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Danon disease is a rare, X-linked dominant, lysosomal
storage disorder, presenting with cardiomyopathy mostly
in adolescent men. Male patients face a high mortality
rate and rarely live to the age of 25 years unless they
receive a heart transplant. Because they generally un-
dergo heart transplantation at a young age, many patients
ultimately face both short- and long-term complications.
We present a 32-year-old man diagnosed with Danon dis-
ease; a nonsense mutation in the LAMP-2 gene. Progres-
sive heart failure symptoms resulted in initial heart trans-
plant at age 27 years. He subsequently developed severe
cardiac allograft vasculopathy that led to graft failure re-
quiring a redo orthotopic heart transplant. This is one of
only two reported Danon disease cases described to date
surviving repeat orthotopic heart transplants. We present
this case to highlight the importance of heart transplanta-
tion in the management of Danon disease, to emphasize
the risk of cardiac allograft vasculopathy post-transplant,
and to discuss management strategies.
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1. Introduction
Danon disease is a rare, X-linked dominant, lysosomal storage 

disorder caused by deficiencies in the lysosomal associated mem-
brane protein 2 (LAMP2) gene (Nishino et al., 2000). It classically 
presents with a triad of cardiomyopathy, skeletal myopathy, and 
intellectual disabilities, mostly in adolescent males (D’Souza et 
al., 2017). Other common features of Danon disease include car-
diac conduction abnormalities (of which Wolff-Parkinson-White 
syndrome (WPWS), associated with mutations on the protein ki-
nase AMP-activated non-catalytic subunit gamma 2 (PRKAG2) 
gene, is the most common), retinal changes, hepatic disease, and 
pulmonary disease (D’Souza et al., 2014). Due to the inheritance 
pattern, men present earlier than women. Male patients face a
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high mortality rate, and rarely live to the age of 25 years unless
they receive a heart transplant. Women present up to 15 years
later than men and have higher incidences of intellectual disabil-
ity and skeletal muscle abnormalities. Although males typically
present as progressive hypertrophic cardiomyopathy, females af-
fected with Danon disease have equal rates of dilated cardiomy-
opathy and hypertrophic cardiomyopathy (Boucek et al., 2011).

As far as we know, only one other case of a patient with Danon
disease surviving two orthotopic heart transplants (OHTs) has
been reported, with the second transplant indicated in both cases
by acute cellular rejection (ACR) (Bui et al., 2008). The case we
present here is to our knowledge the first of a patient requiring a
second OHT for cardiac allograft vasculopathy (CAV) instead of
ACR.Neuropsychological and cognitive functioning in this patient
were recently published (Salisbury and Meredith, 2017).

2. Case Report
A 32-year-old white man was diagnosed with Danon disease

in his early 20s after his brother’s diagnosis triggered a genetic
screen. He tested positive for a nonsense mutation in the LAMP2
gene at amino acid position 83. This mutation is known to prevent
the fusion of the autophagosome with the lysosome, obstructing
the normal breakdown of waste products in the myocardium (Es-
kelinen et al., 2002; Malicdan et al., 2008). The family history
revealed both his mother and maternal grandmother died in their
mid- to late 30s due to unspecified cardiovascular disease.

He initially presented to his physician after a syncopal episode
due to arrhythmias and was diagnosed with WPWS, for which
he received a pacemaker at the age of 17. Soon after that, he
was diagnosed with cardiomyopathy, which worsened through his
20s with progressive heart failure symptoms (fatigue and short-
ness of breath; left ventricular ejection fraction < 0.2), requiring
his first OHT at the age of 27 years. Soon after the transplant,
he developed an episode of stage-3A rejection, treated success-
fully with steroids. After remaining asymptomatic for two years
post-transplant, his heart failure symptoms recurred. Angiogra-



Figure 1. Post-transplant autopsy showing vasculopathy.

Figure 2. Intravenous ultrasound 12 months following the second
transplant, showing CAV grade 0 and ISHLT grade 0.

phy revealed moderate CAV in all 3 cardiac vessels. One year
later, he underwent catherization for non–ST-elevation myocar-
dial infarction, which revealed aggressive CAV3 vasculopathy. He
failed a trial for sirolimus and was switched back to mycophe-
nolate for immunosuppression. At age 31 years, he was referred
to our high-volume transplant center for a redo OHT. Surgery
and hospital course were uncomplicated. Post-transplant autopsy
findings were consistent with severe vasculopathy (Fig. 1). In
light of the severe CAV and graft failure following his first OHT,
he was managed with aggressive immunosuppression, including
sirolimus, mycophenolate mofetil, tacrolimus, and prednisone.
Cardiac catheterization with intravascular ultrasound (IVUS) at
18-month follow-up showedminimal CAV (Fig. 2). He is currently
clinically stable 24 months after the second transplant.

