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Abstract
Friedreich’s ataxia (FRDA), which occurs in 1/50000 live births, is the most
prevalent inherited neuromuscular disorder. Nearly all FRDA patients develop
cardiomyopathy at some point in their lives. The clinical manifestations of FRDA
include ataxia of the limbs and trunk, dysarthria, diabetes mellitus, and cardiac
diseases. However, the broad clinical spectrum makes FRDA difficult to identify.
The diagnosis of FRDA is based on the presence of suspicious clinical factors, the
use of the Harding criteria and, more recently, the use of genetic testing for
identifying the expansion of a triplet nucleotide sequence. FRDA is linked to a
defect in the mitochondrial protein frataxin; an epigenetic alteration interferes
with the folding of this protein, causing a relative deficiency of frataxin in
affected patients. Frataxins are small essential proteins whose deficiency causes a
range of metabolic disturbances, including oxidative stress, iron-sulfur cluster
deficits, and defects in heme synthesis, sulfur amino acid metabolism, energy
metabolism, stress responses, and mitochondrial function. The cardiac
involvement seen in FRDA is a consequence of mitochondrial proliferation as
well as the loss of contractile proteins and the subsequent development of
myocardial fibrosis. The walls of the left ventricle become thickened, and
different phenotypic manifestations are seen, including concentric or asymmetric
hypertrophy and (less commonly) dilated cardiomyopathy. Dilated
cardiomyopathy and arrhythmia are associated with mortality in patients with
FRDA, whereas hypertrophic cardiomyopathy is not. Systolic function tends to
be low-normal in FRDA patients, with an acute decline at the end of life.
However, the literature includes only a few long-term prospective studies of
cardiac progression in FRDA, and the cause of death is often attributed to heart
failure and arrhythmia postmortem. Cardiomyopathy tends to be correlated with
the clinical neurologic age of onset and the nucleotide triplet repeat length (i.e.,
markers of phenotypic disease severity) rather than the duration of disease or the
severity of neurologic symptoms. As most patients are wheelchair-bound within
15 years of diagnosis, the clinical determination of cardiac involvement is often
complicated by comorbidities. Researchers are currently testing targeted
therapies for FRDA, and a centralized database, patient registry, and natural
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history study have been launched to support these clinical trials. The present
review discusses the pathogenesis, clinical manifestations, and spectrum of
cardiac disease in FRDA patients and then introduces gene-targeted and
pathology-specific therapies as well as screening guidelines that should be used
to monitor cardiac disease in this mitochondrial disorder.
Key words: Friedreich’s ataxia; Mitochondrial disorder; Nonischemic cardiomyopathy;
Cardiac disease
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The present review discusses the pathogenesis, clinical manifestations, and
spectrum of cardiac disease in Friedreich’s Ataxia, and introduces gene-targeted and
pathology-specific therapies, in addition to the screening guidelines that should be used
to monitor cardiac disease in this mitochondrial disorder.
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INTRODUCTION
Friedreich’s ataxia (FRDA) is the most common autosomal recessive spinocerebellar
ataxia. FRDA was first reported in the 1860s but remained difficult to distinguish
from other spinocerebellar ataxias until the causative gene was determined in 1996.
Since then, evidence has accumulated regarding the pathogenesis, specialized
treatment and prognosis of this disease. We now know that FRDA is a mitochondrial
disorder that primarily affects neural pathways and cardiac muscle. While FRDA is
most clinically renowned for its progressive, unremitting ataxia and neuromuscular
decline, significant mortality occurs as a result of cardiomyopathy.

HISTORY AND EPIDEMIOLOGY
In the 1860s, Nikolaus Friedreich, a professor of medicine at the University of
Heidelberg, first identified the disease when he described two symptomatic siblings
with asymptomatic parents[1]. Diagnostic criteria based on clinical features were first
published in 1976. The modified criteria published by Harding[2] in 1981 were the
diagnostic tool of choice until 1996, when Campuzano et al[3] identified the causative
alteration of the frataxin gene. This outcome paved the way for genetic testing. Even
with the availability of genetic testing, the diagnosis of FRDA often relies on the
exclusion of acute neurologic abnormalities and the presence of a slowly progressive
clinical course. Thus, diagnosis is often delayed.
FRDA exhibits variable phenotypes, and distinct early-onset and late-onset groups
may be classified based on the symptom onset before or after age 25, respectively[4].
Late-onset FRDA is characterized by less severe cardiomyopathy and neurologic
symptoms, while early-onset typically exhibits more rapid progression with higher
morbidity and mortality. For early-onset FRDA, the typical age of onset is
approximately 10 years; most patients are wheelchair-bound between 19 and 26 years
of age, with mortality by a mean age of 39 years[5]. In comparison, late-onset FRDA is
much less decapacitating with nearly average mortality.
FRDA occurs in 1/50000 live births, is most prevalent in Caucasians and is nearly
absent in Sub-Saharan Africans, Asians and Native Americans. This factor reflects a
single founder event that is responsible for 90% of the large normal alleles that
constitute the primary reservoir of this triplet repeat disease. Heterozygous carriers
constitute approximately 1% of the population, and homozygous point mutations in
one or the other allele account for 5% of FRDA manifestations[6,7].
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PATHOLOGY
The characteristic clinical picture of FRDA reflects malfunction of the central sensory
pathways found in the posterior columns of the spinal cord, the spinocerebellar tracts,
the cerebellar efferent pathway, and the distal portion of the corticospinal motor
tracts. Other abnormalities include atrophy of cerebellar regions, including the
dentate nuclei. Peripheral nerves show a loss of large myelinated sensory fibers,
resulting in the loss of large primary sensory neurons in the dorsal root ganglia. These
neurologic abnormalities cause the progressive and unremitting mixed cerebellar and
sensory ataxia that characterizes the disease.

CLINICAL MANIFESTATIONS
The clinical manifestations of FRDA include ataxia of the limbs and trunk, dysarthria,
diabetes mellitus, and cardiac diseases. The diagnosis is first made on the presence of
suspicious clinical factors. Harding et al[2] initially described the primary criteria of
progressive gait and limb ataxia, absent patellar and ankle reflexes, dysarthria, muscle
weakness, loss of vibration or position and onset before the age of 25 years; the
secondary criteria were a positive Babinski reflex, pes cavus, scoliosis, and
cardiomyopathy. If secondary criteria were not present, then the patient must have an
affected sibling. Most often, FRDA patients first present at a young age with
increasing clumsiness but normal findings on an magnetic resonance imaging (MRI).
The onset is typically before the age of 18 years, and electromyogram studies can help
confirm the diagnosis. Genetic testing is now available but is only given when the
clinical suspicion is high. Thus, diagnosis is often delayed. As nearly all patients
develop cardiomyopathy at some point in their lives, and this aspect of the disease
can be the most severe in the youngest cohort, FRDA patients must be referred to a
cardiologist upon diagnosis. Indeed, 5% of FRDA patients may present with severe
cardiomyopathy in the absence of neurologic symptoms. Cerebellar atrophy on an
MRI and the absence of cardiomyopathy are both negative predictors of an FRDA
diagnosis[8].
FRDA is the most frequent hereditary ataxia, with an estimated prevalence of 3-4
cases per 50000 individuals. This autosomal-recessive neurodegenerative disease is
characterized by progressive gait and limb ataxia, dysarthria, lower-limb areflexia,
decreased vibration sense, muscular weakness in the legs, and a positive extensor
plantar response. Nonneurological signs include hypertrophic cardiomyopathy and
diabetes mellitus. The symptom onset typically occurs around puberty, and the life
expectancy of FRDA patients is 40-50 years. The disease is usually caused by a large
GAA triplet repeat expansion within the first intron of the frataxin gene. Frataxin
mutations cause deficiencies of the iron-sulfur cluster-containing subunits of
mitochondrial electron transport complexes I, II, and III and of the iron-sulfur protein,
aconitase. The mitochondrial dysfunction in FRDA patients has been addressed in
several open-label, nonplacebo-controlled trials, whose results indicate that treatment
with idebenone might ameliorate hypertrophic cardiomyopathy. Indeed, a welldesigned phase II clinical trial suggested that idebenone may yield concentrationdependent functional improvements in nonwheelchair-bound children and
adolescents. Other current experimental approaches seek to address the ironmediated toxicity or to increase the frataxin protein level.

BIOGENETICS AND THE ROLE OF FRATAXIN
FRDA is linked to a defect in the mitochondrial protein, frataxin, through epigenetic
alterations that interfere with protein folding to cause a relative deficiency of frataxin
in affected patients (Figure 1). The frataxin gene, which is located at chromosome
9q21.11, harbors an intronic trinucleotide repeat sequence (guanine-adenine-adenine;
GAA). Most FRDA patients are homozygous for an expansion of this GAA repeat,
whereas a typical gene contains 6-36 trinucleotide repeats; those associated with
FRDA typically have between 66 and 1700 trinucleotide repeats [9] . This repeat
expansion and other mutations in the frataxin gene impact the ability of the encoded
protein to participate in mitochondrial oxidative phosphorylation, and the cell suffers
in terms of energy production. More specifically, FRDA-associated mutations impair
mitochondrial function, increase reactive oxygen species, and trigger redistribution of
iron in the mitochondria and the cytosol. Mitochondria proliferate but remain
dysfunctional. Physiologically, these changes reduce the myocardial reserve as
evidenced by the enhancement of the late gadolinium signal on cardiac MRI (cMRI)[10]
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(Figure 2).
Frataxin also participates in iron metabolism; its deficiency interferes with iron
hemostasis, leading to the deposition of iron in cells. Such deposition in
cardiomyocytes often accompanies myocardial hypertrophy in FRDA patients,
suggesting that iron toxicity-mediated oxidative tissue damage may play a role in this
disease [10] . Indeed, autopsies of FRDA patients suggested that iron-induced
myocarditis may be involved in the pathology of this unique cardiomyopathy[11]. Iron
deposition, myocardial hypertrophy and oxidative tissue damage are also associated
with an impaired lipid metabolism and a lower threshold for oxidative stress, which
may contribute to cardiac disease progression. FRDA is known to most strongly affect
tissues that are primarily involved in oxidative phosphorylation and are rich with
mitochondria (e.g., dorsal root ganglion, cardiomyocytes and B-islet cells of the
pancreas). However, we still do not know why some spinal and brainstem motor
neurons are affected, while others remain normal.
Structural studies carried out on different orthologs have shown that eukaryotic
frataxin proteins take on a folded conformation (called the frataxin fold) that involves
a flexible N-terminal region present only in eukaryotes, whereas all frataxins have a
highly conserved C-terminal globular domain. Frataxins bind iron directly but show
very unusual properties in this regard, as iron coordination is achieved solely by
glutamates and aspartates exposed on the protein surface. It has been suggested that
frataxin functions as a ferritin-like protein, as an iron chaperone of the iron-sulfur
cluster machinery and heme metabolism and/or as a controller of cellular oxidative
stress. If we hope to fully understand the pathology of FRDA and to design novel
therapeutic strategies, we must first precisely identify the cellular role of frataxin[9].
Histologically, frataxin deficiency causes failure of iron clearance from myocytes as
well as myocardial necrosis, myocardial apoptosis, chronic inflammation and scarring
or fibrosis. However, iron deposits are not thought to be the initial direct cause of this
disease; in the frataxin knockout model, mice die in utero but do not have
manifestations of iron deposition. Although animal models have been used to
describe the pathogenesis of FRDA and test targeted treatments, the causes of necrosis
or cardiomyocyte apoptosis have not yet been determined in human FRDA patients,
and it is not clear whether frataxin is a protective factor or a pathogenic contributor in
cardiomyopathy. The protein stores of frataxin in FRDA patients are 20%-25% of
those seen in normal individuals, but we do not yet know how much protein is
required for a normal phenotype. The embryonic lethality of frataxin knockout mice
indicates that a complete lack of frataxin is incompatible with life, whereas the
conditional mouse models with a post developmental knockout of frataxin
demonstrate mitochondrial pathologies[12].
Centralized database, patient registry, and natural history studies have been
launched to support clinical trials in FRDA. The 2011 Neurobiology of Disease in
Children symposium, which is held in conjunction with the 40th annual Child
Neurology Society meeting, aimed to: (1) describe the clinical features surrounding
FRDA, including the cardiomyopathy and the genetics of the disorder; (2) discuss
recent advances in our understanding of FRDA pathogenesis and the development of
clinical trials; (3) review new investigations of characteristic symptoms; and (4)
establish clinical and biochemical overlaps in neurodegenerative diseases and
possible directions for future basic, translational and clinical studies.

SPECTRUM OF HEART DISEASE IN FRDA
The cardiac involvement in this mitochondrial disorder is a consequence of
mitochondrial proliferation, the loss of contractile proteins, and the subsequent
development of myocardial fibrosis. The left ventricular walls become thickened and
show a range of phenotypic manifestations, including concentric/asymmetric
hypertrophy or dilated cardiomyopathy. Concentric/asymmetric hypertrophy is less
common, but dilated cardiomyopathy with arrhythmia is more often associated with
mortality compared to hypertrophic cardiomyopathy. The systolic function of FRDA
patients tends to be low-normal and show an acute decline at the end of life.
However, there is little data from long-term prospective studies of cardiac
progression in these patients, and the cause of death is often attributed to heart failure
and arrhythmia postmortem. As a marker of phenotypic disease severity,
cardiomyopathy tends to be correlated with the clinical neurologic age of onset and
the GAA triplet repeat length but not the duration of disease or the severity of
neurologic symptoms[13]. However, the clinical determination of cardiac involvement
is difficult, as most patients are wheelchair-bound within 15 years of diagnosis due to
comorbidities associated with the systemic disease process.
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Figure 1 Postulated functions of frataxin. (1) Frataxin is a general iron chaperone that provides Fe2+ to ferrochelatase (FCH) for heme biosynthesis, mitochondrial
iron-sulfur (Fe-S) cluster biogenesis, and maintenance of the mitochondrial aconitase (Ac) Fe-S cluster; (2) Frataxin may directly interact with respiratory chain
complexes (I-V); (3) Frataxin prevents oxidative stress, protects mitochondrial proteins and mitochondrial DNA (mtDNA) from free Fe2+, and prevents the Fenton
reaction by converting Fe2+ to Fe3+, thereby blocking hydroxyl radical formation. ADP: Adenosine diphosphate; ATP: Adenosine triphosphate; cyt c: Cytochrome c; e−:
Electron; SOD: Superoxide dismutase; FXN: Frataxin.

The cardiac diseases of FRDA patients include concentric LV hypertrophy, which
leads to the most common causes of death, arrhythmia and heart failure, among these
patients. Heart disease can be asymptomatic, and shortness of breath or palpitations
are the most common clues. Early age of FRDA onset and GAA repeat length predict
cardiac severity and worse LV hypertrophy, LV function, LV mass and eventual
mortality, with most cardiac-related deaths occurring prior to age 40 [13] . FRDA
patients with cardiac-related death usually have a disease duration of 10 years or less,
and a disease duration of greater than 20 years significantly reduces the
predisposition to cardiac-related death[14] (Figure 3).
Asymmetric septal hypertrophy with an LV outflow gradient is uncommon in
FRDA patients, and only a handful of reported cases have undergone septal
myomectomy. In fact, the typical beta-blockade-based treatment for hypertrophic
cardiomyopathy may be harmful in FRDA patients, given their loss of contractile
fibers in the myocardium[15]. Dilated cardiomyopathy is also rare in FRDA; however,
when present, it is accompanied by a more severe systolic dysfunction. It has been
postulated that ventricular hypertrophy progresses to dilation with fibrotic
replacement of myocardium in FRDA, but these observations may also represent
different cardiac phenotypes[16,17].
Other cardiac abnormalities of FRDA include echocardiographic findings of a
granular speckle-like appearance similar to that seen in amyloidosis, though without
pericardial effusion or biatrial enlargement[18]. cMRI studies have detected subclinical
LV fibrosis and concentric remodeling even prior to hypertrophy, along with a late
gadolinium enhancement indicative of a decreased myocardial perfusion reserve[18].
As systolic dysfunction may indicate certain severe phenotypes late in the course of
disease, longitudinal LV strain has been identified as a potential early marker of
cardiomyopathy and systolic dysfunction. Although, once again, longitudinal studies
of progression from longitudinal LV strain to systolic dysfunction are lacking[19]. These
findings of early disease progression may have importance for identifying future
therapeutic targets or developing methods to screen for cardiac disease that may
otherwise progress undetected in asymptomatic patients who lack exertional
symptoms of heart failure because they are non-ambulatory[20] (Figure 4).

WJC

https://www.wjgnet.com

5

January 26, 2019

Volume 11

Issue 1

Hanson E et al. Heart disease in Friedreich’s ataxia
Figure 2

Figure 2 Electron microscopy of Friedreich’s ataxia-knockout and wild-type control mouse heart tissues
from 28-d-old littermates. A: Wild type mouse showing normal mitochondria (“m”) in rows between abundant, wellordered sarcomeres (“s”); B: Conditional Friedreich’s ataxia-knockout (FRDA KO) mouse with ablation of the FRDA
locus in the heart and brain (NSE-Cre promoter). Note the extreme proliferation of enlarged mitochondria in B. There
is a severe loss of sarcomeres (“s”). Bars = 1000 nm.

CONDUCTION DISEASE
The conduction disease seen in FRDA patients is thought to be a result of fibrotic
myocardial replacement and scarring, which predispose the patient to atrioventricular
conduction blocks and atrial or ventricular tachy- and bradyarrhythmias. Atrial
arrhythmias, atrial flutter and atrial fibrillation occur in FRDA patients, but they are
not frequent; ventricular arrhythmias are seen even less frequently. A cardiac
pacemaker or defibrillator may benefit affected FRDA patients and should be
implanted when indicated according to the American Heart Association and
American College of Cardiology Guidelines for the general population.

ECG CHARACTERISTICS
In many cohort studies, T-wave repolarization abnormalities, especially in the inferior
and lateral leads, were the most common abnormalities seen on the electrocardiogram
(ECG) of FRDA patients (approximately 85%). Bundle branch blocks were found in
15% of FRDA patients. The QT interval tended to be normal, as did the QRS,
indicating that there was a relatively low risk for ventricular tachyarrhythmias[10,13,15,18].

CORONARY ARTERY DISEASE
It is generally thought that the only increased risk factor for FRDA patients is a
predisposition to diabetes mellitus due to beta islet cell disease of the pancreas.
However, some histopathologic studies suggest that there is also an increased risk for
coronary artery disease. Although one study found no occlusive coronary disease in
postmortem patients [21] , another study of three postmortem patients identified
potential occlusive coronary disease in the microvasculature of the coronary
arteries[20]. Fibrotic replacement of the coronary intima has also been identified, and it
has been proposed that the coronary arteries of FRDA patients are susceptible to
fibromuscular dysplasia. Inducible subendocardial defects detected by late
enhancement gadolinium on cMRI indicate a reduced myocardial perfusion reserve as
a source of ischemia that may warrant further study as a potential clinical correlate of
microvascular coronary disease[20].

CLINICAL COURSE OF CARDIAC DISEASE
There has been debate regarding the progression of cardiac disease and the presence
of variable phenotypes in FRDA. A small study of 28 FRDA patients over 5 years
examined the TTE of these patients in childhood. Though LV systolic function was
diminished in at least one examination, all were normal on subsequent examinations,
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Figure 3 The more severe Friedreich’s ataxia cardiomyopathy groups were found at younger ages (A), in
contrast, the severity of the Friedreich’s ataxia cardiomyopathy was independent of neurological involvement
measured by the International Cooperative Ataxia Rating Scale score (B).

leading the investigators to assume that the cardiac disease of these patients was
stable until at least the age of 22 years[22]. The authors proposed that this cardiac
disease progressed from hypertrophic to dilated cardiomyopathy and was not
correlated with the GAA repeat length. A prospective open-label trial of 105 patients
identified their baseline characteristics as hypertrophic cardiomyopathy with either
septal or posterior wall asymmetric hypertrophy of the left ventricle. After treatment
with high-dose idebenone, these patients experienced reductions in left ventricular
mass with only small declines in their systolic function. Dilated cardiomyopathy was
present in only one patient[23].
Notably, cross-sectional and retrospective data support the contention that there
are clear differences in the clinical course and presence of systolic cardiomyopathy
across FRDA patients. Investigators have proposed that various phenotypes reflect
the GAA repeat length, although additional factors likely contribute to the differences
seen in cardiac left ventricular hypertrophy, mass and dilatation. One study of 103
patients over a mean of 10 years found that the majority of patients (78%) were
distributed in the low-risk group with normal LVEF at baseline and stable (ejection
fraction) EF over time. In contrast, the LVEF of patients in the high-risk group (22%)
declined an average of 21% over the 10-year period. Such phenotypes have already
been observed and described as early- and late-onset FRDA[13].
Late-onset FRDA, which may be diagnosed beyond the criterion age of 25 years,
includes a phenotypically variable group of patients who show later disease onset and
slower progression compared to patients with early-onset FRDA. This finding
emphasizes the need for a dynamic definition of the genetic and clinical criteria used
to diagnose FRDA and suggests that the variable phenotypes may represent more
than the simple expansion of the specific trinucleotide repeat sequence.

WJC

https://www.wjgnet.com

7

January 26, 2019

Volume 11

Issue 1

Hanson E et al. Heart disease in Friedreich’s ataxia
Figure 4

Figure 4 Two-dimensional echocardiographic still frames from a patient with Friedreich’s ataxia. A:
Parasternal long-axis view showing thickening of the interventricular septum and posterior wall; B: Apical fourchamber view showing dilatation of left ventricular cavity. IVS: Interventricular septum; PW: Posterior wall; LV: Left
ventricle; LA: Left atrium; MV: Mitral valve; AV: Aortic valve; LVOT: Left ventricular outflow tract.

CLINICAL CASE
The cardiac abnormalities seen in one of our patients are illustrated in Figure 3. A 25year-old female recently diagnosed with FRDA presented to the cardiology clinic with
6 months of dyspnea on exertion, chest pressure radiating to her neck and paroxysmal
nocturnal dyspnea. An ECG showed T wave inversions in the precordial leads, which
in the context of chest pain, were suggestive of coronary artery disease. A TTE
showed a normal ejection fraction and left ventricular wall thickness, though diastolic
dysfunction was present and showed a restrictive pattern (Figure 5).
Cardiac catheterization revealed normal coronary arteries but showed that the left
ventricular end-diastolic pressure was severely elevated to 28 mmHg. The patient was
diagnosed with left ventricular diastolic heart failure with a preserved ejection
fraction.

CLINICAL CARDIAC MONITORING
Heart failure and sudden cardiac death are the most commonly reported causes of
death among FRDA patients (Table 1)[24].
Cardiomyopathy is thus important, especially in early-onset patients, who exhibit
more severe cardiac disease. In addition, the progression to heart failure and
deterioration of LVEF may be difficult to detect, as decreased systolic function usually
occurs shortly before death, and this is difficult to correlate clinically given the lack of
ambulation in most patients without correlation of neurologic severity to cardiac
severity. Sudden progression of cardiac disease may not be detectable due to these
comorbidities. Given the above issues, routine screening of the structural indicators of
cardiomyopathy may be more valuable than the symptom review in FRDA patients,
and the use of current imaging modalities may be indicated. A consensus statement
proposed in 2014 for the multidisciplinary treatment of patients with FRDA
recommended that ECG and echocardiography should be performed at the initial
presentation and that patients should be referred to a cardiologist only for cardiac
symptoms or abnormal cardiac testing[25]. However, we feel that patients should be
screened at least annually with an ECG and a TTE. Moreover, cMRI (which can detect
remodeling and decreased myocardial perfusion reserve) may prove useful in the
future for the early detection of disease and/or monitoring the therapeutic response.
The arrhythmias of FRDA patients are normally atrial in origin and may indicate the
severity of left ventricular involvement rather than acting as a risk factor for sudden
cardiac death due to arrhythmia. Although cMRI is not currently used to detect
structural abnormalities in classifying heart failure, it may prove useful in this role,
especially in situations (such as FRDA) where structural disease may be the best
indicator of cardiac mortality risk.

PHARMACOLOGIC TREATMENT RESEARCH AND
ADVANCES
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Figure 5

Figure 5 M-Mode image of the mitral valve, Transmitral Doppler flow showing diastolic flow and Twelve-lead electrocardiogram. A: M-Mode image of the
mitral valve in the parasternal long-axis view. Mitral valve excursion in early diastole can be seen, as can excursion due to atrial contraction in late diastole. A: “Bbump” (arrow) may be seen on the downslope of the A wave; this suggests that the end-diastolic atrial pressure is greater than the end-diastolic ventricular pressure,
which is a marker of diastolic dysfunction; B: Transmitral Doppler flow showing diastolic flow. Note the large E wave in early diastole and the diminutive A wave in late
diastole. The ratio of peak E wave velocity to peak A wave velocity is > 1.5, which is consistent with a “restrictive” pattern, particularly when paired with other indicators
of diastolic dysfunction; C: Twelve-lead electrocardiogram demonstrating normal sinus rhythm, significant right axis deviation, poor R wave progression, and
nonspecific T wave inversions in the lateral leads.

The cardiomyopathy of FRDA has a unique pathogenesis, and specific targeted
pharmaceuticals have yielded mixed results. Idebenone is a coenzyme Q10 analog
that has been shown to have antioxidant activity and to facilitate mitochondrial
phosphorylation as an electron carrier, which is important in mitochondrial function
and energy production. Idebenone has improved cardiomyopathy in a very limited
number of patients, as assessed by cMRI, but the clinical impact of this treatment has
not yet been fully assessed[26]. Studies of shorter duration (e.g., 6 wk) failed to observe
any benefit[26], and a review of the only two studies that were 12 mo or longer showed
no change in baseline systolic function on an echocardiogram, although cMRI was not
included as a measure in these randomized controlled trials[27]. MICONOS published
an interim report in 2010 (the full study has not yet been reported) stating that, in
their study, idebenone had not reached its primary endpoint of change with respect to
the International Cooperative Ataxia Rating Scale (ICARS) score or cardiologic
secondary endpoint. Idebenone has shown the potential to benefit hypertrophy in
terms of septal wall thickness, posterior wall thickness and left ventricular mass
(LVM) in open-label studies, but randomized controlled trials have not yet shown any
clear benefit[26]. A study by Mariotti et al[27] showed that LVM was reduced over 12 mo
in patients receiving idebenone compared to placebo, but the cohort was limited to 28
patients. Thus, idebenone has yielded mixed results with respect to cardiac function,
and the clinical implication and timing of this pharmaceutical intervention have not
yet been determined in detail.
One drawback of antioxidant or iron chelation therapy, in which plasma-bound
iron is removed from the body, is the lack of evidence for cardiomyopathy reversal
and convincing proof of clinical impact. Alternatively, gene therapy showed potential
for reversing the biochemical, cellular and physiologic changes of FRDA
cardiomyopathy in a mouse model, offering proof of concept [28] . Mice with a
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Table 1 Causes of death
Causes of death

Frequency

Percentage

Cardiac

36

59.0

CHF/cardiac failure

18

28.5

CHF complicated significant arrhythmia

5

8.2

Arrhythmia

5

8.2

Ischemic disease

3

4.9

Stroke (associated with atrial fibrillation or mural thrombus)

4

6.6

Other

1

1.6

Probable cardiac

2

3.3

Severe cardiomyopathy

1

1.6

Arrhythmia

1

1.6

Non-cardiac

17

27.9

Pneumonia

6

9.8

Sepsis

1

1.6

Renal failure

1

1.6

Breast cancer

1

1.6

Accidental drowning

1

1.6

Suicide

1

1.6

Other

6

9.8

Unknown

6

9.8

conditional knockout of frataxin in cardiac muscle show progressive and severe
cardiomyopathy characterized by systolic dysfunction and increased left ventricular
mass. Treatment of these mice with a vector that restored the capacity to transcribe
frataxin rapidly normalized systolic cardiac function, halted histologic fibrosis and
restored mitochondrial function in terms of iron accumulation, iron hemostatic
protein levels and mitochondrial proliferation. When the mice of the asymptomatic
mouse model were pretreated with this therapeutic vector, their cardiac function was
indistinguishable from that of wild-type mice[28]. These findings suggest that such
treatment might prevent cardiomyopathy in early-onset patients and reverse
cardiomyopathy in the progressive cardiac disease associated with FRDA of any
phenotype.

CARDIAC TRANSPLANT IN FRDA
Cardiac transplantation was offered in approximately five FRDA patients between
2001 and 2011[29]. Some of these patients had both classic hypertrophy and dilated
cardiomyopathy. In one case, the transplant occurred in a pediatric patient with
cardiomyopathy who later developed FRDA. This is not surprising, as
cardiomyopathy may present, even in a severe form, prior to the onset of neurologic
disease [29] . The transplanted patients appeared to experience an arrest in the
progression of neurologic disease and had some recovery of motor skills and strength.
In this population, transplant decisions must be made with considerations of life span
and comorbidities.

CONCLUSION
The cardiac disease of FRDA is variable in its clinical phenotype and severity,
complicating its timely and appropriate diagnosis and treatment. The research has
progressed since frataxin was first shown to play a role in cardiomyopathy, and new
treatments using antioxidants and gene therapy have been trialed, most successfully
in animal models. To prevent cardiac mortality in FRDA patients, we may need
targeted treatments and management guidelines tailored to this unique mitochondrial
pathology. Clinicians are urged to provide genetic testing for patients with highly
suggestive clinical pictures, as well as yearly cardiac monitoring and counseling on
treatment decisions for this patient population.
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INNOVATION
FRDA is the most prevalent inherited neuromuscular disorder associated with
cardiomyopathy. It is caused by a genetic defect in a mitochondrial protein, frataxin,
involving skeletal as well as cardiac muscle leading to physical incapacitation later in
life. Interventricular posterior wall thickness was found to be the most sensitive
echocardiographic criteria to determine the actual LV mass when compared to
Cardiac MRI[30]. Cardiac function tends to be low normal initially in these patients,
with an acute decline at the end of life. However neurological status cannot be
determined by cardiomyopathy status as correlation was negative [30] . Several
investigators have proposed criteria to stage cardiomyopathy based on several
markers which were positive in up to two thirds of patients: (1) ECG abnormalities
including supraventricular tachycardia and T wave inversion [30] ; (2) fibrosis on
Cardiac MRI and Hs TNT > 14 ng/mL[31]; and (3) reduction in both S’ and E’ by Tissue
Doppler (Mott), which, however, did not demonstrate a consistent correlation with
GAA repeats[32]. Furthermore, gene targeted therapies based on these studies have not
been successful in reversing the progression of FRDA.

