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Anaphylaxis :  

Condition IgE-mediated type 1 hypersensitivity reaction to an 

antigen, resulting in histamine and serotonin release 

from mast cells and basophils

Presentation CVS collapse; erythema; bronchospasm; oedema; rash

Immediate action Chlorphenamine (Alarmine) 10–20mg; 

Hydrocortisone 100–300mg; ABGs

Follow-up action       Remove trigger; 100% O2; elevate legs;

Adrenaline 50 micrograms; fluids 
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Differential diagnosis 1° myocardial/CVS problem

Latex sensitivity

Airway obstruction

Asthma

Tension pneumothorax  
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Anaphylaxis :  



Anaphylaxis / Risk factors :  

• Muscle relaxants, antibiotics, and NSAIDs, reactions to dyes (e.g. 
patent blue) and chlorhexidine are the most frequent triggers.
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Anaphylaxis / Diagnosis :  

• CVS collapse (88%).

• Erythema (45%).

• Bronchospasm (36%.)

• Angio-oedema (24%).

• Rash (13%).

• Urticaria (8.5%).

4



Anaphylaxis/Immediate management :  

• Check ABC—stop the administration of any potential triggers, particularly 
IV agents. 

• Call for help.

• Maintain the airway, and give 100% O2.

• Lay the patient flat, with the legs elevated.

• Give adrenaline in 50 micrograms IV increments (0.5mL of 1:10 000 
solution) at a rate of 100 micrograms/min, until pulse pressure or 
bronchospasm improves. Alternatively, give adrenaline 0.5–1mg IM 
(repeated after 10min, if necessary).

• Give IV fluid (colloid or suitable crystalloid).
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Anaphylaxis/Subsequent management :  

• Antihistamines: give chlorphenamine 10–20mg slow IV.

• Corticosteroids: give hydrocortisone 100–300mg IV.

• Catecholamine infusion, as CVS instability may last several hours: 
adrenaline 0.05–0.1 micrograms/kg/min (= 4mL/hr of 1:10 000 or 
5mg/50mL of saline—70kg adult). Noradrenaline 0.05–0.1 
micrograms/kg/min (= 4mL/hr of 4mg/40mL of 5% glucose—70kg 
adult).
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• Check ABGs for acidosis, and consider bicarbonate 0.5–
1.0mmol/kg (8.4% solution = 1mmol/mL).

• Check for the presence of airway oedema by letting down 
the ETT cuff and confirming a leak prior to extubating.

• Consider bronchodilators for persistent bronchospasm.
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Anaphylaxis/Subsequent management :  2



Anaphylaxis / Future anaesthesia :  

• Avoid all untested drugs related to the original culprit.

• Do not use IV ‘test’ doses—unsafe if a true allergy exists.

• If any doubt about induction agents, use inhalational induction.

There are no reports of anaphylaxis to inhalational anaesthetics.

• If neuromuscular-blocking drug reaction, 

give relaxant-free anaesthetic, if possible.

• If a neuromuscular-blocking drug must be used, ideally test your chosen drug by 
SPT (Skin-Prick Test ) preoperatively.

• In proven neuromuscular-blocking drug allergy, give chlorphenamine (10mg IV) 
and hydrocortisone (100mg IV) 1hr prior to induction.
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Consider Hypoxic gas mixture :

• Incorrect flow meter settings

• Second gas effect (especially on extubation)

• O2 failure

• Anaesthetic machine error

Failure to ventilate:

• Ventilatory depression or narcosis (note: regional block after opioids)

• Inadequate IPPV

• Disconnection

• Misplaced ETT (oesophagus/endobronchial)

• Obstruction to airway, ETT, filter, mount, circuit, etc

Severe Hypoxia in theatre :  
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Consider      Failure to ventilate : (Continues)

• Obstruction to airway, ETT, filter, mount, circuit, etc.

