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This article was prepared by An Duong, M.D., M.PH.

You are the flight surgeon on call for the day at a joint undergraduate
pilot training base and also a squadron medical element for one of the
flying squadrons. During your quiet lunch time the airman at the front
desk rushes in to inform you he has one of your pilot students with com-
plaint of chest pain and shortness of breath. Upon initial examination,
you find a pale and sweating 24-yr-old athletic-built man, alert and ori-
ented, slightly out of breath but calm. He and his wife were practicing
some P90X routines at the base gym minutes ago when he developed
some palpitations and then chest tightness. Past medical history is sig-
nificant only for flying waiver granted for premature ventricular contrac-
tions (PVCs) and rare atrial ectopy. An echocardiogram 2 yr ago showed
normal ejection fraction (EF) and cardiac chamber sizes. He normally
has asymptomatic bradycardia. The patient has taken no medications or
supplements. He has no medication allergies or environmental allergies.
The ensuing examination reveals heart rate of 235, blood pressure
149/100, temperature 97.8°F Electrocardiogram (EKG) shows supra
ventricular tachycardia. Thankfully, your staff had the foresight to call
Emergency Medical Services when the patient first presented with com-
plaint of chest pain, as your clinic is small and a good 45-min drive from
a cardiac center. During his transfer to the nearest and trusted civilian
cardiac center in town, the patient develops ventricular tachycardia (VT)
and a lidocaine infusion is started during the ambulance transport. That
same evening, when you call the cardiac center to follow up, you dis-
cover that upon arrival your patient degenerated into ventricular fibrilla-
tion and required immediate defibrillation. He is for the moment stable
in the cardiac intensive care unit.

1. The evening of the incident, your squadron commander is
concerned and wants information. What is your best next
step?

A. Ask the civilian cardiac center to fax updated information.
B. Call the patient's wife to express concern and to find out more
about what happened.

C. Go to the hospital and visit the patient and meet his treating
physicians.

D. Assure your squadron commander that all will be fine as the
patient is stable.

ANSWER/DISCUSSION

1. C. The best way to find information from a civilian hospital, in a case
like this, is to go there and talk to the patient’s treating physicians. The
patient and his family would be highly appreciative of a visit from the
squadron physician. In addition, you can introduce yourself as the pri-
mary care manager to the hospitalists/specialists, who would likely
prefer to communicate with the primary care manager to ensure the
patient will have seamless care and follow-up.

After three consecutive visits at the civilian hospital, you finally
piece together the results of diagnostic tests: a cardiac lab work-up
including creatine phosphokinase and troponin is normal, a coronary
angiogram is normal, a transthoracic echocardiogram shows a dyski-
netic right ventricle with overall EF of 35%, with enlarged (34-mm)
parasternal long-axis (PLAX) view right ventricular (RV) outflow tract
corrected for body size. Mid-RV diameter is in normal range. Cardio-
vascular magnetic resonance (CMR) imaging reveals dyssynchronous
RV contraction, increased RV end-diastolic volume, and depressed RV
EF of 34%. During electrophysiological (EP) testing when VT is
induced, patient’s EKG shows multiple QRS morphologies.

2. What is your diagnosis?

A. Right ventricular outflow tract (RVOT) tachycardia.

Dilated cardiomyopathy (DCM) with predominant RV dysfunction.
Myocarditis.

Arrhythmogenic right ventricular cardiomyopathy (ARVC) or
arrythmogenic right ventricular dysplasia.
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ANSWER/DISCUSSION

2. D. RVOT tachycardia is an idiopathic type of VT with repetitive
monomorphic VT.” RVOT tachycardia typically has a much more
benign prognosis than ARVC and can often be treated with radiofre-
quency ablation.’ In EP, programmed premature stimulation induced
VT happens in a majority of ARVC patients versus a minority of
patients with RVOT tachycardia.'* The induction of V'Ts, with differ-
ent QRS morphologies, is characteristic of ARVC.!* The patient did
not have marked and progressive left ventricular (LV) dilatation, both
features rare in ARVC.Y” Myocarditis usually has cardiac biomarker
elevations and ultrasound would likely also show LV dilation.? The
patient did not have a marked (> 33-mm) RV dilatation, which is com-
mon in dilated cardiomyopathy with predominant RV dysfunction.*”
It is also rare to have sudden cardiac arrest/death (SCD) as the initial
symptom of dilated cardiomyopathy."

