaline
For anaphylaxis

For croup

0.05-0.1 ml/kg of 1:10,000 IV

or

0.01 mL/kg (= 0.01 mg/kg) of 1:1000 IM (up to max
0.3 ma)

0.5 mL/kg of 1:1000 nebulised diluted to 6 mL (max
6mL)

Calcium chloride
10%

0.2 ml/kg IV (max 10 mL)

Calcium gluconate
10%

0.5 ml/kg IV (max 20 mL)

Charcoal

1.g/kg PO/NG

Dexamethasone
For severe croup

0.1-1 ma/kg PO/IM/IV daily
0.6 mg/kg IV/IM (max 20 mg)
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Hypoalbuminaemia

Hypoparathyroidism
Pseudohypoparathyroidism
Parathyroid/thyroid surgery
Radical neck dissection

Radiation therapy for head/neck ca

Nutritional malabsorption

1 Intake

Renal disease

Pronounced hypophosphataemia

Medullary thyroid ca

Tumour lysis syndrome
Rhabdomyolysis
CRF

Massive blood transfusion
Plasmapheresis

Malignancy (prostate, breast, lung, chondrosarcoma)
Osteomalacia

Phenytoin
Phenobarbitone
Colchicine
Cisplatin

Sepsis
Severe burns
Pancreatitis (calcium complex formation)
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Dose and route of administration

Amoxycillin 15-25 mg/kg/dose PO g8h
Amoxyeillin + Dose as for amoxycillin
clavulanic acid

Ampicillin 15-25 mg/kg/dose IV géh
Cefaclor 10-15 mg/kg/dose PO g8h
Cefotaxime < 4-week-old: 25 mg/kg/dose IV g12h

For severe infections

> 4-week-old: 25 mg/kg/dose IV g8h
1-week-old: 50 mg/kg/dose IV q8h
> 2-week-old: 50 mg/kg/dose IV g6h

Ceftazidime

15-25 mg/kg/dose IV g8h

Ceftriaxone
For severe infections
For epiglottitis

25 ma/kg/dose IV/IM q12-24h
50 ma/ka/dose IV (max 2 g) q12-24h
100 mg/kg (max 2 g) IV (once only)

Cephalexin 7.5 mg/kg/dose PO g6h
Cefalotin 15-25 mg/kg/dose IV géh
Cephazolin 10-15 mg/kg/dose IV géh






OEBPS/images/B9780729541466500078_cetable47.png
Paraesthesiae

Hyperreflexia

Muscle spasm

Tetany

Chvostek’s sign (facial N tap)
Trousseau sign (BP cuff pumped up)
Laryngeal stridor

Seizures

Choreoathetosis

Arrhythmias
Hypotension
Impaired contractility (heart failure)

Anxiety, irritability
Psychosis
Depression
Confusion
Delusions
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Drug se Indications
Calcium 5-10 mL IV of 10% calcium  Hyperkalaemia
chloride Hypercalcaemia
OD of calcium channel
blockers
Magnesium 5 mmol IV Torsades de pointes
can be repeated once, Cardiac arrest associated
then followed with infusion  with digoxin toxicity
(20 mmol over 4 h) VF/NT refractory to
defibrillation and adrenaline
Hypokalaemia
Hypomagnesaemia
Potassium 5 mmol IV Persistent VF due to
hypokalaemia
Lignocaine 1 malkg IV VFNT where amiodarone
cannot be used
1 mmol/kg Hyperkalaemia

Treatment of documented
metabolic acidosis

Tricyclic antidepressant OD

Prolonged arrest (> 15 min)
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Renal
Biliary

Bone pain

Abdominal pain
Nausea
Vomiting
Anorexia
Pancreatitis

Confusion
Depression
Anxiety
Coma
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Drug ose and route of adi istration
Adrenaline 10 microg/kg IV/10 = 0.1 mL/kg of 1:10,000
(max single dose = 1 mg)

100 microg/kg via ETT

Amiodarone 5 mg/kg IV/IO over 3-5 min

Defibrillation 4 joules/kg
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Drug
Atropine

Dose and route of ad! istration

20 microg/kg IV/10 (max 600 microg)
30 microg/kg via ETT

Calcium chloride 10%
Calcium gluconate 10%

0.2 ml/kg IV/IO
0.7 mUkg IV/IO

Glucose (dextrose)

0.25 g/kg IV/IO

= 0.5 mL/kg of 50% dextrose (via CVC
only)

= 2.5 mL/kg of 10% dextrose IV/IO

Lignocaine
(only if amiodarone is unavailable)

1 markg IV

Magnesium sulfate 50%
=2 mmol/L)

0.1-0.2 mmol/kg IV/IO bolus
0.3 mmol/kg infusion over 4 h

Potassium

0.03-0.07 mmol/kg IV/IO slow injection

Sodium bicarbonate (8.4%)

0.5-1 mmol/kg IV/IO
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0.9% NS IV bolus

Free water deficit (in L)
= bodyweight (kg) x %TBW* x (actual
Na* + desired Na*] - 1)

4 by < 1 mmol/L/h
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%TBW Population group

0.6 ‘Young men

0.5 ‘Young women
Elderly men

0.4 Elderly women
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Drug

Acetylcysteine Initially 150 ma/kg IV over 15 min; then 50 ma/kg IV
over 4 h; then 100 mg/kg IV over 16 h
Adenosine Initially 6 mg IV (rapid bolus); if still unsuccessful

within 1-2 min give 12 mg IV (rapid bolus)
(follow with a rapid saline flush)

