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ABSTRACT
Cardiovascular diseasesi are the most common cause 
of loss of flying licence globally, and cardiac arrhythmia 
is the main disqualifier in a substantial proportion of 
aircrew. Aircrewii often operate within a demanding 
physiological environment, that potentially includes 
exposure to sustained acceleration (usually resulting in 
a positive gravitational force, from head to feet (+Gz)) 
in high performance aircraft. Aeromedical assessment is 
complicated further when trying to discriminate between 
benign and potentially significant rhythm abnormalities 
in aircrew, many of whom are young and fit, have a 
resultant high vagal tone, and among whom underlying 
cardiac disease has a low prevalence. In cases where a 
significant underlying aetiology is plausible, extensive 
investigation is often required and where appropriate 
should include review by an electrophysiologist. The 
decision regarding restriction of flying activity will be 
dependent on several factors including the underlying 
arrhythmia, associated pathology, risk of incapacitation 
and/or distraction, the type of aircraft operated, and the 
specific flight or mission criticality of the role performed 
by the individual aircrew.

INTRODUCTION
Cardiovascular diseases are the most common 
cause of loss of flying licence globally, and cardiac 
arrhythmia is the main disqualifier in a substantial 
proportion of aircrew.1 Frequent ventricular ectopic 
(VE) beats (or premature ventricular contractions 
(PVC)), non-sustained ventricular tachycardia 
(NSVT), and atrial fibrillation (AF) are the most 
common arrhythmias seen in aircrew.2

Aircrew often operate within a demanding phys-
iological environment, that potentially includes 
exposure to sustained acceleration (usually 
resulting in a positive gravitational force, from 
head to feet (+Gz)) in high performance aircraft. 

As described in Coumel’s triangle of arrhyth-
mogenesis, clinical arrhythmias are the result of 
three factors: the anatomic or electrophysiological 
substrate, the trigger factor, and the modulation 
factors, of which the most common is the auto-
nomic nervous system.3 4 It has been known for 
many decades that exposure to +Gz leads to an 
elongation of the heart5; additionally, this exposure 
leads to rapid stimulation/inhibition of the sympa-
thetic and parasympathetic systems, and so this is 
a highly arrhythmogenic environment for aircrew, 
especially those with pre-existing susceptibility. 
Benign dysrhythmias such as sinus arrhythmia, low 
degree atrioventricular (AV) block, and premature 
atrial or ventricular beats are commonly observed 
as a physiological response to acceleration during 
centrifuge training.6 More rarely,+Gz is associated 
with more significant arrhythmias such as AF or 
recurrent NSVT. This is often in relation to cardiac 
abnormalities found during subsequent investi-
gation of aircrew, in whom +Gz has precipitated 
these events, that may have flight safety implica-
tions.6 Particularly worrisome complications of 
arrhythmias in aircrew are incapacitation secondary 
to pre-syncope or syncope, or distraction due to 
symptoms such as palpitations or dizziness that may 
interfere with aircrew duties and negatively impact 
flight safety.

Aeromedical assessment is complicated further 
when trying to discriminate between benign and 
potentially significant rhythm abnormalities in 
aircrew, many of whom are young and fit, have a 
resultant high vagal tone, and among whom under-
lying cardiac disease has a low prevalence.

As with all individuals, arrhythmia and conduc-
tion disturbances in aircrew may be caused by 
underlying structural heart disease, or endocrine 
or other non-cardiac organic disorders. Therefore, 

iEvidence-based cardiovascular risk assessment in aircrew poses significant challenges in the aviation envi-
ronment as data to support decision making at the low level of tolerable risk in aviation is rarely available 
from the published literature. As a result, there are discrepancies between aviation authorities’ recommen-
dations in different countries, and even between licensing organisations within single countries. The North 
Atlantic Treaty Organization (NATO) HFM-251 Occupational Cardiology in Military Aircrew working 
group comprises full-time aviation medicine and aviation cardiology experts who advise both their mili-
tary and civil aviation organisations including, but not limited to, the US Federal Aviation Authority 
(FAA), the UK Civil Aviation Authority (CAA), the European Aviation Safety Agency (EASA) and the US 
National Aeronautics Space Administration (NASA). The recommendations of this group are as a result of 
a 3 year working group that considered best clinical cardiovascular practice guidelines within the context 
of aviation medicine and risk principles. This work was conducted independently of existing national and 
transnational regulators, both military and civilian, but considered all available policies, in an attempt to 
determine best evidence-based practice in this field. The recommendations presented in this document, 
and associated manuscripts, are based on expert consensus opinion of the NATO group. This body of work 
has been produced to develop the evidence base for military aviation cardiology and to continue to update 
the relevant civilian aviation cardiology advice following the 1998 European Cardiology Society aviation 
cardiology meeting.
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when investigating arrhythmias in aircrew, a thorough cardiac 
and general medical assessment is mandatory. For aircrew 
with confirmed arrhythmia, assessment of both the conduction 
abnormality and antiarrhythmic therapy (which may have aero-
medically relevant side-effects) is critical as both may have impli-
cations for flight safety.

Close liaison with subspecialty electrophysiologist expertise 
is recommended to ensure all potential options are explored as 
this is a rapidly changing field. Increasingly, aircrew are recom-
mended to undergo, or have already undergone, catheter ablation 
or device implantation, and both short- and long-term outcome 
data must be considered when determining aircrew licensing.7–9

This paper describes an approach to electrophysiological 
screening, further investigation, and risk stratification of elec-
trical abnormalities and arrhythmias in aircrew. Risk stratifi-
cation for aeromedical disposition depends on the presenting 
arrhythmia, associated pathology, risk of incapacitation and/or 
distraction, and specific aircrew duties.

APPROACH TO SCREENING IN AIRCREW
First level investigation
Assessment of aircrew with suspected arrhythmias, or changing 
resting ECG patterns, should include a thorough medical 
history including family history, alcohol, caffeine and supple-
ment intake, a physical examination, and a 12-lead ECG. 
Symptoms such as palpitations (regular or irregular), dizzi-
ness, syncope or presyncope should lead to suspicion of an 
arrhythmic aetiology.

Many abnormal ECG findings may be acceptable in young, 
fit individuals with high vagal tone, whereas others mandate 
further investigation and may lead to restriction, or with-
drawal, of flying privileges. A more detailed summary of ECG 
abnormalities and their relevance and consequences for aero-
medical investigation are presented in table 1. In those where 
there may be flight safety consequences, further investigation 
is mandated.

Table 1 Recommendations for ECG findings in aircrew

Normal ECG variants
For normal variants, consider 
further investigation if…

ECG findings requiring further 
investigation for aircrew medical 
certification

ECG findings disqualifying for aircrew 
duties unless treated, with resulting 
acceptable aeromedical risk

Sinus arrhythmia Sino-atrial block (<3 s/day, <4 s/night) Sinus arrest
Sino-atrial block >3 s during day, >4 s night

Ectopic atrial rhythm with inverted P waves

Sinus bradycardia ≥40 beats per min (bpm) Sinus bradycardia <40 bpm
Junctional rhythm

Idioventricular rhythm

Sinus tachycardia >100 bpm Persistent sinus 
tachycardia >100 bpm at rest

I° atrioventricular (AV) block – PR <300 ms I° AV block – PR >300 ms

II°AV block- Mobitz type I (Wenckebach) First appearance at age >40 years or 
if frequent, especially while awake

Second degree AV block (Mobitz type II)
Third degree AV block

Incomplete right bundle branch block (RBBB)
Left anterior fascicular block (LAFB)

New LAFB block >40 years Complete RBBB
Left bundle branch block (LBBB)
Left posterior fascicular block (LPFB)

Single premature atrial complex (PAC) or 
premature junctional complex (PJC)

>1 PAC or PJC
Supraventricular tachycardia (SVT) <30 s

SVT >30 s or symptomatic

Single premature ventricular complex (PVC) >1 PVC or ≥1 pair
Ventricular tachycardia (VT) ≤11 beats

VT >11 beats or symptomatic

Short PR interval 90–120 ms with no evidence 
of delta waves

Very short PR <90 ms Asymptomatic ventricular pre-excitation Wolff-Parkinson-White (WPW) syndrome

Isolated QRS voltage criteria for left ventricular 
hypertrophy, especially in young people

Elevated blood pressure, body mass 
index >30, age >40 years, or new 
finding

Left ventricular hypertrophy with strain

Atrial enlargement Accompanied by axis deviation

Right ventricular hypertrophy (R wave in V1 plus 
S wave in V5 or V6 >10.5 mm)

ST segment depression and/or negative T wave 
only in lead III

Diffuse T wave abnormality or ST changes

QTc prolongation (QTc <470 ms) QTc >470 ms but <500 ms QTc >500 ms

Early repolarisation (benign form) – no evidence 
of delta waves

Brugada type 2 Brugada type 1 pattern

iiAircrew: Aircrew are defined somewhat differently in civil and military aviation. NATO and the International Civil Aviation Orga-
nization (ICAO) delegates the definition of aircrew to national authorities. In the civilian sector aircrew are often categorised as 
flight crew (pilots)/technical crew members and cabin crew, with separate regulation for air traffic controllers (ATCO). The military 
define aircrew more broadly as “persons having duties concerned with the flying or operation of the air system, or with passengers 
or cargo when in flight”. From a risk perspective, professional (commercial) pilots have a higher attributable risk than private pilots 
and non-pilot aircrew. Controllers are considered to have an attributable risk equivalent to professional pilots. From a cardiovascular 
perspective, aircrew whose flying role includes repetitive exposure to high acceleration forces (Gz) comprise a subgroup who, due to 
the unique physiological stressors of this flight environment, often require specific aeromedical recommendations. A more detailed 
description of aircrew is available in table 1 of the accompanying introductory paper on aviation cardiology (Nicol ED, et al. Heart 
2018;105:s3–s8. doi:10.1136/heartjnl-2018-313019).
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Second level investigation
Further investigation should include Holter monitoring (24 hours 
to 7 days), echocardiography and exercise ECG, as well as labo-
ratory investigations. Haematological and biochemical samples 
should include a blood count, electrolytes, and thyroid hormone 
assessment. Other investigations may be required (ie, urinary 
catecholamines, etc). When undertaking Holter assessment, the 
longer the monitoring duration, the more likely it is to reveal 
abnormal results. If episodic, telemetric ECG monitoring and/or 
external/implantable event/loop recorders may be appropriate. 
In certain scenarios, in-flight Holter monitoring may be required 
(figure 1). While the sensitivity and specificity of exercise ECG 
for the detection of coronary artery disease (CAD) is low, it 
provides useful information about cardiovascular fitness, stress 
induced arrhythmias, QT interval changes with exercise or exer-
cise induced bundle branch blocks. If hypertension is suspected, 
ambulatory blood pressure measurement should be included.