• ↑ airway resistance (laryngospasm, bronchospasm, anaphylaxis)

• ↓ FRC (pneumothorax, ↑ intra-abdominal pressure, morbid obesity)

Shunt :

• Atelectasis

• Airway secretions

• ↓ hypoxic pulmonary vasoconstriction (vasodilators or β2-agonists)

• CCF ( Congestive Heart Failure )   with pulmonary oedema

• Aspiration of gastric contents

• Pre-existing pathology (e.g. VSD, ASD plus ↓ SVRwith reversal of flow)

Severe Hypoxia in theatre :  
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Consider          Poor O2 delivery :

• Systemic hypoperfusion (hypovolaemia, sepsis)

• Embolus (gas/air/thrombus/cement/fat/amniotic fluid)

•  Local problems (cold limb, Raynaud’s, sickle)

Increased O2 demand :

•  Sepsis

• MH (Malignant Hyperthermia )

Severe Hypoxia in theatre :  
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Action 100% O2; check FiO2; expose patient, and check for central 

cyanosis; check ventilation bilaterally; hand-ventilate on a

simple system giving 3–4 large breaths initially to recruit 

alveoli; secure airway; endotracheal suction; initially remove

any PEEP; give adrenaline if accompanied by poorly palpable pulses

Investigations       SpO2; capnography; CXR; ABGs; CVP ± PAOP; echocardiography

Severe Hypoxia in theatre :  
4



Severe Hypoxia in theatre  /  Risk factors :
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• Reduced FRC (obesity, intestinal obstruction, pregnancy) reduces O2reserves.

• Failure to preoxygenate exacerbates any airway difficulties at induction.

• Laryngospasm can result in negative-pressure pulmonary oedema.

• Head and neck surgery (shared access to the airway) increases the risk 

of undetected disconnection.

• History of CHD 

• Chronic lung disease.

• SCD.

• Methaemoglobinaemia (interpreted as deoxyhaemoglobin by pulse oximeters).



Severe Hypoxia in theatre  /

Immediate management:
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• ABC—expose the chest, all the breathing circuit, and all airway connections. 
Administer 100% O2 by manual ventilation

• Confirm FiO2: if there is any doubt about the inspired O2 concentration      
from  the anaesthetic machine, use a separate cylinder supply 
(as a last resort, use room air via a self-inflating bag = 21% O2)

• Misplaced ETT—cross-check rise and fall of the chest with auscultation           
over the stomach and in both axillae and the capnograph trace.



Severe Hypoxia in theatre  /

Immediate management:
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• Ventilation problem: simplify the breathing system until the problem                  
is removed, i.e. switch to bag, rather than the ventilator; 
use a Bain circuit, instead of the circle system; 
try a self-inflating bag plus mask, rather than an ETT, etc.

• Diagnosis of the source of a leak or obstruction:  
is not as important initially as oxygenation of the patient.                                        
Make the patient safe first .



Condition Acute glottic closure by the vocal cords

Presentation Crowing or absent inspiratory sounds and marked tracheal tug

Immediate action Avoid painful stimuli; 100% O2; CPAP; jaw thrust; 

Remove irritants from the airway;

deepen anaesthesia; Larson’s manoeuvr

Follow-up action       Muscle relaxation, if intractable

Severe Laryngospasm :  
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Severe Laryngospasm : 
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Differential diagnosis • Bronchospasm.

• Laryngeal trauma/airway oedema (especially

if no leak with paediatric ETT) .

• Recurrent laryngeal nerve damage.

• Tracheomalacia.

• Inhaled foreign body.

• Epiglottitis; croup.



Severe Laryngospasm / Risk factors :
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• Barbiturate induction or light anaesthesia, especially in anxious 
patients.

• Intense surgical stimulation: anal stretch; cervical dilatation; incision 
and drainage of abscesses.

• Extubation of a soiled airway.

• Thyroid surgery.

• Hypocalcaemia (neuromuscular irritability).

• Multiple crowns (inhaled foreign body).



Severe Laryngospasm/Immediate management : 
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• Remove the stimulus that precipitated the laryngospasm.

• Check that the airway is clear of obstruction or potential irritants.

