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Abstract

Inflight medical emergencies occur at a rate of 20 to 100 per million passengers, with a death rate of 0.1 to 1 per
million. Cardiac, neurologic, and respiratory complaints comprise the more serious emergencies, as defined by aircraft
diversion or use of ground-based medical assistance. In this paper, we review changes seen in the resting electrocardio-
gram in normal individuals exposed to high altitude, alongside important implications for patients with heart diseases in
high altitude exposures and the possible effects of high altitude to permanent cardiac pacemakers. Arrhythmias in pilots
and public safety are revisited together with the guidelines of the Joint Aviation Requirements (JAR) in Europe. The
situation of Military flights is also discussed. Physicians ought to become knowledgeable about the specific medical job
standards for their patients when asked to render opinions regarding fitness to fly. A database must be established to ob-
tain prospective data that defines the risk of accidents in patients who are or were being treated for arrhythmias. Current
guidelines could then be updated and revised as appropriate. Hippokratia 2008; 12 (Suppl 1): 52-57
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According to data from US, about one billion people
travel on domestic and international airlines each year'.
Inflight medical emergencies occur at a rate of 20 to 100
per million passengers, with a death rate of 0.1 to 1 per
million®. The precise incidence of inflight medical emer-
gencies is unknown because there is no uniform or re-
quired reporting system, and flight crews do not routinely
report minor inflight medical incidents that do not require
ground medical support’. The most common medical
complaints to airplane crews include gastrointestinal,
traumatic, cardiac, neurologic and respiratory. Cardiac,
neurologic, and respiratory complaints comprise the
more serious emergencies, as defined by aircraft diver-
sion or use of ground-based medical assistance®*. Among
these, cardiac emergencies are most common. A medi-
cal professional is present for 40 to 70 percent of inflight
medical emergencies, and a doctor is present in 30 to 60
percent*®. These numbers may be higher; fear of liability
prevents some clinicians from intervening®.

Normal cardiovascular response to high altitude —
recommendations for patients

Commercial airplanes typically cruise between
22.000 and 44.000 feet (6.700-13.400 meters). Cabin
pressure altitude varies from 3000 to 8.000 feet (910-
2.439 meters)’. At an altitude equivalent to 8.000 feet,
the barometric pressure is decreased to 564 mmHg (com-
pared to 760 mmHg at sea level). PiO2 is 109 mmHg,
with associated partial pressures of oxygen in the alveoli
and arterial blood of normal individuals of 69 mmHg and
60 mmHg respectively (Table 1)*. Cardiovascular system

responds to high altitude within minutes after exposure
with transient epinephrine and more sustained norepi-
nephrine secretion mediated by stimulation of the carotid
body. Immediate changes include increase in ventilation,
heart rate, cardiac output and blood pressure (Table 2).
The initial hyperventilation leads to hypocapnia and re-
spiratory alkalosis, which in turn inhibits ventilation. As
a result, the ability to improve oxygenation by hyperven-
tilation becomes limited’.

Several changes were seen in the resting electrocar-
diogram (ECG) in normal individuals exposed to high al-
titude (17.500, 20.500 and 26.200 feet) which included:
increase in resting HR, prolongation of the QT interval,
ST-T wave flattening, rightward shift in the frontal QRS
axis, increase in P-wave amplitude in lead II'. The last
two changes are thought to reflect evidence of right ven-
tricular and right atrial “strain” arising from hypoxia-
induced pulmonary hypertention. At the most extreme
altitude, 3 of 12 patients developed a new RBBB and 3
others showed changes consistent with right ventricular
hypertrophy. All ECG abnormalities abate upon descent
to sea level and so they are not thought to be clinically
important.

High altitude exposure may have important implica-
tions for patients with heart diseases. The incidence of
arrhythmias induced by altitude exposure varies accord-
ing to the patient group under study. Young individuals
(aged 21-31 years),were observed during exercise at
stimulated altitudes equivalent to the summit of Mount
Everest, and no arrhythmias, conduction defects, nor
ST or T wave changes to suggest ischemia were seen'.
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Table 1: Physical effects of change in altitude

Altitude ft Barometric pressure Atmospheric P02 P102 PAO02 Pa02
mmHg mmHg mmHg mmHg mmHg

0 760 159 149 103 98
2000 707 148 138 94 90
4000 656 137 128 85 80
5000 632 132 122 81 66
6000 609 127 117 77 64
8000 564 118 108 69 60
10000 523 109 100 61 53

PI02: partial pressure of inspired oxygen; PA02: partial pressure of alveolar oxygen; Pa02: partial pressure of oxygen in arterial
blood 8000 feet represents the maximum allowable altitude in commercial aircraft.