Third level investigation/treatment
In a minority of cases invasive electrophysiologic (EP) testing 
and/or treatment may be required. If invasive EP testing reveals 
a target for catheter ablation, it is often performed immediately. 
In certain arrhythmias, genetic testing may be indicated.

In some instances, specialist pharmacological testing may be 
indicated to confirm or refute a diagnosis—that is, adenosine 
with an accessory pathway with antegrade conduction, or ajma-
line in the case of suspected Brugada syndrome.

In aircrew flying in high-performance aircraft, human centri-
fuge testing to assess the response of arrhythmias to sustained 
acceleration may be useful. If underlying structural disease or 
CAD is suspected, stress echocardiography, cardiovascular 
CT, cardiac MRI or invasive coronary angiography may be 
indicated (table 2).10–14

Syncope
Syncope is caused by transient global cerebral hypoperfusion 
and is defined as a transient, self-limiting loss of consciousness, 
with rapid onset and spontaneous complete recovery after a 
short time period. Pre-syncope occurs when there are symptoms 
of cerebral hypoperfusion without a loss of consciousness. The 
aetiology of loss of consciousness is diverse and may be caused 
by neurogenic reflexes, cardiovascular disease or arrhythmias, 
neurologic or psychiatric conditions, medications, and a variety 

of metabolic disorders. Vagally-mediated syncopal attacks are 
common and if isolated can be considered benign, but recurrent 
or unprovoked syncope requires careful evaluation.

Careful aeromedical evaluation is necessary to elucidate the 
cause of syncope and to determine the risk of recurrence. Neuro-
genic syncope refers to a reflex response causing vasodilatation 
and/or bradycardia, rarely tachycardia, leading to systemic 
hypotension and cerebral hypoperfusion. Types of neurogenic 
syncope include neurocardiogenic (vasovagal) syncope, carotid 
sinus syncope and situational syncope . The overall recur-
rence rate of vasovagal syncope may be as high as 30%.15 In 
aircrew, a thorough investigation with ECG, echocardiogram, 
exercise ECG and, in some cases, tilt table and an implantable 
loop recorder (ILR) is often required if more than one syncopal 
episode has occurred. International guidelines regard ILR 
implantation as a class IA indication in the early phase of evalua-
tion in patients with recurrent syncope of uncertain origin, or in 
high risk patients in whom a comprehensive evaluation was not 
successful in identifying an underlying cause.16

In an aviation context, a syncopal attack may lead to sudden 
incapacitation and loss of aircraft control,17 while pre-syncope 
that causes distraction or incapacitation may also be potentially 
catastrophic.

Figure 1 Spectrum of ambulatory patient monitoring systems. From left to right, the duration of monitoring increases leading to an increase of the 
diagnostic yield.

Table 2 Recommendations for investigation of arrhythmias 

Recommendations

Medical history including family history, physical examination, 
and ECG should be performed for all cases of suspected cardiac 
arrhythmia

Highly 
recommended

Second level evaluation for arrhythmia should include 
ambulatory ECG monitoring, echocardiography, an exercise ECG, 
and haematological and biochemical analysis.
In cases of suspected hypertension ambulatory blood pressure 
measurement is recommended.

Highly 
recommended

Depending on the type of arrhythmia and the aircrew role, 
third level evaluation with invasive electrophysiologic study 
plus possible catheter ablation, genetic testing or specific 
pharmacological tests may be appropriate.
Exclusion of underlying cardiac diseases may require cardiac MRI, 
cardiac CT, stress echocardiography and/or invasive coronary 
angiography. For aircrew of high performance aircraft, centrifuge 
testing to evaluate response to Gz acceleration may be useful.

Recommended
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A single episode of loss of consciousness, if associated with a 
clear precipitant, and likely neurocardiogenic (vasovagal) origin, 
should not lead to aircrew being restricted in their flying duties—
for example, if associated with venepuncture or prolonged 
standing, without incontinence, and followed by complete and 
rapid recovery. Additionally, a syncopal episode associated with 
a physiologic loss of consciousness because of reduced partial 
pressure of oxygen (PaO2) (eg, during hypoxia training) or a G 
induced loss of consciousness (GLOC) in the centrifuge, may 
also be deemed to be benign, if isolated. In other cases, if a clear 
precipitant is identified and the risk of recurrence is low and/or 
the underlying condition or triggering factor can be adequately 
controlled, return to restricted flying duties may be possible after 
a period of observation (table 3). Recurrent episodes of loss or 
disturbances of consciousness, orthostatic or symptomatic hypo-
tension, or recurrent vasodepressor syncope are all disqualifying 
for aircrew duties.

RHYTHM AND CONDUCTION DISTURBANCES
Bradyarrhythmias and conduction disturbances
Sinus node dysfunction
Sinus bradycardia and sinus arrhythmia are common findings in 
active people; these findings often normalise during exercise and 
are usually asymptomatic. Individuals who maintain cardiovas-
cular fitness also often have increased vagal tone,18 19 and may 
have a higher incidence of junctional rhythm, and increased 
heart rate variability. These findings, in isolation, are compat-
ible with all aircrew duties, including in single seat, high perfor-
mance aircraft.

In contrast, aircrew with syncope or presyncope caused by 
sinus bradycardia, sinus arrest or sino-atrial block should be 
grounded. In asymptomatic individuals, sino-atrial arrest >3 s 
during the daytime and >4 s at night should also lead to tempo-
rary withdrawal of aircrew privileges (table 4).20 Such individuals 
require further investigation to confirm or exclude underlying 
cardiac disease.

Atrioventricular conduction disturbance
First degree AV block in asymptomatic aircrew can be regarded 
as a normal variant up to 300 ms. It is a common finding in 
young athletes.21 If the PR interval exceeds 300 ms as a new 
finding, further investigation is recommended. During exer-
cise ECG (and after atropine) a significant shortening of the PR 
interval should be observed. Following such investigations, most 
aircrew can remain flying.

In aircrew, the most common type of second degree heart 
block is Mobitz type I (Wenckebach). In most cases this is an 

incidental finding in asymptomatic individuals, and further 
examination is usually not required.22 23 As with first degree 
heart block, further investigation is only required in those with 
symptoms, diurnal occurrence of Mobitz type I or in those aged 
over 40 years at first presentation. Most aircrew with Mobitz 
type I may be returned to unrestricted duties.

In contrast to Mobitz type I, Mobitz type II is rarely seen in 
aircrew24; it is more commonly related to infra-Hisian block, 
located below the AV node, and carries a risk of progression 
to third degree (complete) AV block.25 Aircrew with Mobitz 
type II and complete AV block must be investigated for under-
lying structural heart disease and, although often asymptomatic, 
aircrew are unfit for flying because of the risk of sudden cardiac 
death (SCD), syncope, bradycardia-related haemodynamic 
symptoms, and heart failure. In most cases pacemaker therapy 
is indicated. A review by an electrophysiologist is recommended.

Individuals with implanted pacemakers are initially unfit for 
aircrew duties. A return to aircrew duties may be possible if indi-
viduals are not pacemaker dependent, have bipolar lead systems, 
and have regular pacemaker follow-up.26 The possibility of 
pacemaker failure and the risk of electromagnetic interference, 
even if considered low in modern pacemaker systems,27 are 
also important factors, and aircrew are usually restricted to low 
performance aircraft that do not routinely employ equipment 
that use high electro-magnetic frequencies (EMF). EMF sources 
are common in many military aircraft and other radar systems 

Table 3 Recommendations for syncope

Recommendations

Careful aeromedical evaluation is necessary to elucidate the cause 
of syncope and to determine the risk of recurrence.

Highly 
recommended

Recurrent syncope of any cause should be disqualifying for 
aircrew duties, if an underlying disease cannot be treated or if the 
triggering factor cannot be adequately controlled.

Highly 
recommended

Aircrew with a single episode of syncope associated with a clear 
precipitant, likely neurocardiogenic (vasovagal) in origin, or G 
induced in the centrifuge, should be able to return to unrestricted 
flying duties.

Highly 
recommended

If syncope is orthostatic or neurogenic and the triggering factor 
can be adequately controlled, and the recurrence rate is within the 
limits of the 1% safety rule, return to restricted aircrew duties may 
be possible after a period of observation.

Consider

Table 4 Recommendations for bradyarrhythmias and conduction 
disturbances 

Recommendations

Symptomatic sinus bradycardia—asymptomatic pauses >3 s 
during daytime and >4 s at night; a newly discovered first degree 
atrioventricular (AV) block with a PR interval >300 ms—should, at 
least temporarily, lead to withdrawal of flying privileges.

Highly 
recommended

Asymptomatic sinus bradycardia—first degree AV block up to 
a PR interval of 300 ms; and second degree (Mobitz type I) AV 
block—is most likely caused by an increased vagal tone and does 
not require further investigation.