• Give high-concentration O2, with the expiratory valve of the circuit 

closed, and maintain a close seal by mask with two hands, if necessary, 

to maintain CPAP. The degree of CPAP can be controlled by 

intermittently relaxing the airway seal at the level of the mask.
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Severe Laryngospasm/Immediate management : 
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• If the laryngospasm has occurred at induction, it may be relieved 

by deepening anaesthesia using further increments of propofol

(disadvantage: potential ventilatory depression) or by increasing the 

volatile agent concentration (disadvantage: irritation of the airway, less 

so with sevoflurane, more with isoflurane). Do not use N2O, as it will 

decrease O2 reserves.
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Severe Laryngospasm/Immediate management : 
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• If the laryngospasm fails to improve, remove any airways that may be 

stimulating the pharynx.

• Suxamethonium 0.25–0.5mg/kg will relieve laryngospasm. If IV 
access is impossible, consider giving 2–4mg/kg IM or sublingually.
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Severe Laryngospasm/Subsequent management : 
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• Monitor for evidence of pulmonary oedema.

• CPAP may have inflated the stomach with gas, so decompress it with 
an orogastric tube, and recover the patient in the lateral position.



Severe Laryngospasm/ Other considerations : 
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• Risk of laryngospasm may be reduced by co-induction with IV opioids, IV 
lidocaine, or by topical lidocaine spray prior to laryngoscopy (do not use >4mg/kg).

• Unilateral recurrent laryngeal nerve trauma results in paralysis of one vocal cord 
and causes hoarseness, ineffective cough, and the potential to aspirate. Bilateral 
vocal cord paralysis is more serious, leading to stridor on extubation—this may 
mimic laryngospasm but does not get better with standard airway manoeuvres. The 
patient will require reintubation, and possibly tracheostomy.

• Tracheomalacia is likely to cause more stridor with marked negative inspiratory 
pressure, so treat initially with CPAP. Reconstructive surgery may be necessary.



Pulmonary Oedema :  



Condition ↑ Hydrostatic pressure; ↑ vascular permeability; 

↓ plasma colloid osmotic pressure; negative 

inter-stitial pressure; obstructed lymphatic drainage

Presentation Pink frothy sputum; ↑ HR; ↑ respiratory rate;

↓ SpO2; ↑ CVP; ↑ PAOP

Immediate action     100% O2; ↓ PAOP by posture

Follow-up action       Opioids; diuretics; vasodilators

Pulmonary Oedema :  
1



Pulmonary Oedema :  
2

Investigations CXR; ECG; ABG

Differential diagnosis Asthma

MI

ARDS

Drug reaction

Aspiration



Pulmonary Oedema / Risk factors : 
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• MI or pre-existing myocardial disease (pump failure).

• Drugs/toxins (drug reaction, myocardial depression).

• Fluid overload (especially in renal failure and the elderly).

• Aspiration (chemical pneumonitis).

• Pre-existing lung disease or infection (increased capillary permeability).

• Malnutrition (low oncotic pressure)—rare.

• Acute head injury or intracranial pathology (neurogenic).
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Pulmonary Oedema / Risk factors : 
4

• Severe laryngospasm or airway obstruction (negative intrathoracic

pressure).

• Severe hypertension; LV failure; mitral stenosis (high pulmonary 
vascular hydrostatic pressure).

• Lateral decubitus position (unilateral).

• Impairment of lymphatic drainage (e.g. malignancy).

• Rapid lung expansion (e.g. re-expansion of a pneumothorax).

• Following pneumonectomy
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Pulmonary Oedema / Diagnosis : 
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• Clinical: wheeze; pink, frothy sputum; fine crackles; quiet bases      
; ↑ JVP; liver engorgement.

• Monitors: ↑ HR; ↑ RR; ↓ SpO2; ↑ airway pressure; ↑ CVP; ↓ PAOP 

(>25–30mmHg).