REFERENCES
1
2

3

4
5

6

7

8

9

10
11

12
13

14
15
16
17

18
19

WJC

https://www.wjgnet.com

Hewer R. The heart in Friedreich's ataxia. Br Heart J 1969; 31: 5-14 [PMID: 5774037 DOI:
10.1136/hrt.31.1.5]
Harding AE. Friedreich's ataxia: a clinical and genetic study of 90 families with an analysis of early
diagnostic criteria and intrafamilial clustering of clinical features. Brain 1981; 104: 589-620 [PMID:
7272714 DOI: 10.1093/brain/104.3.589]
Campuzano V, Montermini L, Lutz Y, Cova L, Hindelang C, Jiralerspong S, Trottier Y, Kish SJ,
Faucheux B, Trouillas P, Authier FJ, Dürr A, Mandel JL, Vescovi A, Pandolfo M, Koenig M. Frataxin is
reduced in Friedreich ataxia patients and is associated with mitochondrial membranes. Hum Mol Genet
1997; 6: 1771-1780 [PMID: 9302253 DOI: 10.1093/hmg/6.11.1771]
Pandolfo M. Friedreich ataxia. Arch Neurol 2008; 65: 1296-1303 [PMID: 18852343 DOI: 10.1001/archneur.65.10.1296]
Reetz K, Dogan I, Costa AS, Dafotakis M, Fedosov K, Giunti P, Parkinson MH, Sweeney MG, Mariotti
C, Panzeri M, Nanetti L, Arpa J, Sanz-Gallego I, Durr A, Charles P, Boesch S, Nachbauer W, Klopstock
T, Karin I, Depondt C, vom Hagen JM, Schöls L, Giordano IA, Klockgether T, Bürk K, Pandolfo M,
Schulz JB. Biological and clinical characteristics of the European Friedreich's Ataxia Consortium for
Translational Studies (EFACTS) cohort: a cross-sectional analysis of baseline data. Lancet Neurol 2015;
14: 174-182 [PMID: 25566998 DOI: 10.1016/S1474-4422(14)70321-7]
Dürr A, Cossee M, Agid Y, Campuzano V, Mignard C, Penet C, Mandel JL, Brice A, Koenig M. Clinical
and genetic abnormalities in patients with Friedreich's ataxia. N Engl J Med 1996; 335: 1169-1175 [PMID:
8815938 DOI: 10.1056/NEJM199610173351601]
Labuda M, Labuda D, Miranda C, Poirier J, Soong BW, Barucha NE, Pandolfo M. Unique origin and
specific ethnic distribution of the Friedreich ataxia GAA expansion. Neurology 2000; 54: 2322-2324
[PMID: 10881262 DOI: 10.1016/S0090-3019(00)00309-8]
Schulz JB, Boesch S, Bürk K, Dürr A, Giunti P, Mariotti C, Pousset F, Schöls L, Vankan P, Pandolfo M.
Diagnosis and treatment of Friedreich ataxia: a European perspective. Nat Rev Neurol 2009; 5: 222-234
[PMID: 19347027 DOI: 10.1038/nrneurol.2009.26]
Ashley CN, Hoang KD, Lynch DR, Perlman SL, Maria BL. Childhood ataxia: clinical features,
pathogenesis, key unanswered questions, and future directions. J Child Neurol 2012; 27: 1095-1120
[PMID: 22859693 DOI: 10.1177/0883073812448840]
Payne RM, Wagner GR. Cardiomyopathy in Friedreich ataxia: clinical findings and research. J Child
Neurol 2012; 27: 1179-1186 [PMID: 22764179 DOI: 10.1177/0883073812448535]
Koeppen AH, Ramirez RL, Becker AB, Bjork ST, Levi S, Santambrogio P, Parsons PJ, Kruger PC, Yang
KX, Feustel PJ, Mazurkiewicz JE. The pathogenesis of cardiomyopathy in Friedreich ataxia. PLoS One
2015; 10: e0116396 [PMID: 25738292 DOI: 10.1371/journal.pone.0116396]
Pandolfo M, Pastore A. The pathogenesis of Friedreich ataxia and the structure and function of frataxin. J
Neurol 2009; 256 Suppl 1: 9-17 [PMID: 19283345 DOI: 10.1007/s00415-009-1003-2]
Pousset F, Legrand L, Monin ML, Ewenczyk C, Charles P, Komajda M, Brice A, Pandolfo M, Isnard R,
Tezenas du Montcel S, Durr A. A 22-Year Follow-up Study of Long-term Cardiac Outcome and Predictors
of Survival in Friedreich Ataxia. JAMA Neurol 2015; 72: 1334-1341 [PMID: 26414159 DOI:
10.1001/jamaneurol.2015.1855]
Weidemann F, Scholz F, Florescu C, Liu D, Hu K, Herrmann S, Ertl G, Störk S. [Heart involvement in
Friedreich's ataxia]. Herz 2015; 40 Suppl 1: 85-90 [PMID: 24848865 DOI: 10.1007/s00059-014-4097-y]
Payne RM, Peverill RE. Cardiomyopathy of Friedreich's ataxia (FRDA). Ir J Med Sci 2012; 181: 569-570
[PMID: 22373590 DOI: 10.1007/s11845-012-0808-7]
Casazza F, Morpurgo M. The varying evolution of Friedreich's ataxia cardiomyopathy. Am J Cardiol
1996; 77: 895-898 [PMID: 8623752 DOI: 10.1016/S0002-9149(97)89194-1]
Regner SR, Lagedrost SJ, Plappert T, Paulsen EK, Friedman LS, Snyder ML, Perlman SL, Mathews KD,
Wilmot GR, Schadt KA, Sutton MS, Lynch DR. Analysis of echocardiograms in a large heterogeneous
cohort of patients with friedreich ataxia. Am J Cardiol 2012; 109: 401-405 [PMID: 22078220 DOI:
10.1016/j.amjcard.2011.09.025]
Weidemann F, Störk S, Liu D, Hu K, Herrmann S, Ertl G, Niemann M. Cardiomyopathy of Friedreich
ataxia. J Neurochem 2013; 126 Suppl 1: 88-93 [PMID: 23859344 DOI: 10.1111/jnc.12217]
St John Sutton M, Ky B, Regner SR, Schadt K, Plappert T, He J, D'Souza B, Lynch DR. Longitudinal
strain in Friedreich Ataxia: a potential marker for early left ventricular dysfunction. Echocardiography
2014; 31: 50-57 [PMID: 23834395 DOI: 10.1111/echo.12287]
Raman SV, Phatak K, Hoyle JC, Pennell ML, McCarthy B, Tran T, Prior TW, Olesik JW, Lutton A,

11

January 26, 2019

Volume 11

Issue 1

Hanson E et al. Heart disease in Friedreich’s ataxia
20

21

22

23

24

25

26
27

28

29
30

31

32

Rankin C, Kissel JT, Al-Dahhak R. Impaired myocardial perfusion reserve and fibrosis in Friedreich
ataxia: a mitochondrial cardiomyopathy with metabolic syndrome. Eur Heart J 2011; 32: 561-567 [PMID:
21156720 DOI: 10.1093/eurheartj/ehq443]
Raman SV, Dickerson JA, Al-Dahhak R. Myocardial ischemia in the absence of epicardial coronary artery
disease in Friedreich's ataxia. J Cardiovasc Magn Reson 2008; 10: 15 [PMID: 18397518 DOI:
10.1186/1532-429X-10-15]
Kipps A, Alexander M, Colan SD, Gauvreau K, Smoot L, Crawford L, Darras BT, Blume ED. The
longitudinal course of cardiomyopathy in Friedreich's ataxia during childhood. Pediatr Cardiol 2009; 30:
306-310 [PMID: 18716706 DOI: 10.1007/s00246-008-9305-1]
Rustin P, Bonnet D, Rötig A, Munnich A, Sidi D. Idebenone treatment in Friedreich patients: one-yearlong randomized placebo-controlled trial. Neurology 2004; 62: 524-525; author reply 525; discussion 525
[PMID: 14872056 DOI: 10.1212/wnl.62.3.524]
Tsou AY, Paulsen EK, Lagedrost SJ, Perlman SL, Mathews KD, Wilmot GR, Ravina B, Koeppen AH,
Lynch DR. Mortality in Friedreich ataxia. J Neurol Sci 2011; 307: 46-49 [PMID: 21652007 DOI:
10.1016/j.jns.2011.05.023]
Corben LA, Lynch D, Pandolfo M, Schulz JB, Delatycki MB; Clinical Management Guidelines Writing
Group. Consensus clinical management guidelines for Friedreich ataxia. Orphanet J Rare Dis 2014; 9: 184
[PMID: 25928624 DOI: 10.1186/s13023-014-0184-7]
Meier T, Buyse G. Idebenone: an emerging therapy for Friedreich ataxia. J Neurol 2009; 256 Suppl 1: 2530 [PMID: 19283347 DOI: 10.1007/s00415-009-1005-0]
Mariotti C, Solari A, Torta D, Marano L, Fiorentini C, Di Donato S. Idebenone treatment in Friedreich
patients: one-year-long randomized placebo-controlled trial. Neurology 2003; 60: 1676-1679 [PMID:
12771264]
Perdomini M, Belbellaa B, Monassier L, Reutenauer L, Messaddeq N, Cartier N, Crystal RG, Aubourg P,
Puccio H. Prevention and reversal of severe mitochondrial cardiomyopathy by gene therapy in a mouse
model of Friedreich's ataxia. Nat Med 2014; 20: 542-547 [PMID: 24705334 DOI: 10.1038/nm.3510]
Leonard H, Forsyth R. Friedreich's ataxia presenting after cardiac transplantation. Arch Dis Child 2001;
84: 167-168 [PMID: 11159298 DOI: 10.1136/adc.84.2.167]
Weidemann F, Rummey C, Bijnens B, Störk S, Jasaityte R, Dhooge J, Baltabaeva A, Sutherland G,
Schulz JB, Meier T; Mitochondrial Protection with Idebenone in Cardiac or Neurological Outcome
(MICONOS) study group. The heart in Friedreich ataxia: definition of cardiomyopathy, disease severity,
and correlation with neurological symptoms. Circulation 2012; 125: 1626-1634 [PMID: 22379112 DOI:
10.1161/CIRCULATIONAHA.111.059477]
Weidemann F, Liu D, Hu K, Florescu C, Niemann M, Herrmann S, Kramer B, Klebe S, Doppler K,
Üçeyler N, Ritter CO, Ertl G, Störk S. The cardiomyopathy in Friedreich's ataxia - New biomarker for
staging cardiac involvement. Int J Cardiol 2015; 194: 50-57 [PMID: 26005806 DOI:
10.1016/j.ijcard.2015.05.074]
Mottram PM, Delatycki MB, Donelan L, Gelman JS, Corben L, Peverill RE. Early changes in left
ventricular long-axis function in Friedreich ataxia: relation with the FXN gene mutation and cardiac
structural change. J Am Soc Echocardiogr 2011; 24: 782-789 [PMID: 21570254 DOI:
10.1016/j.echo.2011.04.004]

P- Reviewer: Anan R, Falconi M, Kharlamov AN, Pastromas S
S- Editor: Ji FF L- Editor: A E- Editor: Song H

WJC

https://www.wjgnet.com

12

January 26, 2019

Volume 11

Issue 1

World Journal of
Cardiology

WJ C

Submit a Manuscript: https://www.f6publishing.com

World J Cardiol 2019 January 26; 11(1): 13-23

DOI: 10.4330/wjc.v11.i1.13

ISSN 1949-8462 (online)

MINIREVIEWS

Current evidence of drug-elution therapy for infrapopliteal arterial
disease
Stavros Spiliopoulos, Nikiforos Vasiniotis Kamarinos, Elias Brountzos
ORCID number: Stavros Spiliopoulos
(0000-0003-1860-0568); Nikiforos
Vasiniotis Kamarinos
(0000-0002-1162-1270); Elias
Brountzos (0000-0002-7504-2016).

Author contributions: Spiliopoulos
S conceived the review and made
critical revisions to its content;
Vasiniotis Kamarinos N drafted the
manuscript and made critical
revisions to its content; Brountzos
E drafted the manuscript and made
critical revisions to its content; all
authors approved the final version
of the article.

Conflict-of-interest statement: The
authors have no conflict of interest
to declare.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is 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 and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: July 27, 2018
Peer-review started: July 30, 2018
First decision: October 5, 2018
Revised: October 23, 2018
Accepted: January 1, 2019

WJC

Stavros Spiliopoulos, Nikiforos Vasiniotis Kamarinos, Elias Brountzos, 2nd Radiology
Department, Interventional Radiology Unit, University of Athens, Attikon University General
Hospital, Athens 12461, Greece
Corresponding author: Stavros Spiliopoulos, MD, PhD, Assistant Professor, 2nd Radiology
Department, Interventional Radiology Unit, Attikon University Hospital, University of Athens,
Attikon University General Hospital, Athens 12461, Greece, Athens 12461, Greece.
stavspiliop@med.uoa.gr
Telephone: +30-210-5831832

Abstract
New and sophisticated endovascular devices, such as drug-eluting stents (DES)
and drug-coated balloons (DCB), provide targeted drug delivery to affected
vessels. The invention of these devices has made it possible to address the
reparative cascade of arterial wall injury following balloon angioplasty that
results in restenosis. DESs were first used for the treatment of infrapopliteal
lesions almost 20 years ago. More recently, however, DCB technology is being
investigated to improve outcomes of endovascular below-the-knee arterial
procedures, avoiding the need for a metallic scaffold. Today, level IA evidence
supports the use of infrapopliteal DES for short to medium length lesions,
although robust evidence that justifies the use of DCBs in this anatomical area is
missing. This review summarizes and discusses all available data on
infrapopliteal drug-elution devices and highlights the most promising future
perspectives.
Key words: Drug-elution therapy; Infrapopliteal arterial disease; Current evidence; Drugcoated balloons; Drug-eluting stents
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Currently available level IA evidence justifies the use of infrapopliteal drugeluting stents for short to medium length lesions in selected patients with specific
anatomical criteria. The role of infrapopliteal drug-coated balloons remains to be
determined.
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INTRODUCTION
Infrapopliteal atherosclerotic arterial disease, either alone or combined with aortoiliac
and femoropopliteal vascular disease, is the leading cause of critical limb ischemia
(CLI) and severe, lifestyle-limiting, intermittent claudication (IC)[1]. In the western
population, the incidence of infrapopliteal disease is strongly correlated with the
prevalence of diabetes mellitus, and is continuously rising due to increased life
expectancy in developed countries[2]. Foot ulceration with tissue loss and gangrene are
some of the manifestations of CLI, which may lead to major amputation if the affected
arteries are not promptly revascularized[3]. CLI is considered to be responsible for
approximately 90% of the major amputations performed worldwide, and is a
significant cause of morbidity and mortality[2,3]. In diabetic patients, CLI represents a
medical emergency, as the concomitant foot architectural changes and potential
infections can rapidly compromise limb salvage[4]. Besides, the long vessel occlusions
combined with poor distal runoff, prevalent in diabetic CLI patients, represent a
considerable challenge for healthcare specialists[5].
Patients with ischemic rest pain, diabetic or non-healing foot ulcers, or gangrene
involving any portion of the lower limbs should be evaluated with the WIFI
classification system that assesses the three primary factors contributing to limb threat
risk: wound (W), ischemia (I) and foot infection (FI) [6,7] . After considering these
components and staging each patient, revascularization should be attempted[7]. The
WIFI classification system is depicted in Table 1. Femorodistal below-the-knee (BTK)
bypass surgery with autologous vein grafts has been established in the past as the
gold standard treatment for CLI[2]. However, the presence of various underlying
comorbidities, as well as the scarcity of non-diseased donor and run-off vessels,
render a significant number of CLI patients unsuitable for surgery. Direct comparison
data between bypass surgery and percutaneous BTK procedures are limited, with
only one randomized multi-center trial available in the literature. Nevertheless, the
evolution of interventional techniques, along with the development of novel devices,
contributed to a paradigm shift in CLI treatment; nowadays endovascular methods
can be used for multiple vessel recanalization and are related to comparable clinical
outcomes for open surgery[3,8-10]. Endovascular revascularization, by virtue of its
minimally-invasive nature, is characterized by decreased perioperative complications
and cardiovascular stress that result in both shorter hospital stays as well as low
morbidity and mortality[11,12].
Plain balloon angioplasty was the primary endovascular therapy utilized in the
infrapopliteal territory. Although it appeared to be effective in the short-term, postangioplasty elastic vessel recoil and flow-limiting dissection contributed to
reocclusion and relapse of ischemic symptoms [13] . Despite the fact that balloon
angioplasty may be repeated, each procedure involves an inherent risk of technical
failure and yields additional cost[4]. Attempting to address this issue, Dorros et al[14]
pioneered the placement of the first infrapopliteal bare metal stent (BMS) 25 years
ago. However, BMS application has been associated with poor outcomes in the midterm due to the phenomenon of in-stent restenosis[15]. Constant irritation of the vessel
wall by the metal stent mesh results in inflammation, intimal hyperplasia, negative
vessel remodeling and ultimate reocclusion[16,17]. Occlusion rates are high; half of the
BMS become occluded within the first year and can lead to major amputation[18,19]. As
a result, stenting in the infrapopliteal region has been reserved as a bail-out procedure
in order to maximize acute lumen gain and avoid early vessel reocclusion.
New and sophisticated endovascular devices, such as drug-eluting stents (DES)
and drug-coated balloons (DCB), provide targeted drug delivery to affected vessels.
The invention of these devices has made it possible to address the reparative cascade
of arterial wall injury following balloon angioplasty that results in restenosis. BTK
arteries share many characteristics with coronary arteries; this fact has motivated
several investigators to apply this drug-eluting technology, widely used in
percutaneous coronary interventions, in the infrapopliteal territory in order to
improve clinical outcomes.
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Table 1 Assessment of amputation risk: wound (W), ischemia (I) and foot infection classification[6,7]
Component
W

Score

Description

0

No ulcer (ischemic rest pain)

1

Small, shallow ulcer on distal leg or foot without gangrene

2

Deeper ulcer with exposed bone, joint or tendon ± gangrenous changes limited to toes

3

Extensive deep ulcer, full thickness heel ulcer ± calcaneal involvement ± extensive gangrene

I

FI

ABI

Ankle pressure (mmHg)

Toe pressure or TcPO2

0

≥ 0.80

> 100

≥ 60

1

0.6-0.79

70-100

40-59

2

0.4-0.59

50-70

30-39

3

< 0.40

< 50

< 30

0

No symptoms or signs of infection

1

Local infection involving only skin and subcutaneous tissue

2

Local infection involving deeper than skin/subcutaneous tissue

3

Systemic inflammatory response syndrome

DESs were introduced into clinical practice by interventional cardiologists, and
demonstrated favorable outcomes regarding late lumen loss (LLL) and rate-of-repeat
revascularization procedures[20]. The comparable size of tibial to coronary arteries, and
the superior efficacy of these stents compared to BMSs, led to the first clinical
application of DES in the infrapopliteal arteries, with the goal of inhibiting restenosis
and prolong uninterrupted blood supply to the foot[4]. The concept of DES technology
is based on covering the stent’s strut with a polymer matrix, such as silicone,
polyethylene vinyl alcohol or cellulose ester, that is saturated with a specific drug.
Some DESs are polymer-free, and the drug is applied directly onto the metallic
strut[21]. DESs inhibit neointimal hyperplasia and smooth muscle cell proliferation by
releasing the incorporated drug into the vessel wall over a standard period of time.
The pharmaceutical agents that are most commonly used are immunosuppressants of
the “-olimus family,” i.e., sirolimus, everolimus and tacrolimus, or the anti-mitotic
agent paclitaxel. Sirolimus (rapamycin) is a natural lipophilic macrolide compound
with both immunosuppressive and antiproliferative properties. Paclitaxel is a
cytotoxic and antineoplastic drug that promotes microtubule stabilization, blocking M
phase of the cell cycle, thus leading to cellular death[18]. The first clinical applications
of DES in infrapopliteal arteries for the treatment of CLI demonstrated encouraging
mid-term results[18,22-25].
Following these initial promising single-center studies, multicenter randomized
controlled trials (RCT) (YUKON-BTX, DESTINY and ACHILLES trials), reported low
infrapopliteal vessel restenosis rate, higher event-free survival and improved quality
of life. These provided level IA evidence for DES use in short focal infrapopliteal
lesions (< 120 mm)[26-28].
In the ACHILLES trial, precisely 200 patients suffering from either CLI (> 60%) or
Rutherford class 3 IC were enrolled in 17 European centers and were randomized to
undergo primary DES with the CYPHER SELECT© PLUS sirolimus-eluting stent
(Cordis, United States) or plain balloon angioplasty of the infrapopliteal arteries.
Mean lesion length was 27 ± 21 mm. The device success rate was significantly higher
for DES (95.5% vs 58.2%, P = 0.001), while DES at 12 mo achieved significantly lower
restenosis rates (22.4% vs 41.9%, P = 0.019), superior patency (75.0% vs 57.1%, P
= 0.025) and improved Rutherford class. Revascularization procedures and
amputation rates were similar for both treatment options[28]. In a post hoc analysis of
this trial, Katsanos et al[29] reported that DES use was found to accelerate wound
healing compared with balloon angioplasty, a substantial outcome especially for
patients with diabetes, to whom rapid wound healing is imperative to avoid
superinfection and subsequent limb loss[29]. In the DESTINY multicenter RCT, 140
patients with CLI were randomized to receive either the XIENCE V Everolimuseluting balloon-expandable stent or the Multilink vision bare balloon-expandable
stent (ABBOTT, United States). The maximum lesion length allowed was 40mm, and
primary patency was defined as the absence of > 50% restenosis assessed by
quantitative analysis of contrast angiography. At 12 mo, both primary patency (85%
vs 54%, P = 0.0001) and re-intervention (85% vs 54%, P = 0.0001) rates were
significantly improved with DES use. Moreover, the Xience V DES significantly
reduced both mean in-stent stenosis (21% ± 21% vs 47% ± 27%, P < 0.0001) and mean
in-stent LLL (0.78 ± 0.63 mm vs 1.41 ± 0.89 mm, P = 0.001)[27]. Finally, the YUKON-BTK
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multicenter, double-blind RCT randomized 161 suffering patients (CLI or IC) to
receive endovascular treatment with either the YUKON-BTX polymer-free sirolimuseluting stent (Translumina, Germany) or a placebo-coated bare-metal stent. Again, the
12 mo primary (80.6% vs 55.6%, P = 0.004) and secondary (91.9% vs 71.4%, P = 0.005)
patency rates were significantly higher for the DES group, while changes in
Rutherford-Becker classification were also significantly superior in the DES group[26].
Meta-analysis of the above three multicenter RCTs confirmed these findings and
demonstrated the superiority of DES over plain balloon angioplasty and BMSs[30].
Specifically, DESs were proven to be significantly superior in terms of 1 year primary
patency [80.0% vs 58.5%; number needed-to-treat (NNT) = 4.8], improvement of
Rutherford-Becker class (79.0% vs 69.6%; NNT = 11.1), target lesion revascularization
(TLR) events (9.9% vs 22.0%; NNT = 8.3), wound healing (76.8% vs 59.7%; 2; NNT =
5.9), and event-free survival (72.2% vs 57.3%; pooled; NNT = 6.7).
Recently, data about long-term outcomes of DES application in infrapopliteal
arterial disease were published in the PADI study; the only multicenter RCT study
with the long-awaited 5-year follow up data [31] . In three vascular centers in the
Netherlands, Paclitaxel-eluting stents (PES) (TAXUS Liberte; Boston Scientific, United
States) were randomized vs both PTA and bail-out bare metal stenting. A total of 137
patients with CLI were included in the study. At 5 years follow-up, amputation-free
survival and event-free survival rates were significantly superior in the PES group
(26.2% vs 15.3%, P = 0.041 and 31.8% vs 20.4%, P = 0.043, respectively), while
amputation rate was also lower for PES (19.3% vs 34.0%, P = 0.091). Survival rates
were similar between the two groups, while the duplex-assessed patency rate was still
significantly higher in the PES group after four years follow-up (13.5% vs 32.6%, P =
0.031). All randomized controlled trials for infrapopliteal drug-eluting technologies
are analytically reported in Table 2.
Long-term outcomes of DES placement in diabetic patients with CLI were
evaluated in a clinical study that reported a 90.4% amputation-free interval at 5 and 10
years after the procedure, while survival rate was 55.5% and 36.2% at 5 and 10 years
follow-up, respectively [ 5 ] . Half of the patients (50.3%) underwent a repeat
revascularization procedure due to clinical relapse at 10 years follow-up.
Nevertheless, long-term data beyond a 1 year follow-up of infrapopliteal DES remain
scarce, and further multicenter RCTs are required to prove whether the use of this
technology can improve long-term clinical outcomes. Specifically, in a recent metaanalysis of ten studies (eight RCTs and two cohort studies), which included 927
patients assigned to either DES (484) or control treatment (443), primary patency was
significantly in favor of DES at one year. However, this advantage was not evident at
3 years follow-up. The authors concluded that more high-level, long-term data are
needed[32].
The safety and superiority of DES in short to medium length lesions has been
demonstrated by level IA evidence. Nevertheless, the polymorphic nature of BTK
disease, which usually presents with very long lesions (> 20 cm) and requires
treatment of bifurcations and flexion points, such as the distal anterior tibial artery
and the pedal arch, still has several controversies and thus requires further
investigation. Specifically, the YUKON-BTX, DESTINY, and ACHILLES trials
excluded patients with infrapopliteal trifurcation lesions, lesions in juxta-articular
regions or lesions subject to external compression. In an attempt to address these
issues, Spiliopoulos et al [33] reported the treatment outcomes of 39 patients with
infrapopliteal bifurcation disease using techniques of coronary DES placement. The
mean clinical follow-up period was 47.56 ± 14.8 mo, while the mean angiographic
follow-up period was 17.56 ± 12.5 mo. The application of DES across the origin of
tibial vessels was proven as a safe and effective method, and was associated with
satisfactory long-term angiographic and clinical outcomes. Specifically, the overall
amputation-free survival and TLR-free survival at 5 years were 84.3% and 58.0%,
respectively. Two-vessel primary patency (no revascularization and no > 50%
angiographic restenosis of either vessel forming the target bifurcation) was 77.2%,
47.5% and 33.9%, at 12, 24 and 36 mo follow-up, while primary patency of at least one
of the treated vessels was 84.0%, 65.5% and 54.5%, at 12, 24 and 36 mo. In a study that
was published the following year, similar results were reported of 54.5% two-vessel
primary patency and 81.8% one-vessel primary patency at 6 mo[34].
Another challenging issue commonly faced by medical providers is the deployment
of DES in anatomic flexion points. Severe compression resulting in DES fracture at the
distal third of the anterior tibial artery has been related to in-stent
restenosis/reocclusion, as well as the inability to recanalize the lesion with either
endovascular or surgical means. Therefore, stent placement in this area, as well as the
pedal arteries, must be avoided[35]. The concern of treating infrapopliteal DES in-stent
restenosis/reocclusion has also been addressed. In a retrospective analysis of 367
patients treated with infrapopliteal DES, 54 cases of DES occlusion were noted (re-
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Table 2 Summary of randomized controlled trials investigating infrapopliteal drug-eluting technologies
Trial

Study design

Patients

Falkowski et al[25], Single-centre BMS 50 patients (25 vs
2009
vs SES
25)

DES

Follow-up

CLI

Lesion length
(cm)

Primary
endpoints

6 mo

32%

1.8 ± 2.4

LLL: SES 0.46 ±
0.72 vs BMS 1.70 ±
0.94 mm; P <
0.001
6-mo restenosis:
SES 16% vs BMS
76%; P < 0.001
6-mo TLR: SES
12% vs BMS
14.56%; P < 0.05

ACHILLES
Scheinert et al[28],
2012

Multicentre PTA
vs SES

200 patients (101
vs 99)

1 yr

39%

both 2.7 ± 2.1

1-yr in-segment
binary restenosis
by quantitative
angiography: SES
22.4% vs PTA
41.9%, P = 0.019

Below Tepe et
al[39], 2010

Single-centre SES 63 limbs (4-arm
BMS vs PTA
trial; PTA pooled)

6 mo

100%

3.4 ± 0.3

6-mo restenosis:
SES 9%, BMS 67%
and PTA 75%

YUKON-BTX
Rastan et al[26],
2012

Multicentre BMS 161 patients (79 vs
vs non-polymer
82)
SES

3 yr

46.60%

3.1 ± 0.9

Event-free
survival: 65.8%
SES vs 44.6%
BMS; P = 0.02

DESTINY Bosiers
et al[27], 2012

Multicentre BMS 140 patients (66 vs
vs Everolimus
74)
stent

1 yr

100%

1.7 ± 1.0

Angiographic
primary patency:
85% DES vs 54%
BMS; P = 0.0001

PADI van
Overhagen et
al[31], 2017

Multicentre PTA 137 patients (64 vs
vs PES
73)

5 yr

100%

2.2 ± 2.0

Major
amputation: DES
19.3% vs 34.0%
PTA; P = 0.091
Amputation-free
survival: DES
26.2% vs PTA
15.3%, P = 0.041
Event-free
survival: 31.8%
DES vs 20.4%
PTA, P = 0.043

PCB

DEBATE-BTK
Liistro et al[45],
2013
IN.PACT DEEP
Zeller et al[46],
2014

Single-centre PTA 132 patients (67 vs
vs PCB
65)

1 yr

100%

13.0 ± 8.0

Multicentre PTA
vs PCB

1 yr

99.70%

11.1 ± 9.0

358 patients (119
vs 239)

TLR: 9.2% PCB vs
13.1% PTA; P =
0.291
LLL: 0.61 ± 0.78
mm DCB vs 0.62 ±
0.78 mm PTA; P =
0.950

BIOLUX P-II
Zeller et al[47],
2015
IDEAS Siablis et
al[52], 2014

Multicentre PTA
vs PCB

72 patients (36 vs
36)

1 yr

77.80%

11.4 ± 8.7

6 mo patency
loss: 17.1% PCB vs
26.1% PTA; P =
0.298

Single-centre PCB 50 patients (25 vs
vs DES
25)

6 mo

100%

DES 12.7 ± 4.6

Angiographic
binary restenosis:
DES 28% vs 57.9%
in PCB; P = 0.0457

PCB 14.8 ± 5.6

PTA: Percutaneous transluminal angioplasty; CLI: Critical limb ischemia; BMS: Bare metal stent; PCB: Paclitaxel-coated balloon; DES: Drug-eluting stent;
PES: Paclitaxel-eluting stent; SES: Sirolimus-eluting stent; TLR: Target lesion revascularization; CLI: Critical leg ischemia; LLL: Late lumen loss.

occlusion rate 11.4% within a 7 year study period), and the technical success of
uneventful endovascular recanalization of DES occlusions was 90.7%. The authors
concluded that intraluminal recanalization of infrapopliteal DES occlusions is safe and
not technically demanding in the majority of cases[36].
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DES occlusions have been studied using optical coherence tomography (OCT),
which reveals in-stent neoatherosclerosis. The concept that antiproliferative properties
of DES alter endothelial formation and function has been discussed but never proven.
However, it’s thought that these properties result in increased lipid insudation and
macrophage activation, which precipitate both atherosclerosis of the neointima and
vascular lumen loss[37,38]. Furthermore, the stent’s durable polymer matrix acts as a
source of continuous vessel irritation that triggers a local inflammatory reaction and
can precipitate in-stent thrombosis. In the field of coronary disease, the phenomenon
of neoatherosclerosis following both bare metal or DES has been correlated with very
late acute stent thrombosis, and many authors advocate the prescription of long-term
dual antiplatelet therapy to avoid late thrombotic events. Nevertheless, late stent
thrombosis has never been investigated following infrapopliteal BMS placement and,
therefore, whether this phenomenon is as frequent as in cases of DES placement
remains to be addressed[38]. However, according to current knowledge, the need for
long-term antiplatelet coverage to reduce the risk of acute or late thrombosis after
DES placement might pose some restrictions on the use of these devices[20]. Tepe et al[39]
have investigated the administration of GP IIb/IIIa blockade with sirolimus-eluting
stents (SES), bare-metal stents and PTA. SES were correlated with significantly
reduced restenosis, as the 6 mo restenosis rate was 9%, 67%, and 75%, respectively[39].
The development of novel DES with biodegradable polymer technology aims to
improve vessel re-endothelialization and further decrease complications[40]. Initial
outcomes of the application of bioabsorbable DES in 33 patients suffering from either
CLI (68.4%) or claudication due to infrapopliteal vessel disease were excellent. The
primary patency rates were 96% and 84.6%, and freedom from clinically-driven target
lesion revascularization rates were 96% at 12 and 24 mo, respectively. Although mean
lesion length was only 19.2 ± 11.6 mm, most likely due to the current availability of
very short bioabsorbable DES, these results may soon lead to the implementation of
this technology for CLI management[41].
Furthermore, a new generation of polymer-free, dedicated BTK DES is presently
under investigation. Specifically, the Alvimedica Cre8 TM BTK is a polymer-free,
balloon-expandable platform-loaded stent with the AmphilimusTM antirestenotic
agent (Sirolimus + Fatty Acid). Futhermore, the Angiolite BTK sirolimus-eluting
peripheral stent (iVascular, Spain) is another balloon-expandable device consisting of
a cobalt chromium alloy coated with a mix of sirolimus and last generation biostable
fluorinated acrylate polymer. Clinical results from these devices are pending.
The cost-effectiveness of DES should indeed be placed under scrutiny; the direct
cost of DES is higher than that of a plain balloon, while most CLI patients suffer from
long multilevel tibial vessel lesions that cannot be treated with the short DES
presently available. However, despite the increased direct cost, DESs appear costeffective for the management of long infrapopliteal lesions due to the significantly
reduced number of re-interventions that are required[42]. It is generally accepted that
the direct cost-reduction resulting from deeper market penetration, combined with
the development of longer devices, would further improve DES cost-effectiveness.