Highly 
recommended

Aircrew with complete right bundle branch block should undergo 
cardiological evaluation to exclude an underlying disease. Over 
age 40, coronary assessment may be considered. In the case of 
normal results an unrestricted fit assessment is possible.

Recommended

Aircrew with complete left bundle branch block should initially be 
assessed as unfit and undergo thorough cardiological evaluation. 
Under age 40, a coronary assessment should be considered; 
over age 40, it is recommended. If an underlying disease can be 
excluded, return to unrestricted aircrew duties may be possible, 
with regular (annual) follow-ups.

Recommended

Unrestricted flying with left anterior fascicular block (LAFB) and 
left posterior fascicular block (LPFB) is possible, if there is no 
evidence of an underlying cardiac disease. In the case of newly 
acquired LAFB or LPFB, over the age of 40 years, coronary artery 
disease should be excluded.

Recommended

Aircrew requiring implanted pacemakers are initially unfit for 
aircrew duties. If individuals are not pacemaker dependent, lead 
systems are bipolar and appropriately programmed, and regular 
pacemaker follow-ups are performed, a return to aircrew duties 
may be possible based on an appropriate risk assessment. For 
military and commercial pilots, restricted flying, with a second 
qualified pilot, is recommended,

Recommended

Second degree AV block (Mobitz type 2), and third degree AV 
block require a full cardiological evaluation and are usually 
incompatible with aircrew duties. They may require pacemaker 
management and return to aircrew duties should be considered 
on a case by case basis and will be dependent on aircrew role.

Not 
recommended
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and should always be considered by occupational physicians 
before return to military and aircrew duties.

In some instances, discrimination between second degree AV 
block Mobitz type I and II can be challenging on the ECG, and 
in aircrew invasive EP testing with measurement of the H-V 
interval may be helpful.

Right bundle branch block
Incomplete right bundle branch block (RBBB) is a very common 
finding in aircrew and is seen in 2–3% of routine aircrew ECGs.28 
In isolation, it can be regarded as a normal variant and further 
investigation is not required. Individuals with complete RBBB 
(which is found in <1% of aircrew ECGs28), should undergo 
further investigation for structural heart disease, despite it 
being a normal variant in a proportion of the normal popula-
tion. Investigation in aircrew should include an echocardiogram, 
an exercise ECG, and consideration of Holter monitoring. If 
underlying disease can be excluded, aircrew can be considered 
fit to continue all duties. In aircrew aged >40 years, coronary 
artery assessment may also be considered. Flying restriction and 
follow-up is usually not necessary.

Left bundle branch block
Left bundle branch block (LBBB) is more commonly associated 
with underlying structural heart disease than RBBB and its inci-
dence increases with age. It is not a common finding in aircrew 
and has been reported in 0.01–0.1% of healthy military aircrew 
compared with 0.2–0.7% of various civilian populations.29 30 The 
prognosis of isolated LBBB in young men is generally benign,31 
and the risk of progressive conduction system disease for newly 
diagnosed LBBB has not been shown to be increased in other-
wise apparently healthy young males.32 However, LBBB can be 
a marker of advanced CAD,33 longstanding hypertension, aortic 
valve disease or cardiomyopathy, and therefore requires investi-
gation in all aircrew.

Aircrew found to have new LBBB are unfit for aircrew duties 
pending a thorough cardiological evaluation including echocar-
diography, an exercise ECG, and coronary angiography (invasive 
or CT based). Under age 40, a CT coronary angiogram should 
be considered, and over age 40 it is recommended. Holter moni-
toring may be useful. Many patients with LBBB have underlying 
left ventricular hypertrophy.34 A cardiac MRI should be consid-
ered, especially if under the age of 40 years.

If underlying heart disease can be excluded, return to unre-
stricted flying duties may be acceptable; however, many civil 
and military licensing authorities mandate an observation period 
and close follow-up with further (often annual) echocardiog-
raphy, exercise ECG, and Holter monitoring. This is primarily 
to monitor for the possible development of cardiomyopathy and 
reducing left ventricular function. Aircrew with exercise induced 
LBBB should be treated similarly to aircrew with LBBB on a 
resting ECG. However, coronary assessment is recommended in 
all aircrew with exercise induced LBBB.

Left anterior and left posterior fascicular block
Left anterior fascicular block (LAFB) is seen in 1–2% of indi-
viduals without structural heart disease, while left posterior 
fascicular block (LPFB) is far less common. Both carry no appre-
ciable risk of progression to higher degrees of block.35 However, 
LAFB may be associated with myocardial ischaemia and if newly 
acquired over age 40, underlying CAD should be excluded with 
CT coronary angiography. Under 40 years, if investigated, an 
echocardiogram is usually sufficient. LPFB is often associated 

with RBBB and may be associated with CAD or cardiomyopathy. 
Investigation with echocardiography, Holter and exercise ECG 
is recommended, and if over age 40 at presentation CT coronary 
angiography should be considered. If there are no underlying 
cardiac abnormalities, unrestricted flying is possible without 
follow-up investigation, in both types of hemiblock.

Ectopy, tachyarrhythmias, ventricular pre-excitation, and 
channelopathies
Ectopy
Atrial and ventricular ectopy is frequently discovered on routine 
aircrew ECGs. For aeromedical purposes, two or more atrial 
or ventricular ectopic beats on a standard ECG should lead to 
further assessment with a Holter monitor. On Holter moni-
toring in aircrew, atrial and ventricular ectopy is quantified as 
the percentage of total beats and is often graded as rare (≤0.1%), 
occasional (>0.1% to 1.0%), frequent (>1.0% to 10%), and 
very frequent (>10%).36

Atrial ectopy
Atrial ectopy (or premature atrial contractions (PACs)) is usually 
benign and does not require further investigation or restrictions 
for aircrew, as long as they are not frequent or associated with 
haemodynamic symptoms.

Atrial ectopy is of aeromedical concern if associated with 
symptoms, and if numerous, underlying heart disease should be 
excluded. At higher PAC burden, there is also a concern regarding 
the potential development of AF. In patients with structurally 
normal hearts, the data in this area are contradictory. One small 
database of frequent atrial ectopy was not predictive of tach-
yarrhythmia in 430 US aircrew (US Air Force (USAF) Aero-
medical Consultation Service database), while another, small, 
non-aircrew study (where frequent PACs were defined as >100 
PACs/24 hours), demonstrated that patients with frequent PACs 
were significantly more likely to develop AF (HR 3.22, 95% 
CI 1.9 to 5.5; P<0.001), and more composite major adverse 
cardio- and cerebrovascular events (MACCE), including isch-
aemic stroke, heart failure and death (HR 1.95, 95% CI 1.37 
to 3.50; P=0.001) at 6 years follow-up.37 This latter study 
demonstrates that a comparatively low burden of PACs may 
significantly increase the risk of AF and adverse cardiovascular 
events in the long term. Therefore, aircrew with >1% of PAC 
on Holter monitoring should be considered for further investi-
gation and regular follow-up with echocardiogram, Holter and 
exercise ECG; above 5% PAC on Holter assessment, further 
investigation is recommended, and may result in restriction of 
aircrew duties (table 5).

Supraventricular tachycardia
Supraventricular tachycardia (SVT) is defined as a run of narrow 
complex tachycardia and may be asymptomatic or associated with 
palpitations. It may last for seconds to days; however, sustained 

Table 5 Recommendations on atrial ectopy 

Recommendations

Infrequent atrial ectopy is mostly benign and usually does not 
require further investigation or restrictions for aircrew, as long as 
it's not associated with haemodynamic symptoms. If numerous, 
ambulatory ECG monitoring is recommended. If there are >1% of 
beats on ambulatory ECG monitoring consideration should be 
given to further investigation; if >5% this is recommended with 
regular follow-up. Aircrew may be restricted in their flying duties.

Recommended
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SVT is defined as having a duration of >30 s.38 The aetiology of 
SVT include AV nodal re-entrant tachycardia (AVNRT) caused 
by a dual AV nodal pathway (approximately 60%), AV re-entrant 
tachycardia (AVRT) caused by an accessory pathway (30%), and 
atrial tachycardias caused by foci or small re-entrant circuits in 
the right or left atrium (10%).39

While AVNRT and AVRT often occur in otherwise healthy 
subjects, atrial tachycardias are often associated with structural 
heart disease, hypertension, etc, and require investigation in 
aircrew to exclude an underlying aetiology. Tachycardias usually 
start suddenly and are usually symptomatic, with distracting 
symptoms such as palpitations, nausea, dizziness, or haemo-
dynamic symptoms like syncope or presyncope, all being of 
significant concern in an aircrew population. As a result, all tach-
yarrhythmias are initially disqualifying for aircrew and require 
further investigation and management. In cases of suspected 
SVT, information about alcohol, caffeine or supplement intake is 
important, because these agents may be provocative.

Little data exist in aircrew populations; however, in a review 
of 430 US military aircrew evaluated for SVT over a median 8 
years follow-up, 42 (10%) had haemodynamically relevant symp-
toms including syncope, presyncope, light-headedness, chest 
discomfort, dyspnoea or visual changes, with an additional 21 
(5%) experiencing recurrent sustained SVT (defined as >10 min, 
without haemodynamic symptoms).40 Mean follow-up in this 
study was 11.4±9.0 years, and median follow-up was 7.9 years 
with a range from 1 to 35 years. Individuals with asymptomatic 
SVT often remained symptom-free for many years; however, of 
those presenting with one or more episodes of sustained SVT, 
recurrence was 1–2% per annum.41

Individuals with sustained SVT are usually unfit for aircrew 
duties. If asymptomatic, and in those with non-sustained SVT, a 

return to aircrew duties may be possible, although with restric-
tions in many cases. Aircrew with very short runs of asymptom-
atic SVT may be able to continue unrestricted flying but should 
be assessed on a case-by-case basis.

