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Topics in the NATO
Aviation Cardiology Working Group

• Coronary artery disease

• Heart valve disease

• Electrical abnormalities

• Heart muscle disease

• Congenital heart disease

• Cardiac surgery

Sinus node dysfunction

Atrioventricular conduction disturbance

Bundle branch blocks

Atrial ectopy, Ventricular ectopy

Supraventricular tachycardia

Ventricular pre-excitation

Atrial fibrillation and flutter

Accelerated idioventricular rhythm

Ventricular tachycardia

Brugada syndrome, long QT syndrome

0.8% of ECG
in aircrew

(USAF 2015)



PVCs: What is the problem ?

• Most of the time…

• Sometimes…

« While we have not performed a specific follow-up study on such individuals, we are aware of

hundreds who have returned to high-G cockpits with ventricular ectopy » Pickard J.



Level 1 Medical Event Level 2 Medical Event 

Level 3 Medical 

Event Level 4 Medical Event

Minimal impact on 

mission

May result in a mission

abort or compromised

effectiveness

Likely to result in a 

flight safety hazard 

or compromise

Likely to result in a flight

safety critical event

May result in a 

deleterious effect on the 

health of the individual 

aircrew but minimal 

effect on performance

Aircrew able to

continue duties with

minor to moderate 

performance

compromise. 

Major decrement in 

performance

Total acute incapacitation 

(may include sudden 

death)

Requires routine 

periodic medical follow-

up

Requires medical 

attention 

May require

immediate medical

attention

Requires immediate

advanced medical care

PILOTS, COPILOTS

Likely >2%/yr

Possible 1-2%/yr

Unlikely 0.5-1%/yr

Highly unlikely <0.5%/yr

NAVIGATORS, FLIGHT 

ENGINEER, FLIGHT 

CONTROLLERS

Likely >2%/yr

Possible 1-2%/yr

Unlikely 0.5-1%/yr

Highly unlikely <0.5%/yr

FLIGHT ATTENDANTS 

LOADMASTERS

Likely >2%/yr

Possible 1-2%/yr

Unlikely 0.5-1%/yr

Highly unlikely <0.5%/yr

Assessing the aeromedical risk

with the 

three-dimensional risk matrix

The Royal Canadian Air Force

Low risk – acceptable 

Moderate risk –

aeromedical board-level 

discussion required

High risk – not acceptable



• 27-yo flight engineer, sportsman

• No past medical / cardiac family history

• Few palpitations

• PVCs on ECG, « benign » morphology

• Holter: 7,500 PVCs/d, monomorphic, isolated

• TTE: normal

• Exercise test: negative, disappearance of PVCs

• Late potentials: negative

• LV/RV angioscintigraphy: normal

Case 1



Level 1 Medical Event Level 2 Medical Event Level 3 Medical Event Level 4 Medical Event

Minimal impact on mission
May result in a mission abort or

compromised effectiveness

Likely to result in a flight 

safety hazard or 

compromise

Likely to result in a flight safety

critical event

May result in a deleterious effect 

on the health of the individual 

aircrew but minimal effect on 

performance

Aircrew able to continue duties

with minor to moderate 

performance compromise. 

Major decrement in 

performance

Total acute incapacitation (may

include sudden death)

Requires routine periodic 

medical follow-up
Requires medical attention 

May require immediate

medical attention

Requires immediate advanced

medical care

PILOTS, COPILOTS

Likely >2%/yr

Possible 1-2%/yr

Unlikely 0.5-1%/yr

Highly unlikely <0.5%/yr

NAVIGATORS, FLIGHT ENGINEER, 

FLIGHT CONTROLLERS

Likely >2%/yr
Palpitations

Possible 1-2%/yr

Unlikely 0.5-1%/yr

Highly unlikely <0.5%/yr
VT VT VT

FLIGHT ATTENDANTS LOADMASTERS

Case 1

Assessing the risk:

• Present palpitations in relation 

to PVCs

• Risk of VT



2.5 years later:

• Syncope during effort

• Holter: 5,000 PVCs/d,

monomorphic, isolated

• Late potentials: negative

• TTE: normal

• LV/RV angioscintigraphy: normal

• Exercice test…

Case 1



Level 1 Medical Event Level 2 Medical Event Level 3 Medical Event Level 4 Medical Event

Minimal impact on mission
May result in a mission abort or

compromised effectiveness

Likely to result in a flight 

safety hazard or 

compromise

Likely to result in a flight safety

critical event

May result in a deleterious effect 

on the health of the individual 

aircrew but minimal effect on 

performance

Aircrew able to continue duties

with minor to moderate 

performance compromise. 