• CXR: basal shadowing; upper lobe diversion; ‘bat’s wing’ or 
‘staghorn’ appearance; hilar haze; bronchial cuffing; Kerley B lines; 
pleural effusions; septal/interlobar fluid lines.

• ECG: evidence of right heart strain; evidence of MI.



Pulmonary Oedema/Immediate management : 
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• ABC—then management depends upon the current state of the 
patient.

• If awake and breathing spontaneously: sit up to offload the 
pulmonary vasculature and improve FRC; high-flow 100% O2 via 
mask with reservoir bag; furosemide 50mg IV; diamorphine 5mg 
IV; consider using CPAP 5–10mmHg, and a vasodilator if 
hypertensive (e.g. GTN 0.5–1.5mg sublingually, or 10mg 
transcutaneous patch. Beware of IV GTN administration in the 
absence of invasive BP monitoring).
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Pulmonary Oedema/Immediate management : 

7

• If anaesthetized and intubated: commence IPPV with PEEP 
(5–10cmH2O) in a 15 head-up position to reduce atelectasis and 
improve FRC; aspirate free fluid from the trachea intermittently; 
drug therapy as above.

• Optimize fluid therapy.

• Consider inotropic support with a β-agonist (e.g. dobutamine)
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Aspiration : 



Condition Chemical pneumonitis; foreign body 

obstruction and atelectasis

Presentation Tachypnoea; tachycardia; ↓ lung compliance; ↓ SpO2

Immediate action        Minimize further aspiration; secure the airway; suction

Follow-up action          100% O2; consider CPAP; empty the stomach

Investigations CXR; bronchoscopy

Differential diagnosis Pulmonary oedema

Embolus

ARDS

Aspiration : 
1



Aspiration / Risk factors :  
2

• Full stomach/delayed emptying (many causes).

• Known reflux.

• Raised intragastric pressure (intestinal obstruction, pregnancy, 

laparoscopic surgery).

• Recent trauma.

• Perioperative opioids.

• Diabetes mellitus.

• Topically anaesthetized airway.



Aspiration / Diagnosis :  
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• Clinical: auscultation may reveal wheeze and crepitations; tracheal 

aspirate may be acidic (but a negative finding does not exclude aspiration).

• CXR: diffuse infiltrative pattern, especially in the right lower lobe 

distribution (but often not acutely).



Aspiration / Immediate management :
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• Avoidance of GA in high-risk situations. Use of a rapid sequence 
technique when appropriate.

• Administer 100% O2, and minimize the risk of further aspirate  
contaminating the airway.

• If the patient is awake or nearly awake, suction the oro-/nasopharynx, 
and place in the recovery position.
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Aspiration / Immediate management :
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• If the patient is unconscious and apnoeic, intubate immediately, and 

commence ventilation.

• Treat as an inhaled foreign body; minimize positive pressure ventilation, 

until the ETT and airway have been suctioned and all aspirates are clear

• If the patient is unconscious but breathing spontaneously, apply cricoid 
pressure. Avoid cricoid pressure if the patient is actively vomiting (risk of 
oesophageal rupture), and place the patient in a left lateral head-down 
position. Intubate if tracheal suction and ventilation indicated.
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Aspiration / Subsequent management : 
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• Empty the stomach with a large-bore NGT prior to attempting extubation .

• Monitor respiratory function, and arrange a CXR. Look for evidence of 
oedema, collapse, or consolidation.

• If SpO2 remains 90–95%, atelectasis can be improved with CPAP 

(10cmH2O) and chest physiotherapy
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Aspiration / Subsequent management : 
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• If SpO2 remains <90%, despite 100% O2, there may be solid food 

material obstructing part of the bronchial tree. If the patient is 

intubated, consider using fibreoptic/rigid bronchoscopy or bronchial 

lavage using saline to remove any large foreign bodies or semi-solid 

material from the airway. Refer to ICU post-operatively.
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Aspiration / Other considerations : 
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• Corticosteroids maybe used .

• Prophylactic antibiotics are not generally given routinely (unless infected 
material aspirated) but may be required to treat subsequent 2° infections.