Antiarrhythmic drug therapy for SVT is unreliable and often 
associated with side effects that are incompatible with flying 
duties. As a result, the therapy of choice for symptomatic SVT 
is often invasive EP testing and catheter ablation. For most 
SVT, ablation has a success rate >90% and adverse event rate 
<3%.42 Ablation success rates for AVNRT and accessory path-
ways may be as high as 95%. Depending on the aircraft type and 
role of aircrew, many can return to previous duties. However, 
depending on the estimated recurrence rate, many aircrew who 
fly high-performance aircraft, or on single seat platforms, may be 
restricted, even after clinically successful ablation.

Asymptomatic pre-excitation
Pre-excitation on a 12-lead ECG is caused by an accessory 
pathway (AP) with antegrade conduction bypassing the AV node, 
either partially or completely. Usually the ECG shows a short-
ened PR interval <120 ms and a delta wave. The length of the 
PR interval depends on the location of the accessory pathway 
and the conduction properties of the accessory pathway and 
AV node. In contrast to simple pre-excitation on the ECG, 
Wolff-Parkinson-White (WPW) syndrome requires evidence of 
tachyarrhythmia or symptoms of palpitations for diagnosis.

Individuals with fast conduction over the accessory pathway, 
multiple pathways43 or retrograde conduction over the acces-
sory pathway can be regarded as high-risk individuals (figure 2). 
Fast antegrade conduction over the accessory pathway may lead 
to ventricular fibrillation (VF) and SCD in cases of AF, while 

Figure 2 Risks possibly associated with an accessory pathway. (A) During sinus rhythm there is conduction via the atrioventricular (AV) node and 
accessory pathway. The delta wave in the ECG represents the ventricular pre-excitation caused by the conduction via the accessory pathway. The size 
of the delta wave and the PR interval depend on the location of the accessory pathway and the conduction properties of the AV node and accessory 
pathway. (B) A retrograde conduction of the accessory pathway bears the risk of an orthodromic AV re-entrant tachycardia with antegrade conduction 
via the AV node and retrograde conduction via the accessory pathway. (C) During atrial fibrillation there is a risk of a fast conduction via the accessory 
pathway to the ventricles depending on the conduction properties of the accessory pathway. As most accessory pathways have no decremental 
conduction in contrast to the AV node, the conduction via the accessory pathway can be much faster than via the AV node. This can lead to ventricular 
fibrillation and sudden cardiac death.
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retrograde conduction over the accessory pathway may allow 
for AV re-entrant tachycardia.44 Fast antegrade conduction can 
be determined by observing an RR interval <250ms during AF.43

In previous aircrew studies, pre-excitation was identified in 
0.25–1% of healthy subjects, but only a very small proportion 
(<2%) of these aircrew had any documented arrhythmia.45 46 
In the latter study, with follow-up for over two decades, 15% of 
patients with pre-excitation developed new symptoms including 
new tachyarrhythmias, with one case of SCD. As the incidence 
of AF increases with age, the risk of WPW also increases due to 
the risk of fast antegrade conduction via the accessory pathway.

In a recently published study from the USAF ECG library, 638 
aircrew with pre-excitation (0.3% of all aircrew) were identi-
fied over a 68 year period.47 Aircrew who developed high risk 
features (defined as symptoms, arrhythmia or ablation of a high-
risk pathway) were compared with those who remained asymp-
tomatic. Sixty-four of 638 individuals (10%) progressed to the 
combined endpoint of SCD, arrhythmia and/or ablation of a 
high-risk pathway with average follow-up of 10.5 years. There 
were two SCDs (0.3%). Annual risk of possible sudden incapac-
itation was 0.95% and of SCD 0.03%. Interestingly, those that 
progressed were significantly younger at presentation.

Ablation for pre-excitation/WPW syndrome is deemed cura-
tive in almost 100% of cases, and has a very low risk of compli-
cations, particularly for accessory pathways located further from 
the AV node. For these reasons, all aircrew with pre-excitation 
documented in a 12 lead ECG should be referred to an electro-
physiologist for invasive EP testing and consideration for cath-
eter ablation (table 6).44

Atrial fibrillation
AF is the most common type of cardiac arrhythmia seen in 
aircrew. A study of UK aircrew found asymptomatic AF in 0.3% 
of all aircrew during routine ECG screening,48 many of whom 
were returned to flying in a limited capacity.49

Idiopathic AF (without an underlying aetiology) may rarely 
occur as a single episode, is often paroxysmal (PAF) (≤7 days) 
but may be persistent (>7 days) or permanent (no attempts/
failed attempts to restore sinus rhythm).50 In most cases, AF 
encountered in the military aircrew population is paroxysmal, 
idiopathic and converts either spontaneously or by medical 
intervention within 24 hours. A single episode occasionally has a 
clearly identifiable cause, such as acute alcohol excess (so-called 
‘holiday heart syndrome’) or supplement use.

Aeromedical concerns include palpitations, dizziness, short-
ness of breath, presyncope, syncope, exercise intolerance, and 
haemodynamic instability. The loss of atrial contribution to 
cardiac output, loss of atrioventricular synchrony, and the rapid 
ventricular response during an episode may impair cardiac 
performance, especially during exertion, and can be acutely 
distracting or incapacitating. For these reasons aircrew diag-
nosed with AF are initially to be made unfit for aircrew duties. 

Investigations are required to confirm or exclude underlying 
causes (echocardiography, laboratory tests, chest X-ray, and a 
risk-factor dependent examination to exclude CAD).

The investigation and management of AF in aircrew requires a 
comprehensive and integrated approach as it may have a cardiac 
or non-cardiac aetiology. AF can be associated with valvular 
heart disease, CAD, cardiomyopathies, hypertension, hyper-
thyroidism, and respiratory diseases. Other potential causative 
or trigger factors include electrolyte disorders, sepsis, smoking, 
alcohol or caffeine excess, drug intake (including metabolic 
supplements), excessive physical activity, fatigue, and exhaus-
tion. In cases where there is a clear causative aetiology for AF, 
the underlying disease guides treatment.

AF should be managed in accordance with international guide-
lines.50 51 w1 Possible side effects of medication used to restore 
or maintain sinus rhythm or to control ventricular rate make 
AF a difficult condition to manage in aircrew. Flecainide and 
propafenone (Vaughan-Williams class IC) as well as amiodarone, 
dronedarone, and sotalol (Vaughan-Williams class III) are all 
incompatible with unrestricted flying due to their side effect 
profile. β-blockers are often used for rate control; however, 
given the negative chronotropic effects and blunted blood pres-
sure response to these agents they are not recommended for 
aircrew flying high performance aircraft.

Given the adverse side effect profile of these agents, AF cath-
eter ablation is increasingly recommended as a first line interven-
tion in aircrew, as with the general population.51 Isolation of the 
pulmonary vein ostia within the left atrium may be achieved by 
radiofrequency, cryotherapy or laser-based procedures. In PAF 
success rates >80% can be achieved, with cryo-balloon ablation 
non-inferior compared with radiofrequency ablation.52 53 Unlike 
PAF, the long-term success rate in patients with persistent AF 
is only 40–60% after a single ablation,54 and in many cases a 
second or third intervention is necessary.

When assessing aircrew that have undergone AF ablation, the 
observation period to determine the success of the procedure 
should last at least 6 months; this includes an initial ‘blanking 
period’ of 3 months, during which the ablation itself may cause 
arrhythmias regardless of the ablation success, and an additional 
observation time of at least 3 further months.

As with non-aircrew, anticoagulation should be determined by 
the CHA2DS2VASc score. Most aircrew have a CHA2DS2VASc 
score of 0 and do not need anticoagulation. If anticoagulation is 
needed, it can be done with vitamin K antagonists or direct oral 
anticoagulants (DOACS). For military aircrew, permanent anti-
coagulation is often, but not universally, disqualifying; however, 
civil regulations are usually less restrictive.

Return to aircrew duties requires a detailed cardiovascular 
assessment and consideration of the aircrew role (table 7). 
Return to unrestricted flying is usually only possible after a single 
episode of AF without underlying disease, but with an identified 

Table 6 Recommendations for supraventricular tachycardia 

Recommendations

Aircrew with sustained supraventricular tachycardia or 
symptomatic non-sustained supraventricular tachycardia are unfit 
for aircrew duties and require further investigation.

Not 
recommended

In asymptomatic pre-excitation risk stratification for the exclusion 
of fast antegrade conduction, multiple pathways, or retrograde 
conduction is required. These individuals should all be referred for 
invasive EP assessment and possible catheter ablation.

Recommended

Table 7 Recommendations for atrial fibrillation

Recommendations

Aircrew with atrial fibrillation (AF) are initially unfit for flying and 
require a thorough evaluation for underlying cardiological and 
non-cardiological diseases, including the need for anticoagulation.

Not 
recommended

For pilots, return to unrestricted flight duties is possible after a 
single episode of AF without underlying disease and a clearly 
identified trigger factor. All other aircrew may be considered 
for a return to restricted aircrew duties (no single seat, no high 
performance) depending on their symptoms and their rhythm 
stability.

Recommended
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trigger factor. In all other cases, restricted flying in low-perfor-
mance aircraft may be possible after a minimum observation 
period of 3–6 months depending on flying duties, with extensive 
investigation to confirm stable sinus rhythm or rate control at 
rest and during effort (long-duration Holter monitoring, exer-
cise ECG). In both paroxysmal AF and persistent AF, recurrences 
may occur years after ablation therapy, and as a result, most 
licensing authorities do not allow a return to single seat flying 
operations or high-performance flying. In severe situations that 
require surgical ablation, mostly performed as a concomitant 
procedure to coronary bypass or valve surgery,55 or a left atrial 
appendage exclusion with internal devices because of contraindi-
cation to anticoagulation, aircrew are likely to be unfit for flying.