Adrenaline
For cardiac arrest 1mg IV
For anaphylaxis 0.3-0.5 mg of 1:10,000 IV

0.3-0.5 mg of 1:1000 IM
For airway obstruction 0.5 mL/kg of 1:1000 (max 5 mL) nebulised

Amiodarone 5 ma/kg IV over 1 h
(loading dose)
Atropine 0.5 mg IV (max total dose 3 mg)
Benztropine 2 mg IV/IM/PO
Bupivacaine = Maximum single dose 2 ma/kg SC
adrenaline Do not repeat at intervals less than 4 h

For local anaesthesia Usual dose is 12.5-150 mg (= 5-60 mL of 0.25% =
2.5-30 mL of 0.5%)

Calcium 5-10 mL of 10% calcium chloride IV
10 mL of 10% calcium gluconate |V
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Ulnar  ‘Claw-hand" Froment's Numbness of  Less clawing in

deformity sign—testing entire little a high lesion
(ring and little  thumb finger and Low lesion
fingers curl adduction ulnar half of at level of
up) causes thumb  ring finger wrist will
to flex instead have normal
of remaining sensation
straight Check intrinsic
function by
crossing
middle finger
over index
finger
Radial  Wrist drop Weak elbow Dorsumof the  If weak elbow
extension hand extension
Weak present then
extension at high lesion
wrist/digits

Weak forearm
supination
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Advanced Life  Support for Adults
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Protein C

Protein S

Antithrombin 111

Activated protein C resistance
Lupus anticoagulant
Shortened ‘APTT’

Anticardiolipin antibody
Anti-beta-2-glycoprotein antibodies

Factor V Leiden
Prothrombin G20270A mutation
MTHFR C677T mutation

Homocysteine levels
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Active cancer (treatment within past 6 months, palliation)

Paralysis, paresis or immobilisation of lower extremity

Bedridden for more than 3 days and/or surgery within 4 weeks

Localised tenderness along distribution of deep veins

Entire leg swollen

Unilateral calf swelling > 3 cm (measured below tibial tuberosity)

Unilateral pitting oedema

Collateral superficial veins

Alternative diagnosis as likely or more likely than DVT

>3 High

1-2 Moderate

<1 Low
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Modality Agent/method e Contrai jons
Activated Place in cup 1 a/ka As text above plus:
charcoal Mix with ice cream for kids ~ (kids) —lLoc
(AC) Can give via OGT/NGT once 50 g —Toxin does not
tube placement confirmed  (adults) bind to AC*
Gastric Patient position left lateral, head down As text above plus:
lavage 36-40 G lavage tube inserted into — Unprotected
oesophagus airway
Aspirate gastric contents — Small kids

Instil 200 mL warm water into stomach

Drain fluid into dependent bucket

Continue instilling/draining until effluent
is clear

Finish with administering AC

Continues
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Nerve Inspection Motor signs Sensory signs Pearls
Median  Thenar atrophy Weak pronation Numbness Superficial
of forearm of radial 3% branch of
digits and median
‘Ape-hand’ Weak flexion corresponding  supplies
deformity of wrist portions of thenar
(thumb lies and fingers the palm eminence—
inthe same (especially distinguishes
plane as the index and low from high
palm) middle)Unable lesion
to make a
fist or close
hand around a
bottle
Unable to flex
or oppose

thumb
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Location of Integity of

fracture I syndesmosi

A Below the level of  Intact Usually stable;
the ankle joint occasionally

needs ORIF

B ‘Atthe level of the Disruption in 50% Variable
ankle joint

@ Above the level of - Always disrupted  Unstable
the ankle joint ORIF.

‘Syndesmosis is made up of antarior—inferior Hbiofibular gament, interosseous.
ligament and posterior-inferior fbular igaments, nferior transvere tibiofibular
ligament and interosseous ligament

ORI s s sadi s i fostines:
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CSF studies Normal Bacteri Viral TB/fungi

Pressure 7-25 T Normal / T Variable
(cmH,0)

WCC (per <5 >200-20,000 < 100 < 1000
mms) ?variable

Predominant Lymphocytes, Polymorphs Lymphocytes  Lymphocytes
cell type no (10%
polymorphs lymphocytes)

Glucose >0.6x serum  /normal T/ normal 4 /normal
Protein <400mg/L T /normal T/ normal T
(mg/L)
Organisms 0 +ve gram +ve India ink
stain in 80% stain with

cryptococcal
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Product Contents (per ul Volume
Red cells Hb (> 40g) 200 mL
Haematocrit (0.50-0.70)
Platelets 200-240 x 10° > 160 mL
FFP Coagulation factors 250 mL
(200 IU of factor VIII)
Other proteins
Cryoprecipitate Factor VIII (= 70 1U) 30-40 mL.

Fibrinogen (= 140 mg)

Fibronectin
Factor XIII
VWF (=100 IU)

Prothrombin complex  Factors II, IX, X (500 U Vials of powder
concentrate of each) reconstituted to 20 mL
(Prothrombinex) Low levels of VII

Biostate Factor VIII Variety of preparations

VWF
MonoFIX Factor IX concentrate Variety of preparations
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Disorder Defect Treatment options
Haemophilia A Absence/low factor VIl Desmopressin for mild
Mild 6-25% factor VIl (> 15%)

Moderate 1-5% Recombinant factor VIl
Severe <1% Biostate

Haemophilia B Absence/low factor IX Recombinant factor IX

MonoFIX

Von Willebrand

Quantitative + qualitative

Desmopressin

defect in WVF Biostate
Coagulopathy 2° liver Vit K
disease FFP
Platelets

Cryoprecipitate

Thrombolytic drugs

Systemic fibrinolysis

Cryoprecipitate
FFP
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Muscle relaxants