DCB
DCBs were first introduced in coronary artery procedures, and the applications of this
technology have subsequently been expanded with the goal of confronting the
endovascular treatment obstacles of femoropopliteal artery atherosclerotic disease.
Today, there is strong level IA evidence derived from multiple multicenter RCTs and
their meta-analysis demonstrating that femoropopliteal angioplasty using DCB
significantly reduces restenosis rates[43]. This new technology to inhibit neointimal
hyperplasia by administering a single dose of an antiproliferative agent within the
vessel wall without the use of a permanent metallic scaffold (“leave nothing behind”
concept) is rather appealing for the infrapopliteal vascular bed. As previously
discussed, the distal third of the anterior tibial artery is not readily amenable to stent
placement due to the compressive forces of the osseous and musculotendinous tissues
in this area that can lead to stent deformations and fractures, and ultimately
decreased patency rates[35]. DCB could provide a valid solution to such limitations
presented by the utilization of DES in this territory. Furthermore, long lesions can be
easily treated with DCBs as the available lengths reach up to 150 mm. DCB combines
balloon angioplasty with local, high-dose, cytotoxic drug delivery. The drug is coated
on the balloon using special excipients, and is delivered within the arterial layers
during balloon inflation to both achieve a uniform application to the vessel wall and
promote the death of smooth muscle cells in the media. This allows for early intimal
re-endothelialization and vessel healing[4]. The pharmaceutical agent that is most
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commonly used in DCB is paclitaxel, owing to its lipophilic properties that can
generate high local tissue concentrations. Although the application of DCB is less
likely to compromise any future surgical revascularization procedures and can
achieve a drug distribution to the target lesion that is not affected by malapposition,
as in the case of DES, available evidence about the efficacy of DCB in the BTK territory
has been conflicting[44-47]. Despite the initial promising results deriving from singlecenter studies, two industry-driven, large-scale, multicenter RCT studies failed to
prove any clinical or angiographic superiority of DCB over plain PTA. Precisely, the
IN.PACT DEEP study was a prospective, multicenter, RCT designed to undergo
independent clinical event adjudication as well as angiographic and wound core
laboratory analysis. The trial included 358 CLI patients that were randomized 2:1 to
receive IN.PACT AmphirionTM paclitaxel-coated balloon (Medtronic, USA) or PTA.
Despite randomization of a considerably large population, significant baseline
differences were noted between the two arms in important parameters, such mean
lesion length (10.2 cm for DCB vs 12.9 cm for control, P = 0.002), impaired inflow
(40.7% for DCB vs 28.8% for control, P = 0.035), and previous target limb
revascularization (32.2% for vs 21.8% for control, P = 0.047). No statistically significant
differences were detected in the primary efficacy outcomes of clinically-driven target
lesion revascularization (CD-TLR: 9.2% PCB vs 13.1% control, P = 0.291) and late
lumen loss (LLL: 0.61 ± 0.78 mm for PCB vs 0.62 ± 0.78 mm for control, P = 0.950) at 1
year follow-up. The composite primary safety endpoint (6 mo all-cause mortality,
major amputation, and CD-TLR) was similar between PCB (17.7%) and control
(15.8%), and the non-inferiority hypothesis was met (P = 0.021). However, major
amputations at 12 mo were more than double in the PCB arm and on the verge of
statistical significance (8.8% vs 3.6%, P = 0.080)[46]. After safety issues were raised, the
study was interrupted, and the AmphirionTM paclitaxel-coated balloon was
withdrawn from the market. It has been suggested that distal embolization due to loss
of balloon coating during insertion may have contributed to these poor outcomes[48].
The company is currently recruiting patients in an RCT to investigate a novel PCB for
BTK use[49]. In the BIOLUX P-II multicenter RCT study, 72 patients were randomized
in a 1:1 ratio to undergo treatment with either the Passeo-18 Lux DCB (Biotronik AG,
Switzerland) or Passeo-18 PTA. In this trial, the primary endpoint of 6 mo patency
loss was not significantly inferior in the DCB group vs plain balloon angioplasty
(17.1% vs 26.1%, respectively, P = 0.298), while major amputations were also similar
(3.3% vs 5.6% at 12 mo, respectively). The 30 d composite primary safety endpoint (allcause mortality, target extremity major amputation, target lesion thrombosis, and
target vessel revascularization) was marginally superior in the DCB group (0% PCB vs
8.3% PTA, P = 0.239)[47]. The authors would like to comment that the patency rates of
plain balloon angioplasty in both studies were unexpectedly high, taking into
consideration reported data from previous infrapopliteal plain balloon angioplasty
studies, a fact that potentially contributed to the inability to prove the anti-restenotic
effect of PCB. The reason for this discrepancy remains to be clarified. Outcomes from
a new generation of DCB are also pending. Lutonix® 014 DCB (paclitaxel dose 2
µg/mm2) has been tested in a large-scale multicenter, single-arm registry, which
included 314 patients from 26 sites and 12 countries. Patients suffered from either CLI
or claudication due to infrapopliteal disease. Interim 6 mo results demonstrated an
excellent safety profile, as freedom from major adverse limb events and perioperative
death was 98.6% at 30 d and 96.0% at 6 mo, while freedom from TLR was 87.9% at 6
mo [50] . The final 24 mo results are expected in late 2019. The RangerTM (Boston
Scientific Corporation, United States), a new-generation 2 µg/mm2 DCB, is also under
investigation. The single-center, open-label prospective trial sponsored by Boston
Scientific has enrolled 30 CLI patients with infrapopliteal disease treated with the
Ranger DCB. The study’s efficacy primary outcome measures will be primary patency
at 6 mo follow-up (no stenosis > 50% of the target lesion measured by quantitative
vascular angiography). The safety outcome measurement will be the number of
deaths and major amputations at 6 mo follow-up. The estimated study completion
date is November 2018[51].

DES VS DCB FOR INFRAPOPLITEAL ARTERIAL DISEASE
In 2014, Siablis et al[52] sought to compare the efficacy of the two emerging drugeluting technologies for long infrapopliteal lesions. The authors randomized 50 CLI
patients to receive DES or DCB infrapopliteal treatment[52]. Among the inclusion
criteria was a minimum lesion length of 70 mm. The primary endpoint of 6 mo
angiographic > 50% restenosis, adjudicated by quantitative vessel analysis, was
significantly less in the DES group (28% vs 57.9%, P = 0.0457). Nonetheless, LLL, TLR
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and major amputation rates at 6 mo follow-up were similar between the two study
groups. This is the only study directly comparing infrapopliteal DES vs DCB that
reported that DCBs are associated with increased vessel restenosis at 6 mo, even
though LLL was similar between the two groups. The authors can assume that
reduced binary restenosis following DES deployment was due to a significantly
superior initial luminal gain compared to DCB angioplasty. In addition, they can also
assume that for small-vessel disease, maximizing the initial luminal gain could lead to
less short-term binary restenosis. Nevertheless, better vessel preparation using
atherectomy devices or less traumatic semi-compliant balloon catheters could also
improve infrapopliteal DCB angioplasty outcomes. Indeed, the combination of DCB
use with debulking atherectomy devices for the management of long, heavily calcified
femoropopliteal de novo or restenotic lesions is supported by an increasing level of
evidence. Orbital and directional atherectomy have been employed to remove
occlusive intimal or neointimal tissue, allowing DCB to act directly on the vessel
wall[53]. Moreover, in a recent Bayesian network meta-analysis by Katsanos et al[54],
data from RCTs investigating all endovascular treatment options for BTK arterial
disease were elaborated. In total, 16 RCTs with 1,805 patients were analyzed. Median
follow-up was 1 year. The authors created a network of comparisons between
infrapopliteal DES, DCB, plain balloon angioplasty and BMS, and calculated the
cumulative rank probabilities to provide hierarchies of these treatments. Outcomes
were found to be stable upon sensitivity and meta-regression analyses. No significant
publication bias or inconsistency was detected. DESs were found to significantly
reduce restenosis, amputations and revascularization procedures compared to BMSs
and plain balloon angioplasty. Specifically, DES reduced restenosis compared with
BMS [OR 0.26, 95%Credible Interval (CrI): 0.12 to 0.51] and plain balloon angioplasty
(Odds Ratio (OR) 0.22, 95%CrI: 0.11 to 0.45), and also reduced TLR compared with
plain balloon angioplasty (OR 0.41, 95%CrI: 0.22 to 0.75) and BMS (OR 0.26, 95%CrI:
0.15 to 0.45) (quality of evidence high). DCBs reduced TLR compared with plain
balloon angioplasty (OR 0.55, 95%CrI: 0.34 to 0.90) and BMS (OR 0.35, 95%CrI: 0.18 to
0.67) (quality of evidence low to moderate), while plain balloon angioplasty resulted
in significantly less TLR than BMS (OR 0.63, 95%CrI: 0.40 to 0.99) (level of evidence
high). Furthermore, DES significantly reduced limb amputations compared with plain
balloon angioplasty (OR 0.58, 95%CrI: 0.35 to 0.96), DCB (OR 0.51, 95%CrI: 0.26 to
0.98), or BMS (OR 0.38, 95%CrI: 0.19 to 0.72) (quality of evidence moderate to high),
and improved wound healing compared with plain balloon angioplasty (OR 2.02,
95%CrI: 1.01 to 4.07) or BMS (OR 3.45, 95%CrI: 1.41 to 8.73) (quality of evidence high).
The abovementioned high level of evidence establishes DES as the dominant
endovascular treatment modality for BTK disease, although these outcomes mainly
relate to short-to-medium length lesions and short-to-midterm follow-up.

DRUG INFUSION CATHETERS
New elution technologies for BTK treatment include catheters that can deliver
therapeutic agents directly to the vessel wall, eliminating drug loss in the circulation.
The Occlusion Perfusion Catheter (Advanced Catheter Therapies, Chattanooga, TN) is
a universal delivery catheter capable of delivering paclitaxel to the media by forming
a treatment chamber between two occlusion balloons. Results from a small multicenter study are promising [55] . Moreover, the infusion of dexamethasone in the
adventitia of infrapopliteal arteries is also being studied. The LIMBO-PTA
prospective, multicenter RCT is currently recruiting CLI patients (up to 120
participants) in up to 30 sites throughout Europe and the US in order to document the
effects of adventitial delivery of dexamethasone via the Bullfrog Micro-Infusion
Device (Mercator MedSystems, Inc., United States) after balloon angioplasty of
infrapopliteal lesions[56]. Patients will be randomized 1:1 to receive either the active
treatment or control therapy. The study is currently recruiting patients, and the
estimated study completion date is February 2020.

CONCLUSION
Level IA evidence supports the use of infrapopliteal DES for short-to-medium length
lesions. New developments in DES, such as bioabsorbable, polymer-free or even
longer self-expanding DES, could maximize outcomes. Large trials to prove their
superiority over other endovascular technologies in longer lesions are required. DCBs
are a very appealing endovascular solution for infrapopliteal artery disease due to
their inherent features, which enable metal-free inhibition of vessel restenosis.
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However, data to prove the superiority of DCBs over plain balloon angioplasty are
scarce. In a single-institution randomized comparison with DES in long infrapopliteal
lesions, DES resulted in significantly less 6 mo binary restenosis. Multicenter RCTs
and long-term results from large-scale registries are awaited in order to justify the use
of DCBs in BTK disease. New-generation drug elution and drug infusion devices are
also under investigation.
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Abstract
BACKGROUND
Obesity is a major health problem due to its high prevalence. The relationship
between obesity and cardiovascular disease is unclear. Some studies agree that
certain conditions associated with obesity, such as physical inactivity or
cardiovascular risk factors, are responsible for cardiovascular risk excess among
obese people. Carotid intima-media thickness and carotid plaques (CP) have been
associated with cardiovascular adverse events in healthy populations, and recent
data suggest a higher prevalence of subclinical carotid atherosclerosis in obese
and metabolically unhealthy patients. However, there are no studies correlating
subclinical atherosclerosis and adverse events (AE) in obese subjects.
AIM
To determine the association between carotid disease and AE in obese patients
with negative exercise echocardiography (EE).
METHODS
From January 1, 2006 to December 31, 2010, 2000 consecutive patients with a
suspicion of coronary artery disease were submitted for EE and carotid
ultrasonography. Exclusion criteria included previous vascular disease, left
ventricular ejection fraction < 50%, positive EE, significant valvular heart disease
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and inferior to submaximal EE. An AE was defined as all-cause mortality,
myocardial infarction and cerebrovascular accident. Subclinical atherosclerosis
was defined as CP presence according to Manheim and the American Society of
Echocardiography Consensus.
RESULTS
Of the 652 patients who fulfilled the inclusion criteria, 226 (34.7%) had body mass
indexes ≥ 30 kg/m2, and 76 of them (33.6%) had CP. During a mean follow-up
time of 8.2 (2.1) years, 27 AE were found (11.9%). Mean event-free survival at 1, 5
and 10 years was 99.1% (0.6), 95.1% (1.4) and 86.5% (2.7), respectively. In
univariate analysis, CP predicted AE [hazard ratio (HR) 2.52, 95% confidence
interval (CI) 1.17-5.46; P = 0.019]. In multivariable analysis, the presence of CP
remained a predictor of AE (HR 2.26, 95%CI 1.04-4.95, P = 0.041). Other
predictors identified were glomerular filtration rate (HR 0.98, 95%CI 0.96-0.99; P
= 0.023), peak metabolic equivalents (HR 0.83, 95%CI 0.70–0.99, P = 0.034) and
moderate mitral regurgitation (HR 5.02, 95%CI 1.42–17.75, P = 0.012).
CONCLUSION
Subclinical atherosclerosis defined by CP predicts AE in obese patients with
negative EE. These patients could benefit from aggressive prevention measures.
Key words: Carotid intima media thickness; Carotid plaque; Carotid disease; Myocardial
infarction; Mortality; Stroke; Exercise stress echocardiography
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: There is a controversy about obesity and coronary artery disease prognosis.
Several studies suggest a greater influence of physical inactivity than that of body mass
index on mortality, but there are no data addressing the influence of subclinical
atherosclerosis in patients with suspected coronary artery disease submitted to a noninvasive treadmill test. Our study shows that clinical atherosclerosis in other vascular
beds, such as carotid plaque presence, is a greater predictor than functional capacity.
These patients could benefit from aggressive prevention measures.
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atherosclerosis predicts all-cause mortality and cardiovascular events in obese patients with
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INTRODUCTION
Obesity and body mass index (BMI) have increased in every nation in the last years,
associating with a concomitant augmentation in the prevalence of traditional
cardiovascular risk factors[1]. Obesity is independently associated with mortality and
cardiovascular disease[2,3], likely through adverse remodelling of the arteries and a
higher prevalence of subclinical vascular disease[4,5]. However, once cardiovascular
disease (CVD) is established, the studies published so far show contradictory results.
Some investigations suggest a protective effect of obesity[6,7]. Other researchers suggest
that it is not the obesity itself, but certain associated characteristics, such as physical
inactivity or metabolic risk factors, that explain the increased risk attributed to obese
people. This suggestion gives rise to concepts such as metabolically healthy obesity[8,9]
or fit obese patients[10,11].
Several epidemiological studies have demonstrated an independent association of
carotid disease, defined as carotid plaques (CP) or carotid intima media thickness
(CIMT), with overall mortality and cardiovascular events[12-16]. Although a negative
treadmill exercise stress echocardiography is associated with good prognosis,
according to European guidelines on stable coronary artery disease (CAD)[17], the
annualized event rates defined as overall mortality and adverse cardiac events are
nearly 1% in contemporary series[18]. It therefore seems necessary to define other tools
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to decrease adverse events (AE) in these patients. As we previously described, carotid
disease has been associated with adverse cardiovascular events [12-15] , and one
advantage of carotid ultrasonography is that it is not invasive and can be performed
immediately after the exercise echocardiography (EE) using the same equipment.
Moreover, ultrasound assessment of carotid arteries in patients with suspected CAD
without known atherosclerotic disease is a class IIa C recommendation in the
aforementioned European guidelines[17].
There are no studies addressing the value of subclinical atherosclerosis, defined as
carotid disease, and AE in obese patients with or without CVD. The Multi-Ethnic
Study of Atherosclerosis found significantly higher CIMT values in obese patients
after adjustment for traditional CVD risk factors [4] or high-sensitivity C-reactive
protein values[5]. Recent publications have found a higher percentage of subclinical
carotid disease among metabolically unhealthy subjects compared to those with
metabolic disease absence in obese people either with[19] or without CAD[20]. These
studies emphasize the concept of obesity and associated phenotypes as predictors of
AE. The aim of the current study is to determine if carotid disease is a predictor of AE
in obese patients with CAD suspicion and negative treadmill stress echocardiography.

MATERIALS AND METHODS
We performed a retrospective cohort study of patients without significant heart or
vascular disease, with a BMI ≥ 30 kg/m2 and coronary artery disease suspicion with
negative EE who were submitted for carotid ultrasonography.

Study population
Between January 2006 and December 2010, 2000 patients were submitted for stress
echocardiography and carotid ultrasonography in our centre. Of them, 226 (11.3%)
were included. Exclusion criteria included previous CAD [n = 702 (35.1%)], failure to
achieve submaximal predicted heart rate [n = 159 (8.0%)], positive EE [n = 173 (8.7%)],
hereditary cardiac disease (e.g., Brugada syndrome, hypertrophic cardiomyopathy) [n
= 25 (1.3%)], pharmacological stress test [n = 31 (1.6%)], previous stroke or transient
ischaemic attack [n = 52 (2.6%)], peripheral artery disease [n = 31 (1.6%)], valvular
heart disease, defined as aortic stenosis of any aetiology, mitral rheumatic stenosis or
more than moderate valve regurgitation [n = 67 (3.4%)], planned revascularization [n
= 4 (0.2%)], left ventricular ejection fraction less than 50% [n = 9 (0.5%)], loss during
follow-up [n = 21 (1.1%)], technical problems accessing the stored images [n = 73
(3.7%)] and BMI < 30 kg/m2 [n = 426 (21.3%)]. All patients signed the informed
consent before performing the test. The study was approved by the Regional Ethics
Committee. Figure 1 summarizes the selection criteria.
Demographic and clinical characteristics as well as CAD pre-test probabilities (PTP)
were collected from available medical records at the time of the first clinical visit
when EE was requested. Baseline echocardiography, carotid ultrasonography and
stress testing data were collected from digitally stored images and medical records at
the time of EE performance. CAD PTP and Systematic Coronary Risk Evaluation
(SCORE) were assessed according to current European Society of Cardiology
guidelines[1,17]. Treatment data were collected from medical records obtained at the
first visit after EE performance. Of the 226 patients, 172 (76.1%) were evaluated the
same day after EE performance. For the 54 patients that were not evaluated the same
day, the median time between EE and first medical was 13.5 d (interquartile range
47.3).

Exercise stress echocardiography
Physiological parameters such as blood pressure, heart rate, and a 12-lead ECG were
registered at baseline and at each stage of the treadmill stress protocol. The Bruce
treadmill protocol was the preferred method of exercise, but Naughton was employed
in a minority of subjects. A submaximal test was defined as an achievement of 85% of
the age-predicted heart rate. EE was prematurely stopped in case of physical
exhaustion, significant arrhythmia, severe hypertension or hypotensive response.
Electrocardiographic changes suggestive of myocardial ischaemia during testing were
defined as a new ST-segment deviation of 1 mm or more, measured at 80 ms after the
J point.
Echocardiographic views were attained at rest, peak and immediately after
exercise, and digitally stored for later comparisons. Assessment of regional wall
motion was done in a 17-segment model of the left ventricle by using a motility score
that ranged from 1 to 4, depending on its motion. Baseline and exercise wall motion
score index were calculated as average scores of the 17 segments at rest and peak
exercise, respectively. With the exception of isolated hypokinesia of the inferobasal
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Figure 1

Figure 1 Flowchart of the 2000 patients submitted for exercise echocardiography. EE: Exercise echocardiography.

segment and worsening from akinesia to dyskinesia, exercise-induced
echocardiography ischaemia was defined as new or worsening wall motion
abnormalities developed during the stress test. When ischaemic changes affected
three or more myocardial segments, the exercise test was considered as extensive
ischemia, while multivessel ischaemia was defined when wall motion abnormalities
were detected in two or more different coronary territories[21].

Carotid ultrasonography
The patients were submitted to carotid ultrasonography immediately after the EE
performance using the same ultrasound equipment (Philips iE33; Philips Medical
Systems, Best, Holland). The ARIC protocol study[12] and expert consensus[22-24] were
followed for the CIMT measurement. CP was defined as focal structures invading 0.5
mm or more into the arterial lumen, presenting an increase of at least 50% in its
thickness compared to the neighbouring CIMT value, or a CIMT greater than 1.5 mm
as measured from the intima-lumen limit to the media adventitia limit[22-24]. Semiautomated edge recognition software was used (QLAB; Philips 110 Medical Systems,
Andover, MA, United States).
Subclinical atherosclerosis was defined as a binary variable as CP
presence/absence. Both carotid ultrasonography and EE stored images were
examined by two cardiologists with broad experience in cardiac and carotid imaging
who were blinded to the AE. A third expert reviewed the images in case of any doubt
or disagreement.

End points
Follow-up data were obtained from the hospital database, medical records and death
certificates. In the case of doubt, the Regional Mortality Registry was consulted. AE
was defined as a combined endpoint of all-cause mortality, myocardial infarction and
cerebrovascular accident. Myocardial infarction was defined as specified by the third
universal definition of the myocardial infarction expert consensus document[25]. Stroke
was defined as a loss of neurological function caused by an ischaemic event that
lasted for more than 24 h and left residual signs.

Statistical analysis
No statistical sample-size calculation was done in our study. On the one hand, this
was an innovative unicentric study in terms of using carotid ultrasonography in obese

WJC

https://www.wjgnet.com

27

January 26, 2019

Volume 11

Issue 1

Vidal-Perez R et al. Subclinical atherosclerosis predicts outcomes in obesity

patients with an EE with good prognosis. On the other hand, no previously published
studies were found for statistical determination of sample size calculations.
Continuous variables were reported as the mean (standard deviation) or median
(interquartile range) depending on Shapiro-Wilk normality test results, whereas
categorical variables were reported as percentages. Cumulative death, myocardial
infarction and cerebrovascular accident curves were calculated by the Kaplan-Meier
method and compared using the log rank-test. Cox proportional-hazards regression
was used for both univariate and multivariate analyses. All variables with P values
less or equal to 0.2 were included in the multivariable analysis, and a retention set of
0.1 was applied. A P value of 0.05 or less was considered to be statistically significant.

RESULTS
Of the 226 patients, 76 (33.6%) had subclinical atherosclerosis defined by CP presence.
Patients with CP were older (P < 0.01), with a higher prevalence of hypertension (P =
0.002) and dyslipidaemia (P = 0.027), higher SCORE (P < 0.001), lower glomerular
filtration rate (P < 0.001), lower high-density lipoprotein cholesterol (P = 0.043) and
higher triglycerides (P = 0.011). This group also showed a higher percentage of
patients with intermediate-to-high PTP for CAD and lower percentage of
cardiovascular risk factor–free subjects (P < 0.001). Regarding basal
echocardiography, there were no differences in basal ejection fraction, but CP subjects
had more mitral regurgitation (P = 0.001). Heart rate (P < 0.001), exercise time (P =
0.011) and metabolic equivalents (METs) (P = 0.015) were lower in the CP group,
whereas mean CIMT (P < 0.001) and CIMT > 0.9 mm (P < 0.001) were higher. Patients
with CP were more frequently on angiotensin II receptor blockers (P = 0.001), calcium
channel blockers (P = 0.011), statins (P = 0.043) and oral antidiabetic (P = 0.030)
treatment. The baseline characteristics are summarized in Tables 1 and 2.

Adverse events
During a mean follow-up of 8.0 (2.2) years, six (2.7%) non-ST elevation myocardial
infarctions, two (0.9%) ST elevation myocardial infarctions, nine (4.0%) strokes and 15
(6.6%) deaths were recorded, for a total of 27 (11.9%) AE.
Kaplan–Meier adverse event-free survival at 1, 2, 3, 5 and 10 years was 99.1% (0.6),
98.7% (0.8), 96.9% (1.2), 95.1 (1.4%) and 86.5% (2.7%), respectively. Kaplan-Meier
event-free survival was significantly higher in the non-CP group, with 99.3% (0.7)
event-free survival at 1 and 2 years, 98.7% (0.9) at 2 and 3 years, 97.3% (1.3) at 5 years
and 89.3% (3.5) at 10 years vs 98.7% (1.3) at 1 year, 97.4 (1.8%) at 2 and 3 years, 93.4
(2.8) at 5 years and 80.7% (5.0) at 10 years in the CP group (P = 0.015) ( Figure 2).

Univariate analysis
Age (P < 0.001), glomerular filtration rate (P = 0.002), moderate mitral regurgitation (P
= 0.007), cardiorespiratory fitness expressed in METs (P = 0.001) and CP presence (P =
0.019) were associated in univariate analysis with AE.

Multivariate analysis
Multivariable analysis showed that glomerular filtration rate (P = 0.023), moderate
mitral regurgitation (P = 0.012), peak METs during the EE (P = 0.034) and CP (P =
0.041) were independent predictors of AE. Tables 3 and 4 show the univariate and
multivariate analysis results.

DISCUSSION
To the best of our knowledge, this is the first article that correlates subclinical
atherosclerosis with AE in obese patients, and specifically in obese patients with
suspicion of ischaemic heart disease and good prognoses from EE.
Recent data from the Clinical Outcomes Utilizing Revascularization and Aggressive
Drug Evaluation show that mortality in stable CAD is not negligible, with nearly 25%
of patients dying during a mean follow-up of 10.5 years[26]. Moreover, the composite
outcome of death, nonfatal myocardial infarction and stroke at a median follow-up
period of 4.6 years has been approximately 20%[27]. For that reason, it is important to
find predictors of evolution beyond the classic clinical, echocardiography, noninvasive and invasive CAD risk factors[17].
Our study shows that CP increased the probability of an AE in obese patients with
CAD suspicion and negative EE by 2.26. Similar findings were obtained in other
studies performed in ischaemic patients [28-34] . In the Angina Prognosis Study in
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Table 1 Baseline characteristics
n = 226

No plaque, n = 150

Plaque, n = 76

P value

Age

63.2 (11.4)

60.6 (12.1)

68.2 (7.3)

< 0.001a

Male sex

106 (46.9%)

64 (42.7%)

42 (55.3%)

0.099

Hypertension

166 (73.5%)

100 (66.7%)

66 (86.8%)

0.002a

Diabetes mellitus

45 (19.9%)

24 (16.0%)

21 (27.6%)

0.058

Dyslipidaemia

124 (54.9%)

74 (49.3%)

50 (65.8%)

0.027a

Current smoker

55 (24.3%)

36 (24.0%)

19 (25.0%)

0.999

Family history of premature CAD

17 (7.5%)

13 (8.7%)

4 (5.3%)

0.516

BMI, kg/m2

33.3 (4.1)

33.2 (4.5)

33.4 (3.0)

0.694
0.033a

Obesity
Grade 1

179 (79.2%)

126 (84.0%)

53 (69.7%)

Grade 2

39 (17.3%)

19 (12.7%)

20 (26.3%)

Grade 3

8 (3.5%)

5 (3.3%)

3 (3.9%)

29 (12.8%)

28 (18.7%)

1 (1.3%)

No cardiovascular risk factors

< 0.001a
< 0.001a

SCORE
Low-risk, < 1%

29 (12.8%)

28 (18.7%)

1 (1.3%)

Moderate-risk, 1%-5%

113 (50.0%)

78 (52.0%)

35 (46.1%)

High risk, 5%-10%

33 (14.6%)

20 (13.3%)

13 (17.1%)

Very high-risk, ≥ 10%

49 (21.7%)

24 (16.0%)

25 (32.9%)

2 (0.9%)

0

2 (2.6%)

Not classifiable

0.017a

CAD PTP
< 15%

10 (4.4%)

10 (6.7%)

0

15-65%

180 (79.6%)

121 (80.7%)

59 (77.6%)

65-85%

36 (15.9%)

19 (12.7%)

17 (22.4%)

> 85%

0 (0%)

0 (0%)

0 (0%)

113.8 (32.2)

112.5 (33.4)

116.6 (29.5)

0.369

Glomerular filtration rate, mL/min/1.73 m

87.6 (25.4)

91.4 (27.1)

79.7 (20.3)

< 0.001a

Total cholesterol, mg/dL

199.6 (40.5)

196.9 (38.5)

205.0 (43.9)

0.159

HDL cholesterol, mg/dL

48.6 (12.3)

49.6 (13.4)

46.5 (9.1)

0.043a

Triglycerides, mg/dL

143.6 (75.9)

133.0 (60.0)

164.8 (97.6)

0.011a

LDL cholesterol, mg/dL

122.1 (34.6)

120.2 (34.1)

125.9 (35.8)

0.257

Atrial fibrillation

26 (11.5%)

14 (9.3%)

12 (15.8%)

0.224

Angiotensin-converting enzyme inhibitor

29 (12.8%)

16 (10.7%)

13 (17.1%)

0.247

Angiotensin II receptor blockers

99 (43.8%)

54 (36.0%)

45 (59.2%)

0.001a

Beta-blockers

72 (31.9%)

44 (29.3%)

28 (36.8%)

0.32

Calcium channel blockers

53 (23.5%)

27 (18.0%)

26 (34.2%)

0.011a

Fasting plasma glucose, mg/dL
2

Treatment after EE

Nitrates

21 (9.3%)

13 (8.7%)

8 (10.5%)

0.832

Statins

111 (49.1%)

66 (44.0%)

45 (59.2%)

0.043a

Ezetimibe

6 (2.7%)

3 (2.0%)

3 (3.9%)

0.673

Fibrates

10 (4.4%)

5 (3.3%)

5 (6.6%)

0.476

Omega−3 fatty acids

4 (1.8%)

3 (2.0%)

1 (1.3%)

1

109 (48.2%)

67 (44.7%)

42 (55.3%)

0.172

Anticoagulants drugs

17 (7.5%)

8 (5.3%)

9 (11.8%)

0.137

Oral antidiabetic drugs

28 (12.4%)

13 (8.7%)

15 (19.7%)

0.030a

5 (2.2%)

2 (1.3%)

3 (3.9%)

0.338

Antiplatelet drugs

Insulin treatment

a

P < 0.05. BMI: Body mass index; CAD: Coronary artery disease; EE: Exercise echocardiography; HDL cholesterol: High density lipoprotein cholesterol;
LDL cholesterol: Low density lipoprotein cholesterol; PTP: Pre-test probability; SCORE: Systematic COronary Risk Evaluation.