Atrial flutter
Atrial flutter may coexist with AF or occur in isolation. In most 
cases atrial flutter is caused by similar underlying pathology to 
those causing AF with similar aeromedical concerns. An addi-
tional concern in atrial flutter is the potential for 1:1 AV conduc-
tion resulting in extreme tachycardia and acute incapacitation. 
Aircrew with atrial flutter require thorough cardiac and non-car-
diac evaluation (table 8).

Typical atrial flutter is a right atrial macro-re-entrant tachy-
cardia with the re-entrant circuit passing through the cavo-tri-
cuspid isthmus. Antiarrhythmic medication is usually only 
moderately effective and not appropriate for aircrew. Catheter 
ablation is usually the first line therapy, ablating a line to block 
the isthmus pathway, and has success rates >90% with up to 
2 years follow-up.56 Some studies suggest a moderate rate of 
subsequent AF, following flutter ablation,57 and recurrence can 
sometimes occur years after the ablation, with the highest inci-
dence in those with atypical flutter (non-isthmus-dependent) and 
associated structural heart disease.

Due to the arrhythmogenic +Gz environment, single seat and 
flying high performance aircraft are not generally recommended 
following flutter ablation. In selected cases, consideration of a 
diagnostic EP study to reconfirm bidirectional isthmus block 
would be recommended if considering a more lenient approach.

Ventricular ectopy/premature ventricular complexes (VE/PVCs)
VE/PVCs are a common finding in aircrew and have been 
reported on 12-lead ECG in about 0.8% of aircrew compared 
with 2.0–7.0% of civilian populations.58 Aeromedical concerns 
related to VE/PVCs include haemodynamic compromise, partic-
ularly during +Gz, and possible underlying heart disease.

An additional concern is the development of tachycardia-re-
lated cardiomyopathy following recent evidence that large 
numbers of PVCs (>10% burden) can cause cardiomyopathy and 
should be treated by antiarrhythmic drugs or catheter ablation.59

For aircrew with two or more PVCs or complex ectopy on a 
routine ECG, further assessment with a 24 hour Holter monitor, 
echocardiography and exercise ECG is recommended. Suppres-
sion of ectopy with exercise is reassuring. In aircrew assessment 

with exercise ECG, if the number of PVCs exceeds 10% in a 
30 s period during exercise, further investigation with echocar-
diogram and Holter is also recommended.

The ectopy burden on the 24 hour Holter determines the 
requirement for further specialist work-up. If the VE burden 
exceeds 1% further investigation should be considered; if >2%, 
or complex forms are prevalent, further investigation is recom-
mended to exclude cardiomyopathy. Recent evidence suggests 
that cardiac MRI may be particularly useful in this scenario.60 
If aircrew with frequent ectopy burden are under the age of 
40 years at presentation, a CT coronary angiogram should be 
considered; if over age 40, it is recommended.

Aircrew may often be able to continue to fly in a restricted 
(dual-pilot) role during evaluation. If the VE burden is <2%, 
with no complex forms and no evidence of sustained ventricular 
tachycardia (VT) or complex ectopy, no further testing is usually 
required, and the results are usually aeromedically acceptable. In 
aircrew with higher ectopy burden (>5%), yearly follow-up with 
exercise ECG, echocardiography and Holter is recommended 
for the early detection of tachycardia related cardiomyopathy. 
Most aircrew can continue to fly in an unrestricted capacity. In 
those with a VE burden >7.5% many licensing authorities would 
consider restricting aircrew to multicrew and low performance 
aircraft; however, there is no consensus on an upper limit of 
ectopy that requires disqualification, although if >10% and 
not suppressed by exercise, many licensing authorities would 
consider additional restrictions (table 9).

VE ablation has emerged as a state of the art treatment that 
many believe can effectively cure VE, or at least reduce VE 
burden significantly, as the origin of aberrant ventricular elec-
trical activity is usually well localised.61It should be considered in 
symptomatic patients, PVC-induced ventricular tachyarrhythmia 
or PVC-mediated cardiomyopathy.62While it may be possible to 
return aircrew to multi-crew, low performance flying, further 
long-term evidence is required before unrestricted aircrew priv-
ileges can be considered.

Accelerated idioventricular rhythm
In AV node dysfunction, idioventricular escape rhythms (IVR) 
may be seen, usually with a heart rate between 30 and 40 beats 
per min (bpm), and IVR is defined by the presence of three or 
more monomorphic ventricular beats. If the heart rate of an IVR 
exceeds the heart rate of sinus rhythm, this is known as an accel-
erated idioventricular rhythm (AIVR).

AIVR may be a benign arrhythmia, usually seen in the young,63 64 
but can manifest in several different clinical scenarios.65 AIVR 
occurs due to an increased vagal and decreased sympathetic 
tone66 and is commonly observed in athletes and athletic aircrew. 
However, AIVR may also be associated with underlying cardiac 

Table 9 Recommendations for ventricular ectopy

Recommendations

If the burden of ventricular ectopy (VE) exceeds 1%, further 
investigation should be considered; if >2% this is recommended 
and cardiac MRI should be considered to exclude cardiomyopathy. 
Under age 40, a coronary CT should be considered; over age 40, it 
is recommended. Restricted flying during evaluation is possible.

Recommended

In the case of a VE burden >5%, additional yearly follow-ups 
are recommended. Unrestricted flying is usually possible, if 
asymptomatic.

Recommended

A VE burden >7.5% usually requires restrictions to multicrew 
operations and low performance flying; above 10% consideration 
of further restrictions is recommended.

Recommended

Table 8 Recommendations for atrial flutter

Recommendations

Aircrew with atrial flutter are initially unfit for flying and require 
a thorough evaluation for underlying cardiological and non-
cardiological diseases, including the need for anticoagulation. 
Return to unrestricted aircrew duties without appropriate therapy 
may be possible but should be limited to those with one single 
episode, no underlying disease, and identifiable trigger factor.

Not 
recommended
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disease, including cardiomyopathy67 68 and ischaemic heart 
disease.69 It is also seen in pregnancy.70

If AIVR is detected in aircrew, underlying disease should there-
fore be ruled out. Investigation may include the usual gamut of 
echocardiography, exercise ECG and Holter monitoring, while 
cardiac MRI may be appropriate in some cases. If no underlying 
aetiology is found, therapeutic intervention and flying restric-
tions are not indicated.

Non-sustained and sustained ventricular tachycardia
VT is defined as three or more consecutive premature ventricular 
contractions at a heart rate of more than 100 bpm. Non-sus-
tained ventricular tachycardia (NSVT) is usually defined as VT 
with a duration <30 s. VT can be divided into idiopathic or 
secondary to conditions such as structural, coronary or heart 
muscle disease, or ion channelopathies. Determining if NSVT is 
idiopathic can be challenging; however, the presence of frequent 
VE during recovery directly after exercise appears to be even 
more predictive of an increased risk of death than frequent 
VE during exercise.71

From an aeromedical perspective, NSVT for nearly 30 s would 
potentially be catastrophic and as a result the threshold for 
defining (significant) VT in aviation cardiology is stricter than 
civilian guidelines. In a 30 year review of 193 aviators evaluated 
by the USAF for non-sustained VT, the maximum predicted 
event rate for idiopathic non-sustained VT was 0.3% per year.72 
The longest VT duration was 11 beats or less in 98% of the 
cohort and the number of VT runs per evaluation was four runs 
in 90% of the cohort, establishing these two limits as thresholds 
used by many air forces.

Aeromedical concerns include the presence of haemodynamic 
symptoms such as pre-syncope or syncope and chest pain, and 
the risk of acute incapacitation or SCD and distraction in the 
critical phases of flight. Aircrew with significant underlying 
structural or cardiac disease or symptoms are unfit for aircrew 
duties.

Idiopathic VT usually originates from one of the outflow 
tracts, more commonly the right ventricular outflow tract 
(RVOT) than the left (LVOT). RVOT tachycardias have a typical 
morphology with inferior axis and LBBB. The usual treatment 
options for symptomatic NSVT, such as β-blockers and calcium 
channel blockers, are incompatible with many flying roles, and 
the fact that RVOT tachycardia is amenable to ablation, with 
high success rates, means that ablation should be considered as a 
first-line therapy.73 74 Even in LVOT tachycardia, where ablation 
is usually considered only if antiarrhythmic drug therapy is not 
effective or not tolerated because of side effects, ablation should 
be considered first line for aircrew. After successful catheter abla-
tion and a period of observation, return to aircrew duties may 
be considered (table 10). After a certain arrhythmia-free period, 
return to unrestricted flying may be possible after a case-by-case 
decision.

Individuals with primary or secondary VF are permanently 
unfit for aircrew duties.

Inherited arrhythmogenic conditions (channelopathies)
Aircrew with inherited arrhythmogenic disorders, including long 
QT syndrome (LQTS) or Brugada syndrome (BrS), are usually 
unfit for flying (table 11).75 Channelopathies are usually caused 
by transmembrane ion channel or protein mutations involved in 
intracellular calcium handling.

Channelopathies are rare, but LQTS and BrS cases predom-
inate in the aviation medicine literature.75–77 Risk stratification 

should be performed in specialist centres using international 
guidelines78 and can be very challenging.79 Crucial factors 
include medical and family history and genetic testing. High 
risk patients usually need implantable cardioverter-defibrillator 
(ICD) implantation to prevent SCD and are permanently unfit 
for flying. While ICDs may prevent SCD they do not necessarily 
prevent the arrhythmia and any shock delivered would be poten-
tially distracting or incapacitating. However, after careful risk 
stratification, restricted flying might be possible in asymptom-
atic, lower risk individuals, on a case-by-case basis.

Brugada syndrome
BrS is diagnosed in the presence of typical ECG changes. There 
are three recognised BrS morphology types, with type 1 being 
associated with the highest risk of arrhythmia and SCD. Type 
1 BrS has classic changes in lead V1 and V2 (ST-segment eleva-
tion with type 1 morphology ≥2 mm in ≥1 lead among the 
right precordial leads (V1, V2 positioned in the second, third 
or fourth intercostal space78) that may occur spontaneously, or 
after provocative drug test with class I antiarrhythmic drugs such 
as ajmaline or flecainide. The highest risk patients may present 
with typical ECG changes and have survived cardiac arrest or 
syncope. Symptomatic patients are usually treated with an ICD 
and are unfit for flying.

