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Flight environment

• Most air travel troposphere (sea level  36000 ft/60000ft)

• Commercial airlines – 36000 ft

• Temperature decline is linear Pressure decline is exponential

• 760mm Hg at sea level  Half at 18000  and further halves with every 18000ft



Flight environment



Flight environment

• Chemical composition is constant

• N2 78%

• O2 21%

• Composition of air is constant at any altitude but partial pressure of each component 

reduces with altitude 

• Partial pressure of O2 reduces with ascent

• Partial pressure of O2 148mm Hg  108mm Hg (sea level to 8000ft)

• Equates to breathing FiO2 of 15% at sea level



Flight environment

• Normal individuals

• Results in fall in PaO2 53-64 mm Hg 

• Hypoxia peripheral chemoreceptor stimulation  Hyperventilation and 

increase in CO  PAO2 increase  PaO2 increase , increase in blood flow and 

O2 delivery

• Asymptomatic



Flight environment 
• Aircraft cabins

• Pressurised

• Aircraft cabins are designed with pressure differentials which represent the 

compromise between the physiological ideal and the optimal technological design

• Effective altitude is much lower than the real altitude the plane is at

• But cannot be pressurised to match sea levels

• Aircraft cabin pressures 8000ft when flying at 38000ft

• Federal aviation regulations cabin altitude <8000ft except in emergency

• Based on oxyhaemoglobin dissociation curve which shows that up to that level the 

SpO2 normally remains above 90% in the average healthy individual



Flight environment

• Aircraft cabins

• Outside air drawn into cabin from engine

• Air is cooled - compressed

• Cabin pressure is determined by rate of air intake and of air output

• 50% cabin air expelled, 20-30 complete exchanges per hour 

• Mean cabin altitude in a study of 204 commercial flights  6214ft

• Boeing 787 Dreamliner max 6000ft



Flight environment

• Aircraft cabins

• Increase incidence of subject discomfort 7000-8000ft for 3-8 hours

• Cabin decompression – Emergency O2 supply can protect for 15min

• Pilots expected to descend to safer altitudes in that time

• Patients with lung disease/impaired respiratory function  – susceptible to 

effects of ascent to normal cabin altitudes



Flight environment







Statistics

• A medical emergency occurs in 1 out of every 604 flights and per 30000 passengers 

• Respiratory illnesses comprise ∼12% of all in-flight emergencies

• Respiratory illnesses 3rd most common cause of diversions

• Other emergencies include syncope (37.4%), cardiac symptoms (7.7%), stroke (2%) and 

cardiac arrest (0.3%) 

• 65% are due to a pre-existing medical condition

• Diversions/emergencies – significant financial and legal burden – Hence pre-flight clinical 

assessment 

Ergan B, Akgun M, Pacilli AMG, et al. Should I stay or should I go? COPD and air travel. Eur Respir Rev 2018; 27: 180030



Pre flight assessment – History Examination 
Spirometry

• History of chronic lung disease and whether preoptimised and details of last exacerbation

• Previous flying history

• Presence of comorbid illness cardiac  anemia, neurological illness

• Contraindications to fly

• Pulse oximetry – (less reliable predictor of in flight SpO2)

• Spirometry should be performed on patients with a history of acute or chronic lung disease or 

with symptoms suggestive of lung disease

• Confirmed with arterial blood gases especially if hypercapnia is suspected

• Tests to predict In-flight hypoxia 



Pre flight assessment – Assessing the risk for 
hypoxia

• Walk tests

• Predicting hypoxemia from equations

• Hypoxic challenge tests



Pre flight assessment

• Walk test

• Ability to walk 50 m without distress

• Simple but crude assessment of cardiorespiratory reserve

• No evidence validating walk test but preferred by commercial airlines

• Failure to complete or moderate to severe respiratory distress (recorded on 

VAS) will alert to  possible need for in-flight oxygen

• Not suitable for those with impaired mobility

Ahmedzai et al Thorax 2011;66:i1ei30



Pre flight clinical assessment

• Predicting hypoxemia from equations

• The equations have been derived almost exclusively from patients with COPD 

who have had PaO2measured in a hypobaric chamber, or before and during 

exposure to simulated altitude while breathing 15% inspired oxygen from a 

reservoir bag

• Tend to overestimate the need for oxygen supplementation during flights 



Pre flight assessment



Pre flight assessment

• Normobaric hypoxia challenge test

• Preferred method to assess for hypoxia in flight

• Uses decreased fraction of inspired O2 to simulate in hypoxic conditions at altitude