The diagnosis of ARVC can be difficult. The clinician must be
aware of such a differential diagnosis and willing to order multiple
diagnostic tests, procedures, or referrals to support the diagnosis. The
diagnosis of ARVC should be considered for a young survivor of SCD,
particularly SCD occurring during exercise. The patient’s tests have
satisfied two major criteria for definitive diagnosis of ARVC using the
2010 Task Force criteria: two-dimensional (2D) echo showing regional
RV dyskinesia with PLAX RVOT enlargement and CMR showing
dyssynchronous RV contraction and RV EF = 40%.!%15

For ARVC, definite diagnosis requires two major, or one major and
two minor, or four minor criteria from different categories (global or
regional dysfunction and structural alterations, tissue characterization
of wall, repolarization abnormalities, arrhythmias, family history).!?

Under the global or regional dysfunction and structural alterations
category that is applicable in this case, the criteria are largely based on
either 2D echo or CMR.X For major criteria, 2D echo should show
regional RV akinesia, dyskinesia, or aneurysm and one of the following
(end diastole): 1) PLAX view RVOT = 32 mm (corrected for body size);
2) parasternal short-axis view RVOT = 36 mm (corrected for body size);
or 3) fractional area change = 33%. CMR should show regional RV aki-
nesia or dyskinesia or dyssynchronous RV contraction and one of the
following: 1) ratio of RV end-diastolic volume to body surface area =
110 ml/m? (male) or = 100 ml/m? (female); or 2) RV EF = 40%. Addi-
tionally, a major criterion is fulfilled if RV angiography shows regional
RV akinesia, dyskinesia, or aneurysm.

For minor criteria, 2D echo should show regional RV akinesia or
dyskinesia and one of the following (end diastole): 1) PLAX RVOT = 29
to < 32 mm (corrected for body size); 2) parasternal short-axis RVOT =
32 to < 36 mm (corrected for body size); or 3) fractional area change >
33% to = 40%. CMR should show regional RV akinesia or dyskinesia or
dyssynchronous RV contraction and one of the following: 1) ratio of RV
end-diastolic volume to body surface area = 100 to < 110 ml/m? (male)
or = 90 to < 100 ml/m? (female); or 2) RV EF > 40% to < 45%.

The patients EKG (Fig. 1) 2 yr prior to his VT episode (Fig. 2)
shows suspicious inverted T waves in the precordial leads (Fig. 1).
After defibrillation, his EKG (Fig. 3) shows some notching between
QRS and T waves, suggestive of Epsilon waves.

The patient was stable during his hospital stay and was discharged
with a tentative diagnosis of ARVC pending a second opinion at a
renowned and highly recommended institution. He was fitted with an
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Fig. 1. EKG 2 yr prior to VT episode.

external defibrillator and went home with no medications. At the second
opinion, ARVC is confirmed by another CMR imaging, using the 2010
Task Force criteria. Genetic testing shows a desmosomal mutation, one
among many possible genetic links that are associated with ARVC.'®

3. What is the recommended treatment?

A. Restriction from physical activities other than activities of daily
living.

B. Automatic implantable cardioverter defibrillator (AICD)
implantation.

C. Adding a beta blocker if heart rate/blood pressure allow and
no significant side effects.

D. All the above.

ANSWER/DISCUSSION

3. D. ARVC can progress, and there is strong association between exer-
cise and the induction of ventricular arrhythmias.*'> Any activity that
causes symptoms of palpitations or presyncope is not advised.” Beta
blocking agents may give a favorable risk benefit ratio and can be used
empirically in patients with ARVC as tolerated.” An AICD is indicated
for primary prevention for high-risk patients (younger patients, history
of syncope, LV involvement, and those with penetrant ARVC genetic
mutations) and for secondary prevention of sudden cardiac death in
those who previously experienced sustained ventricular arrhythmia.*!®