In asymptomatic individuals spontaneous type 1 BrS ECG is 
associated with the highest likelihood of clinical sequelae. Other 
predictors for an increased risk are male gender, family history 
of SCD, and spontaneous AF. There is controversy about the 
value of an EP study for inducibility of ventricular arrhythmia. 
Brugada patients should avoid certain drugs ( brugadadrugs. 
org) and excessive alcohol consumption, and they should reduce 
fever immediately, for example, with paracetamol. New risk 
markers like a fragmented QRS complex and a ventricular effec-
tive refractory period <200 ms are under investigation.

For aeromedical assessment differentiation between Brugada 
syndrome and Brugada pattern is important. Patients with 
Brugada type 1 syndrome may develop ventricular arrhythmia 

Table 10 Recommendations for broad complex arrhythmias 

Recommendations

Aircrew with accelerated idioventricular rhythm should be 
evaluated for an underlying disease. If an underlying cause can be 
excluded, a return to unrestricted aircrew duties including flying 
is possible.

Recommended

Aircrew with ventricular tachycardia (VT) are initially unfit for 
flying and must be evaluated for underlying disease. Return to 
restricted aircrew duties may be possible, if there is no underlying 
disease, the VT is asymptomatic, the VT duration is no longer than 
11 beats, and if there are no more than four runs within any 24 
hour period.

Recommended

Aircrew who have undergone catheter ablation are initially unfit 
for flying for a certain observation period. Return to aircrew duties 
may be possible after a period of observation. This length of 
observation and risk-assessment post ablation will depend on the 
treated arrhythmia.

Recommended

Table 11 Recommendations for channelopathies

Recommendations

Individuals with inherited arrhythmogenic conditions (channelopathies) 
are usually unfit for aircrew duties. However, after careful risk 
stratification, aircrew duties might be possible in asymptomatic, lower 
risk individuals, on a case-by-case basis.

Consider
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at a rate of 7.7% per year; patients with asymptomatic Brugada 
type 1 pattern have a rate of 2.3% events per year.80 Pilots that 
have Brugada type 2 syndrome (saddleback ECG findings) and 
a history of VF or syncope have 1.39% calculated events per 
year.81 However, Brugada type 2 ECG pattern without symptoms 
have <0.5% events per year, with an equally low event rate for 
individuals with Brugada type 3 pattern. As ECG morphology 
can change, at least three serial ECGs should be done not less 
than 24 hours apart. All individuals with type 2 pattern should 
be challenged with sodium channel blockers. Genetic testing for 
mutations in the SCN5A gene are of limited use, because there 
are more than 80 known mutations of this gene, and not all these 
gene carriers are at significant risk for clinical disease.75

Meanwhile, the arrhythmogenic substrate of Brugada 
syndrome could be localised at the anterior RVOT epicar-
dium.82 83 Catheter ablation of this epicardial substrate is now 
possible in many patients with symptomatic Brugada syndrome, 
preventing spontaneous VT/VF episodes and leading to normal-
isation of the Brugada pattern. It is hoped that this new thera-
peutic option may ‘cure’ the subset of patients with symptomatic 
Brugada syndrome and without overlapping syndrome—that is, 
combined Brugada syndrome and early repolarization syndromes, 
without the need for ICD implantation. To test this hypothesis 
the prospective, multicentre, randomised, non-blinded BRAVE 
study (Ablation in Brugada Syndrome for the Prevention of VF 
Episodes) was recently established.

In summary, individuals with symptoms are usually treated by 
ICD implantation or increasingly catheter ablation and should 
be grounded. Aircrew with Brugada type 2 or 3 ECG pattern 
without symptoms, with a negative family history and a negative 
drug challenge, may be assessed fit for flying with limitations76 
and regular follow-up is mandatory. All individuals with spon-
taneous type 1 ECG, type 1 ECG after challenge with sodium 
channel blockers, a history of ventricular arrhythmias, syncope, 
or survived cardiac arrest, and a positive family history should be 
assessed as unfit for flying.

Long QT syndrome
LQTS can be diagnosed in the absence of a secondary cause for 
QT prolongation, in particular drugs and ionic disorders, and/or 
in the presence of an unequivocally pathogenic mutation in one 
of the LQTS genes. Additionally, the presence of a QT interval 
corrected for heart rate (using Bazett’s formula or Hodges’ 
formula) of QTc ≥500 ms in repeated 12-lead ECGs, and in 
the absence of a secondary cause for QT prolongation, is diag-
nostic for LQTS. Finally, LQTS can be diagnosed using a clinical 
risk score that incorporates specific ECG findings, clinical find-
ings, and family history.78 84

LQTS risk in asymptomatic patients depends on the types 
of genetic mutations and degree of mutation dysfunction. If 
measuring just the QT interval, patients with a QTc >500 ms 
can be regarded as high risk, and those with a QTc >600 ms as 
very high risk. The presence of overt T-wave alternans, especially 
despite avoidance of drugs with QT prolongation and β-blocker 
treatment, is a direct sign of electrical instability and calls for 
preventive measures.78

Among genotyped patients, LQT1 males, who are asymptom-
atic at a young age, are at low risk of becoming symptomatic 
later in life, while females, especially LQT2 females, remain at 
risk even after age 40.

In aircrew, further investigation should be recommended above 
a QTc cut-off of 470 ms. Symptomatic individuals are unfit for 
flying. For asymptomatic aircrew, a case-by-case decision should 

consider all criteria for the aeromedical assessment, including 
the age of diagnosis, the type of LQTS (mutation identified, 
expected circumstances and triggers of arrhythmias, possible 
medical treatment), the duration and stability of QTc (Holter 
monitoring), and the type of aircraft and aircrew.

CONCLUSION/SUMMARY
Electrical abnormalities are a common finding in aircrew. In 
a young fit population, many abnormal ECG findings may be 
considered benign and associated with high vagal tone. However, 
in those cases where a significant underlying aetiology is plau-
sible, extensive investigation is often required and, where appro-
priate, should include review by an electrophysiologist. The 
decision regarding restriction of flying activity will be dependent 
on several factors including the underlying arrhythmia, associ-
ated pathology, risk of incapacitation and/or distraction, the type 
of aircraft operated, and the specific flight or mission criticality 
of the role performed by the individual aircrew (online supple-
mentary table 12).

Contributors All authors were part of the NATO aviation cardiology WG and all 
contributed to the design and writing of this article.

Funding  Produced with support from NATO CSO and HFM-251 Partner Nations.

Competing interests None declared.

Patient consent Not required.

Provenance and peer review Commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

REFERENCES
 1 Mantziari L, Styliadis C, Kourtidou-Papadeli C, et al. Arrhythmias, sudden cardiac 

death and incapacitation of pilots. Hippokratia 2008;12(Suppl 1):53–8.
 2 Epstein A, Miles W, Benditt DG, et al. Personal and public safety issues related to 

arrhythmias that may affect consciousness: implications for regulation and physician 
recommendations. Circulation 1996;94:1147–66.

 3 Coumel P, Leenhardt A. Mental activity, adrenergic modulation, and cardiac 
arrhythmias in patients with heart disease. Circulation 1991;83:158–70.

 4 Coumel P. Cardiac arrhythmias and the autonomic nervous system. J Cardiovasc 
Electrophysiol 1993;4:338–55.

 5 Fischer U. Der kreislauf unter beschleunigung. Röntgenaufnahmen beim affen. 
Luftfahrtmedizin. Julius Springer Verlag 1937;2:1.

 6 Hanada R, Hisada T, Tsujimoto T, et al. Arrhythmias observed during high-G training: 
proposed training safety criterion. Aviat Space Environ Med 2004;75:688–91.

 7 Pison L, Crijns HJ. How effective is ablation therapy for cardiac arrhythmias? Clin Pract 
2013;10:177–87.

 8 Liao JN, Chao TF, Tuan TC, et al. Long-term outcome in patients receiving permanent 
pacemaker implantation for atrioventricular block: comparison of VDD and DDD 
pacing. Medicine 2016;95:e4668.

 9 Brunner M, Olschewski M, Geibel A, et al. Long-term survival after pacemaker 
implantation. Prognostic importance of gender and baseline patient characteristics. 
Eur Heart J 2004;25:88–95.

 10 Crouse LJ, Harbrecht JJ, Vacek JL, et al. Exercise echocardiography as a screening test 
for coronary artery disease and correlation with coronary arteriography. Am J Cardiol 
1991;67:1213–8.

 11 Mowatt G, Cook JA, Hillis GS, et al. 64-Slice computed tomography angiography in 
the diagnosis and assessment of coronary artery disease: systematic review and meta-
analysis. Heart 2008;94:1386–93.

 12 Budoff MJ, Dowe D, Jollis JG, et al. Diagnostic performance of 64-multidetector 
row coronary computed tomographic angiography for evaluation of coronary artery 
stenosis in individuals without known coronary artery disease: results from the 
prospective multicenter ACCURACY (Assessment by Coronary Computed Tomographic 
Angiography of Individuals Undergoing Invasive Coronary Angiography) trial. J Am 
Coll Cardiol 2008;52:1724–32.