Stockholm [28] , CIMT could not predict AE defined as cardiovascular death or
cardiovascular events, while CP had a tendency (P = 0.056) to predict them in 809
patients younger than 70 years with clinical suspicion of CAD. Compared to our
study, their patients were younger, more frequently male, with a lower percentage of
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Table 2 Baseline echocardiography, treadmill exercise stress echocardiography and carotid ultrasonography characteristics
n = 226

No plaque, n = 150

Plaque, n = 76

P value

Baseline echocardiography
Baseline ejection fraction, %

64.6 (5.2)

64.5 (5.2)

64.7 (5.3)

0.823

Mitral regurgitation

82 (36.3%)

43 (28.7%)

39 (51.3%)

0.001a

Aortic regurgitation

57 (25.2%)

33 (22.0%)

24 (31.6%)

0.16

Tricuspid regurgitation

116 (51.3%)

73 (48.7%)

43 (56.6%)

0.325

Pulmonary regurgitation

3 (1.3%)

3 (2.0%)

0 (0%)

0.553

Pulmonary artery systolic pressure, mmHg

32.6 (7.3)

30.5 (5.8)

35.1 (6.2)

0.013a

14 (6.2%)

10 (6.7%)

4 (5.3%)

212 (93.8%)

140 (93.3%)

72 (94.7%)

Baseline

141.8 (18.8)

140.7 (18.7)

143.9 (18.9)

0.222

Peak

197.6 (23.8)

196.6 (23.0)

199.7 (25.4)

0.361

Treadmill exercise stress echocardiography
Stress protocol

0.778

Naughton
Bruce
Systolic blood pressure

Heart rate
Baseline

73.6 (12.4)

74.0 (11.9)

72.8 (13.5)

0.409

Peak

146.0 (13.1)

148.2 (13.4)

141.7 (11.5)

< 0.001a

Percentage

93.1 (5.6)

93.0 (5.5)

93.3 (5.8)

0.718

Maximal stress test

26 (11.5%)

17 (11.3%)

9 (11.8%)

1

Basal

10.5 (2.4)

10.4 (2.3)

10.5 (2.6)

0.831

Peak

28.9 (4.4)

29.1 (4.4)

28.3 (4.3)

0.174

Exercise time, min

8.6 (2.9)

8.1 (2.9)

7.1 (2.4)

0.011a

METs

8.5 (2.9)

8.8 (3.1)

7.9 (2.3)

0.015a

CIMT, mm

0.80 (0.20)

0.74 (0.18)

0.91 (0.18)

< 0.001a

CIMT > 0.9 mm

62 (27.4%)

27 (18.0%)

35 (46.1%)

< 0.001a

Rate-pressure, × 103 mmHg beats/min

Carotid ultrasonography

a

P < 0.05. CIMT: Carotid intima media thickness; METs: Metabolic equivalents.

traditional cardiovascular risk factors. More importantly, 14% of subjects had
previous myocardial infarction, BMI was not reported, there was no prognosis
assessment by non-invasive stress tests, and the CP definition was different from ours.
Petersen et al [29] reported CP presence, especially heterogeneous plaques, as a
predictor of all-cause deaths in 541 hospitalized cardiological patients, 25% of them
with a BMI > 30 kg/m2, after a median follow-up of 34 mo. Recently, Sirimarco et al[30]
detected CP presence as a predictor of a composite of first occurrence of
cardiovascular death, myocardial infarction, or coronary hospitalization during a
follow-up period of 4 years in 45,227 middle-aged patients (45 years or more). In
addition, CP in this study also predicted three or more cardiovascular risk factors or
established CAD, cerebrovascular disease or peripheral artery disease in these
patients, 28.1% of whom had BMI ≥ 30 kg/m 2 . Both studies had heterogeneous
populations, with 64% of patients diagnosed with ischaemic heart disease in the
Petersen study and 55.6% with CAD (defined as stable angina, prior acute coronary
event, history of percutaneous coronary intervention or coronary artery bypass
grafting) in the Reduction of Atherothrombosis for Continued Health Registry. A noninvasive stress test was not performed in the CAD patients. Like ours, their patients
with CP were older and had a higher prevalence of cardiovascular risk factors.
Studies involving patients with CAD assessed by angiography have also been
published. Komorovsky et al[31] identified echogenic or calcified CP as a predictor of
cardiac death, non-fatal myocardial infarction, and rehospitalization for unstable
angina in 337 consecutive patients with acute coronary syndrome submitted to
coronary angiography. Along the same lines, Zielinski et al[32] found a significant
association between CIMT and death from all causes, stroke, or myocardial infarction
(P = 0.010) in hypertensive patients with CAD, defined as ≥ 50% stenosis by coronary
angiography and a mean BMI of 28.6 (3.8) kg/m2. Park et al[33] found CP as a predictor
of cardiac death and hard major AE (death, stroke or myocardial infarction) in a
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Figure 2

Figure 2 Time-to-event curves for the adverse events (all-cause mortality, myocardial infarction and stroke).
CP: Carotid plaque.

cohort of 1,390 consecutive patients with angiographically-proven CAD and a mean
BMI of 24.7 (3.4) kg/m2 followed up during a mean of 54.2 mo. However, they did not
find a significant relationship with CIMT. Although their inclusion criteria differed
from ours, their findings were similar to other studies and ours in that the CP patients
were older and had a greater prevalence of cardiovascular risk factors. One important
issue is that 33.9% of patients had previous CAD, > 60% had left ventricular ejection
fraction < 50%, 41.2% were treated with percutaneous coronary angioplasty or
coronary artery bypass grafting, and they included stent restenosis and target vessel
revascularization in the end point. Notably, these events were not only due to
atherosclerosis progression. Finally, Steinvil et al[34] found significant associations
between carotid stenosis and all-cause mortality, myocardial infarction, stroke, and
any coronary revascularization procedure in 1,015 patients with significant CAD
(defined as stenosis > 70% determined by angiography). However, they did not
indicate which treatment was performed (medical, percutaneous intervention or
surgical) or which medication was administered, and they did not specify other
important prognostic factors, such as left ventricular ejection fraction.
Although CIMT was associated in classic[12-14] and contemporary studies[16] with
overall mortality and cardiovascular events, we were not able to make this association
in this research. CIMT as a surrogate marker of atherosclerosis and predictor of AE is
penalized by the highly variability association in the different studies published so
far[12-14,16,28,35]. Possible explanations for this discrepancy are differences in measurement
methods, definitions of abnormal CIMT, atherosclerosis development between the
vascular beds and in the adaptive response[16,35]. Recent studies have shown CP as a
better predictor of cardiovascular events than CIMT [15] . It is possible that CP
represents a more advanced atherogenesis stage than CIMT[15,36,37]. This issue explains
why CP groups have a consistently higher prevalence of cardiovascular risk factors
and are older[29,33], and why there was a lower percentage of patients with “healthy
metabolic obesity” in our CP group. Our findings are in consonance with current
European Guidelines on Cardiovascular Disease Prevention in Clinical Practice,
where CIMT screening for cardiovascular risk assessment is not recommended (Class
III level A indication), whereas CP assessment is a IIb B recommendation for the same
purpose[1]. In this sense, patients with CP might benefit from aggressive preventive
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Table 3 Univariate analysis of adverse events (all-cause mortality, myocardial infarction and
cerebrovascular accident)
Hazard ratio

95% Confidence interval

P value

Age

1.1

1.05-1.15

< 0.001a

Male sex

0.68

0.31-1.50

0.338

Hypertension

2.52

0.75-8.44

0.134

Diabetes mellitus

1.42

0.60-3.38

0.427

Dyslipidaemia

1.89

0.82-4.36

0.134

Current smoker

1.23

0.52-2.95

0.635

Family history of premature CAD

2.17

0.65-7.26

0.21

No cardiovascular risk factors

0.3

0.04-2.24

0.242

High/very high SCORE

2.15

0.98-4.71

0.055

Atrial fibrillation

2.45

0.98-6.10

0.055

CAD PTP ≥ 65%

1.44

0.57-3.60

0.441

2

0.93

0.80-1.09

0.381

Fasting plasma glucose

1

0.99-1.01

0.863

0.98

0.96-0.99

0.002a

Total cholesterol, mg/dL

1

0.99-1.00

0.333

HDL cholesterol, mg/dL

1

0.95-1.02

0.409

Triglycerides, mg/dL

1

0.99-1.01

0.189

LDL cholesterol, mg/dL

0.99

0.98-1.01

0.294

Left ventricular ejection fraction, %

0.98

0.91-1.06

0.563

Moderate mitral regurgitation

5.29

1.57-17.84

0.007a

Moderate aortic regurgitation

4.24

0.57-31.55

0.158

Moderate tricuspid regurgitation

2.03

0.27-15.19

0.492

METs

0.77

0.66-0.90

0.001a

CIMT

0.91

0.14-6.19

0.926

CIMT > 0.9 mm

0.79

0.33-1.91

0.603

CP presence

2.52

1.17-5.46

0.019a

BMI, kg/m

Glomerular filtration rate, mL/min/1.73 m2

a

P < 0.05. BMI: Body mass index; CAD: Coronary artery disease; CIMT: Carotid intima media thickness; CP:
Carotid plaque; HDL cholesterol: High density lipoprotein cholesterol; LDL cholesterol: Low density
lipoprotein cholesterol; METs: Metabolic equivalents; PTP: Pre-test probability; SCORE: Systematic Coronary
Risk Evaluation.

measures, and it is important to highlight that in our study not all patients with
subclinical atherosclerosis were treated after EE, such as very high-risk patients, with
only 59.2% of the CP group receiving statins.
In addition to carotid disease, functional capacity was associated with AE. As
previously mentioned, functional capacity has been associated with mortality in obese
patients. Barry et al[10] meta-analysis showed that overweight and obese fit people
presented similar mortality risks to normal weight fit subjects (odds ratio 1.21; 95%
confidence interval (CI) 0.95 to 1.52), whereas obese unfit patients had higher overall
mortality compared to normal weight fit individuals (odds ratio 2.46; 95%CI 1.92 to
3.14). Focusing on obese patients with CAD, Goel et al[38] found a statistical association
between low fitness and mortality in patients with central obesity and a tendency
towards such an association in obese and overweight patients. This was assessed by
measuring the BMI of 855 patients who were enrolled in the Mayo Clinic cardiac
rehabilitation programme, ultimately revealing that the association of BMI with
mortality is complex and altered by fitness level.
It was not surprising to find glomerular filtration rate and mitral valve
regurgitation as AE predictors. Several articles have found a significant relationship
between CP and/or CIMT and CAD presence and extension in dialysis or end-stage
renal disease patients[39,40]. Moreover, renal disease has been associated with a worse
prognosis after acute coronary syndrome [41] . Focusing in obese patients with
angiographic CAD, chronic kidney disease, defined as glomerular filtration rate < 60
mL/min/1.73 m2, was a strong predictor of cardiac events [hazard ratio (HR) 1.63,
95%CI 1.05-2.53] and overall mortality (HR 2.17, 95%CI 1.54-3.07) in Asiatic subjects
with BMI > 25 kg/m2[42]. On the other hand, mitral valve regurgitation has been
identified as an important long-term predictor of adverse outcomes in patients with
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Table 4 Multivariate adverse event analysis (all-cause mortality, myocardial infarction and
cerebrovascular accident)
Hazard ratio

95% Confidence interval

P value

Glomerular filtration rate

0.98

0.96-0.99

0.023a

Moderate mitral regurgitation

5.02

1.42-17.75

0.012a

METs

0.83

0.70-0.99

0.034a

CP presence

2.26

1.04-4.95

0.041a

a

P < 0.05. CP: Carotid plaque; METs: Metabolic equivalents.

ischaemic heart disease in different clinical scenarios, such as after acute myocardial
infarction [43] , coronary artery bypass graft surgery [44] , percutaneous coronary
intervention[45] and even stable CAD[46]. Recently, it has also been associated with a
worse prognosis in patients referred for non-invasive stress testing (dobutamine stress
echocardiography)[47].
The main strength of our study is the restrictive inclusion criteria, including obese
patients with a good prognosis from EE, and the exclusion of potential confounding
factors such as decreased left ventricular ejection fraction, previous CAD (and a
subsequent different treatment approach), valvular heart disease that can evolve and
produce AE (like aortic stenosis) and hereditary cardiac disease. Moreover, and in
contrast to the Clinical Outcomes Utilizing Revascularization and Aggressive Drug
Evaluation study where patients were included after coronary angiography[26,27], our
study is in consonance with European guidelines where PTP is first determined and
then non-invasive testing is performed to establish CAD diagnosis and prognosis[17].
The main limitation of our study is that it is a retrospective and single centre study.
For that reason, circulating or urinary biomarkers that might be helpful for guiding
therapy in certain situations (e.g., albuminuria in hypertension or DM) were not
analysed. Nevertheless, this strategy is in consonance with 2016 European guidelines
on CVD prevention in clinical practice, which advise against the routine assessment of
circulating or urinary biomarkers as a method to reclassify cardiovascular risk[1].
Another limitation is the number of patients studied. However, even with a small
sample size, this study was big enough to reveal significant differences in several
issues traditionally related to AE in obese and non-obese patients, such as carotid
disease, cardiorespiratory fitness, moderate mitral regurgitation and glomerular
filtration rate. It is possible, however, that other clinical conditions like traditional
cardiovascular risk factors may not be represented in the multivariate analysis due to
insufficient statistical power. Finally, treatments were not included in the AE analysis.
The main reason for this is because baseline medications are difficult to maintain
throughout the study (mean follow-up time 8.2 ± 2.1 years) and can skew the results,
since they can be easily added or removed by different professionals who are in
charge of the patient throughout this extended period of time.
In conclusion, subclinical atherosclerosis defined by CP presence predicts AE in
obese patients with negative EE. These patients could benefit from aggressive
prevention measures.

ARTICLE HIGHLIGHTS
Research background
Obesity is independently associated with mortality and cardiovascular disease. However, once
cardiovascular disease is established, the studies published so far show contradictory results. On
the other hand, several epidemiological studies have demonstrated an independent association
of carotid disease, defined as carotid plaques or carotid intima media thickness, with overall
mortality and cardiovascular events.

Research motivation
There are no studies addressing the value of subclinical atherosclerosis, defined as carotid
disease, and adverse events in obese patients with or without cardiovascular disease.

Research objectives
This study aimed to determine if carotid disease is a predictor of adverse events in obese patients
with coronary artery disease suspicion and negative treadmill stress echocardiography.

Research methods
A retrospective cohort study of patients without significant heart or vascular disease, body mass
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index ≥ 30 kg/m 2 and coronary artery disease suspicion with negative exercise
echocardiography (EE) submitted to carotid ultrasonography. Between January 2006 and
December 2010, 2000 patients were submitted for stress echocardiography and carotid
ultrasonography in our centre. Of them, 226 (11.3%) were included. Adverse events were defined
as all-cause mortality, myocardial infarction and cerebrovascular accident.

Research results
We found that 226 patients had body mass indexes ≥ 30 kg/m2, and 76 of them (33.6%) had
carotid plaques. During a mean follow-up time of 8.2 (2.1) years, 27 adverse events were found
(11.9%). Mean event-free survival at 1, 5 and 10 years was 99.1% (0.6), 95.1% (1.4) and 86.5% (2.7),
respectively. In univariate analysis, carotid plaques predicted adverse events (hazard ratio (HR)
2.52, 95% confidence interval (CI) 1.17-5.46; P = 0.019). In multivariable analysis, the presence of
carotid plaques remained a predictor of adverse events (HR 2.26, 95%CI 1.04-4.95, P = 0.041).
Other predictors identified were glomerular filtration rate, metabolic equivalents and moderate
mitral regurgitation.

Research conclusions
This study demonstrates that subclinical atherosclerosis defined by carotid plaques predicts
adverse events in obese patients with negative EE.

Research perspectives
To the best of our knowledge, this is the first article that correlates subclinical atherosclerosis and
adverse events in obese patients, and specifically in obese patients with suspicion of ischaemic
heart disease and a good prognosis from EE. One lesson from this study is that these good
prognosis patients could be further stratified with carotid imaging and, in the case of plaque
presence, benefit from more aggressive prevention measures.
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Abstract
BACKGROUND
Familial dilated cardiomyopathy (FDCM) account for 20%-30% of non-ischemic
cardiomyopathies (NICM). Previous published data showed that some patients
with FDCM tend to have rapidly progressive disease; however, five-year
mortality was not significantly different in the familial and non-familial forms of
NICM with optimal medical therapy.
AIM
To better define the characteristics and clinical outcomes of FDCM patients listed
for heart transplantation (HT).
METHODS
We queried the United Network for Organ Sharing Registry to identify FDCM
patients listed for HT between January 2008 and September 2015 and compared
them to NICM and ischemic cardiomyopathy (ICM) patients. We included all
patients ≥ 18 years old and we separated patients to three groups: FDCM, NICM
and ICM. Chi-square test was used to compare between categorical variables, the
t-test was used to compare between continues variables, and Cox-proportional
hazards model was used to perform time-dependent survival analyses.
RESULTS
Of the 24809 adults listed for HT, we identified 677 patients (2.7%) with the
diagnosis of FDCM. Compared to patients with NICM and ICM, FDCM patients
were younger (FDCM 43.9 ± 13.5 vs NICM 50.9 ± 12.3, P < 0.001, vs ICM 58.5 ±
8.1, P < 0.001), more frequently listed as status 2 (FDCM 35.2% vs NICM 26.5%, P
< 0.001), with significantly lower left ventricular assist device (LVAD) utilization
(FDCM 18.4% vs NICM 25.1%, P < 0.001; vs ICM 25.6%, P < 0.001), but higher use
of total artificial heart (FDCM 1.3% vs NICM 0.6%, P = 0.039; vs ICM 0.4%, P =
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0.002). Additionally, patients with FDCM were less frequently delisted for clinical
deterioration or death and more likely to be transplanted compared to those with
NICM [hazard ratio (HR): 0.617, 95% confidence interval (CI): 0.47-0.81; HR: 1.25,
95%CI: 1.14-1.37, respectively], and ICM (HR: 0.5, 95%CI: 0.38-0.66; HR: 1.18,
95%CI: 1.08-1.3, respectively). There was more frequent rejection among patients
with FDCM (FDCM 11.4% vs NICM 9.8%, P = 0.28; vs ICM 8.4%, P = 0.034). One,
three, and five post-transplant survival of patients with FDCM (91%, 88% and
80%) was similar to those with NICM (91%, 84%, 79%, P = 0.225), but superior to
those with ICM (89%, 82%, 75%, P = 0.008), respectively.
CONCLUSION
End-stage FDCM patients are more likely to be transplanted, more likely to have
early rejection, and have similar or higher survival than patients with other
cardiomyopathies.
Key words: Familial dilated cardiomyopathy; End-stage heart failure; Wait list;
Transplant; Outcomes
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Familial dilated cardiomyopathy (FDCM) can lead to end-stage heart failure
requiring heart transplantation (HT). There is little contemporary information on
progression, circulatory mechanical support use, and HT outcomes of these patients. We
aimed to define the characteristics and outcomes of FDCM patients and to compare
FDCM to non-ischemic cardiomyopathy (NICM) and ischemic cardiomyopathy (ICM)
patients listed for HT. FDCM patients were younger, more frequently listed as status 2,
and more likely to be transplanted. There was more frequent rejection among patients
with FDCM compared to ICM. Post-transplant survival of FDCM patients was similar to
NICM, but superior to ICM patients.

Citation: Khayata M, Al-Kindi SG, Oliveira GH. Contemporary characteristics and outcomes
of adults with familial dilated cardiomyopathy listed for heart transplantation. World J
Cardiol 2019; 11(1): 38-46
URL: https://www.wjgnet.com/1949-8462/full/v11/i1/38.htm
DOI: https://dx.doi.org/10.4330/wjc.v11.i1.38

INTRODUCTION
Familial dilated cardiomyopathy (FDCM) account for 20%-30% of non-ischemic
cardiomyopathies (NICM)[1-3]. They are most often inherited in a Mendelian autosomal
dominant fashion, although autosomal recessive or X-linked transmission exists[4].
Therefore, first-degree relatives have a higher risk of developing the disease[5]. In the
United States, around 26% of patients listed for heart transplantation (HT) in the
United Network for Organ Sharing (UNOS) Registry are diagnosed with FDCM[6].
Most previous outcome studies of NICM have not studied FDCM as a separate
entity[2,7], perhaps because of the challenge in identifying these patients[2]. To make the
diagnosis of FDCM, patients should have two or more affected relatives with NICM
or a relative of a NICM patient with unexplained sudden death before the age of 35
years[8,9]. Previous published data showed that some patients with FDCM tend to have
rapidly progressive disease[1,2], however, five-year mortality was not significantly
different in the familial and non-familial forms of NICM with optimal medical
therapy [2,3] . Similarly, mechanical circulatory support (MCS) utilization and HT
outcomes have not well studied in FDCM patients and most available data are
derived from relatively small cohorts and case reports. In this study, we used a large,
contemporary, nationwide database to investigate the clinical characteristics, natural
history, MCS use, and HT outcomes of patients with end-stage heart failure due to
FDCM.

MATERIALS AND METHODS
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Data source
We used the thoracic transplantation files from the UNOS Registry contracted with
the Health Resources and Services Administration. UNOS includes transplantation
information on listed patients in all centers across the United States. Data are collected
at different time points: at listing, before transplantation, and continually after
transplantation. The listing center is responsible for providing the data. Data is used
to match patients with donors, for administrative purposes, and for research
reporting. The UNOS registry includes data on patient demographics, cause of
cardiomyopathy, implanted devices, causes of removal from wait list, hemodynamics,
comorbid conditions, listing status, laboratory tests, donor demographics, laboratory
and other testing, post-transplantation complications [rejection, infection, kidney
failure, length of stay (LOS)], vital status, and cause of death. The registry is
continuously audited with strict quality control[10]. Data included in the UNOS are
extracted from the transplant candidate registration form, which is filled at time of
transplantation; and transplant recipient follow-up form, which is filled at follow-up.
At the time of analysis, the database included 99177 patients listed for HT (1985-2015).

Patient population
We included adults (≥ 18 years old), listed for HT with a diagnosis of idiopathic
dilated cardiomyopathy “Dilated myopathy: idiopathic”, FDCM “Dilated Myopathy:
Familial” and ischemic cardiomyopathy (ICM) “Dilated Myopathy: Ischemic”,
between January 1st, 2008 to September 30th, 2015. We separated patients to three
groups: FDCM, NICM and ICM and compared them. Additional cases were identified
in the diagnosis free text variable. We compared their baseline characteristics, MCS
utilization, and post-transplant outcomes to patients with the diagnosis of ICM and
NICM.

Statistical analyses
All analyses were performed using Statistical Package for Social Sciences (SPSS,
version 19.0; SPSS Inc, Chicago, IL). The primary outcomes of this study were waitlist
mortality/delisting for clinical deterioration, and post-transplantation mortality
among patients who undergo transplantation. Secondary outcomes were as follows:
delisting due to improvement, transplant, post-transplantation stroke, posttransplantation permanent pacemaker implantation, post-transplantation acute
rejection, post-transplantation dialysis, and LOS for index transplant hospitalization.
Categorical variables were presented as numbers and percentages and were
compared using Pearson χ2 test. Continuous variables were presented as means and
standard deviations and were compared with Student t-test and. Survival analyses
were done using Kaplan-Meier method with log-rank test and adjusted survival using
Cox-proportional-hazard model. Variables that were significant in univariable models
(P < 0.05) were included in the multivariable model. All tests were two sided. P < 0.05
was considered statistically significant. No assumptions were used for missing data.
Institutional review board approval was not required because only deidentified data
sets were used for this analysis. The statistical review of the study was performed by a
biomedical statistician.

RESULTS
Demographic characteristics
Of the 24809 adults listed for HT between January 2008 and September 2015, we
identified 677 patients (2.7%) with the diagnosis of FDCM, and compared them with
8416 patients (33.9%) with NICM, and 8301 (33.5%) patients with ICM patients (Table
1).
Patients with FDCM were younger (mean age: 43.9 ± 13.5 vs NICM 50.9 ± 12.3, P <
0.001; vs ICM 58.5 ± 8.1; P < 0.001) and less predominantly men (FDCM 65.6% vs
NICM 72.6%, P < 0.001; vs ICM 86.9%, P < 0.001). FDCM patients were more often
listed as a status 2 (FDCM 35.2% vs NICM 26.5%, P < 0.001 vs, ICM 34.1%, P = 0.956),
had significantly less left ventricular assist device (LVAD) use (FDCM 18.4% vs NICM
25.1%, P < 0.001; vs ICM 25.6%, P < 0.001) but more use of total artificial heart (TAH)
(FDCM 1.3% vs NICM 0.6%, P = 0.039; vs ICM 0.4%, P = 0.002), had lower creatinine
(FDCM 1.3 ± 0.7 vs NICM 1.4 ± 1.0, P = 0.008; vs ICM 1.4 ± 0.9, P < 0.001), had higher
albumin (FDCM 3.8 ± 0.6 vs NICM 3.7 ± 0.7, P = 0.001; vs ICM 3.7 ± 0.7, P = 0.001), had
lower pulmonary artery systolic pressure (FDCM 42.7 ± 13.2 vs NICM 44.73 ± 13.9, P =
0.004; vs ICM 44.8 ± 15.2; P = 0.001) , and lower cardiac output (FDCM 4.1 ± 1.3 vs
NICM 4.3 ± 1.4, P = 0.011; vs ICM 4.5 ± 1.3, P < 0.001) (Table 1).

WJC

https://www.wjgnet.com

40

January 26, 2019

Volume 11

Issue 1

Khayata M et al. Outcomes of FDCM patients listed for HT

Table 1 Baseline characteristics by etiology n (%)
NICM (n = 8416)

FDCM (n = 677)

P value

Age at listing

50.9 ± 12.3

43.9 ± 13.5

Male gender

6113 (72.6)

444 (65.6)

Ethnicity

ICM (n = 8301)

P value

< 0.001

58.5 ± 8.1

< 0.001

< 0.001

7212 (86.9)

< 0.001

< 0.001

< 0.001

White

4609 (54.8)

444 (65.6)

6411 (77.2)

Black

2776 (33.0)

159 (23.5)

976 (11.8)

Hispanic

705 (8.4)

54 (8.0)

575 (6.9)

Asian

223 (2.6)

14 (2.1)

269 (3.2)

Other or unknown

103 (1.2)

6 (0.9)

Initial status

70 (0.8)
< 0.001

0.956

1A

1918 (22.8)

147 (21.7)

1823 (22.0)

1B

4023 (47.8)

273 (40.3)

3415 (41.1)

2

2227 (26.5)

238 (35.2)

2831 (34.1)

7

248 (2.9)

19 (2.8)

232 (2.8)

Therapies
Inotropes

2947 (35)

233 (34.4)

0.769

2386 (28.7)

0.002

ECMO

52 (0.6)

4 (0.6)

1.0

87 (1.0)

0.320

IABP

395 (4.7)

21 (3.1)

0.056

403 (4.9)

0.038

Mechanical ventilation

141 (1.7)

10 (1.5)

0.875

209 (2.5)

0.118

LVAD

2104 (25.1)

124 (18.4)

< 0.001

2116 (25.6)

< 0.001

BiVAD

153 (1.8)

8 (1.2)

0.288

157 (1.9)

0.233

TAH

50 (0.6)

9 (1.3)

0.039

31 (0.4)

0.002

ICD

6985 (83.5)

562 (83.8)

0.914

6652 (80.9)

0.073

Creatinine

1.4 ± 1.0

1.3 ± 0.7

0.008

1.4 ± 0.9

< 0.001

Albumin

3.7 ± 0.7

3.8 ± 0.6

0.001

3.7 ± 0.7

0.001

Laboratory values

Bilirubin

1.1 ± 1.8

1.1 ± 1.0

0.578

1.0 ± 2.0

0.540

PRA class I

7.1 ± 18.6

7.2 ± 18.5

0.892

5.7 ± 16.2

0.084

PRA class II

4.8 ± 15.7

5.2 ± 16.2

0.645

3.4 ± 12.6

0.012

PA systolic pressure (mmHg)

44.3 ± 13.9

42.7 ± 13.2

0.004

44.8 ± 15.2

0.001

PA diastolic pressure (mmHg)

22.1 ± 8.9

21.7 ± 8.7

0.266

20.8 ± 8.6

0.013

PA mean pressure (mmHg)

30.5 ± 10.2

29.7 ± 9.8

0.052

29.8 ± 10.5

0.821

PCWP (mmHg)

20.5 ± 9.0

20.4 ± 8.5

0.735

19.7 ± 8.9

0.081

CO (L/min)

4.3 ± 1.4

4.1 ± 1.3

0.011

4.5 ± 1.3

< 0.001

Hemodynamics

NICM: Non-ischemic cardiomyopathy; FDCM: Familial dilated cardiomyopathy; ICM: Ischemic cardiomyopathy; UNOS: United network for organ
sharing; ECMO: Extracoroporeal membrane oxygenation; IABP: Intraaortic balloon pump; VAD: Ventricular assist device; LVAD: Left ventricular assist
device; BiVAD: Biventricular assist device; TAH: Total artificial heart; ICD: Implantable cardioverter-defibrillator; PA: Pulmonary artery; PCWP:
Pulmonary capillary wedge pressure; CO: Cardiac output.

Wait list outcome
Of 677 FDCM patients, 33 patients (4.8%) died while waiting HT, 7 patients (1%) were
delisted for improvement, 20 patients (2.9%) were delisted for deterioration, 470
patients (69%) were transplanted, 3 patients (0.4%) refused transplantation, and 13
patients (1.9%) transferred to another center. Causes of Death in FDCM patients were:
multiple organ failure [11 patients (2%)], cardiovascular [6 patients (1%)],
cerebrovascular [6 patients (1%)], infections [3 patients (< 1%)], respiratory [2 patients
(< 1%)], hemorrhage [1 patient (< 1%)], and other [4 patients (< 1%)].
Patients with FDCM were less likely to die compared to NICM [hazard ratio (HR):
0.720, 95% confidence interval (CI): 0.507-1.023] and ICM (HR: 0.61, 95%CI: 0.43-0.86),
less likely to be delisted due to deterioration compared to NICM (HR: 0.49, 95%CI:
0.32-0.78) and ICM (HR: 0.39, 95%CI: 0.25-0.6), less likely to die or to be delisted due
to deterioration compared to NICM (HR: 0.62, 95%CI: 0.47-0.81) and ICM (HR: 0.5,
95%CI: 0.38-0.66), less likely to be delisted due to improvement compared to NICM
(HR: 0.28, 95%CI: 0.13-0.59) and ICM (HR: 0.35, 95%CI: 0.16-0.74), and more likely to
be transplanted compared to NICM (HR: 1.25, 95%CI: 1.14-1.37) and ICM (HR: 1.83,
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95%CI: 1.08-1.3) while waiting HT (Table 2).
Factors associated with waitlist mortality or delisting for FDCM on multivariate
analysis patients were: mechanical ventilation (HR: 3.69, 95%CI: 1.02-13.36), creatinine
(HR: 1.38, 95%CI: 1.21-1.57), and UNOS status 1A (Table 3).

Post-transplant outcomes
There was no significant difference between FDCM and other types of
cardiomyopathies in stroke rates (FDCM 1.4% vs NICM 2.3%, P=0.239; vs ICM 3.0%; P
= 0.051), permanent pacemaker placement (FDCM 3.6% vs NICM 3.4%, P = 0.785, vs
ICM 3.3%, P = 0.681), rejection rates (FDCM 11.4% vs NICM 9.8%, P = 0.283), dialysis
need (FDCM 9.7% vs NICM 9.5%, P = 0.866; vs ICM 10.2%, P = 0.806), and LOS
(FDCM 17.3 ± 13.1 vs NICM 19 ± 22, P = 0.105) after HT. When compared to ICM,
FDCM patients had significantly higher early rejection rates (FDCM 11.4% vs ICM
8.4%, P < 0.034), and lower LOS (FDCM 17.3 ± 13.1 vs ICM 20.7 ± 25.4, P < 0.006)
(Table 4).
One, three, and five-year post-transplant survival were as follows: FDCM (91%,
88%, and 80%), NICM (91%, 84%, 79%), and ICM (89%, 82%, 75%), respectively, with
no statistically significant differences between FDCM and NICM (P = 0.225) but
higher survival compared to ICM (P = 0.008)(Figure 1).