Adapted from Gong H. Exposure to moderate altitude and cardiorespiratory diseases. Cardiologica 1995;40:477

Middle aged men however doubled the incidence of both
supraventricular and ventricular premature beats at an al-
titude of 1350 meters (4428 feet) as compared with 200
meters (656 feet)'”. At even higher altitude (2632 meters
— 8633 feet), the frequency of ectopy was increased six
to seven fold". In summary, it appears that altitude can
aggravate arrhythmias, particularly during acute expo-
sure and with exercise, in patients with the proper sub-
strate. Air travel alone is probably of low risk, except

Table 2: Cardiovascular changes after short term and long
term altitude exposure.
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in those with baseline ventricular and supraventricular
arrhythmias in whom added stress of mild hypoxemia
might lead to decompensation. Such patients should be
cautioned about air travel or be considered for supple-
mental oxygen.

Another issue concerning air travel safety is the possi-
ble effect of high altitude to permanent cardiac pacemak-
ers. There is evidence that pacemaker function is altered
at high altitude. Hypoxia has proven to cause a signifi-
cant increase in stimulation thresholds, while hypocap-
nia was associated with a reduction in pacing stimulation
thresholds. Nevertheless in a more contemporary report,
simulated hypobaric chamber ascent from 450 meters to
4000 meters (1476 to 13.120 feet) produced no change in
stimulation threshold in spite of a significant fall in PaO2.
It seems likely that the competing effects of hypoxia and
hypocapnia, each pushing the pacing threshold in a dif-
ferent direction, may balance each other and prevent any
net change during the physiologic stress of true altitude
exposure'. Based on the limited data, it appears that pac-
ing thresholds can be expected to remain unchanged at
the moderate altitudes of air travel.

Patients with cardiovascular disease and thus with lit-
tle or no cardiopulmonary reserve, probably cannot effec-
tively compensate for the reduced arterial PaO2 during a
commercial air flight and are at risk of profound arterial
desaturation and cardiopulmonary decompensation. Pa-
tients who can walk 50 yards (45,7 meters) at a normal
pace without becoming dyspneic or otherwise symptom-
atic are thought to be able to fly. Patients with PaO2 <
72 mmHg at sea level will probably need supplemental
inflight oxygen'. In general most patients with well-
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Table 3: General recommendations to cardiopulmonary pa-
tients travelling by air

1. Allow extra time at airports and use porter services to
avoid anxiety of and stress of hurried departures, trans-
fers, and long walks with baggage.

Table 4: Cardiac contraindications to air travel

* Uncomplicated MI within past 2-3 weeks

* PCI within past 2 weeks

» Complicated MI within past 6 weeks

2. Preboard if extra time or assistance is needed.

3. Carry on sufficient supply of medications for entire
trip. Bring a fresh supply of sublingual nitroglycerin if
applicable. Carry medications in carry-on baggage.

4. Bring a list of medications and prescriptions, kept sep-
arately from the medications themselves.

5. Take medications on schedule or adjust drug regimen
when travel requires crossing multiple time zones.

6. Carry a copy of most recent ECG, with and without
pacemaker activation, and a pacemaker or defibrillator
card, if applicable.

7. Request special meals (low-salt, low cholesterol).

8. Avoid placing baggage in the space under the seat in
front if that reduces the ability to move the legs. Flying
first class or better designed aircrafts seats are considera-
tions.

9. Exercise legs at regular intervals while seated to im-
prove venous flow, eg, strong alternating stretching and
flexing of the feet.

10. Change position frequently and do not sleep in
cramped position.

11. Walk in cabin aisle every hour.

12. Avoid hypnotic drugs, because veins can be damaged
by unrecognized compression. Sleep also promotes mus-
cular relaxation which can lead to stasis.

13. Drink adequate fluids before and during the flight.
Alcohol should be avoided on long trips due to diuretic
and vasodilating effects.