 13 Achenbach S, Barkhausen J, Beer M, et al. [Consensus recommendations of the 
German Radiology Society (DRG), the German Cardiac Society (DGK) and the German 
Society for Pediatric Cardiology (DGPK) on the use of cardiac imaging with computed 
tomography and magnetic resonance imaging]. Rofo 2012;184:345–68.

 on O
ctober 17, 2019 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2018-313057 on 13 N

ovem
ber 2018. D

ow
nloaded from

 

https://dx.doi.org/10.1136/heartjnl-2018-313057
https://dx.doi.org/10.1136/heartjnl-2018-313057
http://creativecommons.org/licenses/by-nc/4.0/
http://www.ncbi.nlm.nih.gov/pubmed/19050752
http://www.ncbi.nlm.nih.gov/pubmed/2009630
http://dx.doi.org/10.1111/j.1540-8167.1993.tb01235.x
http://dx.doi.org/10.1111/j.1540-8167.1993.tb01235.x
http://www.ncbi.nlm.nih.gov/pubmed/15328786
http://dx.doi.org/10.2217/cpr.13.6
http://dx.doi.org/10.1097/MD.0000000000004668
http://dx.doi.org/10.1016/j.ehj.2003.10.022
http://dx.doi.org/10.1016/0002-9149(91)90929-F
http://dx.doi.org/10.1136/hrt.2008.145292
http://dx.doi.org/10.1016/j.jacc.2008.07.031
http://dx.doi.org/10.1016/j.jacc.2008.07.031
http://dx.doi.org/10.1055/s-0031-1299400
http://heart.bmj.com/


s48 Guettler N, et al. Heart 2019;105:s38–s49. doi:10.1136/heartjnl-2018-313057

Standards

 14 Montalescot G, Sechtem U, Achenbach S, et al. 2013 ESC guidelines on the 
management of stable coronary artery disease. Eur Heart J 2013;34:2949–3003.

 15 Barón-Esquivias G, Errázquin F, Pedrote A, et al. Long-term outcome of patients with 
vasovagal syncope. Am Heart J 2004;147:883–9.

 16 Brignole M, Moya A, de Lange FJ, et al. 2018 ESC Guidelines for the diagnosis and 
management of syncope. Eur Heart J 2018;39:1883–948.

 17 Olshansky B. Pathogenesis and etiology of syncope: UpToDate, 2013.
 18 Drezner JA, Asif IM, Owens DS, et al. Accuracy of ECG interpretation in 

competitive athletes: the impact of using standised ECG criteria. Br J Sports Med 
2012;46:335–40.

 19 Drezner JA, Ackerman MJ, Anderson J, et al. Electrocardiographic interpretation in 
athletes: the ’Seattle criteria’. Br J Sports Med 2013;47:122–4.

 20 O´Nunain S, Mitchell S. Herz-Kreislauf-System – klinische und regulatorische Aspekte. 
In: Moderne flugmedizin, gentner verlag 2015, translated by J. Siedenburg.

 21 Bharucha DB, Marinchak RA. Electrocardiographic abnormalities and conduction 
disturbances in athletes: UpToDate, 2011.

 22 Saperia GM. Second degree atrioventricular block: Mobitz type I (Wenckebach block): 
UpToDate, 20111.

 23 Rayman RB, Hastings JD, Kruyer WB, et al. Cardiology. Chapter 7. In: Clinical Aviation 
Medicine. 4th edn. New York: Graduate Medical Publishing. LLC, 2006:228–30.

 24 Strader JR, Gray GW, Kruyer WB, et al. Clinical aerospace cardiovascular medicine. 
In: Davis JR, ed. Fundamentals of Aerospace Medicine. 320. 4th edn. Philadelphia: 
Lippincott Williams & Wilkins, 2008.

 25 Saperia GM. Second degree atrioventricular block: Mobitz type II: UpToDate, 2011.
 26 European Aviation Safety Agency. Acceptable means of compliance and guidance 

material to Part-MED. Cologne, Germany: European Aviation Safety Agency 
Headquarters, 2011.

 27 De Rotte AA, Van Der Kemp P. Electromagnetic interference in pacemakers in 
single-engine fixed-wing aircraft: a European perspective. Aviat Space Environ Med 
2002;73:179–83.

 28 Wieczorek M. In: Draeger J, Kriebel J, Herzrhythmus- und Leitungsstörungen. 
Praktische Flugmedizin: Ecomed Landsberg/Lech, 2002.

 29 Imanishi R, Seto S, Ichimaru S, et al. Prognostic significance of incident complete left 
bundle branch block observed over a 40-year period. Am J Cardiol 2006;98:644–8.

 30 Rotman M, Triebwasser JH. A clinical and follow-up study of right and left bundle 
branch block. Circulation 1975;51:477–84.

 31 Eriksson P, Wilhelmsen L, Rosengren A. Bundle-branch block in middle-aged men: risk 
of complications and death over 28 years. The Primary Prevention Study in Göteborg, 
Sweden. Eur Heart J 2005;26:2300–6.

 32 Palm-Leis A, Fitzsimmons PJ, Kruyer WB. Natural history of new left bundle branch 
block in 134 apparently healthy males: mean follow-up of 16 years. J Am Coll Cardiol 
2003;41:104.

 33 Schneider JF, Thomas HE, Kreger BE, et al. Newly acquired left bundle-branch block: 
the Framingham study. Ann Intern Med 1979;90:303–10.

 34 Goldberger AL, Goldberger ZD. Electrocardiography. Ch. 13 in Bonow: Braunwald ́s 
Heart Disease – a textbook of cardiovascular medicine. 9th edn: Saunders, 2012.

 35 Sivil Havacılık Genel Müdürlüğü: Anasayfa. JAR-FCL 3, manual-cardiology, 
amendment 1, 2000.

 36 Folarin VA, Fitzsimmons PJ, Kruyer WB. Holter monitor findings in asymptomatic 
male military aviators without structural heart disease. Aviat Space Environ Med 
2001;72:836–8.

 37 Chong BH, Pong V, Lam KF, et al. Frequent premature atrial complexes predict 
new occurrence of atrial fibrillation and adverse cardiovascular events. Europace 
2012;14:942–7.

 38 Page RL, Wilkinson WE, Clair WK, et al. Asymptomatic arrhythmias in patients 
with symptomatic paroxysmal atrial fibrillation and paroxysmal supraventricular 
tachycardia. Circulation 1994;89:224–7.

 39 Kruyer WB, Gray GW, Leding CJ. Clinical aerospace cardiovascular medicine. In: 
DeHart RL, Davis JR, eds. Fundamentals of aerospace medicine. 3rd edn. Philadelphia: 
Lippincott Williams & Wilkins, 2002:356–7.

 40 Richardson LA, Celio PV. The aeromedical implications of supraventricular tachycardia. 
In: The clinical basis for aeromedical decision making. AGARD conference proceedings 
553. Hull (Quebec), Canada: Canada Communication Group, 1994:25–5.

 41 Rayman RB, Davenport ED, Dominguez-Mompell R, et al. Clinical aviation medicine. 
5th edn. New York: Castle Conolly Graduate Medical Publishing LTD, 2013:71–3.

 42 Spector P, Reynolds MR, Calkins H, et al. Meta-analysis of ablation of atrial flutter and 
supraventricular tachycardia. Am J Cardiol 2009;104:671–7.

 43 Santinelli V, Radinovic A, Manguso F, et al. The natural history of asymptomatic 
ventricular pre-excitation: a long-term prospective follow-up study of 184 
asymptomatic children. J Am Coll Cardiol 2009;53:275–80.

 44 Al-Khatib SM, Arshad A, Balk EM, et al. Risk stratification for arrhythmic events in 
patients with asymptomatic pre-excitation: a systematic review for the 2015 ACC/
AHA/HRS guideline for the management of adult patients with supraventricular 
tachycardia: a report of the American College of Cardiology/American Heart 
Association Task Force on Clinical Practice Guidelines and the Heart Rhythm Society. 
Heart Rhythm 2016;13:e222–37.

 45 Smith RF. The Wolff-Parkinson-White syndrome as an aviation risk. Circulation 
1964;29:672–9.

 46 Fitzsimmons PJ, McWhirter PD, Peterson DW, et al. The natural history of Wolff-
Parkinson-White syndrome in 228 military aviators: a long-term follow-up of 22 years. 
Am Heart J 2001;142:530–6.

 47 Davenport ED, Rupp KA, Palileo E, et al. Asymptomatic Wolff-Parkinson-White pattern 
ECG in USAF aviators. Aerosp Med Hum Perform 2017;88:56–60.

 48 Boos CJ, Jamil Y, Park M, et al. Electrocardiographic abnormalities in medically 
screened military aircrew. Aviat Space Environ Med 2012;83:1055–9.

 49 Hunter AH, Timperley AC, Reid AN, et al. A 5-year review of atrial fibrillation in military 
aircrew. Aviat Space Environ Med 2013;84:1249–54.

 50 January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/HRS Guideline for the 
management of patients with atrial fibrillation: a report of the American College of 
Cardiology/American Heart Association task force on practice guidelines and the 
Heart Rhythm Society. J Am CollCardiol 2014;64:e1–76.

 51 Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC Guidelines for the management 
of atrial fibrillation developed in collaboration with EACTS. Eur Heart J 
2016;37:2893–962.

 52 Ouyang F, Tilz R, Chun J, et al. Long-term results of catheter ablation in  
paroxysmal atrial fibrillation: lessons from a 5-year follow-up. Circulation 
2010;122:2368–77.

 53 Kuck KH, Fürnkranz A, Chun KR, et al. Cryoballoon or radiofrequency ablation for 
symptomatic paroxysmal atrial fibrillation: reintervention, rehospitalization, and 
quality-of-life outcomes in the FIRE AND ICE trial. Eur Heart J 2016;37:2858–65.

 54 Cappato R, Calkins H, Chen SA, et al. Updated worldwide survey on the methods, 
efficacy, and safety of catheter ablation for human atrial fibrillation. Circ Arrhythm 
Electrophysiol 2010;3:32–8.

 55 Calkins H, Kuck KH, Cappato R, et al. 2012 HRS/EHRA/ECAS Expert 
Consensus Statement on Catheter and Surgical Ablation of atrial fibrillation: 
recommendations for patient selection, procedural techniques, patient 
management and follow-up, definitions, endpoints, and research trial design. 
Europace 2012;14:528–606.