DISCUSSION
Herein we describe the largest contemporary cohort of patients with end-stage heart
failure from FDCM listed for HT and report on their clinical characteristics and
outcomes.
Our data showed that around 2.7% of patients listed for HT have FDCM,
considerably lower than the overall prevalence of FDCM. The low prevalence of the
disease among patients listed for HT in our cohort might be explained by the fact that
FDCM is often underdiagnosed[6].
We found that patients with FDCM who are listed for HT tended to be younger and
less predominantly males compared to ICM and NICM patients, which is consistent
with previous literature [7] . In addition, we found that the diagnosis of FDCM is
associated with less acuity at listing, as FDCM patients were more likely to be listed as
a status 2, less likely to need LVAD, and more likely to be transplanted. When FDCM
patients do need MCS, they more often need biventricular support, as is illustrated by
their higher usage of TAHs.
We also presented the clinical course of FDCM patients in the transplant waitlist
and we showed that FDCM patients were less likely to deteriorate or die, but also less
likely to improve compared to other heart failure patients. As a result, FDCM patients
were more likely to be transplanted. This suggests that listed FDCM patients can be
safely followed until a suitable donor is available, obviating the need for MCS as a
bridge to transplant.
We also investigated transplantation outcomes in FDCM patients, which might be a
concern on these patients given the fear of early rejection, as they tend to be younger
with active immune system[11,12]. Previously published data compared between FDCM
and non-FDCM patients who are listed for HT and showed that rejection incidence is
similar in both groups[1], however, immunosuppression therapies have significantly
changed since that study. We found that FDCM patients were more likely to be
treated for post transplantation rejection (11.4%) compared to ICM (8.4%). That maybe
explained, in part, by the fact that FDCM patients were younger and likely to have
more active immune system compared to older patients[11-14].
To the best of our knowledge, our study is the largest contemporary study that
compared FDCM to NICM and ICM, and followed patients after HT. We found that
FDCM patients had higher survival at one, three, and five years after HT compared to
ICM patients, with no significant difference compared to NICM patients. As FDCM
patients were less likely to have hepatic or renal dysfunction, that may explain the
higher rates of survival after HT in this group[15]. Besides that, ICM patients tend to
have more comorbidities compared to patients with NICM, which may explain the
higher mortality rate in ICM group[16]. Valentine et al. compared between FDCM and
NICM and found that FDCM patients had higher survival compared to NICM
patients 5 years after HT, however, the large discrepancy in sample size between the 2
groups in that study makes statistical comparison invalid[1].
Our study presents the clinical outcomes of patients with end-stage heart failure
from FDCM listed for HT. The outcomes of our study may help providers in making
clinical decisions while following these patients before and after HT.
Limitations of our study are mainly associated with registry-based analysis with a
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Table 2 Wait-list outcomes by etiology
FDCM vs NICM

FDCM vs ICM

HR (95%CI), P value

HR (95%CI), P value

Waitlist mortality

0.720 [0.507-1.023], P = 0.067

0.609 [0.429-0.864], P = 0.005

Delisting due to deterioration

0.499 [0.319-0.781], P = 0.002

0.387 [0.248-0.604], P < 0.001

Waitlist mortality or delisting due to deterioration

0.617 [0.468-0.813], P = 0.001

0.501 [0.381-0.659], P = 0.001

Delisting due to improvement

0.277 [0.131-0.588], P = 0.001

0.347 [0.163-0.735], P = 0.006

Transplant

1.248 [1.135-1.373], P < 0.001

1.183 [1.076-1.302], P = 0.001

Outcome

NICM: Non-ischemic cardiomyopathy; FDCM: Familial dilated cardiomyopathy.

limited sample size of patients with FDCM, due to underestimation of the disease[6].
Therefore, our results should be interpreted in this context. Although regularly onsite
audits are performed for the UNOS registry, the actual quality of the patient data has
not been subject to a comprehensive audit[10]. Second, this database did not address
how the diagnosis of FDCM was made and whether relatives of patients with FDCM
had echocardiography to confirm the diagnosis of FDCM. Third, this registry did not
mention the type of inotrope, doses, and other treatments such as: inhaled nitric
oxide, or prostacyclins that were used while awaiting transplantation. Fourth, the
database is missing the reason of mechanical ventilation. Although the difference of
its incidence was not significant, we did not know if patients were intubated due to a
cardiac etiology or any other reason. Fifth, graft failure rates might be underestimated
across the groups, as its occurrence requires inotropes or mechanical ventilation
support after transplantation, which is not captured by the UNOS database. Finally,
as listing practices and peri-transplant care may be different in different countries, our
results may not be applicable to transplant centers in other countries because UNOS is
a US-based registry.
In conclusion, patients with end-stage FDCM are listed at a younger age, most
often as status 2, and more frequently transplanted than patients with other
cardiomyopathies. Although FDCM is associated with more frequent early rejection,
survival of these patients is similar or better than other heart transplant recipients.
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Table 3 Determinants of wait-list mortality or delisting
Univariable HR (95%CI)

P value

Age at listing

0.082

Gender

0.413

Ethnicity

Multivariable HR (95%CI)

P value

0.712

UNOS listing status

< 0.001

0.001

1b vs 1a

0.431 [0.231-0.805]

0.606 [0.305-1.204]

2 vs 1a

0.160 [0.073-0.350]

0.176 [0.073-0.424]

7 vs 1a

0.852 [0.252-2.886]

1.326 [0.373-4.707]

Inotropes

0.110

ECMO

0.229

IABP

3.987 [1.575-10.090]

0.004

Mechanical Ventilation

4.294 [1.333-13.831]

0.015

VAD

0.124
3.694 [1.022-13.360]

0.046

0.009

LVAD vs no VAD

1.084 [0.540-2.179]

BiVAD vs no VAD

7.636 [2.342-24.900]

TAH vs no VAD

1.724 [0.236-12.600]

ICD

0.519

0.392

Creatinine

1.275 [1.142-1.422]

< 0.001

PASP

1.022 [1.002-1.043]

0.033

PADP

0.067

PAMP

0.097

PCWP

0.387

CO

0.093

List year

0.282

1.377 [1.211-1.566]

< 0.001
0.169

UNOS: United network for organ sharing; ECMO: Extracoroporeal membrane oxygenation; IABP: Intraaortic balloon pump; VAD: Ventricular assist
device; LVAD: Left ventricular assist device; BiVAD: Biventricular assist device; ICD: Implantable cardioverter-defibrillator; PCWP: Pulmonary capillary
wedge pressure; CO: Cardiac output.

Table 4 Post-transplantation outcomes n (%)
NICM

FDCM

P-value

ICM

P value

Stroke

114 (2.3)

6 (1.4)

0.239

147 (3.0)

0.051

Permanent pacemaker

171 (3.4)

16 (3.6)

0.785

164 (3.3)

0.681

Treated for rejection

496 (9.8)

51 (11.4)

0.283

416 (8.4)

0.034

Dialysis

476 (9.5)

43 (9.7)

0.866

507 (10.2)

0.806

LOS (d)

19 ± 22

17.3 ± 13.1

0.105

20.7 ± 25.4

0.006

NICM: Non-ischemic cardiomyopathy; FDCM: Familial dilated cardiomyopathy; ICM: Ischemic cardiomyopathy; LOS: Length of stay.
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Figure 1

Figure 1 Kaplan-Meir graph showing post-transplant survival in familial dilated cardiomyopathy, non-ischemic cardiomyopathy, and ischemic
cardiomyopathy patients. One, three, and five years post-transplant survival of patients with FDCM (91%, 88%, and 80%) was similar to those with NICM (91%,
84%, 79%, P = 0.225), but superior to those with ICM (89%, 82%, 75%, P = 0.008), respectively. NICM: Non-ischemic cardiomyopathy; FDCM: Familial dilated
cardiomyopathy; ICM: Ischemic cardiomyopathy.

ARTICLE HIGHLIGHTS
Research background
Familial dilated cardiomyopathy (FDCM) is a sub-type of non-ischemic cardiomyopathy (NICM)
that may lead to end-stage heart failure requiring heart transplantation (HT). This group of
patients tends to develop heart failure at earlier age and they are more likely to have less
comorbidity, which suggest they may have better outcomes after HT. Although characteristics of
FDCM patients with end-stage heart failure have been reported, the outcomes of FDCM patients
listed for HT were not described.

Research motivation
As the outcomes of FDCM listed for HT patients were not studied, we used a large database to
compare FDCM to ischemic cardiomyopathy (ICM) and NICM patients who are listed for HT.
Our results may help to better understand the clinical course of FDCM patients while they are
awaiting HT and their outcomes after being transplanted.

Research objectives
The objective of this study was to compare FDCM to ICM and NICM patients who are listed for
HT and describe their clinical course while awaiting HT and their post-HT outcomes.

Research methods
We identified patients who are listed for HT using the United Network for Organ Sharing
Registry. We divided patients to three groups: ICM, NICM, and FDCM, and compared clinical
outcomes of FDCM to ICM and NICM patients who are listed for HT.

Research results
FDCM patients were younger, less likely to be males, more likely to be listed as status 2, less
likely to require mechanical support, but more likely to need total artificial heart. While awaiting
HT, FDCM patients were less likely to die compared to ICM [HR 0.609 (0.429-0.864)], less likely
to be delisted due to deterioration compared to ICM [0.387 (0.248-0.604)] and NICM [0.499
(0.319-0.781)], less likely to die or to be delisted due to deterioration compared ICM [0.501 (0.3810.659)] and NICM [0.617 (0.468-0.813)], less likely to be delisted due to improvement compared
to ICM [0.347 (0.163-0.735)] and NICM [0.277 (0.131-0.588)], and more likely to be transplanted
compared to ICM [1.183 (1.076-1.302)] and NICM [1.248 (1.135-1.373)]. After HT, FDCM patients
were more likely to have early rejection compared to ICM (FDCM 11.4% vs ICM 8.4%; P < 0.034),
but more likely to survive (91%, 88%, and 80%) compared to ICM (89%, 82%, and 75%) at 1, 3,
and 5 years, respectively.

Research conclusions
Patients with end-stage heart failure due to FDCM are more likely to be transplanted compared
to NICM and ICM. After HT, they are more likely to develop early rejection, but more likely to
survive compared to ICM patients.

Research perspectives
This study may help providers in making clinical decisions for patients with end-stage heart
failure due to FDCM while waiting and after HT.
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Abstract
The two ubiquitous, outside the retina, G protein-coupled receptor (GPCR)
adapter proteins, β-arrestin-1 and -2 (also known as arrestin-2 and -3,
respectively), have three major functions in cells: GPCR desensitization, i.e.,
receptor decoupling from G-proteins; GPCR internalization via clathrin-coated
pits; and signal transduction independently of or in parallel to G-proteins. Both
β-arrestins are expressed in the heart and regulate a large number of cardiac
GPCRs. The latter constitute the single most commonly targeted receptor class by
Food and Drug Administration-approved cardiovascular drugs, with about onethird of all currently used in the clinic medications affecting GPCR function.
Since β-arrestin-1 and -2 play important roles in signaling and function of several
GPCRs, in particular of adrenergic receptors and angiotensin II type 1 receptors,
in cardiac myocytes, they have been a major focus of cardiac biology research in
recent years. Perhaps the most significant realization coming out of their studies
is that these two GPCR adapter proteins, initially thought of as functionally
interchangeable, actually exert diametrically opposite effects in the mammalian
myocardium. Specifically, the most abundant of the two β-arrestin-1 exerts
overall detrimental effects on the heart, such as negative inotropy and promotion
of adverse remodeling post-myocardial infarction (MI). In contrast, β-arrestin-2 is
overall beneficial for the myocardium, as it has anti-apoptotic and antiinflammatory effects that result in attenuation of post-MI adverse remodeling,
while promoting cardiac contractile function. Thus, design of novel cardiac GPCR
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Core tip: Presumed functionally similar for a long time, we now know that the two βarrestins display significant functional diversity in several organs and tissues, including
in the cardiovascular system. Their functional distinction also in the mammalian heart
has been clearly documented over the past few years. β-arrestin-1, which is far more
abundant than β-arrestin-2 in almost every tissue including the myocardium, opposes the
cyclic adenosine monophosphate (cAMP)-dependent pro-contractile signaling of the β1
adrenergic receptor (β1AR), and promotes cardiac apoptosis, inflammation, and other
adverse remodeling-associated processes post-myocardial infarction. Conversely, βarrestin-2 promotes catecholamine-dependent cardiac contractility directly, via
SERCA2a potentiation, and indirectly, by leaving β1AR’s cAMP-dependent procontractile signaling unaffected.

Citation: Lymperopoulos A, Wertz SL, Pollard CM, Desimine VL, Maning J, McCrink KA.
Not all arrestins are created equal: Therapeutic implications of the functional diversity of the
β-arrestins in the heart. World J Cardiol 2019; 11(2): 47-56
URL: https://www.wjgnet.com/1949-8462/full/v11/i2/47.htm
DOI: https://dx.doi.org/10.4330/wjc.v11.i2.47

INTRODUCTION
Out of the four mammalian arrestins, only the two ubiquitous (outside the retina)
arrestin-2 and -3, also known as β-arrestin-1 and -2 respectively, are expressed in the
mammalian cardiovascular system. Like in almost every tissue, β-arrestin-1 protein is
approximately 10-15-fold more abundant than β-arrestin-2 in the circulatory system,
as well [1] . Both β-arrestins regulate all non-opsin G protein-coupled receptors
(GPCRs), also known as seven transmembrane-spanning receptors (7TMRs),
including those responsible for neurohormonal regulation of cardiovascular
physiology[2,3]. For instance, cardiac function (contractility) is tightly controlled by the
activity of β-adrenergic receptors (βARs) located in the membranes of cardiac
myocytes [4-8] . Cardiac structure and morphology are regulated by angiotensin II
(AngII) type 1 receptors (AT1Rs) present (mainly) in cardiac fibroblast and endothelial
cell membranes[4,7]. Even the production and release of the regulatory hormones per
se, whether it be catecholamine and corticosteroid release by the adrenal glands or
activation of the renin-angiotensin-aldosterone system by the juxtagomerular
apparatus of the kidneys or release of neurotransmitters by central and peripheral
neurons innervating cardiovascular organs, is under tight regulation by various
GPCRs[1,4,7].
Cardiovascular GPCRs can signal either through G-proteins or β-arrestins with the
natural, endogenous agonist hormones activating both signal transducers at each
receptor fully and equally[1,9]. Several “biased” GPCR ligands have been discovered
that (relatively) selectively activate either G proteins or β-arrestins[1,9]. This “bias” in
terms of the activated signal transducer is always relative but the concept of “biased”
signaling and its attainability for therapeutic purposes has been challenged recently.
Specifically, recent studies have shown that receptors can activate both G-proteins
and β-arrestins at the same time[10] or that β-arrestins do not even need to bind the
agonist-activated receptor to get (“catalytically”) activated[11]. Additionally, it was
very recently clearly demonstrated that G-protein activation is absolutely necessary,
at least initially upon agonist activation, for β-arrestin activation and signaling to
follow[12,13]. This sequence of activation of the two signal transducers, i.e., G-proteins
being activated first followed by activation of β-arrestins, is also corroborated well by
the majority of structural studies on mechanisms of GPCR activation done to date.
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Specifically, the receptor seems to require the interaction with the heterotrimeric Gprotein in order to become fully activated by the agonist. In other words, in the
absence of a G-protein, agonist binding per se is simply insufficient for the receptor to
break the huge energy barrier that prevents it from reaching the active state[2,14]. Taken
together, G-protein activation and signaling appears to be a prerequisite for β-arrestin
signaling by GPCRs and thus, discrimination between these two families of signal
transducers for any given GPCR ligand, which represents the foundation of the
“biased signaling” concept for GPCRs, is essentially unfeasible. However, whereas the
selective stimulation of G-protein vs. β-arrestin signaling for therapeutic purposes is
most likely impossible, selective stimulation of β-arrestin-1 vs β-arrestin-2 might be
feasible, similarly to the selective stimulation (or inhibition) of various Gα, which is
pharmacologically achievable and currently exploited therapeutically. The first hint at
signaling and functional differences between the two β-arrestins came over a decade
ago with the realization that β-arrestin-1, but not β-arrestin-2 which has a nuclear
export signal sequence (NES), can translocate to the nucleus where it regulates gene
transcription [15] . Since then, the experimental evidence supporting functional
divergence between the signaling properties of the two β-arrestins both in vitro and in
several tissues and organs in vivo, including in the heart, has been mounting at an
accelerating pace. Thus, β-arrestin isoform-selective targeting may have a place in the
design and development of novel drugs. Below, we review this evidence known so far
for the cardiac β-arrestins and discuss what it could signify for heart failure drug
development. Given that almost all of the in vivo studies on cardiac β-arrestins done
so far are in relation to the effects of these two proteins on βAR and AT1R signaling in
the heart, the evidence for cardiac β-arrestins’ functional diversity reviewed below
pertains exclusively to cardiac βARs and AT1Rs.

FUNCTIONAL DIFFERENCES BETWEEN THE TWO BETA
ARRESTINS IN CARDIAC BETA-AR SIGNALING
The β1AR is by far the predominant βAR subtype in human adult cardiac myocytes,
representing 75%-80% of total βAR density, followed by the β2AR, which comprises
about 15-18% of total cardiomyocyte βARs and the remaining 2%-3% is β3ARs[4,7,16].
β1AR stimulation by catecholamines results in the dissociation of the stimulatory G
protein alpha subunit (Gs) from Gβγ. Gs stimulates adenylyl cyclase (AC) to produce
cyclic adenosine monophosphate (cAMP), which, in turn, activates protein kinase A
(PKA) and regulates different intracellular, sarcolemmal and myofibrillar
substrates[4,5,7]. Thus, cAMP-dependent signaling in cardiomyocytes mediates the
cellular effects of β1AR activation on stimulation of cardiac chronotropy, inotropy,
dromotropy, and lusitropy (Figure 1)[4,5,7]. As co-factors of GPCR-kinases (GRKs) in
βAR desensitization/downregulation, β-arrestins normally diminish the inotropic
and β-adrenergic reserves of the failing heart and their inhibition should theoretically
be beneficial in acute decompensated heart failure (ADHF)[4,7]. Indeed, genetic deletion
of β-arrestin-1 in the heart results in several desirable therapeutic effects in heart
failure, such as dramatic improvements in both cardiac β-adrenergic and inotropic
reserves, amelioration of adverse remodeling and increased survival post-myocardial
infarction (MI) (Figure 1)[17,18]. In contrast however, cardiac β-arrestin-2 has been
shown to be cardio-protective, as it inhibits cardiac apoptosis, inflammation, and
significantly attenuates overall adverse remodeling post-MI (Figure 1)[19]. One of the
underlying mechanisms for the anti-inflammatory effects of cardiac β-arrestin-2 is
nuclear factor-kappaB (NFĸB) inhibition in cardiac myocytes, which, again, appears to
be mediated only by β-arrestin-2 and not by β-arrestin-1 in the heart (Figure 1)[19,20].
Importantly, β1AR-stimulated β-arrestin-2 was also recently documented to increase
cardiac contractility both directly and indirectly (Figure 1)[20]. Directly, by interacting
with Sarco/Endoplasmic Reticulum Ca2+-ATPase (SERCA)-2a leading to enhanced
Small Ubiquitin-related MOdifier (SUMO)-ylation of the latter [20] . This process,
deficient in human heart failure, is known to directly stimulate SERCA2a activity,
thereby increasing cardiac contractility[21]. β-arrestin-2 also increases cardiac function
indirectly by leaving the β1AR-stimulated cAMP-dependent pro-contractile signaling
intact (i.e., not desensitizing it) in cardiac myocytes in vitro and in post-MI heart
failure mice in vivo (Figure 1)[20]. Importantly, these effects are not shared by the vastly
more abundant in the human heart β-arrestin-1[22].
One of the salient mechanisms for the anti-apoptotic effects of cardiac β-arrestin-2
is transactivation of the epidermal growth factor receptor (EGFR) by the cardiac β1AR
(Figure 1)[18,23]. β-arrestin-1 seems again unable to stimulate this and instead, promotes
cardiac apoptosis post-MI (Figure 1) [18] . Older studies had reported that mice
expressing a mutant β1AR that cannot undergo GRK-dependent desensitization or
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Figure 1

Figure 1 The functional distinction between β-arrestin-1 and β-arrestin-2 in cardiac myocytes. ATP:
Adenosine triphosphate; P: Phosphorylation; SR: Sarcoplasmic reticulum; SUMO1: Small ubiquitin-like modifier
protein-1; PLN: Phospholamban; PIP2: Phosphatidyl-inositol 4,5-bisphosphate; IP3: Inositol 1,4,5-trisphosphate; DAG:
1,2-Diacylglycerol; EGFR: Epidermal growth factor receptor; AR: Adrenergic receptor.

activate β-arrestins in their hearts lack cardiac EGFR transactivation and suffer from
massive cardiac apoptosis and left ventricular dilatation compared to wild type
controls[23]. Interestingly, the β-blocker drug carvedilol, an inverse agonist towards Gprotein activation [16] , is a weak β-arrestin-biased agonist that activates ERKs
(Extracellular signal-Regulated Kinases) via EGFR transactivation also[24,25]. It should
be pointed out though that carvedilol`s “biased” β-arrestin agonism has been
demonstrated only in heterologous recombinant cell systems without cardiovascular
(or any other physiological) relevance (mostly, transfected HEK293 cells). However, if
this holds true in actual cardiomyocytes in vivo, it might be part of the mechanism for
this β-blocker`s cardio-protective effects. However, several studies do not lend
support to this notion; sustained β1AR activation by catecholamines, markedly more
potent activators of β-arrestin-dependent ERKs in the heart than carvedilol, increases
cardiac adverse remodeling even in the absence of cardiac injury [26] . Moreover,
carvedilol is also a β2- and α1AR antagonist, which may interfere with its β-arrestinactivating properties in the heart[27]. On the other hand, carvedilol`s effects in the heart
are virtually exclusively mediated by the β1AR, due to its relative selectivity for the
human β1AR over the other human AR subtypes (β2AR and α1AR) and to the vast
preponderance of the β 1 AR over the rest of AR subtypes in the human adult
myocardium[16]. Last but not least, recent studies have been unable to directly detect βarrestin interactions with either β1AR or β2AR bound to carvedilol, including a study
reporting the intriguing finding that carvedilol requires Gi protein recruitment to the
β 1 AR in order to induce EGFR transactivation via β-arrestins [28-31] . Nevertheless,
carvedilol has been shown to selectively recruit β-arrestin-2 to the hyperfunctional
human polymorphic Arg389 β1AR in cardiomyocytes in vitro[32]. Therefore, the more
robust, compared to its Gly389 counterpart, pro-contractile signaling of this β1AR
variant[33] might be, at least partly, due to its unique β-arrestin-2-interacting tropism.
In this vein, very recent data from our lab indicate that carvedilol-bound β 1 AR
uniquely stimulates β-arrestin-2-dependent SERCA2a activity and fractional
shortening of cardiomyocytes in vitro[34].

FUNCTIONAL DIFFERENCES BETWEEN THE TWO BETAARRESTINS IN CARDIAC AT1R SIGNALING
Despite its very low abundance in adult human myocardium (density ratio of
AT1R/β1AR in the non-failing human heart: approximately 1:15)[16], the AT1R plays
important regulatory roles in the heart, but mainly via actions in cardiac fibroblasts
and endothelial cells, rather than in cardiac myocytes[4,7,35-37]. The AngII peptide analog
SII ([Sar1-Ile4-Ile8]-AngII) does not elicit Gq protein signaling when bound to the
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AT1R[9,38]. When it was discovered to induce β-arrestin signaling from the AT1R, the
concept of biased signaling was introduced and ushered in a completely new field in
cardiovascular drug development with companies designing novel “biased” AT1R
ligands that only activate β-arrestins while retaining G-protein-blocking properties.
SII has now been documented to not be completely β-arrestin-“biased”, as it can
activate some G-protein types (e.g., Gs, Gi) from the AT1R[9]. Nevertheless, studies have
shown that AT1R-elicited β-arrestin-dependent signaling in cardiac myocytes leads to
cardiomyocyte proliferation without hypertrophy, which is Gq/11 protein signalingdependent, and may even result in positive inotropy and lusitropy depending on
which GRK isoform is involved (the so-called receptor “bar-coding” by GRKs).
Interestingly, which β-arrestin is engaged is also crucial[39,40]. Specifically, GRK2dependent phosphorylation followed by β-arrestin-1 binding seems to reduce,
whereas GRK6-dependent phosphorylation followed by β-arrestin-2 interaction seems
to promote AT 1 R-induced contractility in primary murine adult cardiomyocytes
(Figure 1)[39]. However, AT1R-activated β-arrestins have no effect on contractility in
isolated Langendorff-perfused cardiac preparations[41]. Furthermore, a recombinant
AT1AR capable of only signaling through β-arrestins inhibits myocardial apoptosis and
fibrosis, and enhances cardiomyocyte hypertrophy, upon transgenic overexpression
in mouse hearts[42]. Interestingly, a β-arrestin-2-“biased” ligand at the AT1R is very
beneficial in mice suffering from dilated cardiomyopathy as it prevents maladaptive
signaling and improves myofilament Ca2+ sensitivity[43]. Thus, cardiac AT1R promotes
hypertrophy and cardiomyocyte proliferation via the classic G q protein/phospholipase C-β-signaling pathway, which is inhibited by the β-arrestins (classic AT1R
desensitization), and, at the same time, β-arrestin-2 (but not β-arrestin-1) can increase
cardiac function via its cardiac AT1R-dependent signaling (Figure 1).
Based on the above studies, several SII-derivative peptides have been synthesized
and tested in animal models of ADHF with promising initial results [ 4 4 , 4 5 ] .
Unfortunately, these compounds failed in large phase III clinical trials (BLAST-AHF,
ClinicalTrials.gov number, NCT01966601). There are probably several reasons for this.
First, findings in animal models do not always translate into humans. Second, the
compounds might have not been completely β-arrestin-“biased” (i.e., maybe they had
some weak, residual activity towards certain G-proteins). One intriguing possibility is
that, due to the significantly lower abundance of the cardioprotective β-arrestin-2,
compared to the cardio-toxic β-arrestin-1, in human cardiomyocytes [22] , these βarrestin-“biased” compounds stimulated, in reality, β-arrestin-1 instead of β-arrestin-2
in the patients` hearts and that’s why their clinical outcomes were not the desired
ones. Finally, it is very likely that these compounds stimulated the AT1R only in
cardiac fibroblasts, which would preclude any clinical benefit for ADHF patients. In
fact, both β-arrestins have been shown to regulate human cardiac fibroblast
differentiation and to mediate collagen synthesis in human failing left ventriclederived fibroblasts, thereby promoting the adverse remodeling process of cardiac
fibrosis[46].
Notably, β-arrestins have been reported to mediate signaling by the mechanical
stretch-activated (unliganded) cardiac AT1R[47], which has been suggested to underlie
one of the fundamental laws of cardiac physiology, the Frank-Starling mechanism of
cardiac contractility[48]. Although intriguing, this finding is very difficult to interpret,
given that the Frank-Starling mechanism is hemodynamically/biomechanically
governed rather than dependent on hormonal receptors/effects. Besides, if it was
mediated by a cardiac GPCR, then that receptor would definitely be the β1AR, the by
far most abundant GPCR (and at least 15-fold more abundant than the AT1R) in
cardiomyocytes[16].
Finally, β-arrestin-mediated signaling by the AT 1 R that can regulate cardiac
function occurs in the adrenal cortex, as well. Specifically, the AT1R promotes the
adrenocortical production of aldosterone, a cardio-toxic hormone elevated in chronic
human heart failure, via both Gq/11-proteins and β-arrestin-1[35,49-51]. In fact, adrenal βarrestin-1 is essential for aldosterone production, since, in mice lacking the β-arrestin-1
gene, circulating aldosterone levels do not increase even in the presence of MI[18].
Interestingly, the prototypic AT1R antagonist (ARB, angiotensin receptor blocker)
losartan is a relatively G protein-“biased” antagonist, which means it cannot suppress
β-arrestin-1-dependent aldosterone production[51-54]. In contrast, candesartan and
valsartan are potent β-arrestin-inverse agonists at the adrenal AT1R and very effective
at suppressing aldosterone in vitro and in vivo[52,53]. These differences among ARBs,
which are all orthosteric antagonists, in their potency at blocking AT1R-activated βarrestin signaling may reflect their differential abilities to suppress β-arrestin
signaling by the unliganded (i.e., constitutively active) AT1R[47,55]. In other words, the
ARBs seem to be inverse agonists not only for G-proteins but also for β-arrestins at the
AT1R.
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THERAPEUTIC IMPLICATIONS IN HEART FAILURE
It becomes clear from the above that the signaling effects of the two β-arrestins in the
heart are not just different but actually diametrically opposite. This is true for several
other mammalian organ systems and tissue types[56-58] and is completely corroborated
by molecular, biophysical, crystallographic, and proteomic studies[59-62]. It also makes
sense from the evolutionary point of view, as functional redundancy of proteins is
usually not favored by natural selection. Only during embryonic development might
the two β-arrestins be able to compensate for each other, since single β-arrestinknockout mice (either β-arrestin-1- or β-arrestin-2-knockouts) are viable and breed
normally but the double β-arrestin-knockout mouse is embryonic-lethal[63].
Regarding the myocardium, all the functional studies on β-arrestins done so far are
in relation to either βARs or the AT1R. Studies on β-arrestin signaling from other
cardiac GPCRs in cardiac cells are lacking. Based on the available data for β1AR, β2AR,
or AT1R signaling through β-arrestins in cardiac cells, it can be safely concluded that
β-arrestin-1 is the arrestin responsible for the classic desensitization of the cAMPdependent pro-contractile signaling of the β1AR. This quite simply means that βarrestin-1 exerts overall negative inotropy and is responsible (together with the
elevated in human heart failure cardiac GRK2) for the diminished inotropic and
adrenergic reserves of the failing human heart. In addition, β-arrestin-1 promotes
cardiac apoptosis, inflammation, and accelerates cardiac adverse remodeling post-MI.
In direct contrast, β-arrestin-2 promotes β1AR-mediated cardiac contractility both
directly and indirectly. Directly, via augmentation of SERCA2a activity, and
indirectly, by leaving the β1AR’s cAMP-dependent pro-contractile signaling intact (i.e.,
no desensitization). On the other hand, it inhibits apoptosis and inflammation, and
overall attenuates cardiac adverse remodeling post-MI, via stimulation of a variety of
molecular pathways, such as EGFR transactivation and NFκB inhibition, which βarrestin-1 does not activate. Induction of ERK and of other mitogenic/proliferative
molecular signaling pathways in cardiomyocytes play auxiliary roles in β-arrestin-2’s
reverse remodeling effects, as well. Of note, the same functional distinction between
the two cardiac β-arrestins (i.e., β-arrestin-1 being detrimental, β-arrestin-2 being
beneficial) applies to cardiac AT 1 R signaling, too. Regardless of how small the
contribution of this GPCR to the overall contractile function of the cardiac myocyte is,
β-arrestin-2 again appears to promote contractility and cardiomyocyte survival in
response to AT1R activation. Conversely, β-arrestin-1 (again in conjunction with
GRK2) opposes the AT1R-dependent pro-contractile signaling in cardiac myocytes.
However, β-arrestin-1 might exert an indirect beneficial effect in the hypertrophic
heart by desensitizing (reducing) the pro-hypertrophic signaling of the cardiac AT1R
through Gq/11-proteins. In conclusion, based on their observed effects on the signaling
of both β1ARs and AT1Rs in cardiac myocytes, documented either directly (in βarrestin-knockout mice) or indirectly (with the use of “biased” receptor ligands),
cardiac β-arrestin-2 stimulation and/or β-arrestin-1 inhibition might be valid
therapeutic strategies in human heart failure. By the way, it is interesting to note here
that probably the exact opposite is the case in the systemic vasculature. In vascular
smooth muscle cells, β-arrestin-1 appears beneficial in terms of vasodilation and
attenuation of hyperplasia and β-arrestin-2 seems to promote hypertrophy
/hyperplasia[58]. This should not come as a surprise at all, given the different cellular
machineries and GPCR types involved in β-arrestin signaling between cardiomyocytes (mainly β1AR) and vascular smooth muscle cells (mainly AT1R and, to a
lesser extent, β2AR). Besides, this is exactly what happens with the major second
messenger cAMP: stimulated by the β1AR, it is pro-contractile in cardiomyocytes, but
stimulated by the β2AR, it is pro-dilatory in vascular smooth muscle.