Suxamethonium

1 ma/kg

Drug of choice for RSI

Raises K by 0.5 mEg/L, more in burns
(>48 h old), paralysis and denervation
(>3 days old), crush injury

Raises IOP (avoid in open eye injury)

Triggers malignant hyperthermia

Prolonged apnoea (rare, inherited)

Rocuronium 1 ma/kg for RSl Use for RSI when suxamethonium
0.6 ma/kg for contraindicated
non-RS|
0.15 mg/kg PRN  Use for maintaining paralysis
Vecuronium 0.1 ma/kg Use for maintaining paralysis

Not suitable for RSI
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Quetiapine >3g > 100 mg

Quinine >1g 600 mg = potentially
lethal

Risperidone >1mg

Salicylates 150-300 ma/kg > 65 mL of methyl

salicylate (oil of
wintergreen)

Sulfonylureas 1 tablet 1 tablet
(especially if non-diabetic)
Tramadol >15g > 10 ma/kg
Tricyclic > 10 ma/kg > 5 ma/kg
antidepressants
(TCAs)
Valproate > 400 mg/kg > 200 ma/kg
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Drug Adult

Aspirin 150 ma/kg
> 300 mg/kg = severe

intoxication
Carbamazepine 20-50 ma/kg
Carbon monoxide >10%
Chlorpromazine >6g 1 tablet
Cocaine > 1 g = potentially lethal
Colchicine > 0.2 ma/kg

Any intentional OD =
potentially lethal

Digoxin—acute > 10 mg = potentially lethal > 75 microg/kg

ingestion > 4 mg = potentially

lethal

Ibuprofen > 100 ma/kg > 300 ma/kg
Iron 20-60 ma/kg > 60 ma/kg
Lithium—acute ingestion > 25 g
Metformin >10g > 1700 mg
Olanzapine 40-100 mg > 0.5 ma/kg
Opioids > 2 mg/kg codeine PO
Paracetamol—acute > 150 mg/kg or > 10 g > 200 ma/kg

single ingestion
Phenelzine > 2 ma/kg 1-2 tablets

4-6 mg/kg potentially lethal

Phenytoin > 20 mg/kg > 200 mg
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UTl source
Mild

Trimethoprim 300 mg (6 mg/
kg) PO for 1477

oR

Cephalerin 500 mg (125 ma/
kg) PO q12h for 1477

oR

Amoxyelin + clavulanate 500
+ 125 mg (125 + 3.1 malko)
atzh for 147

 resistance to drugs at left, use
norfloxacin 400 mg IV q12h

Severe

‘Ampicilln 2 g (60 ma/kal
WV qh

pLUS.

Gentamicin 4-6 makg (< 10y
75 maka, > 10 y6 malkg) IV
for 1 dose

Gentamicin 4-6 malkg
(<10y 78 maka,

> 108 maha) IV for
1 dose

Gentamicin 4-6 malkg
(< 10y 78 malkg,

> 10y 6 makal IV for
1 dose

f gentarmicin contraindicated:
ceftriaxone 1.9 (25 ma/kal
v daily

Sexually
acquired
source

Ceftriaxone 500 mg in 2 ml of
1% lignocaine IMI or 500 mg
IV daily for 3 days

PLUS ETHER

Doxycycline 100 mg PO q12h
for 1477

OR

Agithromycin 1 g orally as &
single dose 1 week later

Seek expert achice
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Drug ral dose Parenteral dose
Buprenorphine  0.8mg 0.4 mg IM
sublingual
Codeine 200 mg 120-130 mg IM/  3-4h
sC
Fentanyl - 100-150 microg ~ 0.5-1h
v/sc
Methadone Complex - 8-24h
Morphine 30 mg 10 mg IM/SC 2-3h
12-24 h (controlled
release
Oxycodone 15-20 mg - 3-4h
12-24 h (controlled
release)
Pethidine - 75-100 mg IM 2-3h
Tramadol 150 mg 100-120 mg IM/IV
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Endocardi

Empirical
treatment

Benzylpenicillin 1.8 g (45 ma/
kgl IV gah

PLUS

Diffuclosacilin2 o
(80 makal IV qsh

pLUS.

Gentamicin 4-6 mgkg (< 10
78 mahkg, > 10y & mafka) IV
for 1 dose

Seck expert advics.
Consider rapid
desensitisation

Vancomycin 16
(< 12y: 30 mgk) NV a12h

PLUS

Gentamicin 4-6 mafky
(<10y:75 malky, > 10y,
6makg) IV for 1 dose.

Al pts should have 3 sets of
blaod culures taken.

Ifany of

prosthetic heart valve PPM or
intracardiac device in situ

healthcare-asscciated infection

immediate penicilin
hypersensitivity

then use vancomycin regimen
instead

Meningitis Empirical
treatment
Adults and

Dexamethasone 10 mg
(015 maka] IV
Before or with 15t dose of:
Ceftriaxone 4 0
(100 mgfka) IV daiy
oR
Cefotaxime 20
(50 makal IV ash

Vancomyein 169
(< 12y: 30 malkg) NV a12h
PLUS EITHER
Ciprofloxacin 400 ma
(10 makg) IV qizh
OR
Moxifioxacin 400 mg
(10 makg) IV daily

Consider adding in

Penicilln g 2.4 ¢ IV q4h for
immunocompromised, age >
50y or hx of akcohol abuse to
cover listeria

‘Add vancomycin if Gram
+ve diplococci seen o
pneumococcal antigen assay
in CSF +ve.