Major decrement in 

performance

Total acute incapacitation (may

include sudden death)

Requires routine periodic 

medical follow-up
Requires medical attention 

May require immediate

medical attention

Requires immediate advanced

medical care

PILOTS, COPILOTS

Likely >2%/yr
VT (+Gz) ?

Possible 1-2%/yr
VT

Unlikely 0.5-1%/yr

Highly unlikely <0.5%/yr

NAVIGATORS, FLIGHT ENGINEER, 

FLIGHT CONTROLLERS

Likely >2%/yr

Possible 1-2%/yr
VT

Unlikely 0.5-1%/yr

Highly unlikely <0.5%/yr

FLIGHT ATTENDANTS LOADMASTERS

Retrospectively, risk of VT:

• For a fighter pilot

(exercise / +Gz)

• For a pilot

• For this flight engineer

Case 1



Case 2

• 64-yo retired airline pilot, FI

• Lymphoma 2002 (chemotherapy)

• Asymptomatic, PVCs with left axis

• Holter: 350 PVCs/d, monomorphic,

5 couplets and a non-sustained VT 

• Exercise test: negative

• TTE, coronary angiography, CMR: normal

• With β-blocker: 420 PVCs/d

7 couplets



Assessing the risk:

• Risk of sustained VT or clinical

event if idiopathic NSVT

• (Side-effects of

β-blocker)

Level 1 Medical 

Event

Level 2 Medical 

Event 

Level 3 Medical 

Event

Level 4 Medical 

Event

Minimal impact on 

mission

May result in a 

mission abort or

compromised

effectiveness

Likely to result in a 

flight safety hazard

or compromise

Likely to result in a 

flight safety critical

event

May result in a 

deleterious effect on 

the health of the

individual aircrew but 

minimal effect on 

performance

Aircrew able to

continue duties with

minor to moderate 

performance

compromise. 

Major decrement in 

performance

Total acute

incapacitation (may

include sudden

death)

Requires routine

periodic medical

follow-up

Requires medical

attention

May require

immediate medical

attention

Requires immediate

advanced medical

care

PILOTS, COPILOTS

Likely >2%/yr

Possible 1-2%/yr

Unlikely 0.5-1%/yr

Highly unlikely <0.5%/yr VT VT VT

Case 2



• 33-yo military helicopter monopilot

• No past medical / cardiac family history

• Asymptomatic

• PVCs with « benign » morphology

• Holter: 30,000 - 40,000 PVCs/d, monomorphic, isolated

• Exercise test: negative, disappearance of PVCs

• Late potentials: negative

• TTE and CMR: normal (no LV dilation, LVEF > 50%)

Case 3



Assessing the risk:

• NSVT / SVT

• PVC-induced cardiomyopathy

(with LV dysfunction)

- Possible if PVC burden > 10%, usually when PVCs > 20,000/d

- Higher impact of a lower LVEF in fighter pilots 

Level 1 Medical 

Event

Level 2 Medical 

Event 

Level 3 Medical 

Event

Level 4 Medical 

Event

Minimal impact on 

mission

May result in a 

mission abort or

compromised

effectiveness

Likely to result in a 

flight safety hazard

or compromise

Likely to result in a 

flight safety critical

event

May result in a 

deleterious effect on 

the health of the

individual aircrew but 

minimal effect on 

performance

Aircrew able to

continue duties with

minor to moderate 

performance

compromise. 