CONCLUSION
In the adult myocardium, the actions of β-arrestin-1 are detrimental, since they result
in depletion of the functional and adrenergic reserves of the heart. In contrast, βarrestin-2 is beneficial, since it can increase both of these cardiac reserves or at least
preserve them in the face of a cardiac insult/damage, such as an MI. Thus, from the
therapeutic standpoint, cardiac β-arrestin-1 blockade or β-arrestin-2 stimulation
should be pursued for heart disease treatment. Of course, there are at least three very
important questions awaiting answer in future studies in order to fully validate these
strategies as therapeutic options for human heart failure. First, the effects of the two βarrestins on the signaling of other important cardiac GPCRs in the heart, i.e., beyond
the βARs and the AT1R, need to be elucidated. The second issue to resolve is what the
effects of the two β-arrestins in other tissues/components of the cardiovascular
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system are, e.g., vasculature, platelets, adrenals, etc. This is particularly important if
the pharmacological targeting of the β-arrestins with systemically administered
agents is being explored. For instance, β-arrestin-2 is beneficial in the heart, in
platelets, and in vascular endothelium but might be detrimental in vascular smooth
muscle[58]. Its exact effects in all of these tissues need to be thoroughly investigated
and determined, if a drug that stimulates this β-arrestin isoform is to be designed and
developed. Finally, the third and therapeutically salient unanswered question
pertains to the expression levels of the cardiac β-arrestins in the failing human heart.
Although β-arrestin-2 protein is significantly under-expressed, compared to βarrestin-1, in the non-failing human adult myocardium[22,64], which makes cardiacspecific β-arrestin-2 gene transfer an enticing approach for heart failure treatment, its
protein levels (and if they change) in human heart failure remain unknown. However,
given that it is significantly expressed at the mRNA level, and in fact at levels
comparable to those of β-arrestin-1 mRNA, in the failing human heart[64], it is quite
plausible that it might be upregulated at the protein level, similarly to GRK2, as a
homeostatic mechanism of the failing human myocardium to confer cardioprotection.
The only study done to date investigating β-arrestin expression in failing human
hearts is quite old (was published almost 25 years ago) and could not detect any
changes in the protein levels of either β-arrestin[64]. Nevertheless, although β-arrestin-1
protein probably does not change in human heart failure, because it is already highly
expressed in normal, healthy human hearts, that study failed to detect any β-arrestin2 protein at all, even in normal healthy human hearts, probably due to technical
deficiencies of the antibody it used[64]. Therefore, it is rather inconclusive with regard
to cardiac β-arrestin-2 protein expression in humans and whether cardiac β-arrestin-2
protein changes in human heart failure remains an open question. In fact, a much
more recent study done in human cardiac fibroblasts isolated from left ventricles of
heart failure patients hinted at β-arrestin-2 protein being upregulated in human
failing hearts[46]. In any case, more studies are certainly warranted, especially in
human cardiac specimens, to unravel the full spectrum of physiological (and
pathophysiological) actions of the two cardiac β-arrestins, beginning with the
answering of the three outstanding questions mentioned above. Only then will the
true potential of individual cardiac β-arrestin isoform targeting for heart failure
therapy be revealed, so that the pharmaceutical industry can begin its realization.
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Abstract
Patient with atrial fibrillation (AF) are at risk of developing stroke with the left
atrial appendage (LAA) being the most common site for thrombus formation. If
left untreated, AF is associated with 4 to 5 folds increase in the risk of ischemic
stroke in all age groups. About 5% to 15% of AF patients have atrial thrombi on
transesophageal echocardiography, and 91% of those thrombi are located in the
LAA in patient with nonrheumatic AF. Although oral anticoagulants are the
gold-standard treatment for stroke prevention in patients with non-valvular AF,
some patients are at high risk of bleeding and deemed not candidates for
anticoagulation. Therefore, LAA occlusion (LAAO) has emerged as alternative
approach for stroke prevention in those patients. Surgical LAAO is associated
with high rate of unsuccessful closure and recommended only in patients with
AF and undergoing cardiac surgery. Percutaneous LAAO uses transvenous
access with trans-septal puncture and was first tested using the PLAATO device.
Watchman is the most common and only Food and Drug Administration (FDA)
approved device for LAAO. LAAO using Watchman device is non-inferior to
warfarin therapy in preventing ischemic stroke/systemic thromboembolism.
However, it is associated with lower rates of hemorrhagic stroke, bleeding and
death. Amplatzer is another successful LAAO device that has CE mark and is
waiting for FDA approval. Optimal antithrombotic therapy post LAAO is still
under debate and highly patient-specific. The aim of this paper is to
systematically review the current literature to evaluate the efficacy and safety of
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Core tip: Left atrial appendage occlusion (LAAO) is a reasonable alternative approach
that is used in patients with atrial fibrillation who are not candidates for anticoagulation.
A number of key trials have shown that Watchman device is non-inferior to warfarin
therapy in preventing ischemic stroke/systemic thromboembolism. However, it is
associated with lower rates of hemorrhagic stroke, bleeding and death. Multiple
retrospective and prospective studies of Amplatzer device (ACP and Amulet) reported
high success rates in device implantation and stroke prevention. Our objective is to
consolidate the current literature to better delineate the safety, efficacy and indication of
LAAO for stroke prevention.
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INTRODUCTION
Atrial fibrillation (AF) affects 2.7 to 6.1 million in the United States and 33.5 million
worldwide[1-3]. The projected prevalence of AF in the United States is expected to be
12.1 million by 2030[4]. AF-associated stroke is the most feared complication and the
leading cause of disability in the United States[5]. If left untreated, AF is associated
with 4 to 5 folds increase in the risk of ischemic stroke in all age groups [5,6] .
Furthermore, AF is associated with increased risk of extracranial thromboembolic
events to the aorta; and renal, mesenteric, and peripheral arteries[7]. The proportion of
strokes attributed solely to AF increases with age and may reach up to 23.5%[6,8]. Oral
anticoagulants (OACs) remain to be the gold standard treatment for stroke
prevention, and their role in preventing AF-related strokes is well established[9,10]. Yet,
OACs are contraindicated in a subset of patients who are at high risk of bleeding. As a
result, left atrial appendage occlusion (LAAO) has emerged as an alternative
approach in this group. In the current article, we present the most updated studies
describing safety, efficacy and outcome of different LAAO devices.

LITERATURE SEARCH
A systematic literature search was conducted using PubMed, EMBASE, and Cochrane
Library to identify relevant articles from 1990 to 2018. The following search terms
were used: “atrial fibrillation”, “stroke”, “left atrial appendage”, “occlusion” or
“closure”, and “percutaneous” or “surgical.” A total of 78 studies were included for
review. Of the included studies on LAAO, 3 studies contained surgical LAAO, two
contained Atriclip device, two contained Tiger Paw system, 6 contained Lariat device,
4 contained PLAATO device, 19 contained Watchman device, and 12 contained
Amplatzer (ACP/Amulet) device.

LEFT ATRIAL APPENDAGE AND THROMBUS FORMATION
Left atrial appendage (LAA) is trabeculated long tubular structure that has narrow
junction with the venous component of left atrium. it varies greatly in sizes and
shapes and has bent or spiral axis in 70% of patients[11]. Anatomically, LAA is best
divided into the ostium, neck, and lobar region [12] . In patients with chronic AF,
remodeling of LAA leads to dilation, stretching and reduction in pectinate muscle
volume[13].
Approximately, 5% to 15% of AF patients have atrial thrombi on Transesophageal
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echocardiography (TEE)[14-17], and 91% of those thrombi are located in LAA in patients
with nonrheumatic AF[18]. The reason for LAA predilection for thrombus formation in
AF is still not well known. One theory suggests that the extent of LAA filling and
emptying is influenced more by changes in the left ventricular (which is impaired in
AF) than LAA function[19]. Ventricular filling creates intracavitary suction effect which
influences the emptying and filling of left atrium and LAA.

IMAGING ASSESSMENT OF LAA
Accurate assessment of anatomic LAA characteristics is crucial prior to LAAO due to
substantial variations in LAA anatomy that impact device selection and efficacy. TEE
is the most widely used imaging tool for periprocedural LAA assessment. It is used
for the detection of thrombi in the LA and LAA as well other cardiac masses and
thrombi prior to LAAO [12,20] . Features on TEE associated with increased risk of
thrombus formation include: reduced LAA flow velocity, spontaneous left atrial
contrast, and aortic atheroma [16] . TEE is very important imaging to support
fluoroscopy during device implantation. 3D TEE has shown to be more accurate than
2D TEE in LAA assessment and thrombi detection [ 2 1 , 2 2 ] ; and therefore, it is
recommended for the guidance of LAAO[23]. It is used to guide trans-septal puncture,
verify catheter and sheath position in the LAA, aid device delivery and positioning,
confirm adequate LAA sealing, and detect complications[12]. Follow-up TEE is also
recommended after LAAO to reassess the implanted device, confirm complete LAA
closure, and rule out complications. Intracardiac echocardiography (ICE) is
comparable imaging to TEE for guiding LAAO and performing the tasks typically
provided by TEE during implantation. In one study LAA measurements by ICE
during LAAO were significantly correlated to angiography and TEE (Pearson
correlation coefficient r = 0.94, P < 0.0001 for both)[24].
Multidetector computed tomography is another imaging modality that is used for
the assessment of thrombus formation, LAA anatomy and function, device
assessment and detection of complications post procedure[12]. It provides 3D images of
the heart by using numerous planes at different points in time during the cardiac
cycle and has 100% sensitivity for excluding LAA thrombus[25]. However, its use is
limited due to ionizing radiation, lower temporal resolution than TEE and inability to
perform during device deployment. angiography has been used for in LAA thrombi
detection [26] . However, it is expensive and invasive procedure, and rarely used
nowadays due to presence of TEE and other less invasive imaging modalities.

GUIDELINE THERAPY FOR STROKE PREVENTION
The 2014 American Heart Association/American College of Cardiology (AHA/ACC)
guidelines for management of AF recommends the use of anticoagulation for
prevention of thromboembolism when CHA2DS2-VASC score is ≥ 2 [class I (A)][16]. The
2016 European Society of Cardiology (ESC) guidelines differentiate between males
and females regarding anticoagulation recommendations[27]. While anticoagulation is
class I (A) indication for males with a score ≥ 2 and females with a score ≥ 3, it's
considered class IIa (B) indication for males with a score of 1 and females with a score
of 2. Both American and European guidelines recommend considering surgical
excision of LAA in patients who have AF and undergoing cardiac surgery [class IIb
(level of evidence is "C" in AHA/ACC and "B" in the ESC guidelines)][16,27]. While
AHA/ACC guidelines have no recommendations for LAAO, the ESC guidelines have
class IIb (B) recommendation for LAAO in patients with AF and contra-indications for
long-term anticoagulation[27]. Similarly, National Heart Foundation of Australia and
the Cardiac Society of Australia and New Zealand state that LAAO may be
considered for stroke prevention in patients with non-valvular AF at moderate to high
risk of stroke and with contraindications to OAC (GRADE quality of evidence: Low;
GRADE strength of recommendation: Strong)[28].

LAA SURGICAL CLOSURES/EXCISION
Surgical exclusion of LAA is recommended for patients with AF and undergoing
concomitant cardiac surgeries. Different surgical methods to isolate LAA include:
suture ligation, excision and suture closure, and stapling exclusion with or without
excision[29,30]. Surgical isolation of LAA is associated with high rate of unsuccessful
closure. For instance, a previous study reported only 40% (55 out of 137) complete
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LAA closure noted on TEE following surgical closure[30]. Despite that, Friedman et al[31]
reported a lower risk of readmission for thromboembolism (4.2% vs 6.2%, HR = 0.67;
95%CI: 0.56-0.81) and all-cause mortality (17.3% vs 23.9%, HR = 0.88; 95%CI: 0.79-0.97)
among Medicare patients (age > 65) with AF undergoing concomitant cardiac surgery
and surgical LAAO, compared with no surgical LAAO. This the largest study to date
supporting the role of surgical LAAO during cardiac surgery as a mean of preventing
thromboembolism in patients over the age of 65 with AF.
The Atriclip Device System (Atricure, Inc., West Chester, OH, United States) is a
surgical LAA exclusion device composed of self-closing, sterile, implantable clip with
a reusable deployment tool (Figure 1). It is applied epicardially by either an open
surgical or a minimally-invasive technique and placed at the base of the appendage.
The clip is made of 2 parallel rigid titanium tubes with elastic nitinol springs covered
with a knit-braided polyester sheath (Table 1)[32,33]. The EXCLUDE study (Exclusion of
LAA with AtriClip Exclusion Device in Patients Undergoing Concomitant Cardiac
Surgery) is a nonrandomized multicenter trial that included 70 patients to evaluate
the efficacy of Atriclip device[33]. They enrolled adult patients undergoing elective
primary cardiac operations via median sternotomy (coronary artery bypass grafting,
valve re- pair or replacement, surgical Maze procedures, or atrial septal defect repair)
and have CHADS2 > 2. 67 out of 70 patients (95.7%) had successful intraoperative
LAA exclusion, and 60 out of 61 patients (98.4%) had successful LAA exclusion seen
on computed tomography angiography or TEE imaging after 3 mo[33]. Tiger Paw
System (Terumo Cardiovascular Systems, Ann Arbor, MI, United States) is another
LAA exclusion device that is used as a concomitant procedure during open cardiac
surgical procedures (Figure 1). The device contains implantable fastener of titanium
connectors that staples the LAA tissue and is embedded in two rims of silicone that
adapts to the LAA morphology and seals the puncture sites (Table 1)[34]. Despite its
efficacy in achieving complete LAA closure on prior study[34], a class 1 recall from the
market by FDA was made in 2015 due to device malfunction[35].

LARIATE DEVICE CLOSURE SYSTEM
Lariat device (SentreHEART, Inc., Redwood City, California) is LAA closure system
that is approved by the United States Food and Drug Administration (FDA) for soft
tissue closure, but not LAAO (Figure 1). It is composed of 15-mm compliant occlusion
balloon catheter (EndoCATH), 0.025-inch and 0.035-inch magnet-tipped guidewires
(FindrWIRZ), and a 12-F suture delivery device (LARIAT) (Table 1). During the
procedure, magnet-tipped guidewires are advanced through epicardial and
transvenous accesses and connected in the LAA. Then, a suture fashioned as a Lariate
or lasso is advanced over the epicardial access guidewire and tightened to occlude
LAA base[29,36]. The largest prospective study of Lariate device included patients who:
were ≥ 18-year-old; had nonvalvular AF; had CHADS2 ≥ 1; were poor candidate for or
failed warfarin therapy; and had a life expectancy of at least 1 year[36]. They reported
95% (81 of 85 patients) complete LAA closure documented on TEE one month after
the procedure. 98% of those who underwent TEE (n = 65) had complete LAA closure
after 1 year, including cases of incomplete closure at earlier time. Complications in the
same study were limited to only two cases of severe pericarditis, two cases of strokes,
and one case with pericardial effusion[36]. Another study demonstrated similar efficacy
of the Lariate device for stroke prevention[37]. Dar et al[38] demonstrated that LAAO
using Lariate device might improve the mechanical function of the left atrium (LA)
and reverse LA remodeling based on 2-dimensional speckle tracking
echocardiography (a novel method for functional assessment of the LA). However,
due to steep learning curve for device deployment (especially epicardial access), LAA
leak and lack of direct efficacy comparison with oral anticoagulation, the device was
not widely used in the United States[39-42].

PERCUTANEOUS LAA CLOSURE
The most commonly used percutaneous LAAO devices are shown in figure 1 and
described in Table 1. Percutaneous LAAO uses transvenous access with trans-septal
puncture and was first tested using the Percutaneous LAA Transcatheter Occlusion
(PLAATO) device (Appriva Medical Inc., Sunnyvale, CA) in 2001.

PLAATO device
This device consists of self-expanding nitinol cage that is covered with polymeric
membrane in order to close off blood flow into the LAA (Table 1)[43,44]. It was first
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Table 1 Comparison of left atrial appendage occlusion devices
Device

Study

Year of Introduction

Description

Approach

Approval

EXCLUDE study[33]

2008

Self-closing, sterile,
implantable clip, with a
reusable deployment
tool applied
pericardially.

Epicardial

CE Mark

Slater et al[34]

Introduced in 2009 and
recalled in 2015

Implantable fastener of
titanium connectors that
staples the LAA tissue
plus rims of silicone that
seal the puncture sites.

Epicardial

Recalled

Bartus et al[36]; Massumi
et al[37]; Dar et al[38]

2009

Multicomponent system
including: transvenous
and epicardial balloon
catheters, magnet tipped
guidewires, and suture
delivery system

Epicardial and
transvenous

FDA approval for soft
tissue closure not LAAO
CE mark

PLAATO (Appriva
Medical)

Sievert et al[43];
Ostermaye et al[44];
Bayard et al[45]; Park et
al[46]

Introduced in 2001and
discontinued in 2007

Self-expanding nitinol
cage covered with
polymeric membrane
(ePTFE) designed to be
placed in the orifice of
the LAA

Transvenous, transseptal

Discontinued

Watchman (Boston
Scientific)

Pilot study[47];
PROTECT AF
study[48-50]; PREVAIL
study[51,52]; CAP 1
registry[53]; CAP 2
registry[54];
EWOLUTION
registry[55-57]; RELEXAO
Registry[72]; ASAP
study[58]; ASAP TOO
study[59]

2005

Self-expanding nitinol
frame structure with
fixation barbs and a
permeable polyester
fabric that covers the
atrial facing surface of
the device

Transvenous, transseptal

FDA approved and CE
Mark

ACP (St. Jude Medical)

Urena et al[67]; Gloekler
et al[60]; Abualsaud et
al[61]; Korsholm et al[64];
Berti et al[65]; RELEXAO;
Registry[72]

2008

Self-expanding distal
lobe (6.5mm in length)
and proximal disc (46mm larger than distal
lobe) nitinol mesh with
articulating waist

Transvenous, transseptal

CE Mark

Amplatzer Amulet (St.
Jude Medical)

Gloekler et al[60];
Abualsaud et al[61];
Landmesser et al[62];
Tzikas et al[63]; Korsholm
et al[64]; Berti et al[65];
Kleinecke et al[66];
RELEXAO; Registry[72];

2013

Self-expanding distal
lobe and proximal disc
nitinol mesh with
articulating waist, and
more anchors

Transvenous, transseptal

CE Mark

Atriclip Device System
(Atricure)

Tiger Paw System
(Terumo
Cardiovascular
Systems)
Lariat device
(SentreHEART)

LAAO: Left atrial appendage occlusion; FDA: Food and drug administration; ACP: Amplatzer cardiac plug.

tested on 15 patients with non-valvular AF and contraindication to warfarin therapy
and are at high risk of thromboembolism based on CHADS 2 score [43] . Successful
occlusion of LAA was observed in all cases and no device related complications were
reported. A larger prospective study enrolled patients using similar inclusion criteria
to undergo LAAO using PLAATO device[44]. Similarly, they reported high successful
device Implantation in 108 out of 111 patients (97.3%) with only 2 patients developed
stroke on follow up (2.2% annual risk of stroke). Subsequently, the European
PLAATO2 trial reported successful LAAO in 90% (126 out of 140) of patients with
reduction of stroke rate from 6.6% (based on CHADS2 score) to 2.3% per year[45].
Besides, a single center prospective study on 73 cases who had PLAATO device
reported death due to device embolization in one patient and implant instability
requiring open heart surgery in another one[46]. Interestingly, there was no incidence
of stroke for 24 mo of follow-up in the same study. Despite this success, the device
was discontinued for unspecified reasons and replaced by Watchman device.

Watchman device
The Watchman device (Boston Scientific, Marlborough, MA), is the only FDAapproved percutaneous device for LAAO. The device is composed of self-expanding
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Figure 1

Figure 1 Surgical and percutaneous devices that are used for left atrial appendage occlusion.

nitinol frame structure with fixation barbs and a permeable polyester fabric that
covers the atrial facing surface of the device (Table 1)[47]. Multiple trials were done to
evaluate the safety, efficacy and outcomes of watchmen device.
Pilot study was a non-randomized trial that included 75 patients and was done to
assess the feasibility and safety of watchman device[47]. They enrolled adult patients
who: had non-valvular AF for 2 years, were eligible for warfarin therapy, and had
CHADS2 of at least 1. Although this was the first human trial to evaluate the efficacy
and safety of Watchman device, the success rate of LAAO was very high and
complications were relatively low. 88% of patients had successful device implantation
and 93% of them had complete LAAO. Reported complications included; device
embolization in 2 patients, device-related thrombus formation in 4 patients, and
transient ischemic attack in 2 patients. There was no reported major strokes or
procedure-related mortality.
PROTECT AF study (WATCHMAN LAA System for Embolic Protection in Patients
with Atrial Fibrillation) was the first randomized trial to compare the efficacy and
safety of LAAO using Watchman device with chronic warfarin therapy in patients
with non-valvular AF and had CHADS2 of 1 or more[48]. Exclusion criteria included
contraindications to warfarin, chronic warfarin use, LAA thrombus, a patent foramen
ovale with atrial septal aneurysm and right-to-left shunt, mobile aortic atheroma, and
symptomatic carotid artery disease. This trial enrolled 707 patients from 59 centers
worldwide and assigned them randomly to LAAO with Watchman device (n = 463) or
warfarin therapy (n = 244) with INR goal of 2 to 3. Watchman group was treated with
warfarin for 45 d after device deployment to allow proper endothelialization.
Warfarin was discontinued if TEE showed complete closure or significantly decreased
flow around the device. Afterward, patients were given aspirin and clopidogrel for 6
mo followed by lifelong aspirin. At 1065 patient-years (PY) of follow-up (mean follow
up 18 mo), Watchman device was non-inferior to warfarin for primary efficacy
endpoint of stroke (either ischemic or hemorrhagic), cardiovascular death, or systemic
thromboembolism. The Event rates of primary efficacy endpoint were 3% and 4.9%
for Watchman and warfarin groups, respectively. Since then, two studies were
published with two different follow up period [49,50] . At 2.3 ± 1.1 years (2621 PY),
Watchman device continued to be non-inferior to warfarin therapy with 3% and 4.3%
event rates of primary efficacy endpoint for Watchman and warfarin groups,
respectively[49]. The second trial with 3.8 ± 1.7 years of follow up (2621 PY) showed
event rate of 2.3% in the watchman group and 3.8% in the warfarin group (P = 0.0348),
leading to 40% risk reduction in primary efficacy endpoint with Watchman device[50].
PREVAIL study (Evaluation of the Watchman LAA Closure Device in Patients
With Atrial Fibrillation vs Long Term Warfarin Therapy) was another randomized
trial that assessed the safety and efficacy of Watchman device in patients non-valvular
AF[51]. Investigators included a higher risk patients than PROTECT AF (CHADS2 score
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of 1 plus any of the following higher-risk characteristics: female age ≥ 75 years,
baseline ejection fraction ≥ 30% but < 35%, age 65 to 74 years and either diabetes or
coronary disease, and age ≥ 65 years with congestive heart failure). Patients were
assigned randomly to receive LAAO using Watchman (n = 269) or warfarin therapy (n
= 138) in 2:l ratio. Warfarin and antiplatelet therapy post device implantion was in a
similar fashion to PROTECT AF trial. Although non-inferiority criteria was not
achieved for overall efficacy endpoint (stroke, systemic embolization or
cardiovascualr death), the rate of second efficacy endpoint (stroke or systemic
embolization) was 2.5% in the Watchman group and 2% in the warfarin group at 18
mo follow-up, achieving criteria for non-inferiority. Compared to PROTECT AF
study, procedural success increased from 90.9% to 95.1% (P = 0.04), while all 7-d
procedure-related complications (composite of cardiac perforation, pericardial
effusion with tamponade, ischemic stroke, device embolization, and other vascular
complications) decreased from 8.7% to 4.2% in PREVAIL (P = 0.004).
PROTECT AF and PREVAIL results were pooled for patient level meta-analysis
and with combined follow-up of 5 years (4343 PY)[52]. The primary efficacy endpoint
(stroke, systemic embolization or cardiovascualr death) was similar between LAAO
and warfarin groups (2.8 vs 3.4 events/100 PY; P = 0.27). In subgroup analysis of the
same meta-analysis, the rate of all stroke or systemic embolism was similar between
both groups (1.7 vs 1.8 events/100 PY; P = 0.87). However, there was statistically
significant decrease in the rates of hemorrhagic stroke (0.17% vs 0.87%, P = 0.002),
disabling / fatal stroke (0.37% vs 0.94%, P = 0.027), cardiovascular/unexplained death
(1.3% vs 2.2%, P = 0.027), all-cause death (3.6% vs 4.9%, P = 0.035), and post-procedure
bleeding (1.7% vs 3.6%, P = 0.0003) in LAAO arm when compared with warfarin arm.
This meta-analysis underscores the mortality reduction and stroke prevention,
patrticularly hemorrhagic stroke, associated with LAAO using Wathcman device.
Continued Access to PROTECT AF (CAP)[53] and Continued Access to PREVAIL
(CAP2) [ 5 4 ] Registries were designed to treat patients with similar baseline
characteristics and according to same protocols after PROTECT AF and PREVAIL
trials enrollment had been completed. Procedural performance and associated
medications were identical in each registry. However, registries did not mandate 1year neurological assessment. A Meta-analysis of 2406 patients from the PROTECT
AF and PREVAIL trials and their respective registries (CAP and CAP2) with 5,931 PY
of follow-up (mean of 2.69 years) reported: similar rate of all-cause stroke between
both arms (1.75 vs 1.87 events/100 PY, P = 0.94): higher rate of ischemic stroke in
Watchman group (1.6 vs 0.9 events/100 PY, P = 0.05); and lower rates of hemorrhagic
stroke, cardiovascular death (1.1 vs 2.3 events/100 PY, P = 0.006), and non-procedural
bleeding (6.0% vs 11.3%, P = 0.02) in Watchman group[54]. Although the rate of allcause stroke was similar between both arms, the reduction in hemorrhagic stroke with
Watchman device was balanced by a relative increase in ischemic stroke rates. This
may relate to possible technical failures of the device: failure to completely obliterate
LAA flow, anatomical remodeling of the LAA ostium over time resulting in more
leaks, or the development of thrombus on the device[54]. Compared with the pooled
results of PROTECT AF and PREVAIL trials mentioned above, the difference in
ischemic stroke rate was not observed between LAAO and warfarin groups at longer
and combined follow-up of 5 years[52].
EWOLUTION study (Registry on Watchman Outcomes in Real-Life Utilization) is a
multicenter, prospective, non-randomized cohort that aimed to collect peri-procedural
and long-term outcome data for patients implanted with Watchman device for
LAAO[55]. This world-wide registry enrolled 1025 patients at 47 centers from the
United States, Europe, Middle east and Russia who are more than 18-year-old and
require LAAO based on ESC guidelines[55-57]. The device was successfully implanted in
98.5% and complete LAAO was achieved in 99.3% noted on TEE[56,57]. the rates of
procedure-related serious adverse events (defined as; perforation, tamponade,
embolism, neurological events, thrombosis, and bleeding) were 2.8% at 7 d and 3.6%
at 30 d with bleeding being the most common adverse event[57]. This is lower than the
7-d procedure-related serious adverse events observed in PROTECT AF (8.7%) and
PREVAIL (4.2%) trials. At 1 year follow up; mortality was 9.8%, device-related
thrombus was seen in 3.7% of patients, and 1.1% of patients suffered from ischemic
stroke, leading to 84% risk reduction of stroke. There was no hemorrhagic stroke
observed during follow-up[56].
The ASAP study (ASA Plavix Feasibility Study with Watchman LAA Closure
Technology Trial to assess) was a European multicenter, prospective, non-randomized
study of Watchman device in patients with non-valvular AF who had CHADS2 score
≥1 and were not eligible for OACs[58]. After the device implantation, participants were
given thienopyridine antiplatelet agent (clopidogrel or ticlopidine) for 6 mo and
aspirin indefinitely. Out of 150 patients, 142 (94.7%) had successful implantation and
13 (8.7%) developed device-related adverse event. During mean follow up of 14.4 ±
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8.6 mo, 4 patients developed stokes (2.3% per year) and 3 of them were ischemic (1.7%
per year). There was 77% risk reduction in stroke compared to expected stroke risk
based on CHADS2 score (7.3% per year). Till this moment, there is no published
randomized data on the safety and efficacy of LAAO in patients with
contraindications to anticoagulation. The ASAP TOO study (The Assessment of the
Watchman Device in Patients Unsuitable for Oral Anticoagulation) is ongoing multicenter prospective randomized trial plan is to enroll up to 888 patients with nonvalvular AF who are not candidate for OAC and have CHA2DS2-VASC ≥ 2[59]. The
study will randomize patients to Watchman vs control. Control patients will be
prescribed single antiplatelet therapy, or no therapy based on physician discretion.

Amplatzer cardiac plug and amulet
Amplatzer cardiac plug (ACP) (AGA, St. Jude Medical, Minneapolis, MN, United
States) is another LAAO device that consists of a lobe and disc made of nitinol mesh
and polyester patch, connected by central waist. Amulet® is a second-generation
device of the Amplatzer with several incremental design improvements. It is larger in
size and has higher number of stabilizing wires, which allows successful closure of
more LAA anatomies (Table 1). Comparative studies have shown similar results with
ACP and Amulet AMPLATZER devices in terms of safety, implantation success and
appropriate LAAO[60,61]. Multiple retrospective and prospective studies for ACP and
Amulet reported successful device implantation in 95% to 100% patients, with major
periprocedural adverse events (death, stroke/TIA, device embolization, MI
/perforation/tamponade/effusion, and major bleeding) ranging from 3.2% to 8%[62-67].
An FDA approval trial is currently ongoing, with the aim of collecting randomized
controlled data from the Amulet and Watchman devices from 1,600 patients
worldwide. PRAGUE 17 is another ongoing prospective, multicenter, randomized
trial That plan to enroll 396 patients with non-valvular AF and assign them to LAAO
using Amulet or Watchman vs non-vitamin K oral anticoagulants (NOACs). The aim
at 24 mo of follow-up is to determine whether LAAO is non-inferior to NOACs in
terms of primary efficacy endpoint and peri-procedural complications[68].