Acyclovir 10 ma/kg IV ggh for
atleast 147

For fullterm neonates use
20 mafkg IV ggh for 2177

Continues
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Peritoni
viscus

due to perforated

Ampicilln 1 g (50 ma/kgl
WV agh

pLUS

Metronidazole 500 mg
(12 ma/kal IV 12h

pLUS

Gentamicin 4-6 makg (< 10 y
75 maky, > 10y 6 mafka)
for 1 dose

Metronidazole 500 mg
128 ma/ka) IV 12h
PLUS ETHER
Coftriaxcne 19
(25 malkal IV daily
oR
Cefotaxime 19
25 makal IV ggh

Seek expert advice

Spontaneous bacterial
periton

Cefriaxone 10 25 malka)
v daily

oR

Cefotaxime 19 IV ggh

OR

Piperacilin + tazobactam 4
4059 (100 + 125 maka)
WVagh

oR

Ticarcilin + clavulanate 3 +
0.1 g (80 + 1.7 ma/kg) IV q6h

If alreadl on prophylaxis add
ampicilln 1 g 1V qgh to
regimen
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Carbamazepine
Dapsone
Phenobarbitone
Quinine
Theophylline

Phenobarbitone
Salicylates

Alcohols
Lithium
Metformin
Potassium
Salicylate
Theophylline
Valproate
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Pel Mild Ceftriaxone 500 ma in 2 mL Metronidazole 400 mg PO
inflammatory 19% lignocaine IMI or 500 mg at2hfor 147
disease 1V as asingle dose
PLUS
Metronidazole 400 ma PO
q12h for 1477
PLUS
Adthromyein 1 9 PO as single
dose
PLUS EITHER
Adthromyein 1 g PO 1/62 later
OR
Doxyeyeline 100 mg a12h
for 1477
Severe Ceftrioxone 1 g day Gentarmicin 4-6 mahka IV
PLUS for 1 dose.
Aithromyein 500 mg IV daiy PLUS EITHER
PLUS Cindamycin 450 mg IV aBh
Metronicazole 500 ma IV 412h oR
Lincomycin 800 g IV ah
Cholecystitis, ascending Ampicilin 1 g (25 mafkal Ceftrimcone 1 0 Seck sxpert advice
cholangitis 1V geh 25 malko) IV daily
PLUS oR

Gentamicin 4-6 maka < 10y,
75 maka,
> 10y 6 malka IV daily
PLUS IF BILIARY
OBSTRUCTION
Metronidazole 500 mg
(12.5 mafkg) IV q12h

Cefotasime 19
25 makal IV ggh
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Non-pregnant
women

‘Trmethoprim 300 mg PO
foraf7

oR

Cephalesin 500 mg PO a12h
forsf7

OR

Amoryeilin + clawwlanate 500
+125 mg PO q12h for 577

oR

Nitrofurantoin 100 mg PO q12h
forsr7

ffresistant to drugs at left use:
Norfloxacin 400 mg PO q1zh
forg7

Prognant

Cephalesin 500 mg PO a12h
forsf7

OR

Nitrofurantoin 100 mg PO
forsf7

OR

Amoryeilin + clawwlanate 500
+125mg PO q12h for 577

Men

Timethoprim 300 m PO daiy
for 14/7

oR

Cephalesin 500 mg PO a12h
for 1477

OR

Amoryeilin + clawulanate 500
+ 126 mg PO q12h for 14/7
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Amoxycilln + clavulanate 875
+ 125 mg PO q12h for 577

oR

Cephalerin 500 mg PO agh
forsf7

pLUS

Metronidszole 400 mg PO
atzh for /7

Metronidazole 400 mg PO
q12h for 677

pLUS

Timethoprim +
sufamethoxazole 160 +
800 mg PO q12h for &/7

Severe Ampicilin 1 g1V a6h Metronidezole 500 mg IV Seck expert advice
PLUS aizh
Gentamicin 4-6 marka IV PLUS EITHER
PLUS Cefttiarone 11V daily
Metronidazole 500 ma IV a12h  OR
Cefotasime 11V agh
Acute Mild ‘Amarycilin + clavulanate 875 I resistant use:
pyelonephitis + 125 mg PO q12h for 1077 Norfloxacin 400 mg PO at2h
oR for 1077
Cephelexin 500 mg PO ah OR
for 1077 Ciprofloxacin 500 mg PO a12h
oR for 1077
Trimethoprim 300 ma PO daily
for 1077
Severe Gentamicin 4-6 maka V- If gentarmicin contraindicated

pLUS
Ampicilln 2 1V ogh

Ceftiiaxone 1 g IV daily
OR
Cefotaxime 1 g IV qgh
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Phenoxymethylpenicillin
500 mg PO 12h for 10 days

Roxithromycin 300 mg daily  Roxithromycin 300 mg daily
@makg aizh) POfor 10/7 (4 makg q12h) PO for 1077

Dexamethasone 10 mg IV/.
PO or predrisolone €0 g
helps with severe difficulty
swallowing

Quinsy—drainage, IV
penicilinclindarmyein plus.
metronidazole.

‘Acute epiglottitis

Ceftriaxone 1 (25 malka)
v daily

oR

Cefotaxime 19 25 maka)
Wagh

Dexamethasone 10 mg IV (chid
0.1 mghal

Otitis media

‘Amoxyeilin 15 makg PO sh
forsf7

Cofuroxime (3 mo-2 - Cofuroxime (2 mo-2 v
10 malkg, > 2y 10makg, >2y
15 mgkg) POqI2hfor 67 15 makal PO q12h for 577

oR oR

Cefaclor 10 mafkgupto  Cefaclor 10mglkg up to
260 ma PO q8h for &7 250 ma PO q8h for 517

If poor response, try amorycilln
+ clavulanate 22.5 + 3.2 ma/
kg PO ogh
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Community ~ Mild
acquired
pneumonia

Amoxycilin 1 g PO ggh for
51

Doxycycline 200 ma PO
forthe first dos, then
100 mg daily for 677

1f M. preumoniae suspected
Doxycycline 200 mg then
100 mg daly for &7

Moderate

Benzvipeniclin 129 IV agh
OR

Caftriaxone 1 1V daily
PLUS ETHER

Doxyeycline 100 mg a12h
OR

Clarithromycin 800 mg q12h

Substitte benzylpeniciin
with

Ceftriaxone 1 g IV daily

OR

Cefotaxime 1V qsh

Moxifloxacin 400 mg PO
dailyfor 717

In tropical regions, f rsk of
melioidosis then use:

Caftiiaxone 2 g IV daily

PLUS.