Major decrement in 

performance

Total acute

incapacitation (may

include sudden

death)

Requires routine

periodic medical

follow-up

Requires medical

attention

May require

immediate medical

attention

Requires immediate

advanced medical

care

PILOTS, COPILOTS

Likely >2%/yr CM (> 5 y) CM (> 5 y) / +Gz
Possible 1-2%/yr CM (3-5 y) CM (3-5 y) / +Gz

Unlikely 0.5-1%/yr CM (< 3 y) CM (< 3 y) / +Gz
Highly unlikely <0.5%/yr VT VT VT

Case 3

Delise P. Am J Cardiol 2013; 112(9): 1396-402 Baman TS. Heart Rhythm 2010; 7(7): 865-9

Niwano S. Heart 2009; 95(15): 1230-7



• 35-yo airline pilot

• No past medical / cardiac family history

• Asymptomatic

• PVCs of right ventricular presumed origin

• Holter: 5,700 PVCs/d, 10 couplets

• TTE: normal

• Exercise test: negative, disappearance of PVCs

• Late potentials: negative

• CMR: subepicardial late gadolinium enhancement in the

inferolateral segments (LVEF 55%): sequela of myocarditis

Case 4



Assessing the risk:

• Additional risk of VT

• How long ? (critical period of

6 months after acute

myocarditis)

• Relation between the number of segments involved and the risk of VT

• What about if PVCs with RV presumed origin ?

Level 1 Medical 

Event

Level 2 Medical 

Event 

Level 3 Medical 

Event

Level 4 Medical 

Event

Minimal impact on 

mission

May result in a 

mission abort or

compromised

effectiveness

Likely to result in a 

flight safety hazard

or compromise

Likely to result in a 

flight safety critical

event

May result in a 

deleterious effect on 

the health of the

individual aircrew but 

minimal effect on 

performance

Aircrew able to

continue duties with

minor to moderate 

performance

compromise. 

Major decrement in 

performance

Total acute

incapacitation (may

include sudden

death)

Requires routine

periodic medical

follow-up

Requires medical

attention

May require

immediate medical

attention

Requires immediate

advanced medical

care

PILOTS, COPILOTS

Likely >2%/yr VT / SCD ?
Possible 1-2%/yr VT ?

Unlikely 0.5-1%/yr VT ?
Highly unlikely <0.5%/yr

Case 4



No subgroups



No subgroup with PVCs



• 48-yo fighter pilot

• No past medical history

• Asymptomatic

• PVCs of LBBB morphology from 2009 to 2013

• During repetitive investigations:

- TTE: normal

- Exercise test: negative, disappearance of PVCs

- Late potentials: negative

Case 5
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• Holter in 2013:

- 3,300 multiform PVCs

- 37 couplets, 1 triplet, 1 NSVT

• CMR and isotopic ventriculography:

- RV regional akinesia, RVEF 35%

• Genetic test: 2 typical mutations identified

Final diagnosis: Arrhythmogenic Ventricular Cardiomyopathy

(> 2 major criteria)

Case 5



Assessing the risk:

• Before: low risk of VT (as for Case 1)

• Now: very high risk of VT and

sudden cardiac death (SCD)

(3.7 - 10.6 %/yr)

• But when exactly did this risk significantly increase from 2009 to 2013 ? How long was the initial risk

assessment available ?

Level 1 Medical 

Event

Level 2 Medical 

Event 

Level 3 Medical 

Event

Level 4 Medical 

Event

Minimal impact on 

mission

May result in a 

mission abort or

compromised

effectiveness

Likely to result in a 

flight safety hazard

or compromise

Likely to result in a 

flight safety critical

event

May result in a 

deleterious effect on 

the health of the

individual aircrew but 

minimal effect on 

performance

Aircrew able to

continue duties with

minor to moderate 

performance

compromise. 

Major decrement in 

performance

Total acute

incapacitation (may

include sudden

death)

Requires routine

periodic medical

follow-up

Requires medical

attention

May require

immediate medical

attention

Requires immediate

advanced medical

care

PILOTS, COPILOTS

Likely >2%/yr VT VT VT / SCD
Possible 1-2%/yr

Unlikely 0.5-1%/yr

Highly unlikely <0.5%/yr VT VT VT

Case 5



Advantages of a 3D matrix

• Attractive modelling

• Consideration for the likelihood of event, the type of 

event, the type of aircrew

• Expected to be objective and reproducible

• Can be presented to the aircrew

• Simple to use



Limits of a 3D matrix

• Correct level (1 - 4) for a same event (PVCs, VT) difficult to estimate

The more frequent or the more critical level ?