• The maximum cabin aaltitude of 8000 ft can be simulated at sea level with a gas 

mixture containing 15% oxygen in nitrogen

• Delivered through a non rebreathing valve  tight fitting face mask or mouth piece 

or a plethysmograph/hood or a 40% venturi mask with 100% N2

• Duration: 20 mins

• SpO2 monitored throughout and PaO2 monitored prior to and after test

Ahmedzai et al Thorax 2011;66:i1ei30



Normobaric HCT



Pre flight assessment

• Normobaric hypoxia challenge test

• PaO2 < 50mm Hg or SpO2 < 85%  In flight supplemental O2

• Hypobaric hypoxia challenge test

• Not widely available/only at research facilities



Hypobaric HCT



Who should have a hypoxia challenge test?

• 97 patients who had HCT over  18 month period – evaluated

• Mean age 52 years

• CF 34% ILD 29% COPD 20%

• Most patients with COPD and 50% ILD patients had positive test

• Pretest PaO2 was the most accurate predictor of a positive test

• All had a walking distance of >65 metres with no correlation between distance and positive results

• No correlation with FEV1

• Indications – disease specific

European Respiratory Journal 2017 50: PA2249



Pre flight assessment

Ahmedzai et al Thorax 2011;66:i1ei30



Ahmedzai et al Thorax 2011;66:i1ei30



Air travel in patients with 
COPD



Risk of flying in COPD

• Moderate and severe COPD have a higher risk of significant hypoxaemia during 

air travel

• Patients with reduced PaO2 have a further decline in PaO2

• Hypercapnea indicates lower reserves and may experience greater hypoxia when 

exposed to commercial airline travel

• Hypoxaemia-induced hyperventilation hyperinflation iPEEP respiratory 

fatigue - especially during long-haul flights



Risk of flying in COPD



Ergan B, Akgun M, Pacilli AMG, et al. Should I stay or should I go? COPD and air travel. Eur Respir Rev 2018; 27: 180030



Risk of flying with COPD
• Other problems

• Sleep sleep may cause relatively significant desaturations in COPD patients who are more 

vulnerable to hypoxemia

• Alcohol or other sedatives, including sleeping pills, may exacerbate this by increasing 

sleepiness and actual sleep time

• Expansion of gases

• Volume of gas is inversely proportionate to the pressure

• 1L of gas expands to 1.4L at 8000 feet (Boyle s law)

• Gas expansion in closed units like bullae/blebs or in those with prior 

pneumopneumothorax

• Lower humidity  Increase in airway hyperreactivity

Ergan B, Akgun M, Pacilli AMG, et al. Should I stay or should I go? COPD and air travel. Eur Respir Rev 2018; 27: 180030



Manifestations

• Dyspnoea 

• Air hunger hyperventilation 

• Light-headedness chest pain 

• Tingling in the extremities and palpitations 

• Dyspnea  walking down the aisle



Assessment in COPD

• COPD patients with dyspnoea on exertion

• FEV1 <1.5 L or <30% predicted

• Pre-existing requirement of oxygen

• Bullous lung disease

• Comorbid conditions that worsen hypoxia cardiac illness

• Significant symptoms during previous air travel

• Recent exacerbations



Assessment in COPD

• SpO2 

• >95%  and no risk factors may not require O2 supplementation

• <95% or >95% with risks further testing

• Cut offs arbitrary

• A study of 100 COPD patients divided into groups according to SpO2 and risk factors before 

performing HCT

• Percentage of patients in whom PaO2 <50mm Hg after HCT

• 30% in the SpO2  >95% group 

• 67% in the SpO2 92– 95% and without additional risk factors 

• 70% in the SpO2  92–95% and additional risk factors 

• 83% in the SpO2  <92% group

Aviat Space Environ Med 2008; 79: 518–524



Assessment in COPD

• PaO2

• ABG needed if SpO2 <95%

• PaO2 <70mm Hg  HCT 

• Some studies show correlation of PaO2 levels with in flight desaturation but 

others do not



Assessment in COPD

• PaO2

Ergan B, Akgun M, Pacilli AMG, et al. Should I stay or should I go? COPD and air travel. Eur Respir Rev 2018; 27: 180030