3. Discussion
Deficiencies in the LAMP2 protein in patients with Danon dis-

ease result in an accumulation of intracellular vacuoles, which
contain granular debris and glycogen. This eventually leads to my-

ocyte enlargement and cellular death, as well as myocardial scar-
ring (Kim et al., 2014). In a large series of 82 cases, the average
reported age of first symptoms, cardiac transplantation, and death
were 12, 17, and 19 years inmen and 27, 33, and 34 years in women,
respectively (Boucek et al., 2011). Symptoms can vary from being
asymptomatic for several years to sudden cardiac death. Extrac-
ardiac symptoms can vary from muscle aches to profound skeletal
myopathy and mental retardation. Arrhythmias are common and
often the initial presentation. Maron and colleagues reported 5
out of 6 male patients having WPWS (Maron et al., 2009). An
implantable cardioverter-defibrillator (ICD) is frequently used as
a preventive measure, with Boucek and colleagues reporting ICD
placement in 41% ofmen and 31% of women (Boucek et al., 2011).

Echocardiography is commonly used in diagnosing patients
with Danon disease along with genetic testing. Male patients typ-
ically have echocardiograms consistent with typical hypertrophic
cardiomyopathy with maximal left ventricular (LV) thickening in
the range of 29-65 mm. Female patients have equal prevalence
of hypertrophic and dilated cardiomyopathy (Maron et al., 2009).
There are a few reports of Danon disease presenting with dilated
cardiomyopathy with non-compaction (Stöllberger and Finsterer,
2013). Electrocardiogram can have patterns consistent with LV
hypertrophy with high QRS voltages and can have a WPWS pat-
tern. Laboratory values may show elevated levels of aldolase, cre-
atine kinase, and transaminases. Ultimately, genetic testing plays
an important role in the final diagnosis of Danon disease. Once di-
agnosis is confirmed, it is recommended to have family members
tested as well (Poignant et al., 2018).

Due to the limited knowledge about Danon disease, no treat-
ment protocols have been published. Clinicians frequently treat
heart failure secondary to Danon disease similarly to other heart
failure with hypertrophic cardiomyopathy, with the caveat that pa-
tients with Danon disease progress more rapidly (D’Souza et al.,
2014). Management of tachyarrhythmias with catheter-based ab-
lations is frequently performed in addition to ICD placements in
patients at increased risk of sudden cardiac death. OHT is often
pursued after medical management fails. Survival after transplant
is similar in patients with Danon disease compared with patients
undergoing OHT for other causes (Poignant et al., 2018).

The short-term morbidities that contribute to death within 1
year following OHT include ACR, infection, and non-specific
graft rejection. CAV affects approximately 26% of patients sur-
viving the first year, 52% surviving the first 5 years, and 68% sur-
viving 10 years (Lund et al., 2014). Patients suffering from CAV
present more often with progressive heart failure symptoms in-
stead of angina due to denervation of the coronary arteries (Sko-
ric et al., 2014). Although cardiac catherization is considered
the gold standard for measuring coronary artery disease, it is not
sensitive enough to screen for CAV, and thus, IVUS is typically
needed to assess the degree of CAV. Proximal disease is more of-
ten associated with coronary artery disease, with a pathogenesis of
atherosclerotic lesions and is donor-inherited. Distal disease, on
the other hand, occurs more often with CAV, and is autoimmune
in nature.

Efforts to prevent CAV include early detection and aggressive
prevention. IVUS can detect intimal thickening, a marker for CAV,
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in > 80% of patients as early as 1-year post-OHT. Because the
most rapid rate of thickening occurs within the first year after
transplant, annual IVUS screenings are generally recommended
to monitor the development of CAV. Due to the development of
aggressive CAV after our patient’s first OHT, more rigorous pro-
tocols for surveillance of CAV were deemed necessary, along with
a more stringent immunosuppression protocol as outlined above.
Thus, IVUS was performed as early as 2 months post-operatively
to screen for any premature complications, particularly CAV. To
date, this is the only case in the literature of a patient with Danon
disease undergoing cardiac transplantation due to advanced CAV.

4. Summary
Treatment and management of CAV remains a major limita-

tion of the long-term success of OHT, particularly in Danon dis-
ease. CAV develops in approximately 32% of patients before 5
years after their transplant. Because patients with Danon disease
require OHT at such an early age, this places them at a very high
lifetime risk of developing CAV and needing a second OHT. As
illustrated in the patient reviewed here, thorough, early monitoring
of cardiovascular symptoms as well as aggressive treatment with
immunosuppressive agents may be the best option for improving
length and quality of life.
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