Gentamicin 4-6 mgfka IV daily

Severe

Benzylenicilin 12 g IV adh
pLUS

Gentamicin 4-6 maka

oR

Ceftriaxone 1 1V daily

OR

Cefotaxime 1 g IV gh
PLUSWITH EACH OF ABOVE
Agithromycin 800 mg IV daily

Moxifloxacin 400 ma IV caily

PLUS

Agithromyein 500 mg IV
daily

In tropical regions use as
frstine:

Meropenem 1 g IV agh

OR

Imipenem 1 IV geh

PLUSWITH EACH OF ABOVE
REGIMENS

Aeithromycin 500 ma IV daily

Aspiration pneumonia

Benzyipenicilin 12 IV agh
pLUS
Metronidszole 500 mg IV a12h

Clindamycin 450 mg (10 mal
k) IV or PO ggh

oR

Lincomyein 800 mg (15 ma/
ka) IV qsh

Clindamycin 450 mg (10 ma/
k) IV or PO ggh

oR

Lincomycin 800 m (16 mal
ka) IV ggh
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Mild

Difflucloxacillin 500 mg

Cephalexin 500 mg PO g6h

Clindamycin 450 mg PO qsh

NORSA—use clindamycin/

Severe Difluclosaciin2 oV géh  Cephazolin2 g Cindarmycin 450 mg (10 mgy doxycyeline) timethoprim +
25 malko) IV agh kg) PO or IV gsh sufemsthoazole
oR MRSA—use vancomycin
Lincomycin 600 ma (16 ma/
kol IV ath
oR
Vancomyein 16.g (< 12 y:
0 maka) Vaizh
Home IV Cephazolin 20 IV daily
therapy PLUS
indicatod _ Probenecid 1.g PO daily
foot  Mildto ‘Amoxycilln + clowlanate 875 Ciprofioxacin 500ma PO Ciprofloxacin 800 mg PO
infections moderate +128 mg PO q1zh q12h aizh
OR PLUS PLUS
Cephalexin500 mg PO gh  Clindamycin 600 ma PO qsh Cindamycin 00 mg PO 3h
PLUS
Metronidazole 400 mg PO
a1zh
Severe Piperacilln + tazobactam 4 +  Ciprofloxacin 400 ma IV Ciprofloxacin 400 m IV

059 Vash

oR

Ticarcilln + clavulanate 3 +
019 Vaeh

q12h or 750 mg PO q12h
PLUS ETHER
Clindarmyein 900 mg IV cgh
OR

Lincomyein 900 mg IV gh

q12h or 780 mg PO q12h
PLUS EITHER
Ciindemycin 900 mg IV ggh
OR
Lincomyein 300 mg IV ash

Meropenem 1o
(25 makal IV ash

PLUS ETHER

Clindernyein 800 mg (15 ma/
kgl IV gsh

oR

Lincomyein 600 mg (15 ma/
ko) IV qh

Early surical debriderment
Hyperbaric O; if available
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Human and
animal bites

Infection
establ

not
hed

Amoxycilln + clavulanate 875
+ 125 mg (225 + 3.2 mafka)
PO q12h for 577

Ensure tetanus status up to
date.

Infection
establi

hed

Piperacilin + tazobactam 4 +
054100+
12.5 maka) IV agh

oR

Ticarcilin + clavulanate 3 +
o1gis0+
1.7 mafkgl IV ash

OR COMBINATION OF

Metronidazole 400 mg (10 ma/
kg) PO q 12h

PLUS ETHER

Ceftriaxone 1 g ehild 25 ma/
kg) IV daily

oR

Cefotaxime 1
25 malkal IV g

Moxifloxacin 400 mg
(10 makg) PO daily
OR COMBINATION OF
Metronidazole 400 mg
(10 makg) PO q12h
PLUS ETHER
Doxyeycline 200 mg
(>8y: 5 makg) PO for the
frst dose
then 100 mg (> 8 y:
25 makal PO daily
oR
Timethoprim +
sulfamethoxazole 160 +
s00mg
(>21mo: 4 + 20 maka)
PO q12h

Moxifloxacin 400 mg
(10 makal PO daily
OR COMBINATION OF
Metronidazole 400 mg
(10 makal PO q12h
PLUS EITHER
Doxycyciine 200 mg
(>8y: 5 mafkg) PO
for the firt dose.
then 100 mg (> 8 y:
2.5 mafkg) PO daily
oR
Timethoprim +
sufamethoxazole 160 +
500 mg
(>2mo: 4+ 20 malkg)
PO q12h
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Bodyweight 1st