Assessment in COPD

• Walk test

• 50m walk (10–12 stairs) without any distress are considered to have sufficient 

cardiopulmonary reserve for flying

• Resting SPO2 >95% combined with a 6-min walk test SPO2 >84% has a 

sensitivity of 100% and specificity of 80% for fitness to fly



Assessment in COPD
Author Year Patients Test/Condition Results

Chetta et al 2007 15 COPD 15 ILD HCT 6MWT SpO2 in 6MWT can 
predict O2 
desaturation during 
HCT

Edvardsen et al 2012 100 severe COPD HCT and 6MWT An algorithm was 
constructed using a 
combination of 
resting and 6MWT 
SpO2. Resting SpO2 
> 95% combined 
with 6MWT SpO2 
>84% had sensitivity 
of 100% and 
specificity of 80% for 
fitness to fly

Edvardsen A, Akero A, Christensen CC, et al. Air travel and chronic obstructive pulmonry disease: a new  algorithm for preflight evaluation. Thorax 2012; 67: 964–969



Edvardsen A, Akero A, Christensen CC, et al. Air travel and chronic obstructive pulmonry disease: a new  algorithm for preflight evaluation. Thorax 2012; 67: 964–969



Assessment in COPD

• HCT

• SpO2 in HCT well correlated with in-flight mean SpO2

• However PaO2in HCT was not associated with the presence of symptoms 

during air travel 

• PaO2 >50mm Hg and/or SpO2 >85% No in flight O2 warranted

• Lower values repeat with supplemental O2 2L-4L/min





Oxygen supplementation

• Oxygen supplementation can be obtained by the airline after a report (MEDIF) 

indicating oxygen requirement and its prescription by the physician 

• Approved compressed gas cylinders are the first choice option for short flights

• Portable battery operated concentrators for long haul flights

• Air India – 72 hour notice for provision/carriage of medical equipment including 

cylinders/concentrators

• 2-4L/min nasal prongs





Other measures prior to and on flight

• Optimise bronchodilator therapy

• Recent exacerbation postpone airtravel by 6 weeks

• Ensure all MDIs/DPIs are in cabin baggage 

• Direct flights preferred over transits

• Aisle seats and seats close to toilets

• Adequate hydration intermittent leg exercises and avoidance of alcohol

• Risk of exacerbations due to risk of transmission of respiratory viruses from neighbouring 