The repeat CMR shows a reduced EF in both RV and LV. After a
second EP study, the patient receives ablation of two inducible PVC
foci on his RV and insertion of an AICD. He continues to work

Fig. 2. EKG when presenting with symptoms.
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administratively and his AICD does not activate until 6 mo later, one
time for light tennis playing and the other for mowing the lawn
(AICD intervention and shock for ventricular fibrillation for both
these events). Follow-up AICD interrogation reveals infrequent
PVCs (4% of the time) with rare PVC couplets and triplets. Once the
patient limits all sort of exertional activities, he has no further AICD
firing. He goes to an AICD support group and checks in with his
cardiologist regularly. He remains hopeful for a long and productive
life and wishes to remain on active duty.

4. What is his aeromedical disposition?

A. Permanently disqualified from flying duty.

B. Waiver to return to flying status, Categorical Flying Class Il (quali-
fies rated officers for duty in certain restricted aircraft categories).

C. Retain for active duty, without flying duties.

D. Monitor for another 2 yr, then reevaluate.

ANSWER/DISCUSSION

4. A. Sustained VT or any duration of nonsustained VT with associ-
ated hemodynamic symptoms is disqualifying for all United States
Air Force (USAF) flying classes and for air traffic control/ground-
based control/missile operation duties without waiver recommenda-
tion.' In the U.S. Navy Aeromedical Reference and Waiver Guide,
sustained or unsustained VT is disqualifying and a waiver is not rec-
ommended."® For the Army, a flying waiver will not be recommended
for those with nonsustained VT greater than 11 beats, sustained VT
greater than 30 s in length, greater than 4 VT\episodes per evalua-
tion, or VT with associated structural heart disease.'®

According to the USAF Waiver Guide,'® there are two primary
military aeromedical concerns for individuals with cardiomyopathy.
The first is the risk of sudden incapacitation. The risk of sudden death,
arrhythmias, and/or thromboembolic events is generally correlated
with the overall degree of cardiac dysfunction. ARVC and hypertro-
phic cardiomyopathy are more likely to be associated with potentially
sudden incapacitating symptoms. Secondly, even mild degrees of myo-
cardial dysfunction may be incompatible with military aviation duties
due to an associated reduction in exercise tolerance, the need for com-
plex medical therapy, and the need for frequent access to specialized
medical care. Specifically, standard-of-care medical therapy for car-
diomyopathy usually involves multiple hemodynamic, vasoactive,
chronotropic, and diuretic medications that may alter physiological
responses to the military aeromedical environment such that aviators
cannot perform their usual duties without an undue increase in risk to
themselves, the crew, or the mission. Device therapies for cardiomy-
opathies are not waiverable due in part to the unacceptably high com-
plication rates associated with the devices themselves.!! According to
the Federal Aviation Administration, AICD is disqualifying.® The
USAF Medical Standards Directory states that pacemakers or implant-
able cardioverter defibrillators are disqualifying for service.’

" US. Air Force. Section H: heart and vascular USAF medical standards, H18. In: Medical
standards directory. Washington (DC): Department of the Air Force; 2014:25. [Accessed 15
Nov. 2014]. Available for those with access from https://kx2.afms.mil/kj/kx4/Flight-
Medicine/Documents/Forms/ShowFolders.aspx?RootFolder = %2fkj%2fkx4%2fFlightMe
dicine%2fDocuments%2fMedical%20Standards%20Directory%20%28 MSD%29&Folder
CTID=0x0120004DEB19A0C597EF4794DF99094B5ADSFC.

Fig. 3. EKG after defibrillation.

The patient underwent a Medical Board, which recommended an
early retirement from the Air Force. The Department of Veterans
Affairs initially advised him he would not qualify for veteran services/
benefits because of his “preexisting condition”” This thankfully resolved
after much coordination between his military physicians and the
Department of Veterans Affairs.

Duong A. You're the flight surgeon: arrythmogenic right ventricular
cardiomyopathy. Aerosp Med Hum Perform. 2015; 86(8):756-759.
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