Children 150 ma/kg in -+ 50 ma/kg in 50 ma/kg in 50 ma/ka in
<20 kg 3 ml/kg of 7 mL/kg of 7 mL/kg of 7 mlskg of
5% glucose 5% glucose 5% glucose 5% glucose
over 15 min over4h over8h over8h
Children 150 ma/kg in -+ 50 ma/kg in 50 ma/kg in 50 ma/kg in
>20 kg 100 mL of 250 mL of 250 mL of 250 mL of
5% glucose 5% glucose 5% glucose 5% glucose
over 15 min over4 h over 8 h over 8 h
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Severe sepsis  Adults Difflucloxacilin2 g IVagh ~ Substitute for Substitute for Hf meningococeal
(unclear PLUS diffucoacilin: diflucoxacilln infection suspected, add
source) Gentamicin7makg Vfor  Cephazolin 2V ath Vancomycin 15 Vai2h  beneylpenicilin

1 dose. 1f MRSA suspected, add
vancomycin
Children, Age <emo If preumococcal meningitis
meningitis  Ampicilin 50 ma/kg IV agh lkely odd
notexcluded _PLUS Vancomyein 30 mafka IV at2h
Cefotaxime 50 majky aéh
Age >6mo
Cefotaxime 50 ma/ky aéh
Children, Age < 4mo
meningitis  Ampicilin 50 ma/kg IV agh
excluded PLUS
Gentamicin 75 marka IV for
1 dose.
Age > 4mo

Cefotaxime 28 malkg IV qeh
R COMBINATION OF
Ceftriaxone 25 marka
IV daily PLUS difflucioxccilin
50 makg IV g6h
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5 microg/min 10 microg/min 20 microg/min

10 microg/min 20 microg /min 40 microg /min
15 microg/min 30 microg/min 60 microg/min

20 microg/min 40 microg/min 80 microg/min

25 microg/min 50 microg/min 100 microg/min
30 microg/min 60 microg/min 120 microg/min
35 microg/min 70 microg/min 140 microg/min
40 microg/min 80 microg/min 160 microg/min
80 microg/min 160 microg/min 320 microg/min
120 microg/min 240 microg/min 480 microg/min

160 microg/min 320 microg/min 640 microg/min
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Drug ‘Antidote’
Benzodiazepines Flumazenil
Beta-blockers High-dose insulin therapy

Calcium channel blockers  Calcium chloride
Calcium gluconate
High-dose insulin therapy

Carbon monoxide Oxygen (enhances elimination)
Cyanide Hydroxocobalamin (Cyanokit) = 1st line
Sodium thiosulfate = 2nd line
Digoxin Digoxin immune Fab (antibody fragments)
Heparin Protamine
Hydrofluoric acid (skin Calcium gel 2.5%
exposure) Calcium gluconate 1 g/10 mL

DO NOT USE CALCIUM CHLORIDE (it causes
tissue damage)

Insulin Glucose

Iron Desferrioxamine

Isoniazid Pyridoxine
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900 mg 21 4.2
975 mg 23 4.5
1050 mg 24 4.9
1125 mg 26 52
1200 mg 28 5.5
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Charcoal 50 g PO

Clonazepam 0.5-1 mg IV

Dexamethasone 4-8 mg IV/IM

Dextrose 25-50 mL (12.5-25 g) of 50% slow push

Diazepam 2.5-5mg IV

Digoxin (loading Adults: 250-500 microg PO/IV g4-6h to a max of
dose) 1500 microg PO or 1000 microg IV

Elderly: 250-500 microg PO/IV g4-6h to a max of
500 microg

Digoxin (maintenance
dose)

Adults: 125-250 microg PO
Elderly: 62.5-125 microg PO

Fentanyl
For analgesia/sedation

25-50 microg IV or 50-100 microg SC/IM

Flumazenil

0.2-0.5 mg IV (max total dose 2 mg)

Glucagon 1mg IV/IM
Haloperidol 2.5-5mg IV or IM
Hydrocortisone 100-200 mg IV

Continues
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Hyoscine

10-20 mg PO qid

butylbromide 20-40 mg IV/IM up to 100 mg/d
Ibuprofen 200-400 mg PO tds
Ketamine
For analgesia 0.3-1 ma/kg IV given slowly over 2 min
or
4-5 mg/kg IM
For anaesthesia 1-2 ma/kg IV
or
10 mg/kg IM
Lignocaine Max single dose 3-4 ma/kg SC (up to 200 mg)
For local anaesthesia Do not repeat max dose at intervals < 1.5 h
Lignocaine + Maximum single dose 7 ma/kg SC (up to 500 mg)
adrenaline
For local anaesthesia
Loratadine 10 mg PO daily
Magnesium 2 g IV over 5-10 min
Eclampsia up to 4 g IV
Mannitol 1 a/ka IV (= 5 mL/kg of 20% mannitol), max 50 g per

dose
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Metoclopramide

10 mg PO/IV/IM géh

Midazolam 1-2.5mg IV
0.07-0.1 mg/kg IM
Morphine 2.5-5mg IV
5-10 mg IM/SC
Naloxone 200-400 microg IV/IM/SC; repeat every 2-3 min to a
max 10 mg
Olanzapine 5-10 mg PO/IM
Ondansetron 4-8 mg PO/IV
Oxycodone 2.5-6 mg PO gid
Pamidronate Calcium level Dose
For hypercalcaemia— < 3.0 30 mg
dose depends on 3.0-35 30-60 mg
calcium level (mmol/L) 3.5-4.0 60-90 mg
> 4.0 90 mg
Phenytoin 15-20 ma/kg IV infused at a rate < 50 mg/min
(loading dose)
Promethazine
For allergy 10-25 mg PO tds

For nausea, vomiting

25 mg IM as a single dose
25 mg PO or 12.5-25 mg IM géh
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Propofol
For induction of 1 ma/kag IV
anaesthesia
For maintenance 1-8 ma/ka/h IV
of sedation during
ventilation