• Likelylihood of event (%) difficult to determine

Data of the literature with specific subgroups may not exist all the time !

• Colors for aircrew categories may be subjective

1-2% Risk of SCD in a (solo) flight engineer: yellow ? 



Limits of a 3D matrix

• Pilots are considered as a unique homogeneous group. True ?

- Rafale / 10-h war mission

- Alphajet / Patrouille de France

- Alphajet / FI

- A330 / Presidential transport

- A400M / overseas operational missions

- Caracal / Combat rescue

- …



Limits of a 3D matrix

• Risk (%) based on literature studies carried out on the ground

The likelihood of occurrence may be higher in pilots flying in high-performance aircrafts

Modulation factors

(Autonomic nervous system ++)

Anatomic or electrophysiological substrate

+Gz exposure

Trigger factor (PVCs)

COUMEL’S TRIANGLE OF ARRHYTHMOGENESIS

VT, VF



Conclusion

• 3D matrix: a valuable tool that requires thought to use even for a « simple » 

situation as PVCs

• Its limits highlight the complexity and potential evolution of this arrhythmia

and the risk assessment

• To think / argue / discuss, not being prisoner of one box



Any questions ?

https://fr.wikipedia.org/w/index.php?title=Fichier:North_Atlantic_Treaty_Organization_(orthographic_projection).svg&lang=fr
https://fr.wikipedia.org/wiki/Fichier:Flag_of_Germany.svg
https://fr.wikipedia.org/wiki/Fichier:Flag_of_Canada.svg
https://fr.wikipedia.org/wiki/Fichier:Flag_of_the_United_States.svg
https://fr.wikipedia.org/wiki/Fichier:Flag_of_France.svg
https://fr.wikipedia.org/wiki/Fichier:Flag_of_the_Netherlands.svg
https://fr.wikipedia.org/wiki/Fichier:Flag_of_the_United_Kingdom.svg


• 50-yo military transport pilot (not operational)

• No past medical / cardiac family history

• Palpitations during sport

• PVCs of « benign » morphology

• Holter: 16,000 PVCs/d, > 300 repetitive forms (2, 3 and 4-complexes)

• Exercise test: negative but aborted because of repetitive PVCs

• TTE: normal

• Coronary angiography: normal

• CMR: non diagnostic (artefacts)

Case 6



• β-blocker then Sotalol with no efficiency

- Many persistant repetitive forms

- Symptomatic patient

• Radiofrequency ablation after RV cartography

- 2 PVC-seats treated (antero-septal/postero-septal)

- Initial success, asymptomatic

- Holter: 200 PVCs/d

• New CMR after procedure: normal LV and RV but intra-myocardial septal late

gadolinium enhancement (with normal thickness)

Case 6



Assessing the risk:

• Before RF treatment: very symptomatic

• After RF treatment: residual risk of recurrence

• Significance of imaging findings:

- Anatomic substrate (cardiopathy) ?

- Consequence of RF procedure (fibrosis) ?

- In both situations: additional risk of residual VT ?

Level 1 Medical 

Event

Level 2 Medical 

Event 

Level 3 Medical 

Event

Level 4 Medical 

Event

Minimal impact on 

mission

May result in a 

mission abort or

compromised

effectiveness

Likely to result in a 

flight safety hazard

or compromise

Likely to result in a 

flight safety critical

event

May result in a 

deleterious effect on 

the health of the

individual aircrew but 

minimal effect on 

performance

Aircrew able to

continue duties with

minor to moderate 

performance

compromise. 

Major decrement in 

performance

Total acute

incapacitation (may

include sudden

death)

Requires routine

periodic medical

follow-up

Requires medical

attention

May require

immediate medical

attention

Requires immediate

advanced medical

care

PILOTS, COPILOTS

Likely >2%/yr Palpitations Palpitations
Possible 1-2%/yr VT ? VT ? VT ?

Unlikely 0.5-1%/yr PVCs
Highly unlikely <0.5%/yr

Case 6