 56 Feld G, Wharton M, Plumb V, et al. Radiofrequency catheter ablation of type 1 
atrial flutter using large-tip 8- or 10-mm electrode catheters and a high-output 
radiofrequency energy generator: results of a multicenter safety and efficacy study. J 
Am Coll Cardiol 2004;43:1466–72.

 57 Natale A, Newby KH, Pisanó E, et al. Prospective randomized comparison of 
antiarrhythmic therapy versus first-line radiofrequency ablation in patients with atrial 
flutter. J Am Coll Cardiol 2000;35:1898–904.

 58 US Air Force. Air force waiver guide, 2015.
 59 Baman TS, Lange DC, Ilg KJ, et al. Relationship between burden of premature 

ventricular complexes and left ventricular function. Heart Rhythm 2010;7:865–9.
 60 Parsons et al. 2017, under review with IJCI
 61 Latchamsetty R, Yokokawa M, Morady F, et al. Multicenter outcomes for catheter 

ablation of idiopathic tremature ventricular complexes. J Am Coll Cardiol EP 
2015;1:116–23.

 62 Noheria A, Deshmukh A, Asirvatham SJ. Ablating premature ventricular complexes: 
justification, techniques, and outcomes. Methodist Debakey Cardiovasc J 
2015;11:109–20.

 63 Bernard Y, Dambrine P, Ravault MC, et al. [Accelerated idioventricular rhythm in 
children. Apropos of a case]. Arch Mal Coeur Vaiss 1981;74:623–7.

 64 MacLellan-Tobert SG, Porter CJ. Accelerated idioventricular rhythm: a benign 
arrhythmia in childhood. Pediatrics 1995;96:122–5.

 65 Riera AR, Barros RB, de Sousa FD, et al. Accelerated idioventricular rhythm: history  
and chronology of the main discoveries. Indian Pacing Electrophysiol J  
2010;10:40–8.

 66 Bonnemeier H, Ortak J, Wiegand UK, et al. Accelerated idioventricular rhythm in the 
post-thrombolytic era: incidence, prognostic implications, and modulating mechanisms 
after direct percutaneous coronary intervention. Ann Noninvasive Electrocardiol 
2005;10:179–87.

 67 Grimm W, Hoffmann J, Menz V, et al. Significance of accelerated idioventricular rhythm 
in idiopathic dilated cardiomyopathy. Am J Cardiol 2000;85:899–904.

 68 Martini B, Nava A, Thiene G, et al. Accelerated idioventricular rhythm of infundibular 
origin in patients with a concealed form of arrhythmogenic right ventricular dysplasia. 
Heart 1988;59:564–71.

 69 Goldberg S, Greenspon AJ, Urban PL, et al. Reperfusion arrhythmia: a marker of 
restoration of antegrade flow during intracoronary thrombolysis for acute myocardial 
infarction. Am Heart J 1983;105:26–32.

 70 Dulac Y, Brosset P, Acar P, et al. [Slow ventricular tachycardia presenting in the 
antenatal period]. Arch Mal Coeur Vaiss 2004;97:564–6.

 71 Frolkis JP, Pothier CE, Blackstone EH, et al. Frequent ventricular ectopy after exercise 
as a predictor of death. N Engl J Med 2003;348:781–90.

 72 Gardner RA, Kruyer WB, Pickard JS, et al. Nonsustained ventricular tachycardia in 193 
U.S. military aviators: long-term follow-up. Aviat Space Environ Med  
2000;71:783–90.

 73 Calvo N, Jongbloed M, Zeppenfeld K. Radiofrequency catheter ablation of 
idiopathic right ventricular outflow tract arrhythmias. Indian Pacing Electrophysiol J 
2013;13:14–33.

 74 Pedersen CT, Kay GN, Kalman J, et al. EHRA/HRS/APHRS expert consensus on 
ventricular arrhythmias. Heart Rhythm 2014;11:e166–e196.

 on O
ctober 17, 2019 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2018-313057 on 13 N

ovem
ber 2018. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.ahj.2003.11.022
http://dx.doi.org/10.1093/eurheartj/ehy037
http://dx.doi.org/10.1136/bjsports-2012-090612
http://dx.doi.org/10.1136/bjsports-2012-092067
http://www.ncbi.nlm.nih.gov/pubmed/11908881
http://dx.doi.org/10.1016/j.amjcard.2006.03.044
http://dx.doi.org/10.1161/01.CIR.51.3.477
http://dx.doi.org/10.1093/eurheartj/ehi580
http://dx.doi.org/10.1016/S0735-1097(03)80666-6
http://dx.doi.org/10.7326/0003-4819-90-3-303
http://www.ncbi.nlm.nih.gov/pubmed/11565820
http://dx.doi.org/10.1093/europace/eur389
http://dx.doi.org/10.1161/01.CIR.89.1.224
http://dx.doi.org/10.1016/j.amjcard.2009.04.040
http://dx.doi.org/10.1016/j.jacc.2008.09.037
http://dx.doi.org/10.1016/j.hrthm.2015.09.017
http://dx.doi.org/10.1161/01.CIR.29.5.672
http://dx.doi.org/10.1067/mhj.2001.117779
http://dx.doi.org/10.3357/AMHP.4569.2017
http://dx.doi.org/10.3357/ASEM.3276.2012
http://dx.doi.org/10.3357/ASEM.3690.2013
http://dx.doi.org/10.1093/eurheartj/ehw210
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.946806
http://dx.doi.org/10.1093/eurheartj/ehw285
http://dx.doi.org/10.1161/CIRCEP.109.859116
http://dx.doi.org/10.1161/CIRCEP.109.859116
http://dx.doi.org/10.1093/europace/eus027
http://dx.doi.org/10.1016/j.jacc.2003.11.036
http://dx.doi.org/10.1016/j.jacc.2003.11.036
http://dx.doi.org/10.1016/S0735-1097(00)00635-5
http://dx.doi.org/10.1016/j.hrthm.2010.03.036
http://dx.doi.org/10.14797/mdcj-11-2-109
http://www.ncbi.nlm.nih.gov/pubmed/6170268
http://www.ncbi.nlm.nih.gov/pubmed/7596699
http://www.ncbi.nlm.nih.gov/pubmed/20084194
http://dx.doi.org/10.1111/j.1542-474X.2005.05624.x
http://dx.doi.org/10.1016/S0002-9149(99)00892-9
http://dx.doi.org/10.1136/hrt.59.5.564
http://dx.doi.org/10.1016/0002-8703(83)90274-0
http://www.ncbi.nlm.nih.gov/pubmed/15214567
http://dx.doi.org/10.1056/NEJMoa022353
http://www.ncbi.nlm.nih.gov/pubmed/10954354
http://dx.doi.org/10.1016/S0972-6292(16)30585-X
http://dx.doi.org/10.1016/j.hrthm.2014.07.024
http://heart.bmj.com/


s49Guettler N, et al. Heart 2019;105:s38–s49. doi:10.1136/heartjnl-2018-313057

Standards

 75 Walker DD, Johnson ML, Craig-Gray RW, et al. Brugada syndrome in an active duty Air 
Force senior pilot. Mil Med 2008;173:809–13.

 76 Dobler D, Huber SW, Maire R. Brugada syndrome and fitness to fly: risk stratification 
in two pilot applicants. Aviat Space Environ Med 2010;81:789–92.

 77 Hisada T, Miyagawa T, Yakushiji T, et al. Ventricular fibrillation diagnosed during 
electrophysiological study for non-sustained tachycardia. Aviat Space Environ Med 
2010;81:593–6.

 78 Priori SG, Wilde AA, Horie M, et al. Executive summary: HRS/EHRA/APHRS expert 
consensus statement on the diagnosis and management of patients with inherited 
primary arrhythmia syndromes. Europace 2013;15:1389–406.

 79 Steinfurt J, Biermann J, Bode C, et al. The diagnosis, risk stratification, and treatment 
of brugada syndrome. Dtsch Arztebl Int 2015;112:394–401.

 80 Probst V, Veltmann C, Eckardt L, et al. Long-term prognosis of patients diagnosed with 
Brugada syndrome: results from the FINGER Brugada Syndrome Registry. Circulation 
2010;121:635–43.

 81 Brugada J, Brugada R, Brugada P. Determinants of sudden cardiac death in individuals 
with the electrocardiographic pattern of Brugada syndrome and no previous cardiac 
arrest. Circulation 2003;108:3092–6.

 82 Brugada J, Pappone C, Berruezo A, et al. Brugada syndrome phenotype elimination by 
epicardial substrate ablation. Circ Arrhythm Electrophysiol 2015;8:CIRCEP.115.003220–81.

 83 Nademanee K, Hocini M, Haïssaguerre M. Epicardial substrate ablation for Brugada 
syndrome. Heart Rhythm 2017;14:457–61.

 84 Schwartz PJ, Moss AJ, Vincent GM, et al. Diagnostic criteria for the long QT syndrome. 
An update. Circulation 1993;88:782–4.

 on O
ctober 17, 2019 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2018-313057 on 13 N

ovem
ber 2018. D

ow
nloaded from

 

http://dx.doi.org/10.7205/MILMED.173.8.809
http://dx.doi.org/10.3357/ASEM.2493.2010
http://dx.doi.org/10.3357/ASEM.2723.2010
http://dx.doi.org/10.1093/europace/eut272
http://dx.doi.org/10.3238/arztebl.2015.0394
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.887026
http://dx.doi.org/10.1161/01.CIR.0000104568.13957.4F
http://dx.doi.org/10.1161/CIRCEP.115.003220
http://dx.doi.org/10.1016/j.hrthm.2016.12.001
http://dx.doi.org/10.1161/01.CIR.88.2.782
http://heart.bmj.com/