Condition Competitive antagonism at nicotinic acetylcholine 

receptor of neuromuscular junction

Presentation Uncoordinated, jerky movements during the 

recovery phase. Inability to maintain an airway OR

inadequate minute ventilation

Immediate action     Maintain and protect airway, 

and provide adequate ventilation

Unsuccessful reversal 
of neuromuscular blockade :  

1



2

Follow-up action Maintain anaesthesia, if appropriate;correct the 
cause Consider reversal of aminosteroids
(rocuronium, vecuronium, pancuronium) 
with sugammadex

Investigations Nerve stimulator train-of-four, post-tetanic count; 

double-burst stimulation

Unsuccessful reversal 
of neuromuscular blockade :  
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Differential diagnosis   - Non-functional peripheral nerve stimulator

(check the battery charge)

- Volatile agent concentration 

(maintained by hypoventilation)

- Hyperventilation (ETCO2<4kPa) (30mmHg) or 

CO2 narcosis (over about 9kPa (68mmHg))

- Undiagnosed head injury (examine pupils)

- CVA

- Hypoglycaemia

Unsuccessful reversal 
of neuromuscular blockade :  
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Unsuccessful reversal 
of neuromuscular blockade  

• Recent dose of relaxant/backflow in IVI/drug error. 

• Renal and hepatic impairment, causing delayed elimination of the 

relaxant in long cases (except Atracurium). 

• Perioperative administration of magnesium (especially above the 

therapeutic range 1.25–2.5mmol/L). 

• Hypothermia.

Risk factors :
1
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• Acidosis and electrolyte imbalance.

• Co-administration of aminoglycoside antibiotics.

• Myasthenia gravis (reduced number of receptors).

• Low levels of plasma cholinesterase (pregnancy, renal and liver 

disorders, hypothyroidism) or competition with drugs also metabolized 

by plasma cholinesterase (etomidate, ester LAs, and methotrexate).

• Abnormal plasma cholinesterase (suxamethonium apnoea).

Unsuccessful reversal 
of neuromuscular blockade  2

Risk factors :
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Unsuccessful reversal 
of neuromuscular blockade  

• Uncoordinated, jerky patient movements are suggestive of an 

inadequate reversal of NMB. Sustained head lift off the pillow for 5s 

is a good clinical indicator of adequate reversal.

Diagnosis :
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• ABC—then check for signs of awareness; assess the anaesthetic depth, 

and check ETCO2.

• If you have already given a dose of neostigmine, ensure it was adequate 

(0.05mg/kg) and that it did actually enter the circulation (check the IV 

line for backflow and the site of cannulation for swelling).

Immediate 
management : 1

Unsuccessful reversal 
of neuromuscular blockade  
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• If you have used an aminosteroid muscle relaxant (rocuronium, 

vecuronium, or pancuronium), consider administering sugammadex

at a dose of 2–4mg/kg.

• Hypothermia, electrolyte imbalance, and acidosis will impair reversal 

and should be corrected.

• Aminoglycoside or Mg2+-induced poor reversal may improve with 

calcium gluconate (10mL of 10%) titrated IV.

Immediate 
management : 2

Unsuccessful reversal 
of neuromuscular blockade  
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Unsuccessful reversal 
of neuromuscular blockade  

• Wait patiently—this is not an emergency!

• Suspected myasthenia gravis should be confirmed post-operatively with 

an edrophonium test.

• If the patient has suffered a period of awareness while paralysed, 

admit it, explain it, apologize, and ensure that the patient has access to 

professional counselling, if required.

Subsequent 
management :
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Unsuccessful reversal 
of neuromuscular blockade  

• Wait patiently—this is not an emergency!

• Suspected myasthenia gravis should be confirmed post-operatively with 

an edrophonium test.

• If the patient has suffered a period of awareness while paralysed, 

admit it, explain it, apologize, and ensure that the patient has access to 

professional counselling, if required.

Other 
considerations :



Thank You

End of lecture 