14. Consider elastic support stocking in patients with
mild deep vein thromboembolism (DVT) risk.

15. Consider low-dose aspirin, warfarin, or subcutaneous
heparin before boarding in patients with moderate DVT
risk.

16. Consider full oral anticoagulation or low molecular
weight heparin in patients with high DVT risk.

17. Consider purchasing medical evacuation insurance if
health insurance does not cover medical evacuation.

Adapted from Gong H. Exposure to moderate altitude and
cardiorespiratory diseases. Cardiologica 1995;40:477

* CABG within past 2 weeks

* Unstable angina

* Severe decompensated congestive heart failure

* Uncontrolled hypertension

* Uncontrolled arrhythmias

* Severe, symtomatic valvular heart disease

compensated cardiac disease can travel without difficulty
(Table 3). Patients with poorly controlled heart disease
should be advised against air travel (Table 4).

The 2004 ACC/AHA guidelines recommend that air
travel within the first two weeks after an MI (Myocardial
Infarction) should be undertaken only if the patient has
no angina, no dyspnea at rest and no fear of flying'®'’.
The patient should have a companion, carry nitroglycer-
ine, and request airport transportation to avoid rushing.
In contrast, the Aerospace Medical Association recom-
mends that no air travel be undertaken within two to three
weeks of an uncomplicated MI and within six weeks of a
complicated MI'S,

Arrhythmias in pilots and public safety

Patients with arrhythmias may experience chest pain,
shortness of breath, palpitations, dizziness, syncope, or
sudden cardiac death. Sudden Cardiac Death (SCD) is
determined as the natural death due to cardiac causes,
heralded by abrupt loss of consciousness within 1 hour
of the onset of symptoms, in an individual who may have
preexisting heart disease but in whom the time and mode
of death are unexpected®.

SCD claims more lives each year than stoke, lung
cancer, breast cancer and AIDS combined. The cause of
SCD is in 88% arrhythmic, and only 12% is attributed to
other cardiac condition®. Arrhythmias that lead to SCD
is ventricular fibrillation (62%), bradycardia (17%), Tor-
sades des Pointes (13%) and primary atrial fibrillation
(8%)?'. In 80% of SCD the underlying condition is coro-
nary heart disease, while cardiomyopathies account for
15% of SCD and 5% is related to other conditions such as
valvular disease, long QT syndrome, Brugada syndrome,
idiopathic ventricular fibrillation and Wolf-Parkinson-
White syndrome'’.

The Joint Aviation Authorities in Europe (JAA) and
the Federal Aviation Administration (FAA) in the United
States are the responsible institutions for medical certifi-
cation of pilots. Given the frequency with which medical
certification is required (every six months for first class,
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annually for second class and third class), the FAA Aero-
medical Certification Division processes 1900 new or
renewal applications daily. Less than 1% is denied for
failure to meet medical standards®.

According to findings from the Aeromedical Office of
the Airline Pilots Association, each year approximately
42 persons with rhythm disturbances contact the office.
Over one half of these persons have experienced synco-
pal episodes, with 5 to 10 in-cockpit syncopes per year.
In a review of 102 syncopes over 5 years, less than half
were attributed to ventricular arrhythmias. The majority
of individuals with ventricular arrhythmias were perma-
nently disqualified from flying, while most individuals
with syncope believed to be bradyarrhythmic returned to
flight after evaluation.

Cardiovascular causes are the most common cause
of loss of flying licence in Western Europe, and cardiac
arrhythmia is the main disqualifier in a substantial pro-
portion of these. Frequent ventricular premature beats,
nonsustained VT, and paroxysmal atrial fibrillation were
the most common problem arrhythmias?.

Joint Aviation Requirements (JAR) — Europe

The Joint Aviation Authorities in Europe (JAA) has
published the Joint Aviation Requirements for flight crew
medical licensing®, which are summarized below.

An applicant for or holder of a Class 1 medical cer-
tificate shall not possess any abnormality of the cardio-
vascular system, congenital or acquired, which is likely
to interfere with the safe exercise of the privileges of the
applicable licence(s).

A standard 12-lead resting electrocardiogram (ECG)
and report are required at the examination for first issue
of a medical certificate, then every 5 years until age 30,
every 2 years until age 40, annually until age 50.

Exercise electrocardiography is required only when
clinically indicated.

Estimation of serum lipids, including cholesterol, is
required to facilitate risk assessment at the examination
for first issue of a medical certificate, and at the first ex-
amination after the 40" birthday.