Rocuronium

For induction 0.6-1 mg/kg IV

For maintenance of 0.15 ma/kg IV (0.075 ma/kg IV in elderly)
paralysis

Sugammadex
For immediate reversal 16 ma/kg IV
For routine reversal 2-4 ma/kg IV

Suxamethonium
For induction of general 0.5-1.2 ma/kg IV
anaesthesia

Thiopentone
For induction of general 3-5 ma/kg IV
anaesthesia
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(age + 4) +4

(age + 2) + 12
(age + 2) + 15
<1kg 2.5
1-35 kg 3.0
> 3.5 kg 3.5
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Anaemia type
ncy

Laboratory findings

Hb =N/ L

MCV = N/ | (microcytic)
MCH = N/ L (hypochromic)
Fe | ferritin |

More common causes

Blood loss, diet low in iron,
poor absorption of iron

TIBCT
Transferrin T
Pernicious and Hb L Intrinsic factor antibodies
vitamin B MCV T {macrocytic) Diet low in vitamin By,
deficiency Reticulocyte count folate
By, or folate level | if
deficient
Haemolytic Hb L Sickle cell anaemia,
MCH T thalassaemia,
Reticulocyte count T autoimmune diseases,
Abnormal forms of transfusion reaction,
RBC in peripheral drugs
smear (spherocytes,
elliptocytes, spur cells,
tear drops, inclusions)
Unconjugated (indirect)
bilirubin T
LDH T
Haptoglobin
Aplastic Hb Cancer therapy, toxins,

RBC and WBC counts |
Platelet count |
MCV, MCH usually N
WBC differential usually
shows | all white
cell types except
lymphocytes
Reticulocyte count

autoimmune, viral
infections
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110-160 70-90 30-40
100-150 80-95 25-35
95-140 80-100 25-30
80-120 90-110 20-25
60-100 100-120 15-20






OEBPS/images/B9780729541466500078_cetable76.png
Spontaneously

To speech

To pain

ENIA IR S

No response

Orientated and Appropriate words Smiles, coos, cries

converses and phrases appropriately
Confused Inappropriate words ~ Cries but consolable
Inappropriate Cries and/or screams  Persistent cries and/
words or screams
Incomprehensible  Grunts Grunts
sounds
No response No response No response
Obeys command Spontaneously 6
moves
Localises pain Localises pain 5
Flexion-withdrawal Flexion-withdrawal 4
Flexion-abnormal (decorticate  Flexion-abnormal 3
rigidity) (decorticate rigidity)
Extension (decerebrate) Extension 2
(decerebrate)

No response No response 1
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Doxycycline

100 mg PO q12h

Erythromycin

250 mg PO g6h

Flucloxacillin

500 mg PO g6h
1glVgsh

Gentamicin 3-5 mg/kg as initial dose only (dosing
frequency depends on creatinine clearance
and drug monitoring)

Imipenem 1glVgsh

Lincomycin 600 mg IV g8h

Meropenem 1glVgsh

Metronidazole 400 mg PO tds

500 mg IV bd

Moxifloxacin 400 mg PO/IV daily

Penicillin V 500 mg PO g6h

(phenoxymethylpeni

Penicillin G (benzylpeni n)  1.2-2.4g1V géh
Piperacillin + tazobactam 4+05glVgsh
Roxithromycin 300 mg PO daily
Ticarcillin + clavulanate 3+0.1glVgsh

Vancomycin

1-1.5 g IV as a stat dose

250 mg PO g6h
(dosing frequency depends on creatinine
clearance and drug monitoring)
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Drug

ose

Duration

Midazolam 0.02-0.1 ma/ka IV 30 minutes IV
0.5 ma/kg PO (onset 45-60 minutes PO
about 20 minutes)
Fentanyl 2-3 microg/kg IV 20-30 minutes
Propofol 0.5-1 mg/kg IV 10 minutes
Ketamine 1-2 ma/kg IV 15 minutes IV
3-5 ma/kg IM 30 minutes IM
Nitrous oxide Given as 30-50% mix in 5 minutes
oxygen

Causes expansion of
gas-filled structures
(e.g. pneumothorax)
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A.The correct use of the flange of the laryngoscope in bringing the
tongue fo the leff of the mouth

8. I fhe fongue is not brought over 1o the et it obstructs fhe view of
the larynx and the path for the endotracheal fube
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Laboratory result on pleural fluid Possible cause
LDH > 1000 IU/L Empyema

Malignancy
RA
Low glucose (30-50 mg/dL) Malignancy
B
Oesophageal rupture
SLE
Very low glucose (<30 mg/dL) RA
Empyema
pH <730 with a normal serum pH  Malignancy
B
Oesophageal rupture
SLE
> 85% lymphocytes Lymphoma
B
Sarcoidosis
Chronic rheumatoid pleurisy
Yellow nail syndrome

Chylothorax
50-70% lymphocytes Malignancy
Eosinophilia (> 10%) Air/blood in pleural space

PE/pulmonary infarction
Benign asbestos disease
Parasitic disease

Fungal infection

Drugs
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Appearance  WBCs/mm?® PMN% Crystals
Normal Clear <200 <25% None
Non- Clear <400 <25% None
inflammatory

Acute gout Cloudy 2000-5000 >75% Negative

birefringence
Pseudogout Cloudy 5000-50,000 >75% Positive

birefringence
Septic arthritis  Purulent 15,000- >75% None

> 50,000 (>90% = very
suggestive)

Inflammatory  Cloudy 5000-50,000  50-75% None

(e.g. RA)
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Pleural fluid protein:serum protein > 0.5 Light's criteria
Pleural fluid LDH:serum LDH > 0.6
Pleural LDH > % the upper limit of the normal serum value