passengers



Bronchial Asthma

• Commercial flight environment does not pose problems for those with asthma

• Low cabin humidity bronchial mucosal water loss bronchospasm

• Hypobaric hypoxia does not pose a risk

• Severe asthma requiring Step 5 therapy warrants HCT

Ahmedzai et al Thorax 2011;66:i1ei30



Bronchial Asthma

• In flight hypoxia in severe asthma

• Retrospective study 2007-2014 involving patients on Step 5 therapy

• 37 underwent HCT

• 21 met criteria for in flight O2 prescription

• But positive results did not correlate with sea level SpO2 or PaO2

• Lung function was significantly more obstructed in the positive HCT group

FEV1 FEV1/FVC and PEFR were significantly better in those with negative test

George et al Aerosp Med Hum Perform. 2016 Jun;87(6):571-574

https://www.ncbi.nlm.nih.gov/pubmed/27208681


Bronchial Asthma

• For exacerbations on board

• Patient’s own bronchodilator inhaler (or airline emergency kit inhaler if 

available) should be administered (with a spacer where appropriate) and the 

dose repeated until symptomatic relief is obtained 

• FEV1 <30% should consult their respiratory specialist beforehand and consider 

taking an emergency supply of prednisolone in their hand luggage as well as 

supplies of their usual medications

Ahmedzai et al Thorax 2011;66:i1ei30



Malignancy

• Challenges

• Thoracic malignancies

• Impaired pulmonary function and reserveCOPD

• Muscle weakness/paralysis

• Pleural disease and effusion

• Thoracic cage fixation

• Hemoptysis

• Cerebral mets

• Biochemical abnormalities cachexia muscle deconditioning

• Neutropenia, VTE risk carrying opioid analgesics

• Lack of literature – hence most protocols are based on expert opinions 



Malignancy

• Treat reversible causes – anemia (Hb >8.5g/dL), airflow obstruction, correct dyselectrolemia

• SVC syndrome Lymphangitis air travel only if necessary– O2 supplementation on board

• Supportive care – cough suppressants, analgesics

• Physician prescription - doctor’s letter required for patients taking controlled drugs giving patient 

details return dates of travel countries being visited and drugs being carried including doses and 

total amounts

• Airlines do not allow patients to fly within 24 h of a seizure

• Patients with major hemoptysis should not fly



Pulmonary Hypertension
• Air travel can be safe and well tolerated in patients with clinically stable pulmonary 

hypertension

Population Design Outcomes

Patients of pulmonary 
hypertension from a German 
cohort (n = 720)

Anonymous questionnaire based 
study of those who had 
undertaken air travel following 
diagnosis of PHTN

430 returned questionnaires
179 had undertaken air travel
NYHA I 2
NYHA II 77
NYHA III 74 
NYHA IV 8
Adverse effects 11% (mild/mod)
Dyspnea/ peripheral edema
NYHA Class IV status more among 
those who never travelled
4 with adverse effects required 
supplemental O2

Pulm Circ. 2011 Apr-Jun; 1(2): 239–243

Large proportion of patients with PH travel by air despite the additional risk, and air travel can be 
safe and well tolerated in these patients in WHO functional class II and III in a stable clinical 
condition

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3198644/


Pulmonary Hypertension
• Effects of Commercial Air Travel on Patients With Pulmonary Hypertension

Population Design Outcomes

Patients with PHTN (WHO 
group I or IV) 

Exclusion criteria resting 
SpO2 by pulse oximetry < 90% 
on room air or on oxygen as 
prescribed, resting HR > 110, 
inability to walk continuously 
for 6 min, or any history of a 
medical emergency occurring 
during air travel

Prospective observational 
study during which cabin 
pressure, oxygen saturation 
(SpO2), heart rate, and 
symptoms were documented 
serially at multiple predefined 
time points throughout 
commercial flights

Median flight duration 3.6h
Cabin pressure 6,456 ± 1,218 
ft
Median change in SpO2 -
4.9% 
26%[95% CI, 12%-38%]
desaturation
38% reported symptoms
Desaturation associated with 
cabin pressures > 6000ft, 
ambulation, and flight 
duration

Hypoxemia one in four people studied 
Hypoxemia associated with lower cabin pressures, ambulation during flight, and longer flight duration 
Patients with PH who will be traveling on flights of longer duration or who have a history of oxygen use 
including nocturnal use should be evaluated for supplemental in-flight oxygen



Pulmonary Hypertension

• HCT  Hypoxia at sea level and pulmonary vascular disease

• Patients with pulmonary hypertension and NYHA Class I & II symptoms No O2 

supplementation 

• Patients with pulmonary hypertension NYHA III and IV  In-flight O2

• ACC/AHA recommends In flight SpO2 SpO2 <92%

Ahmedzai et al Thorax 2011;66:i1ei30



Air borne infections

• Cabin air is recirculated

• Air exchange rates on commercial airliners range from 20-30 changes per hour (more than any average 

commercial building)

• Cabin air is routed through filters designed to extract droplet (1-3 micrometres) and particulate matter 

(HEPA)

• Laminar air flow - air is introduced from the ceiling and removed from the floor by passengers’ feet