Further evaluation may include:24-hour ECG record-
ing, Electrophysiological study, Myocardial perfusion
scanning, or equivalent test, Cardiac MRI or equivalent
test, Coronary angiogram or equivalent test.

Any significant rhythm or conduction disturbance re-
quires evaluation by a cardiologist acceptable to the AMS
(Aeromedical Section) and appropriate follow-up in the
case of a fit assessment. Such evaluation shall include:

(1) Exercise ECG to the Bruce protocol or equivalent.
The test should be to maximum effort or symptom lim-
ited. Bruce stage 4 shall be achieved and no significant
abnormality of rhythm or conduction, nor evidence of
myocardial ischaemia shall be demonstrated.

(2) 24-hour ambulatory ECG which shall demonstrate
no significant thythym or conduction disturbance.

(3) 2D Doppler echocardiogram which shall show no
significant selective chamber enlargement, or significant

structural, or functional abnormality, and a left ventricu-
lar ejection fraction of at least 50%.

Atrial arrhythmias

(a) Applicants with significant disturbance of su-
praventricular thythm, including sinoatrial dysfunction,
whether intermittent or established, shall be assessed as
unfit.

(b) Applicants with asymptomatic sinus bradycardia
or sinus tachycardia may be assessed as fit in the absence
of underlying abnormality.

(c) Applicants with asymptomatic isolated uniform
supra-ventricular or ventricular ectopic complexes need
not be assessed as unfit. Frequent or complex forms re-
quire full cardiological evaluation.

Bundle Branch Block

(a) In the absence of any other abnormality, appli-
cants with incomplete bundle branch block or stable left
axis deviation may be assessed as fit.

(b) Applicants with complete right bundle branch
block (RBBB) require cardiological evaluation on first
presentation and subsequently if age < 40 may be as-
sessed as fit, otherwise if age >40 should demonstrate a
period of stability of 12 months

(c) Applicants with complete left bundle branch block
(LBBB) shall be assessed as unfit. A fit assessment may
be considered by the AMS:

« initial class I applicants should demonstrate a 3 year
period of stability.

* investigation of the coronary arteries is necessary in
applicants over age 40.

Atrioventricular conduction disturbances

(a) Applicants with first degree and Mobitz type 1 A-
V block may be assessed as fit in the absence of underly-
ing abnormality.

Applicants with Mobitz type 2 or complete A-V block
shall be assessed as unfit. A fit assessment may be consid-
ered by the AMS after thorough evaluation.

Tachycardias / pre-excitation syndromes

(a) Applicants with broad and/or narrow complex
tachycardias shall be assessed as unfit. A fit assessment
may be considered by the AMS after thorough evalua-
tion.

(b) Applicants with ventricular pre-excitation shall
be assessed as unfit. A fit assessment may be considered
by the AMS, if an electrophysiological study, including
adequate drug-induced autonomic stimulation reveals no
inducible re-entry tachycardia and the existence of mul-
tiple pathways is excluded.

Permanent Pacemakers

(a) Applicants with an endocardial pacemaker shall
be assessed as unfit.

Following permanent implantation of a subendocar-
dial pacemaker a fit assessment which shall be no sooner
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than three months after insertion shall require: no other
disqualifying condition, a bipolar lead system, that the
applicant is not pacemaker dependent, and regular fol-
low-up including a pacemaker check.

Ablation

(a) Applicants who have received ablation therapy
shall be assessed as unfit. A fit assessment may be con-
sidered by the AMS in case that an electrophysiological
study, undertaken at a minimum of 2 months after the
ablation, demonstrates satisfactory results.

Atrial fibrillation

Recertification of applicants with Atrial fibrillation
requires:

a) normal echocardiogram

b) satisfactory completion of at least three stages of
a Bruce protocol graded exercise test (with no other ar-
rhythmia or conduction disturbance),

c¢) completion of several ambulatory electrocardio-
graphic recordings (Holter type) in which, if atrial fibril-
lation is present, there are no RR intervals less than 300
ms or greater than 3 seconds.

In the case of a single episode of atrial fibrillation with
an apparent cause, restricted recertification is permitted
with arrangements for regular medical assessment. If
there are no further attacks, full certification is permitted
only after 2 years. Additional attacks would result in re-
stricted certification only if suppressed or asymptomatic.