Pleural fluid LDH > 0.45 the upper limit of the normal Additional
serum value criteria

Pleural fluid cholesterol level > 45 mg/dL

Pleural fluid protein level > 2.9 g/dL
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CCF

Cirrhosis, ascites
Hypoalbuminaemia
Nephrotic syndrome
Peritoneal dialysis
Myxoedema
Constrictive pericarditis

Parapneumonic causes
Malignancy

PE

Infection

Pancreatitis

Sarcoidosis
Autoimmune (RA, SLE)
Chylothorax
Haemothorax
Intra-abdominal abscess
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Drug Dose Important effects
Induction agents

Thiopentone 3-5 ma/kg Hypotension, especially in hypovolaemia
Less (0.5-1 mg/ Respiratory depression
ka) in elderly or Reduces cerebral metabolism, ICP
unstable Increases laryngeal sensitivity

Propofol 1-2.5 ma/kg Decreases BR, especially in
hypovolaemia
Respiratory depression
Reduces cerebral metabolism

Ketamine 1-2 mag/kg IV Raises BP
3-5 ma/kg IM Raises HR
Airway reflexes maintained
Respiration not depressed
Bronchodilation
Raises ICP and IOP
Hallucinations more common in adults

Fentanyl 2-3 microg/kg Dose-related respiratory depression
Analgesia
Large doses may cause chest wall
rigidity
Relative cardiovascular stability

Midazolam 0.1-0.4 ma/kg Some decrease in BP
Respiratory depression
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Trauma efi n Treatment

Concussion Tooth is immobile and Rest (no biting)
undisplaced, normal X-ray;
sensitive to percussion

Subluxation Loosening of tooth but no Use local anaesthetic
displacement; sensitive to Return tooth to
percussion correct anatomical

Avulsion Complete extraction of tooth position without

- - further damage to
Intrusive luxation  Forcing of tooth into its socket (in o el B

apical direction) e et ey

Extrusive luxation  Tooth forced in axial direction out  adjacent teeth with

of socket a periodontal splint
Lateral luxation  Tooth is forced into a sideways  Analgesia
direction Antibiotic cover
Early dental follow-up
Dental fracture Ellis class I: enamel only; non- File rough edges if
tender, no colour change, rough  necessary
edges

Ellis class II: enamel and dentin ~ Cover exposed
involved; tender to touch and air ~ site with calcium
exposure; may see yellow layer  hydroxide

of dentin composition
Analgesia
Antibiotic cover

Ellis class IlI: pulp involved; Cover exposed

tender as with class Il and pink/  site with calcium

red or blood seen in centre of hydroxide

tooth composition
Analgesia

Antibiotic cover
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To convert To convert

from To Multiply by from To Multiply by
Albumin oL gldL 0.1 gldL ol 10
Bicarbonate mEq/L mmolL 10 mmollL mEq/L 10
Bilirubin micromollL___mg/dL 0.0584 mg/dL micromoll 171
Calcium mmolL ma/dL 4 ma/dL mmol/lL 0.25

mEg/L mmollL 05 mmollL mEq/L 2
Carbamazepine micromolL____mg/L 0.236 mglL micromoll___ 4.2372
Cholesterol mmolL mg/dL 3861 mg/dL mmol/lL 0.0259
Creatinine micromollL____mg/dL 0.0131 mg/dL micromoll 884
Digoxin nmol/L nglL 0.78064 nglL nmollL 1.281
Ethanol mg/dL mmollL 02174 mmollL mg/dL 46

% mg/dL 1000 mg/dL % 0.001
Glucose mmollL mg/dL 18.0182 mg/dL mmol/L 0.0555
Iron micromol /L microg/dL 5.5866 microg/dL micromollL____0.179
Lead microg/dL micromollL___0.0483 micromol/L____microg/dL 20704
Lithium mEg/L mmollL 1.0 mmollL mEq/L 1.0
Magnesium mmollL ma/dL 243 mag/dL mmol/lL 04115

mEg/L mmollL 05 mmollL mEq/L 2
Oxygen mmHg kPa 0.133 kPa mmHg 75188
Paracetamol microg/ml __micromol /L 6.62 micromol /L microgmL__ 0.151
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Grade scription Pearls and pitfalls

I # within the growth plate May not be visible on X-ray or may
see widening or displacement of
the growth plate on X-ray

n Involves metaphysis and Most common
growth plate Rarely cause future functional
limitations
mn Involves epiphysis and growth  Intra-articular therefore can cause
plate chronic disability but rarely
significant deformity
v Intra-articular # which involves  Can cause deformity due to

the metaphysis, growth plate premature fusion of bones
and epiphysis

v Compression injury Difficult to see on X-ray
Cause functional limitations due to
growth disturbance
History of axial load injury might be
only clue to diagnosis
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Nifedipine Salbutamol infusion

20 mg PO (onset of 6 mL/h of 10 mg in 100 mL
tocolysis = 30-60 mins) 0.9% saline*

20 mg PO at 30-minute T rate by 3 mL/h every
intervals for 2 more 10 min until response
doses (if required)

20-40 mg PO géh If contractions cease,
depending on uterine maintain infusion rate
activity and side effects for 6 h and then | by
(max 160 mg/24 h) 3 mL/h each hour until

maintenance level
reached

Hypotension Tremor

Tachycardia Anxiety

Palpitations Nausea

Flushing Palpitations

Headache

Nausea

Do not use if hypotensive, Cease if maternal chest
established cardiac pain, SOB, vomiting
disease Slow rate if maternal

BP reduction may be HR > 140/min or
potentiated by other FHR > 180/min

antihypertensives
Caution using magnesium
concurrently