• Humidity kept low to prevent condensation of droplets

• Microbiological composition of cabin air is less than that of air in any city

Ahmedzai et al Thorax 2011;66:i1ei30



Air borne infections

• Tuberculosis

• No reported cases of clinical active TB transmission during air travel

• TST positivity in contacts have been reported from known TB cases identified

• Most contacts have alternate risks for being TST positive apart from exposure to case 

during air travel

• Evidence thus suggests that the risk of TB transmission during air travel is low and no 

higher than in any other confined space

• Risks for transmission

• Smear positive cavitating laryngeal flight >8h and proximity to case (within 2 rows)



Air borne infections

• Tuberculosis

• Patients with infectious tuberculosis (TB) must not travel by public air 

transportation

• Patient with infective tb must not travel by air on any commercial flight of any 

duration until they are sputum smear-negative on at least two occasions

• Patients with MDR/XDR must not travel by any commercial flight under any 

circumstances until they are proven to be non-infectious with two 

consecutive negative sputum culture results

World Health Organization. Tuberculosis and Air Travel: Guidelines for Prevention and Control. 3rd edn. WHO/HTM/TB/2008.399. http://www.who.int/tb/
features_archive/aviation_guidelines/en/.

http://www.who.int/tb/


Cystic fibrosis and Non-CF Bronchiectasis 

• Patients with CF become hypoxemic at high altitude but are rarely symptomatic

• Those with a low FEV1 (<50%) appear to be at increased risk of hypoxemia

• HCT recommended if FEV1 < 50% and SpO2 < 90% in those not able to perform 

spirometry

Ahmedzai et al Thorax 2011;66:i1ei30



ILDs

• Evaluation and indications similar to COPD

• Baseline PaO2 and SPO2 do not correlate with altitudinal hypoxia

• HCT warranted for all symptomatic patients, moderate/severe lowering of FEV1 

presence of comorbid illnesses

• Hypoxia on HCT warrants in flight O2 supplementation



Obstructive sleep apnea syndrome

• Patients with OSA

• Snoring – disturb fellow passengers

• Jet lag worsens with OSAS

• Avoid alcohol  and sedatives before and during flight

• CPAP recommended while sleeping on flight

• Challenges for CPAP on board

• No power supply or compatible adaptors

• Batteries heavy and limited duration of functioning

• CPAP use in flight and at high altitude destinations requires a machine that will perform adequately at 

low ambient pressure – machines with pressure sensors or with pressure compensation



Pneumothorax

• Principle



Pneumothorax

• Closed pneumothorax – contraindication for air travel

• Air travel 7 days after complete resolution after pneumothorax as demonstrated by CXR

• Traumatic pneumothorax – air travel 2 weeks after complete radiological resolution

• Thoracotomy guided pleurodesis no risk of recurrence

• VATS guided slight increase in risk compared to thoracotomy

• Patients having other forms of attempted pleurodesis and those not undergoing attempted pleurodesis

after a previous pneumothorax are unlikely to have further episodes precipitated by flight

• The risk of recurrence is higher in those with coexisting lung disease and does not decline significantly 

for at least 1 year



Pneumothorax
• Recurrence rates 

• Thoracotomy 1%

• VATS 3%

• Medical pleurodesis 5%-9%

• Most recurrences in 1st year 54.2% and 70% in first 2 years

• Small or loculated pneumothoraces

• Some patients with a closed chronic pneumothorax can fly without adverse consequences

• Clearance only after extensive evaluation

• LAM – UK+USA LAM registry 10 cases of pneumothorax among 276 patients of LAM who travelled by air

• Risk of a pneumothorax in flight 2.2% and per woman with LAM 4% and hence presence of LAM should not preclude air 

travel



Pneumothorax

• Thoracic surgery

• Almost universal after thoracic surgery

• CXR required after ICD removal to ensure lung is fully expanded 

• Prudent to wait for 7 days after full expansion and removal of ICD



Pulmonary thromboembolism

• RISK
• Low 

• Moderate

• High

Moderate High

• Family history of VTE
• Past history of provoked VTE
• Thrombophilia
• Obesity (BMI >30 kg/m2)
• Height >1.90 m or <1.60 m
• Significant medical illness within 