Military flights

The US Army and Air Force have a joint policy that
strives to take into account the particularly uncertain and
stressful nature of operational circumstances, together
with potential environmental extremes, physical stress,
circadian disturbances and exposure to acceleration
forces. Aim of screening for cardiovascular disease and
arrhythmias in the military situation is detection before
symptoms are manifested®.

Acceleration forces (G forces) act on human body
during acceleration in three axes (X, y, z). Gz forces are
parallel to the vertical axis (head-feet) and cause signifi-
cant variation in blood pressure along the length of the
subject’s body. In aircraft in particular, g-forces are often
towards the feet, which forces blood away from the head,
with a consequent negative effect on vision and con-
sciousness. As g-forces increase brownout/greyout can
occur, where the vision loses hue. If g-force is increased
further tunnel vision will appear, and then at still higher
g, loss of vision, while consciousness is maintained, this
is termed “blacking out”. Beyond this point losing con-
sciousness will occur, also sometimes known as g-loc
(loss of consciousness).

Various arrhythmias were observed during high Gz
training. Hanada et al** developed a criterion for suspend-
ing G-training based on observed arrhythmias. Sinus ar-
rhythmia (48.7%), single premature atrial contraction
(32.3%), and single (58.5%) or paired (9.7%) premature

ventricular contraction were commonly occurring arrhyth-
mias during high-G training and were considered as vari-
ant physiological responses to high-G training (category
1). Ventricular tachycardia (2.6%), paroxysmal supraven-
tricular tachycardia (1.5%), and paroxysmal atrial fibril-
lation (0.5%) though are combined in a great proportion
with cardiac anomalies. As a result, the JASDF currently
categorizes these arrhythmias as indicators to suspend G-
training and initiate cardiac workup (category 3). Other
arrhythmias, such as non-sustained ventricular tachycar-
dia (VT) or Morbitz type I atrioventricular (AV) block,
were considered borderline anomalies; whether training
was allowed to continue depended on the decision of the
physicians monitoring the training (category 2).

Specific arrhythmias to military pilots
Bradyarrhythmias

Detection of sinus pauses is followed by Holter moni-
toring and exercise testing. Asymptomatic and infrequent
pauses of less than 4 seconds’ duration are not disqualify-
ing

Atrial arrhythmias

Premature atrial contractions require cardiac assess-
ment and persons with benign findings are permitted to
fly.

Supraventricular tachycardias (SVT)

More than 3 consecutive SVT beats result in restric-
tion from flying pending investigation. Hemodynamic
symptoms associated with SVT, recurrent sustained SVT,
or SVT with ventricular preexcitation are disqualifying

Preexcitation syndromes (e.g. WPW) who have un-
degone successful radiofrequency ablation may return to
flying duties.

Premature ventricular contractions (PVC’s)
Infrequent PVC’s are not disqualifying in the absence
of evident cardiac disease.

Ventricular tachycardia

VT defined as >3 consecutive ventricular complexes
at a rate of 100 bpm or greater is a cause for restriction
pending investigation, while recurrent VT, sustained VT,
VT in the presence of cardiac disease are disqualifying.

Conduction disturbances

First degree AV block and second degree Mobitz I are
not disqualifying.

Second degree Mobitz II and third degree AV block
are disqualifying.

Individuals with RBBB are able to entry into flight
training, and should undergo a noninvasive evaluation.
In case there are no abnormal findings the situation is not
disqualifying.

Individuals with LBBB should undergo both nonin-
vasive and invasive evaluation. In case there are no ab-
normal finding they may return to flying duties.
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Conclusions

In the context of arrhythmia management, physi-
cians carry the responsibility of providing data and best
estimates of risk for the occurrence of first or repeated
medical events that may lead to impaired consciousness.
Often, prospective data are not available, and clinical
observation and best judgments must be used to make
recommendations. State and federal regulators then have
the responsibility to translate these data and recommen-
dations into law or to propose guidelines. Physicians are
obligated to become knowledgeable about the specific
medical job standards for their patients when asked to
render opinions regarding fitness to fly. A database must
be established to obtain prospective data that defines
the risk of accidents in patients who are or were being
treated for arrhythmias. This will resolve the currently
unavoidable problem of underreporting. A database will
also permit analysis of subgroups of patients with par-
ticular arrhythmias, presentations, and therapies. Cur-
rent guidelines could then be updated and revised as
appropriate. In the future it may be possible to replace
standards that impose absolute prohibitions on licensure
with performance standards that permit individualized
treatment®.
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