previous 6 weeks cardiac disease 
• Immobility
• Pregnancy or oestrogen therapy 

(Hormone replacement and OCP)
• Postnatal patients within 2 weeks of 

delivery

• Past history of idiopathic VTE
• Within 6 weeks of major surgery or 

trauma
• Active malignancy



Pulmonary thromboembolism

• Low risk

• Passengers avoid excess alcohol and caffeine-containing drinks 

• Remain mobile and/or exercise their legs during the flight

• Moderate risk

• Elastic compression stockings

• Avoid sedatives

• High risk

• Prior VTE should avoid travel for 4 weeks or

• Until proximal deep vein thrombosis has been treated and symptoms resolved with no evidence of pre- or post exercise 

desaturation

• Pre-flight LMWH or formal anticoagulation to maintain INR 2-3 



Pulmonary thromboembolism

• Data (cohort and case control studies) suggest an overall doubling of risk of VTE 

after long-haul air travel (>4 h)

• Risk increases with duration 4 fold increase with flights >8h

• Absolute risk of developing asymptomatic VTE ranges from 0 to 10%

• Absolute risk of symptomatic VTE 1 in 4600, rising to 1 in 1200 for journeys >16 h

• Flight-specific factors such as hypobaric hypoxia and/or type of seating may be 

important in susceptible individuals

World Health Organization. The WRIGHT Project: World Health Organization Research into Global Hazards of Travel. Geneva, Switzerland: WHO Press, 2007



Pulmonary thromboembolism

• Risk of VTE was increased two fold by travel (flight and nonflight) for >4 h

• Height >1.90 m increased the risk when travelling on land by a factor of 4.7, 

factor V Leiden mutation by 8.1 and OCP useby >20 (risks greater with air travel)

• BMI >30 kg/m2 was associated with increased risk when travelling by land

• Height <1.60 m was associated with increased risk during air travel but not by 

land

Doggen CJ, van Houwelingen HC, et al. Travel-related venous thrombosis: results from a large population-based case control study (MEGA study). PLoS Med 2006;3:e307



Pulmonary thromboembolism

• The use of aspirin for preventing air travel-associated VTE is not recommended as 

present evidence does not show any benefit of antiplatelet use

• Pneumatic compression devices appear to be no more effective than leg exercises 

so may only be relevant in patients who are sedated or immobile

J Korean Med Sci. 2011 Dec; 26(12): 1625–1629

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3230024/


Summary of the 
BTS guidelines 
2011



Summary of the 
BTS guidelines 2011



Contraindications 

• Contraindications to commercial air travel

• Infectious tuberculosis

• Ongoing pneumothorax with persistent air leak

• Major haemoptysis

• Usual oxygen requirement at sea level at a flow rate exceeding

• 4 l/min

Ahmedzai et al Thorax 2011;66:i1ei30



Transport of ventilator dependent patients

• Consult their ventilation specialist before arranging air travel

• Airline will need to know requirements at the time of reservation

• Doctor’s letter outlining the diagnosis, necessary equipment, recent blood gas results and 

ventilator settings

• Medical escort in intubated patients

• Take off and landing manual ventilation ventilator switched off

• Restricted to air ambulances in India and commercial airlines do not permit transport of such 

patients

Ahmedzai et al Thorax 2011;66:i1ei30



BTS 2002 vs BTS 2011

Ahmedzai et al Thorax 2011;66:i1ei30



Summary

• Patients with chronic and acute lung diseases are at risk of hypoxia owing to the reduced ambient pressure 

resulting in hypobaric anoxia

• Resting sea level SpO2 and PaO2 do not correlate with hypoxemia at altitude

• Normobaric hypoxic challenge testing should be considered for patients with chronic and acute pulmonary diseases 

as they are potentially at risk of significant hypoxemia and complications during air travel

• A combination of SpO2 walk test blood gases and HCT may be best for assessing need for supplemental O2

• Possible to predict hypoxia during flight but there are no means of predicting symptoms or actual risk of harm 

during air travel

• O2 supplementation warranted in those with positive test

• Most airlines with adequate warning can provide oxygen at 2 or 4 litres per minute for respiratory patients