COMPARISON OF MULTIPLE LAA OCCLUSION DEVICES
A meta-analysis on 2779 patients who had percutaneous LAAO with multiple devices
[PLAATO (18%), Watchman (57%), and ACP (24%)] showed successful implantation
in in 2611 patients (94%). The adjusted pooled incidence of stroke was 1.2 per 100 PY
(95%CI: 0.9-1.6/100) and the combined efficacy outcome (stroke, systemic embolism,
or cardiovascular death) rate was 2.7 per 100 PY (95%CI: 1.9-3.4/100). For combined
adverse events, the random effect pooled rate was 6.5% (95%CI: 4.9%-8.2%)[69]. One
single-center retrospective study in Italy compared the use ACP vs Watchman in 156
patients (ACP in 99 and watchman in 66 patients) and demonstrated procedural
success in 99.4%. During follow-up, only 1 patient suffered from transient ischemic
attack and 2 from cardiac death. Furthermore, the data showed excellent safety and
efficacy with similar clinical outcomes in both devices [70] . Another multicenter
retrospective registry for LAAO using various devices showed an overall success of
92.5%. The combined adverse event rate was 3.5%, leading to annual relative risk
reduction for ischemic stroke, thromboembolic events, and major bleeding of 90.1%,
87.2%, and 92.9%, respectively[71]. RELEXAO (Registry on Real-Life Experience With
LAA Occlusion) registry is a French retrospective cohort of patients with AF who
were treated with LAAO[72]. In the study cohort from RELEXAO, Fauchier et al[72]
reported no differences in death, ischemic stroke, major bleeding, or device related
thrombus between Watchman and Amplatzer devices. Those studies underscore the
high success rate in placing various LAAO devices, and their safety and efficacy in
preventing strokes and adverse events.

ANTITHROMBOTIC THERAPY AFTER DEVICE
IMPLANTATION
Optimal anticoagulation/antiplatelet protocol post LAAO is highly patient-specific
and recommended for a limited period post LAAO to prevent device associated
thrombus[72]. Different anticoagulation strategies have been described in multiple
studies including: warfarin, NOACs, DAPT, single antiplatelet (SAPT), or no therapy
at all (Table 2). The anticoagulation protocol described In PROTECT AF and PREVAIL
trials consists of warfarin for 45 d followed by aspirin and clopidogrel for 6 mo, then
aspirin indefinitely [48-51] . In EWOLUTION registry for example, anticoagulation
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regimens post LAAO were variable and included: warfarin in 16%, NOAC in 11%,
DAPT in 60%, single antiplatelet (SAPT) in 7%, and no therapy in 6%[56]. A study on
post LAAO anticoagulation in patients from EWOLUTION registry demonstrated
that NOAC and DAPT were similar to warfarin in terms of device thrombus, stroke or
bleeding risks[73]. Compared with EWOLUTION registry, antithrombotic regimen post
LAAO In RELEXAO registry was different and included: OACs 28.8%, SAPT in
36.2%, DAPT in 23.2%, OACs plus DAPT in 4.3%, and no therapy in 7.5%. In ASAP
study, patients were given DAPT for 6 mo followed by aspirin indefinitely as they
were ineligible for OACs [58] . A Questionnaire sent by European Heart Rhythm
Association Electrophysiology to the participating centers to assess the indications
and anticoagulation regimen post LAAO, showed that DAPT for 6 wk to 6 mo
followed by aspirin monotherapy as the most common regimen[74]. Interestingly, 41%
of centers would prescribe no therapy and less than 10% followed PROTECT AF and
PREVAIL protocol. The European Heart Rhythm Association/European Association
of Percutaneous Cardiovascular Interventions (EHRA/EAPCI) expert consensus
statement recommends treatment with DAPT for 1 to 6 mo followed by aspirin
indefinitely in patients with high bleeding risk[75].

COMPLICATIONS
Complications related to LAAO are either acute or delayed and most of them can be
detect by peri-procedural imaging. Table 3 summarizes LAAO related complications,
their incidence and treatment options.

CONCLUSION
LAAO is a reasonable alternative approach that is used for preventing embolic events
in patients with AF who are deemed not eligible for anticoagulation. While
AHA/ACC guidelines have no recommendations for LAAO, the ESC guidelines have
class IIb (B) recommendation for LAAO in patients with AF and contra-indications for
long-term anticoagulation. Similarly, Australian guidelines recommend considering
LAAO in patients with non-valvular AF at moderate to high risk of stroke and with
contraindications to OAC. Watchman is the only FDA approved device for LAAO and
indicated to reduce the risk of thromboembolism from the LAA in patients with nonvalvular AF who: are at increased risk for stroke and systemic embolism based on
CHADS2 or CHA2DS2-VASc scores; are deemed by their physicians to be suitable for
warfarin; and have an appropriate rationale to seek a non-pharmacologic alternative
to warfarin, taking into account the safety and effectiveness of the device compared to
warfarin. Amplatzer is another successful LAAO device that has CE mark and is
waiting for FDA approval. Optimal antithrombotic regimen post LAAO is highly
patient-specific and recommended to prevent device associated thrombus. Due to
wide variety of shapes, sizes, indications, and implantation techniques in different
LAAO devices, there is a need for further research to identify the best type of LAAO
device that suites each patient profile. We believe that the development of established
clinical guidelines and expert consensus supporting the use of LAAO in the
foreseeable future will ultimately improve patient outcomes.
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Table 2 Antithrombotic therapy regimens following left atrial appendage occlusion
Study/reference

Regimen
[48-50]

PROTECT AF trial

Warfarin for 45 d followed by aspirin and clopidogrel for 6 mo, then aspirin indefinitely

PREVAIL trial[51]

Warfarin for 45 d followed by aspirin and clopidogrel for 6 mo, then aspirin indefinitely
[56]

EWOLUTION registry

warfarin in 16%, NOAC in 11%, DAPT in 60%, SAPT in 7%, and no therapy in 6%

RELEXAO registry[72]

OACs in 28.8%, SAPT in 36.2%, DAPT in 23.2%, OACs plus DAPT in 4.3%, and no therapy in 7.5%.

ASAP trial[58]

DAPT for 6 mo followed by aspirin indefinitely

EHRA/EAPCI expert consensus[75]

DAPT for 1 to 6 mo followed by aspirin indefinitely

OAC: Oral anticoagulant; NOAC: Non-vitamin K oral anticoagulant; SAPT: Single antiplatelet; DAPT: Dual antiplatelet; EHRA/EAPCI: European Heart
Rhythm Association/European Association of Percutaneous Cardiovascular Interventions.

Table 3 Complications related to left atrial appendage occlusion
Complication

Incidence
[47,48,50,51,53,56-58,63,76]

Treatment

Pericardial effusion/tamponade that require intervention

1.2% to 5%

Pericardiocentesis

Device embolization[47,48,50,51,56-58,63,76]

0% to 3.7%

Transcatheter removal or surgery

Device related thrombus[47,56-58,63]
Persistent ASD[77]
Cardiac perforation[51]
[47,48,51,53,56-58,76]

Procedure related stroke

Up to 14%

Anticoagulation

11% at 6 mo and 7% at 12 mo

Usually small no need for treatment

0% to 0.4%

surgery

0% to 1.1%

Stroke management

ASD: Atrial septal defect.

REFERENCES
1

2

3

4

5

6
7

8

9

10

WJC

https://www.wjgnet.com

Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby JV, Singer DE. Prevalence of diagnosed
atrial fibrillation in adults: national implications for rhythm management and stroke prevention: the
AnTicoagulation and Risk Factors in Atrial Fibrillation (ATRIA) Study. JAMA 2001; 285: 2370-2375
[PMID: 11343485 DOI: 10.1001/jama.285.18.2370]
Miyasaka Y, Barnes ME, Gersh BJ, Cha SS, Bailey KR, Abhayaratna WP, Seward JB, Tsang TS. Secular
trends in incidence of atrial fibrillation in Olmsted County, Minnesota, 1980 to 2000, and implications on
the projections for future prevalence. Circulation 2006; 114: 119-125 [PMID: 16818816 DOI:
10.1161/CIRCULATIONAHA.105.595140]
Chugh SS, Havmoeller R, Narayanan K, Singh D, Rienstra M, Benjamin EJ, Gillum RF, Kim YH,
McAnulty JH, Zheng ZJ, Forouzanfar MH, Naghavi M, Mensah GA, Ezzati M, Murray CJ. Worldwide
epidemiology of atrial fibrillation: a Global Burden of Disease 2010 Study. Circulation 2014; 129: 837847 [PMID: 24345399 DOI: 10.1161/CIRCULATIONAHA.113.005119]
Colilla S, Crow A, Petkun W, Singer DE, Simon T, Liu X. Estimates of current and future incidence and
prevalence of atrial fibrillation in the U.S. adult population. Am J Cardiol 2013; 112: 1142-1147 [PMID:
23831166 DOI: 10.1016/j.amjcard.2013.05.063]
Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R, de Ferranti SD, Floyd J, Fornage M,
Gillespie C, Isasi CR, Jiménez MC, Jordan LC, Judd SE, Lackland D, Lichtman JH, Lisabeth L, Liu S,
Longenecker CT, Mackey RH, Matsushita K, Mozaffarian D, Mussolino ME, Nasir K, Neumar RW,
Palaniappan L, Pandey DK, Thiagarajan RR, Reeves MJ, Ritchey M, Rodriguez CJ, Roth GA, Rosamond
WD, Sasson C, Towfighi A, Tsao CW, Turner MB, Virani SS, Voeks JH, Willey JZ, Wilkins JT, Wu JH,
Alger HM, Wong SS, Muntner P; American Heart Association Statistics Committee and Stroke Statistics
Subcommittee. Heart Disease and Stroke Statistics-2017 Update: A Report From the American Heart
Association. Circulation 2017; 135: e146-e603 [PMID: 28122885 DOI: 10.1161/CIR.0000000000000485]
Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for stroke: the
Framingham Study. Stroke 1991; 22: 983-988 [PMID: 1866765 DOI: 10.1161/01.STR.22.8.983]
Frost L, Engholm G, Johnsen S, Møller H, Henneberg EW, Husted S. Incident thromboembolism in the
aorta and the renal, mesenteric, pelvic, and extremity arteries after discharge from the hospital with a
diagnosis of atrial fibrillation. Arch Intern Med 2001; 161: 272-276 [PMID: 11176743 DOI: 10.1001/archinte.161.2.272]
Wang TJ, Massaro JM, Levy D, Vasan RS, Wolf PA, D'Agostino RB, Larson MG, Kannel WB, Benjamin
EJ. A risk score for predicting stroke or death in individuals with new-onset atrial fibrillation in the
community: the Framingham Heart Study. JAMA 2003; 290: 1049-1056 [PMID: 12941677 DOI:
10.1001/jama.290.8.1049]
Hart RG, Benavente O, McBride R, Pearce LA. Antithrombotic therapy to prevent stroke in patients with
atrial fibrillation: a meta-analysis. Ann Intern Med 1999; 131: 492-501 [PMID: 10507957 DOI:
10.7326/0003-4819-131-7-199910050-00003]
Risk factors for stroke and efficacy of antithrombotic therapy in atrial fibrillation. Analysis of pooled
data from five randomized controlled trials. Arch Intern Med 1994; 154: 1449-1457 [PMID: 8018000 DOI:
10.1001/archinte.1994.00420130036007]

66

February 26, 2019

Volume 11

Issue 2

Moussa Pacha H et al. Left atrial appendage occlusion
11
12

13

14

15

16

17

18
19

20

21

22

23

24

25

26

27

28

29

30

31

32

WJC

https://www.wjgnet.com

Al-Saady NM, Obel OA, Camm AJ. Left atrial appendage: structure, function, and role in
thromboembolism. Heart 1999; 82: 547-554 [PMID: 10525506]
Wunderlich NC, Beigel R, Swaans MJ, Ho SY, Siegel RJ. Percutaneous interventions for left atrial
appendage exclusion: options, assessment, and imaging using 2D and 3D echocardiography. JACC
Cardiovasc Imaging 2015; 8: 472-488 [PMID: 25882576 DOI: 10.1016/j.jcmg.2015.02.002]
Shirani J, Alaeddini J. Structural remodeling of the left atrial appendage in patients with chronic nonvalvular atrial fibrillation: Implications for thrombus formation, systemic embolism, and assessment by
transesophageal echocardiography. Cardiovasc Pathol 2000; 9: 95-101 [PMID: 10867359 DOI:
10.1016/S1054-8807(00)00030-2]
Manning WJ, Silverman DI, Keighley CS, Oettgen P, Douglas PS. Transesophageal
echocardiographically facilitated early cardioversion from atrial fibrillation using short-term
anticoagulation: final results of a prospective 4.5-year study. J Am Coll Cardiol 1995; 25: 1354-1361
[PMID: 7722133 DOI: 10.1016/0735-1097(94)00560-D]
Leung DY, Black IW, Cranney GB, Hopkins AP, Walsh WF. Prognostic implications of left atrial
spontaneous echo contrast in nonvalvular atrial fibrillation. J Am Coll Cardiol 1994; 24: 755-762 [PMID:
8077549 DOI: 10.1016/0735-1097(94)90025-6]
January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC, Conti JB, Ellinor PT, Ezekowitz
MD, Field ME, Murray KT, Sacco RL, Stevenson WG, Tchou PJ, Tracy CM, Yancy CW; American
College of Cardiology/American Heart Association Task Force on Practice Guidelines. 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 Coll Cardiol 2014; 64: e1-76 [PMID: 24685669 DOI: 10.1016/j.jacc.2014.03.022]
Klein AL, Grimm RA, Murray RD, Apperson-Hansen C, Asinger RW, Black IW, Davidoff R, Erbel R,
Halperin JL, Orsinelli DA, Porter TR, Stoddard MF; Assessment of Cardioversion Using Transesophageal
Echocardiography Investigators. Use of transesophageal echocardiography to guide cardioversion in
patients with atrial fibrillation. N Engl J Med 2001; 344: 1411-1420 [PMID: 11346805 DOI:
10.1056/NEJM200105103441901]
Blackshear JL, Odell JA. Appendage obliteration to reduce stroke in cardiac surgical patients with atrial
fibrillation. Ann Thorac Surg 1996; 61: 755-759 [PMID: 8572814 DOI: 10.1016/0003-4975(95)00887-X]
Predictors of thromboembolism in atrial fibrillation: II. Echocardiographic features of patients at risk.
The Stroke Prevention in Atrial Fibrillation Investigators. Ann Intern Med 1992; 116: 6-12 [PMID:
1727097 DOI: 10.1016/0736-4679(92)90169-T]
Manning WJ, Weintraub RM, Waksmonski CA, Haering JM, Rooney PS, Maslow AD, Johnson RG,
Douglas PS. Accuracy of transesophageal echocardiography for identifying left atrial thrombi. A
prospective, intraoperative study. Ann Intern Med 1995; 123: 817-822 [PMID: 7486462 DOI:
10.7326/0003-4819-123-11-199512010-00001]
Müller S, Feuchtner G, Bonatti J, Müller L, Laufer G, Hiemetzberger R, Pachinger O, Barbieri V, Bartel
T. Value of transesophageal 3D echocardiography as an adjunct to conventional 2D imaging in
preoperative evaluation of cardiac masses. Echocardiography 2008; 25: 624-631 [PMID: 18652008 DOI:
10.1111/j.1540-8175.2008.00664.x]
Asch FM, Bieganski SP, Panza JA, Weissman NJ. Real-time 3-dimensional echocardiography evaluation
of intracardiac masses. Echocardiography 2006; 23: 218-224 [PMID: 16524392 DOI:
10.1111/j.1540-8175.2006.00196.x]
Perk G, Lang RM, Garcia-Fernandez MA, Lodato J, Sugeng L, Lopez J, Knight BP, Messika-Zeitoun D,
Shah S, Slater J, Brochet E, Varkey M, Hijazi Z, Marino N, Ruiz C, Kronzon I. Use of real time threedimensional transesophageal echocardiography in intracardiac catheter based interventions. J Am Soc
Echocardiogr 2009; 22: 865-882 [PMID: 19647156 DOI: 10.1016/j.echo.2009.04.031]
Berti S, Paradossi U, Meucci F, Trianni G, Tzikas A, Rezzaghi M, Stolkova M, Palmieri C, Mori F,
Santoro G. Periprocedural intracardiac echocardiography for left atrial appendage closure: a dual-center
experience. JACC Cardiovasc Interv 2014; 7: 1036-1044 [PMID: 25234677 DOI:
10.1016/j.jcin.2014.04.014]
Martinez MW, Kirsch J, Williamson EE, Syed IS, Feng D, Ommen S, Packer DL, Brady PA. Utility of
nongated multidetector computed tomography for detection of left atrial thrombus in patients undergoing
catheter ablation of atrial fibrillation. JACC Cardiovasc Imaging 2009; 2: 69-76 [PMID: 19356536 DOI:
10.1016/j.jcmg.2008.09.011]
Sakamoto I, Hayashi K, Matsunaga N, Ogawa Y, Matsuoka Y, Okimoto T, Takagi M, Yano K, Toda G,
Miyahara Y. Coronary angiographic finding of thrombus in the left atrial appendage. Acta Radiol 1996;
37: 749-753 [PMID: 8915287 DOI: 10.1177/02841851960373P264]
Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, Castella M, Diener HC, Heidbuchel H,
Hendriks J, Hindricks G, Manolis AS, Oldgren J, Popescu BA, Schotten U, Van Putte B, Vardas P; ESC
Scientific Document Group. 2016 ESC Guidelines for the management of atrial fibrillation developed in
collaboration with EACTS. Eur Heart J 2016; 37: 2893-2962 [PMID: 27567408 DOI:
10.1093/eurheartj/ehw210]
NHFA CSANZ Atrial Fibrillation Guideline Working Group. Brieger D, Amerena J, Attia J, Bajorek
B, Chan KH, Connell C, Freedman B, Ferguson C, Hall T, Haqqani H, Hendriks J, Hespe C, Hung J,
Kalman JM, Sanders P, Worthington J, Yan TD, Zwar N. National Heart Foundation of Australia and the
Cardiac Society of Australia and New Zealand: Australian Clinical Guidelines for the Diagnosis and
Management of Atrial Fibrillation 2018. Heart Lung Circ 2018; 27: 1209-1266 [PMID: 30077228 DOI:
10.1016/j.hlc.2018.06.1043]
Holmes DR, Lakkireddy DR, Whitlock RP, Waksman R, Mack MJ. Left atrial appendage occlusion:
opportunities and challenges. J Am Coll Cardiol 2014; 63: 291-298 [PMID: 24076495 DOI:
10.1016/j.jacc.2013.08.1631]
Kanderian AS, Gillinov AM, Pettersson GB, Blackstone E, Klein AL. Success of surgical left atrial
appendage closure: assessment by transesophageal echocardiography. J Am Coll Cardiol 2008; 52: 924929 [PMID: 18772063 DOI: 10.1016/j.jacc.2008.03.067]
Friedman DJ, Piccini JP, Wang T, Zheng J, Malaisrie SC, Holmes DR, Suri RM, Mack MJ, Badhwar V,
Jacobs JP, Gaca JG, Chow SC, Peterson ED, Brennan JM. Association Between Left Atrial Appendage
Occlusion and Readmission for Thromboembolism Among Patients With Atrial Fibrillation Undergoing
Concomitant Cardiac Surgery. JAMA 2018; 319: 365-374 [PMID: 29362794 DOI:
10.1001/jama.2017.20125]
Salzberg SP, Plass A, Emmert MY, Desbiolles L, Alkadhi H, Grünenfelder J, Genoni M. Left atrial

67

February 26, 2019

Volume 11

Issue 2

Moussa Pacha H et al. Left atrial appendage occlusion

33

34

35

36

37

38

39
40
41

42

43

44

45

46

47

48

49

50

51

52

53

WJC

https://www.wjgnet.com

appendage clip occlusion: early clinical results. J Thorac Cardiovasc Surg 2010; 139: 1269-1274 [PMID:
19880144 DOI: 10.1016/j.jtcvs.2009.06.033]
Ailawadi G, Gerdisch MW, Harvey RL, Hooker RL, Damiano RJ, Salamon T, Mack MJ. Exclusion of the
left atrial appendage with a novel device: early results of a multicenter trial. J Thorac Cardiovasc Surg
2011; 142: 1002-1009, 1009.e1 [PMID: 21906756 DOI: 10.1016/j.jtcvs.2011.07.052]
Slater AD, Tatooles AJ, Coffey A, Pappas PS, Bresticker M, Greason K, Slaughter MS. Prospective
clinical study of a novel left atrial appendage occlusion device. Ann Thorac Surg 2012; 93: 2035-8;
discussion 2038-40 [PMID: 22632497 DOI: 10.1016/j.athoracsur.2011.12.077]
Ventosa-Fernandez G, Quintana E, Castellá M, Pereda D. Exclusion of the left atrial appendage with the
TigerPaw II system: a word of caution. Interact Cardiovasc Thorac Surg 2015; 21: 803-804 [PMID:
26395944 DOI: 10.1093/icvts/ivv256]
Bartus K, Han FT, Bednarek J, Myc J, Kapelak B, Sadowski J, Lelakowski J, Bartus S, Yakubov SJ, Lee
RJ. Percutaneous left atrial appendage suture ligation using the LARIAT device in patients with atrial
fibrillation: initial clinical experience. J Am Coll Cardiol 2013; 62: 108-118 [PMID: 23062528 DOI:
10.1016/j.jacc.2012.06.046]
Massumi A, Chelu MG, Nazeri A, May SA, Afshar-Kharaghan H, Saeed M, Razavi M, Rasekh A. Initial
experience with a novel percutaneous left atrial appendage exclusion device in patients with atrial
fibrillation, increased stroke risk, and contraindications to anticoagulation. Am J Cardiol 2013; 111: 869873 [PMID: 23312129 DOI: 10.1016/j.amjcard.2012.11.061]
Dar T, Afzal MR, Yarlagadda B, Kutty S, Shang Q, Gunda S, Samanta A, Thummaluru J, Arukala KS,
Kanmanthareddy A, Reddy M, Atkins D, Bommana S, Dawn B, Lakkireddy D. Mechanical function of the
left atrium is improved with epicardial ligation of the left atrial appendage: Insights from the LAFITLARIAT Registry. Heart Rhythm 2018; 15: 955-959 [PMID: 29477973 DOI:
10.1016/j.hrthm.2018.02.022]
Giedrimas E, Lin AC, Knight BP. Left atrial thrombus after appendage closure using LARIAT. Circ
Arrhythm Electrophysiol 2013; 6: e52-e53 [PMID: 23962862 DOI: 10.1161/CIRCEP.113.000532]
Briceno DF, Fernando RR, Laing ST. Left atrial appendage thrombus post LARIAT closure device. Heart
Rhythm 2014; 11: 1600-1601 [PMID: 24184785 DOI: 10.1016/j.hrthm.2013.10.053]
Truesdell AG, Patel CP, Maini BS. Late-occurring left atrial appendage thrombus after ligation using
LARIAT. J Interv Card Electrophysiol 2014; 41: 101 [PMID: 24928486 DOI:
10.1007/s10840-014-9916-9]
Pillai AM, Kanmanthareddy A, Earnest M, Reddy M, Ferrell R, Nath J, Pillarisetti J, Vallakati A,
Lakkireddy D. Initial experience with post Lariat left atrial appendage leak closure with Amplatzer septal
occluder device and repeat Lariat application. Heart Rhythm 2014; 11: 1877-1883 [PMID: 24993460 DOI:
10.1016/j.hrthm.2014.06.035]
Sievert H, Lesh MD, Trepels T, Omran H, Bartorelli A, Della Bella P, Nakai T, Reisman M, DiMario C,
Block P, Kramer P, Fleschenberg D, Krumsdorf U, Scherer D. Percutaneous left atrial appendage
transcatheter occlusion to prevent stroke in high-risk patients with atrial fibrillation: early clinical
experience. Circulation 2002; 105: 1887-1889 [PMID: 11997272 DOI:
10.1161/01.CIR.0000015698.54752.6D]
Ostermayer SH, Reisman M, Kramer PH, Matthews RV, Gray WA, Block PC, Omran H, Bartorelli AL,
Della Bella P, Di Mario C, Pappone C, Casale PN, Moses JW, Poppas A, Williams DO, Meier B, Skanes
A, Teirstein PS, Lesh MD, Nakai T, Bayard Y, Billinger K, Trepels T, Krumsdorf U, Sievert H.
Percutaneous left atrial appendage transcatheter occlusion (PLAATO system) to prevent stroke in high-risk
patients with non-rheumatic atrial fibrillation: results from the international multi-center feasibility trials. J
Am Coll Cardiol 2005; 46: 9-14 [PMID: 15992628 DOI: 10.1016/j.jacc.2005.03.042]
Bayard YL, Omran H, Neuzil P, Thuesen L, Pichler M, Rowland E, Ramondo A, Ruzyllo W, Budts W,
Montalescot G, Brugada P, Serruys PW, Vahanian A, Piéchaud JF, Bartorelli A, Marco J, Probst P, Kuck
KH, Ostermayer SH, Büscheck F, Fischer E, Leetz M, Sievert H. PLAATO (Percutaneous Left Atrial
Appendage Transcatheter Occlusion) for prevention of cardioembolic stroke in non-anticoagulation
eligible atrial fibrillation patients: results from the European PLAATO study. EuroIntervention 2010; 6:
220-226 [PMID: 20562072]
Park JW, Leithäuser B, Gerk U, Vrsansky M, Jung F. Percutaneous left atrial appendage transcatheter
occlusion (PLAATO) for stroke prevention in atrial fibrillation: 2-year outcomes. J Invasive Cardiol 2009;
21: 446-450 [PMID: 19726815]
Sick PB, Schuler G, Hauptmann KE, Grube E, Yakubov S, Turi ZG, Mishkel G, Almany S, Holmes DR.
Initial worldwide experience with the WATCHMAN left atrial appendage system for stroke prevention in
atrial fibrillation. J Am Coll Cardiol 2007; 49: 1490-1495 [PMID: 17397680 DOI:
10.1016/j.jacc.2007.02.035]
Holmes DR, Reddy VY, Turi ZG, Doshi SK, Sievert H, Buchbinder M, Mullin CM, Sick P; PROTECT
AF Investigators. Percutaneous closure of the left atrial appendage versus warfarin therapy for prevention
of stroke in patients with atrial fibrillation: a randomised non-inferiority trial. Lancet 2009; 374: 534-542
[PMID: 19683639 DOI: 10.1016/S0140-6736(09)61343-X]
Reddy VY, Doshi SK, Sievert H, Buchbinder M, Neuzil P, Huber K, Halperin JL, Holmes D; PROTECT
AF Investigators. Percutaneous left atrial appendage closure for stroke prophylaxis in patients with atrial
fibrillation: 2.3-Year Follow-up of the PROTECT AF (Watchman Left Atrial Appendage System for
Embolic Protection in Patients with Atrial Fibrillation) Trial. Circulation 2013; 127: 720-729 [PMID:
23325525 DOI: 10.1161/CIRCULATIONAHA.112.114389]
Reddy VY, Sievert H, Halperin J, Doshi SK, Buchbinder M, Neuzil P, Huber K, Whisenant B, Kar S,
Swarup V, Gordon N, Holmes D; PROTECT AF Steering Committee and Investigators. Percutaneous left
atrial appendage closure vs warfarin for atrial fibrillation: a randomized clinical trial. JAMA 2014; 312:
1988-1998 [PMID: 25399274 DOI: 10.1001/jama.2014.15192]
Holmes DR, Kar S, Price MJ, Whisenant B, Sievert H, Doshi SK, Huber K, Reddy VY. Prospective
randomized evaluation of the Watchman Left Atrial Appendage Closure device in patients with atrial
fibrillation versus long-term warfarin therapy: the PREVAIL trial. J Am Coll Cardiol 2014; 64: 1-12
[PMID: 24998121 DOI: 10.1016/j.jacc.2014.04.029]
Reddy VY, Doshi SK, Kar S, Gibson DN, Price MJ, Huber K, Horton RP, Buchbinder M, Neuzil P,
Gordon NT, Holmes DR; PREVAIL and PROTECT AF Investigators. 5-Year Outcomes After Left Atrial
Appendage Closure: From the PREVAIL and PROTECT AF Trials. J Am Coll Cardiol 2017; 70: 29642975 [PMID: 29103847 DOI: 10.1016/j.jacc.2017.10.021]
Reddy VY, Holmes D, Doshi SK, Neuzil P, Kar S. Safety of percutaneous left atrial appendage closure:

68

February 26, 2019

Volume 11

Issue 2

Moussa Pacha H et al. Left atrial appendage occlusion

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

WJC

https://www.wjgnet.com

results from the Watchman Left Atrial Appendage System for Embolic Protection in Patients with AF
(PROTECT AF) clinical trial and the Continued Access Registry. Circulation 2011; 123: 417-424 [PMID:
21242484 DOI: 10.1161/CIRCULATIONAHA.110.976449]
Holmes DR, Doshi SK, Kar S, Price MJ, Sanchez JM, Sievert H, Valderrabano M, Reddy VY. Left Atrial
Appendage Closure as an Alternative to Warfarin for Stroke Prevention in Atrial Fibrillation: A PatientLevel Meta-Analysis. J Am Coll Cardiol 2015; 65: 2614-2623 [PMID: 26088300 DOI:
10.1016/j.jacc.2015.04.025]
Boersma LV, Schmidt B, Betts TR, Sievert H, Tamburino C, Teiger E, Stein KM, Bergmann MW.
EWOLUTION: Design of a registry to evaluate real-world clinical outcomes in patients with AF and high
stroke risk-treated with the WATCHMAN left atrial appendage closure technology. Catheter Cardiovasc
Interv 2016; 88: 460-465 [PMID: 26719158 DOI: 10.1002/ccd.26358]
Boersma LV, Ince H, Kische S, Pokushalov E, Schmitz T, Schmidt B, Gori T, Meincke F, Protopopov
AV, Betts T, Foley D, Sievert H, Mazzone P, De Potter T, Vireca E, Stein K, Bergmann MW;
EWOLUTION Investigators. Efficacy and safety of left atrial appendage closure with WATCHMAN in
patients with or without contraindication to oral anticoagulation: 1-Year follow-up outcome data of the
EWOLUTION trial. Heart Rhythm 2017; 14: 1302-1308 [PMID: 28577840 DOI:
10.1016/j.hrthm.2017.05.038]
Boersma LV, Schmidt B, Betts TR, Sievert H, Tamburino C, Teiger E, Pokushalov E, Kische S, Schmitz
T, Stein KM, Bergmann MW; EWOLUTION investigators. Implant success and safety of left atrial
appendage closure with the WATCHMAN device: peri-procedural outcomes from the EWOLUTION
registry. Eur Heart J 2016; 37: 2465-2474 [PMID: 26822918 DOI: 10.1093/eurheartj/ehv730]
Reddy VY, Möbius-Winkler S, Miller MA, Neuzil P, Schuler G, Wiebe J, Sick P, Sievert H. Left atrial
appendage closure with the Watchman device in patients with a contraindication for oral anticoagulation:
the ASAP study (ASA Plavix Feasibility Study With Watchman Left Atrial Appendage Closure
Technology). J Am Coll Cardiol 2013; 61: 2551-2556 [PMID: 23583249 DOI:
10.1016/j.jacc.2013.03.035]
Holmes DR, Reddy VY, Buchbinder M, Stein K, Elletson M, Bergmann MW, Schmidt B, Saw J. The
Assessment of the Watchman Device in Patients Unsuitable for Oral Anticoagulation (ASAP-TOO) trial.
Am Heart J 2017; 189: 68-74 [PMID: 28625383 DOI: 10.1016/j.ahj.2017.03.007]
Gloekler S, Shakir S, Doblies J, Khattab AA, Praz F, Guerios Ê, Koermendy D, Stortecky S, Pilgrim T,
Buellesfeld L, Wenaweser P, Windecker S, Moschovitis A, Landmesser U, Nietlispach F, Meier B. Early
results of first versus second generation Amplatzer occluders for left atrial appendage closure in patients
with atrial fibrillation. Clin Res Cardiol 2015; 104: 656-665 [PMID: 25736061 DOI:
10.1007/s00392-015-0828-1]
Abualsaud A, Freixa X, Tzikas A, Chan J, Garceau P, Basmadjian A, Ibrahim R. Side-by-Side
Comparison of LAA Occlusion Performance With the Amplatzer Cardiac Plug and Amplatzer Amulet. J
Invasive Cardiol 2016; 28: 34-38 [PMID: 26716593]
Landmesser U, Schmidt B, Nielsen-Kudsk JE, Lam SCC, Park JW, Tarantini G, Cruz-Gonzalez I, Geist
V, Della Bella P, Colombo A, Zeus T, Omran H, Piorkowski C, Lund J, Tondo C, Hildick-Smith D. Left
atrial appendage occlusion with the AMPLATZER Amulet device: periprocedural and early
clinical/echocardiographic data from a global prospective observational study. EuroIntervention 2017; 13:
867-876 [PMID: 28649053 DOI: 10.4244/EIJ-D-17-00493]
Tzikas A, Gafoor S, Meerkin D, Freixa X, Cruz-Gonzalez I, Lewalter T, Saw J, Berti S, Nielsen-Kudsk
JE, Ibrahim R, Lakkireddy D, Paul V, Arzamendi D, Nietlispach F, Worthley SG, Hildick-Smith D,
Thambo JB, Tondo C, Aminian A, Kalarus Z, Schmidt B, Sondergaard L, Kefer J, Meier B, Park JW,
Sievert H, Omran H. Left atrial appendage occlusion with the AMPLATZER Amulet device: an expert
consensus step-by-step approach. EuroIntervention 2016; 11: 1512-1521 [PMID: 27107315 DOI:
10.4244/EIJV11I13A292]
Korsholm K, Nielsen KM, Jensen JM, Jensen HK, Andersen G, Nielsen-Kudsk JE. Transcatheter left
atrial appendage occlusion in patients with atrial fibrillation and a high bleeding risk using aspirin alone
for post-implant antithrombotic therapy. EuroIntervention 2017; 12: 2075-2082 [PMID: 27973336 DOI:
10.4244/EIJ-D-16-00726]
Berti S, Pastormerlo LE, Rezzaghi M, Trianni G, Paradossi U, Cerone E, Ravani M, De Caterina AR,
Rizza A, Palmieri C. Left atrial appendage occlusion in high-risk patients with non-valvular atrial
fibrillation. Heart 2016; 102: 1969-1973 [PMID: 27492943 DOI: 10.1136/heartjnl-2015-309150]
Kleinecke C, Park JW, Gödde M, Zintl K, Schnupp S, Brachmann J. Twelve-month follow-up of left atrial
appendage occlusion with Amplatzer Amulet. Cardiol J 2017; 24: 131-138 [PMID: 28198520 DOI:
10.5603/CJ.a2017.0017]
Urena M, Rodés-Cabau J, Freixa X, Saw J, Webb JG, Freeman M, Horlick E, Osten M, Chan A, Marquis
JF, Champagne J, Ibrahim R. Percutaneous left atrial appendage closure with the AMPLATZER cardiac
plug device in patients with nonvalvular atrial fibrillation and contraindications to anticoagulation therapy.
J Am Coll Cardiol 2013; 62: 96-102 [PMID: 23665098 DOI: 10.1016/j.jacc.2013.02.089]
Osmancik P, Tousek P, Herman D, Neuzil P, Hala P, Stasek J, Haman L, Kala P, Poloczek M, Branny M,
Chovancik J, Cervinka P, Holy J, Vancura V, Rokyta R, Taborsky M, Kovarnik T, Zemanek D, Peichl P,
Haskova S, Jarkovsky J, Widimsky P; PRAGUE-17 Investigators. Interventional left atrial appendage
closure vs novel anticoagulation agents in patients with atrial fibrillation indicated for long-term
anticoagulation (PRAGUE-17 study). Am Heart J 2017; 183: 108-114 [PMID: 27979034 DOI:
10.1016/j.ahj.2016.10.003]
Xu H, Xie X, Wang B, Ma S, Wang F. Efficacy and Safety of Percutaneous Left Atrial Appendage
Occlusion for Stroke Prevention in Nonvalvular Atrial Fibrillation: A Meta-analysis of Contemporary
Studies. Heart Lung Circ 2016; 25: 1107-1117 [PMID: 27199213 DOI: 10.1016/j.hlc.2016.03.016]
Figini F, Mazzone P, Regazzoli D, Porata G, Ruparelia N, Giannini F, Stella S, Ancona F, Agricola E,
Sora N, Marzi A, Aurelio A, Trevisi N, Della Bella P, Colombo A, Montorfano M. Left atrial appendage
closure: A single center experience and comparison of two contemporary devices. Catheter Cardiovasc
Interv 2017; 89: 763-772 [PMID: 27567013 DOI: 10.1002/ccd.26678]
Betts TR, Leo M, Panikker S, Kanagaratnam P, Koa-Wing M, Davies DW, Hildick-Smith D, Wynne DG,
Ormerod O, Segal OR, Chow AW, Todd D, Cabrera Gomez S, Kirkwood GJ, Fox D, Pepper C, Foran J,
Wong T. Percutaneous left atrial appendage occlusion using different technologies in the United Kingdom:
A multicenter registry. Catheter Cardiovasc Interv 2017; 89: 484-492 [PMID: 27651124 DOI:
10.1002/ccd.26782]
Fauchier L, Cinaud A, Brigadeau F, Lepillier A, Pierre B, Abbey S, Fatemi M, Franceschi F, Guedeney P,

69

February 26, 2019

Volume 11

Issue 2

Moussa Pacha H et al. Left atrial appendage occlusion

73

74

75

76

77

Jacon P, Paziaud O, Venier S, Deharo JC, Gras D, Klug D, Mansourati J, Montalescot G, Piot O, Defaye
P. Device-Related Thrombosis After Percutaneous Left Atrial Appendage Occlusion for Atrial Fibrillation.
J Am Coll Cardiol 2018; 71: 1528-1536 [PMID: 29622159 DOI: 10.1016/j.jacc.2018.01.076]
Bergmann MW, Betts TR, Sievert H, Schmidt B, Pokushalov E, Kische S, Schmitz T, Meincke F, Stein
KM, Boersma LVA, Ince H. Safety and efficacy of early anticoagulation drug regimens after
WATCHMAN left atrial appendage closure: three-month data from the EWOLUTION prospective,
multicentre, monitored international WATCHMAN LAA closure registry. EuroIntervention 2017; 13:
877-884 [PMID: 28606886 DOI: 10.4244/EIJ-D-17-00042]
Tilz RR, Potpara T, Chen J, Dobreanu D, Larsen TB, Haugaa KH, Dagres N. Left atrial appendage
occluder implantation in Europe: indications and anticoagulation post-implantation. Results of the
European Heart Rhythm Association Survey. Europace 2017; 19: 1737-1742 [PMID: 29016910 DOI:
10.1093/europace/eux254]
Meier B, Blaauw Y, Khattab AA, Lewalter T, Sievert H, Tondo C, Glikson M. EHRA/EAPCI expert
consensus statement on catheter-based left atrial appendage occlusion. EuroIntervention 2015; 10: 11091125 [PMID: 25169595]
Reddy VY, Gibson DN, Kar S, O'Neill W, Doshi SK, Horton RP, Buchbinder M, Gordon NT, Holmes
DR. Post-Approval U.S. Experience With Left Atrial Appendage Closure for Stroke Prevention in Atrial
Fibrillation. J Am Coll Cardiol 2017; 69: 253-261 [PMID: 27816552 DOI: 10.1016/j.jacc.2016.10.010]
Singh SM, Douglas PS, Reddy VY. The incidence and long-term clinical outcome of iatrogenic atrial
septal defects secondary to transseptal catheterization with a 12F transseptal sheath. Circ Arrhythm
Electrophysiol 2011; 4: 166-171 [PMID: 21248245 DOI: 10.1161/CIRCEP.110.959015]

P- Reviewer: Barik R, Dai X, Kharlamov AN, Korosoglou G, Ueda H
S- Editor: Ma YJ L- Editor: A E- Editor: Wu YXJ

WJC

https://www.wjgnet.com

70

February 26, 2019

Volume 11

Issue 2

World Journal of
Cardiology

WJ C

Submit a Manuscript: https://www.f6publishing.com

World J Cardiol 2019 February 26; 11(2): 71-83

DOI: 10.4330/wjc.v11.i2.71

ISSN 1949-8462 (online)

MINIREVIEWS

Heart valve disease in elderly
Carlo Rostagno
ORCID number: Carlo Rostagno
(0000-0002-7764-8919).

Author contributions: Rostagno C
solely contributed to this paper.

Conflict-of-interest statement: No
potential conflicts of interest. No
financial support.

Carlo Rostagno, Department of Internal Medicine, University of Florence, Florence 50134,
Italy
Corresponding author: Carlo Rostagno, MD, PhD, Associate Professor, Department of Internal
Medicine, University of Florence, Viale Morgagni 85, Firenze 50134, Italy.
carlo.rostagno@unifi.it
Telephone: +39-55-7948063
Fax: +39-55-7947587

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is 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 and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: December 18, 2018
Peer-review started: December 20,
2018

First decision: December 30, 2018
Revised: January 13, 2019
Accepted: January 26, 2019
Article in press: January 26, 2019
Published online: February 26,
2019

Abstract
The incidence of heart valve disease increases significantly with age.
Degenerative abnormalities associated with severe aortic stenosis and mitral and
tricuspid regurgitation are found in not less than 10% of the population aged ≥ 75
years. Surgical treatment has been considered for years to be the treatment of
choice. However, it was not uncommonly associated with high perioperative
morbidity and mortality due to frequent comorbidities and overall frailty
conditions of these patients. Conventional risk scores such as Society of Thoracic
Surgeons and European System for Cardiac Operative Risk Evaluation may
underestimate the risk of surgery in elderly patients, leading to inappropriate
surgical indication. On the other hand, at least 30% of patients with severe
conditions are left untreated due to prohibitive surgical risk. Interventional
procedures, which are in continuous development, may be actually considered
for high risk patients and, as recent results suggest, also for intermediate risk
patients.
Key words: Valve diseases; Elderly; Surgery; Interventional cardiology
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Severe heart valve diseases are not uncommon in the elderly and often
treatment may be challenging due to high risks related both to relevant comorbidities and
the frailty condition of elderly patients. Although surgery is still the first choice for most
conditions, interventional strategies are emerging as a valid alternative both in high and
intermediate risk patients. Careful evaluation is needed for each individual patient in
order to establish a more appropriate strategy considering that the impact on the quality
of life may be more relevant in this population than the effects on survival, which is
already limited by decreased life expectancy related to ageing.
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INTRODUCTION
Progressive ageing of a population is associated with an increased prevalence of
chronic degenerative diseases. Among these, heart valve abnormalities represent an
important public-health problem leading to high morbidity and mortality. The Euro
Heart Survey on valve heart disease (VHD) published in 2003 included 5001 adults
from 25 countries suffering from moderate to severe heart valve disease[1]. Native
VHD was found in about 4000 patients. The remaining had had previous valve
surgery. Degenerative process was the main cause of aortic involvement and mitral
regurgitation (MR). Mitral stenosis (MS) was mainly due to rheumatic disease.
Incidence of valvular disease increased with age. Incidence of VHD was 6% for both
mitral and aortic disease in patients aged ≥ 75 years, while in younger patients (aged
< 64 years), the incidence was less than 1%. Importantly, according to the Survey,
more than 30% of subjects with severe, symptomatic, single VHD, usually elderly
with relevant comorbidities, did not undergo surgery.
More recently, Nkomo et al[2] reported the results of echocardiographic examinations in 11911 randomly selected adults who had been prospectively assessed in
three large population-based epidemiological studies[3-5]. Moreover, included in the
study were 16501 adults who were assessed in community by clinically indicated
echocardiography. In the first group, 615 patients (5.1%) had moderate or severe valve
disease. There were no gender related differences. Prevalence of valve disease
increased significantly with age from 0.7% in the group comprised of 18-year-olds to
44-year-olds to 13.3% in the group of those 75 years and older (P < 0.0001). A
significant increase of VHD was reported for each increment of 10 years of ageing.
This was particularly evident for aortic stenosis (AS) (hazard ratio (HR) = 2.51; 95%
confidence interval (CI): 2.02 to 3.12; P < 0.0001). MR was the most frequent VHD in
elderly patients (9.3%) followed by AS (2.8%), aortic regurgitation (AR) (2.0%), and
finally MS (0.2%).
In the community group, valve disease was diagnosed in 1505 patients. Prevalence
of valve diseases increased considerably with age also in this group (0.3% in 18-44
years old, 11.7% in those aged ≥ 75 years). There was a trend that showed a lower rate
of diagnosis in women than in men. Both in in the population and in the community
study, valve disease was associated with an increased mortality risk ratio (RR) (1.36,
95%CI: 1.15–1.62; P = 0.0005 and respectively 1.75, 95%CI: 1.61–1.90; P < 0.0001).
Incidence of heart valve disease in 500 consecutive patients aged > 8 years referred to
our Center for hip fracture is reported in Figure 1.
Due to increased life expectancy in the elderly population, AS prevalence is
expected to increase further. according to recent projections from The OxVALVE
population cohort study in the United Kingdom, the number of elderly people with
moderate or severe valvular heart disease will more than double by 2056[6].
A retrospective study from Scotland showed that among all patients hospitalized
from 1 January 1997 to 31 December 2005, a final diagnosis of non-congenital aortic
valve disease was made in a total of 19733 adults[7]. Discharge diagnosis was AS in
13220 (67.0%) and AR in 2807 (14.2%). Mixed aortic valve disease, or unspecified
aortic valve disease, occurred respectively in 699 (3.5%) and 3007 (15.2%). Elderly
patients, aged 80 and older, accounted for most of the patients included in the study.
More than half had died by 31 December 2006. The risk of death (and heart failure)
was 20% higher in AS in comparison to aortic insufficiency or mixed aortic valve
disease. Only 19.4% of patients included in the study had aortic valve replacement
during follow-up, three out four for AS. Age, female gender, and co-morbidity
influenced replacement rate.
Despite the relevance of VHD as a cause of heart failure and death, the first
European Heart Valve Disease survey demonstrated that the awareness and
knowledge of heart valve disease in the general population was alarmingly low, and
only 3.8% really knew what AS was[8]. Two years later, the second European Heart
Valve Disease survey showed a mild improvement in general knowledge of heart
valve disease in comparison to 2015. Despite this finding, the correct understanding of
AS decreased significantly (2015: 7.2% vs 2017: 3.8%; P < 0.001)[9].
Treatment of VHD in the elderly requires careful evaluation since other than the
effects on survival, already limited by decreased life expectancy related to ageing, the
impact on the quality of life should be considered a relevant aspect. In elderly people,
clinical outcome after surgical treatment is significantly influenced by concomitant
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Figure 1

Figure 1 Incidence of valve heart disease in 500 consecutive patients aged > 80 years referred for hip
fracture.

severe comorbidities [diabetes mellitus, chronic kidney disease, cerebrovascular
disease, and atrial fibrillation (AF), etc] that may impair postoperative recovery,
leading to worse outcomes[10]. A multidisciplinary approach involving cardiologists,
interventional cardiologists, surgeons, anesthesiologists, and geriatricians may
improve the decisional process.

AORTIC VALVE
AS
Epidemiology and pathophysiology: In the elderly, degenerative AS is one of the
most common types of valvular heart disease. The prevalence of AS has been reported
to be between 12% and 26% depending on the diagnostic criteria employed[1,11]. In the
study by Lindroos et al[12], critical AS was defined as a valve area < 0.8 cm2 or velocity
ratio of < 0.35. In the 75- to 86-year-old group, the reported prevalence of disease was
2.9% (95%CI: 1.4% to 5.1%). Overall, 40% of patients with severe AS were considered
to be at high surgical risk. It must be emphasized that although AS is clearly
associated with adverse outcomes, even aortic sclerosis can create an increased risk of
cardiovascular morbidity and mortality mainly by its being a significant risk factor for
progression to AS. Degenerative calcific disease accounts for most cases of severe AS;
however, a large study reported that 22% percent of octogenarians presenting for
surgery for isolated AS had bicuspid valve disease[13-15].
Calcific aortic valve disease evolves over the years at a different rate in every
subject. The development and progression of AS is at least in part related to active
processes that have pathophysiological mechanisms in common with atherosclerotic
disease [14] . First, several studies suggested that calcific degenerative AS and
atherosclerosis have common risk factors such as age, smoking, hypertension,
hypercholesterolemia, diabetes mellitus, and metabolic syndrome[15-18]. Since valve
leaflets may have anatomic heterogeneity, different shear stresses may lead to
endothelial dysfunction at the ventricular surface of the valve. Second, the loss of
endothelial integrity allows lipid accumulation and cellular migration (inflammatory
cells, macrophages, and T cells) in the subendothelial matrix[19] with neurohormonal
activation [ 2 0 ] . Plaque-like subendothelial deposits may lead to downward
displacement and fragmentation of the subjacent elastic lamina. The osteoblast-like
activity of interstitial cells may be responsible for valvular calcification over time with
a decrease in leaflet mobility[21].

AR
Epidemiology and pathophysiology: Isolated AR is significantly less common than
pure AS. Degenerative and bicuspid aortic valve disease shows a different degree of
both regurgitation and left ventricular obstruction; however, stenosis is usually preeminent. More frequently, AR is a consequence of aortic dilation and the deformation
of the annulus valve. Overall prevalence of significant native AR has been reported in
between 2.0% and 2.5% of patients 70 years to 83 years of age, without gender
differences[22,23] although smaller studies reported a higher incidence of up to 13%.
Age, aortic valve fibrocalcification, and female sex were considered independent
factors related to AR, while several studies failed to find a relationship with arterial
hypertension[24].
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Treatment of aortic valve diseases: Surgical aortic valve replacement (SAVR) has
been, for a long time, the treatment of choice for severe aortic valve disease. Improved
survival and quality of life have been clearly demonstrated even in elderly
patients[25-27]. Nevertheless, a non-negligible number of elderly patients are considered
at very high or prohibitive risk for conventional surgical procedures, and about 30%
of symptomatic subjects will never undergo surgery[1].
Non-surgical options, in particular transcatheter aortic valve replacement (TAVR),
have developed as a suitable alternative to SAVR. In humans, the first transcatheter
aortic stent valve was implanted in 2002, using femoral vein access and a transeptal
approach[28]. In 2005, technical developments allowed for changing the approach to
the transfemoral artery [29] . Transapical TAVR (TA-TAVR) has been proposed in
patients with unsuitable vascular access. Several studies compared safety and efficacy
between the transfemoral TAVR (TF-TAVR) and TA-TAVR. The transfemoral
approach, whenever feasible, should be considered the preferable access route[30].
Initially, the indication for TAVR was limited to severely symptomatic AS with
high surgical risk according to validated risk scores [Society of Thoracic Surgeons
(STS) or European System for Cardiac Operative Risk Evaluation (EuroSCORE)]. At
present, indications for percutaneous treatment may be extended to intermediate risk
subjects. Nevertheless the use of STS-risk score (or EuroSCORE) may be misleading in
very old people (aged > 80 years) since a high risk of perioperative complications may
exist due to overall age and frailty per se[31-33]. Frailty, limited functional capacity
according to Barthel scale, inadequate nutrition, and the need for non-cardiac surgery
(most frequently oncologic or orthopedic surgery) are good indicators for TAVR,
which allows a faster recovery and improved quality of life.
The randomized PARTNER 1B study first showed a decrease in death from any
cause and death from cardiovascular causes in patients who underwent TAVR vs a
conservative treatment[34]. The PARTNER 1A trial randomized 699 high-risk patients
with severe AS to TAVR (using transfemoral or the transapical approach) or SAVR[35].
Death from any cause at 1 year was similar in the two groups, while major vascular
complications (11.0% vs 3.2%, P < 0.001) and stroke (8.3% vs 4.3%, P < 0.05) were more
frequent in TAVR than in SAVR. At 2 years follow-up, TAVR was associated with an
increased late mortality mainly related to mechanical complications of the valve such
as paravalvular leak. With first generation devices, residual AR due to para-valvular
leaks was found postoperatively in about 20% of patients. Minimally invasive aortic
valve replacement was proposed to manage carefully selected patients with the aim of
decreasing permanent pacemaker implantation and other vascular complications that
would be critical to changing patient prognosis.
In the study by Hirji et al[36], 1028 octogenarians underwent isolated aortic valve
replacement between 2002 and 2015. Three hundred and six were treated by TAVR
and 722 by SAVR (344 conventional and 378 minimally invasive valve replacement).
Median follow-up was 35 mo. TAVR patients were relatively older (86.2 years vs 84.2
years) and in more cases had several co-morbidities. Operative mortality and midterm survival were similar for TAVR (regardless of approach), SAVR, and minimally
invasive aortic valve replacement after adjustment for confounding factors. The
median in-hospital length of stay was statistically higher for the SAVR group (P <
0.05). Independent predictors of mortality were age, class III/IV New York Heart
Association (NYHA), preoperative creatinine, severe chronic lung disease, and prior
cardiac surgery (all P < 0.05). The authors concluded that treatment decisions should
be addressed by a multi-disciplinary heart team, taking into account patient
comorbidities, frailty, and quality of life.
Recently were reported the results of the FRench Aortic National CoreValve and
Edwards (FRANCE-2) registry. In the study were included 2254 patients > 80 years of
age who underwent TAVR. Thirty-day and 1-year mortality were not significantly
different among patients aged 80 to 84 years, 85 to 89 years, and finally > 90 years
(10.3% vs 9.5% vs 11.2%; P = 0.53 and respectively 19.8% vs 26.1% vs 27.7%; P = 0.16)[37].
A recent study compared carefully selected patients > 90 years old, without many
comorbidities, vs younger patients who underwent TAVR. Major complications were
similar, and all-cause mortality at 30 days and 1 year was not statistically different
(2.9% and 12.5% in patients aged ≥ 90 vs 2.8% and 12.3% in patients aged < 90,
respectively)[38].
The effects of TAVR were evaluated more recently in low-intermediate risk
populations. An Italian observational, multicenter, “real-world” study included 1300
patients in a propensity-matched population. The authors did not find significant
differences in mortality or major adverse cardiac and cardiovascular events between
SAVR and TAVR[39].
In the PARTNER 2A randomized trial, TAVR was compared with SAVR in 2032
intermediate-risk patients. The primary endpoints were all-cause mortality or
disabling stroke at 2 years. The authors did not find differences between groups.

WJC

https://www.wjgnet.com

74

February 26, 2019

Volume 11

Issue 2

Rostagno C. Elderly VHD

Although major vascular complications and paravalvular regurgitation were more
frequent in TAVR, surgical replacement was associated with higher rates of acute
kidney injury, severe bleeding, and new-onset AF[40].
The multicenter Surgical Replacement and Transcatheter Aortic Valve Implantation
trial was a randomized, clinical trial that included 1746 patients at intermediate
surgical risk, of whom 1660 underwent TAVR or surgical operation[41]. The primary
endpoint, a composite of death from any cause or disabling stroke at 24 mo, was
12.6% in TVAR and 14% in SAVR respectively. On the basis of these results, 2017
American Heart Association/America College of Cardiology gave a IIa indication for
the TAVR procedure in intermediate surgical risk[42].
Data from studies of a low-risk group for surgery, showed that SAVR is still more
advantageous than TAVR. Rosato et al[43] reported that survival at 3 years was 72.0%
after TAVR and 83.4% after SAVR (P = 0.0015). Further studies with new generation
valve prostheses are necessary before expanding indications of TAVR in lower-risk
patients.
Effects of coronary artery disease: Coronary artery disease (CAD) is frequently
associated with AS, in particular in elderly patients[44]. The coexistence of CAD leads
to a worse prognosis for AS of comparable severity. Surgical treatment allows
correction of valve disease and at the same time coronary revascularization. Data
regarding elderly subjects are limited. Less is known about the effects of CAD in
elderly patients undergoing TAVR.
To evaluate the effect of age on combined AVR and concomitant coronary artery
bypass graft (CABG), 452 consecutive patients (mean age 64 years) were divided into
three groups: Young (n = 114), middle-aged (n = 225), and elderly (n = 113). CAD was
more extensive in the elderly group. Only 62.8% of elderly patients had complete
myocardial revascularization in comparison to 94.1% and 76.2%, respectively, of the
other two groups (P < 0.05). In-hospital mortality was 6.4% in the elderly in
comparison to 2.0% and 5.3%, respectively in the other groups. Freedom from cardiacrelated death at 12 mo and 60 mo was higher in young and middle-aged patients than
in elderly patients[45].
How CAD impacts patient survival following TAVR has been investigated by a
recent meta-analysis. Fifteen studies including 8013 patients were examined. The
median age of patients was 81.3 years, 46.6% were men, and 3899 (48.7%) had CAD.
All-cause mortality at 30 days post TAVR was not significantly different between
patients with and without CAD. All-cause mortality however was significantly higher
at 1 year in patients with CAD in comparison with patients without CAD (OR = 1.21;
95%CI: 1.07–1.36; P = 0.002). These results suggest the need to revisit the revascularization strategies for concomitant CAD in patients with TAVR[46].

AS and MR
In the elderly, AS is frequently associated with concomitant MR (22%-48%). In severe
cases affecting both valves, surgical valve replacement has usually been considered
the treatment of choice. Data regarding elderly subjects is limited. In the study by Yu
et al [47] , 43 high-risk patients with severe AS, aged 80 ± 6 years, underwent
concomitant SAVR and mitral valve (MV) surgery. Nineteen (44%) had prior cardiac
surgery, and 39 (91%) were in congestive heart failure. Five patients (11.6%) died
during hospitalization or at 30 days. Mortality was 25% at 6 mo, 35% at 1 year, and
45% at 2 years. Patients often needed prolonged ventilation, and 10% developed new
renal failure requiring dialysis. When AS in patients at high or prohibitive surgical
risk is treated by percutaneous TAVR, concomitant significant MR usually is not
corrected[48,49]. Untreated MR is associated with a significant increase in mortality and
morbidity[50].
The recent availability of percutaneous devices for treating MV disease may offer
an alternative for the management of MR after TAVR[51]. Few limited case series
reported a procedural success (decrease of degree of MR < 2+) comprised between
92% and 100% for edge to edge MV repair with MitraClipTM (Abbott Vascular, Menlo
Park, CA, United States)[52]. Recurrent 3+ MR at 1 year however occurred in 21.4%.
One year survival rate was 66.5%.
In conclusion, concomitant MV surgery in patients with MV disease undergoing
aortic valve replacement did not give better results on long term survival than TAVR
without correction of MV regurgitation. Therefore, individual assessment should
guide procedural strategy in treating MR associated with severe AS.

MV
Epidemiology and pathophysiology
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Several conditions may damage the MV in older patients, such as degeneration of
valve leaflets, calcification of the mitral annulus commonly involving the posterior
leaflet, ischemia, and rheumatic heart disease.
Anatomo-functional abnormalities of the MV apparatus may result in valve
stenosis or, more frequently, regurgitation. The most common etiology of MS is
rheumatic heart disease; however, it is not common that the disease remains
undiagnosed up until an advanced age[53]. Degenerative MV annulus calcification is
more frequent in the elderly, but it is unclear how frequent a significant
hemodynamic impact might be. Functional MS related to massive annular
calcification and reduced leaflet excursion has been reported in 2.5% to 18.0% of
elderly patients[54]. Degenerative MS accounted for 12.5% of MS cases according to
data of the Euro Heart Survey [1] . The severity of calcification has significant
implications for surgery. Debridement of the posterior annulus may be challenging,
and residual calcium may not allow adequate suturing of the MV prosthesis with the
risk of post-operative paravalvular regurgitation due to suture dehiscence. Moreover,
there is the non-negligible risk of extensive damage and posterior disruption of the
left ventricle and that of death.
In industrialized countries, MR is the most frequent valvular heart disease in
patients over the age of 65 years[1,2]. Elderly patients account for about 40% of all
patients with MR and 4.5% are over 80 years of age. Heart failure, arrhythmia, and
death may occur in patients with severe disease. Prevalence of moderate MR in the
Framingham study was 11.1% in men 70 years to 83 years of age[23]. In the study, no
information was reported regarding valve morphology. Secondary MR has been
reported in about 25% of patients after myocardial infarction and in more than 50% in
heart failure with depressed ejection fraction.

Treatment
Etiology of MV regurgitation plays a relevant role in the decision-making process,
particularly in elderly patients. MV surgery is indicated only if the balance between
expected clinical improvement exceeds increased operative risk related to ageing and
comorbidities. Surgical treatment is clearly suggested by American guidelines for
patients with primary valve disease, while no indications are provided by ESC
guidelines[42,55]. A high operative mortality (15%) was reported by a recent metaanalysis including 5572 octogenarian patients [ 5 6 ] . Therefore, a careful
multidimensional preoperative evaluation is needed for risk stratification since STS
and EuroSCORE may effectively underestimate effective surgery related risks in
elderly, frail patients. Left ventricular dysfunction is more frequent with concomitant
CAD. Surgical revascularization increases the risk of both early and late mortality
after surgery.
Secondary MR in those aged > 75 years is likely to be more frequent than primary
valve disease. In this case, no clear indication for surgery exists as the clinical benefit
is uncertain. When concomitant coronary artery bypass grafting is not planned,
surgical intervention may be recommended only in patients with refractory
symptoms after optimization of medical therapy and eventual cardiac resynchronization therapy[57,58].
MV-repair at present is the generally accepted “gold standard” treatment for
degenerative MV disease. Several studies demonstrated the superiority of repair over
MV replacement (MVR) [59,60] . Patients with extensive bi-leaflet or anterior leaflet
prolapse and myxomatous degeneration without extensive calcification are
considered good candidates for MV repair. Nevertheless, in elderly patients MVrepair as suggested by administrative American databases was performed in less than
50%. Advanced age was as an independent predictor of valve replacement[61].
The lower technical complexity of valve replacement with shorter cardio
pulmonary bypass times and decreased risk of failure with need of reintervention
may explain the lower rate of MV repair than expected in elderly patients. These
aspects are particularly relevant due the limited life expectancy of aged patients.
Nevertheless, MVR has a high short-term mortality of 25% to 30%, frequently due to
congestive heart failure possibly related to alteration of the left ventricular dimensions
and geometry.
Differences in long-term clinical outcomes between surgery and conservative
management were evaluated by Kang et al[62] in 157 patients with severe MR aged ≥ 70
years. Median follow-up was 5.4 years. Surgery was associated with a lower mortality
(HR 0.31; 95%CI: 0.13 to 0.73; P = 0.007) other than with a decrease in overall cardiac
event (HR 0.26; 95%CI: 0.13 to 0.53; P < 0.001).
In a single center retrospective study in 2015, consecutive patients with moderate to
severe MR were divided into two groups[63]. Patients aged > 60 years (mean age 66.98
± 5.94 years) were considered as the elderly group (n = 680) and compared to patients
< 60 years (control group, n = 1061). In total, 308/680 elderly MR were denied
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surgery, which was much higher than the rate of denial observed in the control group
(45.29% vs 36.10%, P < 0.001). The factors associated with decreased probability of
undergoing surgery were increased age, diabetes, and high risk stratification
according to EuroSCORE-II. Of the 275 elderly patients with severe MR included in
this study, 75 (27.27%) did not undergo surgery.
A database from the University Centre of Liepzig, Germany was examined and
assessed to identify all patients aged > 70 years who underwent MV surgical
procedures between 1999 and 2009. In 97% of the 2503 patients, MR was the primary
indication for operation[64]. MV repair was performed in 64%. Mortality rate at 30 days
was 3.1%, and survival at 5 years was 55.2%. Coronary revascularization was
associated with an early and long-term poorer outcome. Several factors, such as
diabetes, chronic obstructive lung disease, left ventricular function < 30%,
preoperative hemodialysis, presence of endocarditis, MVR, concomitant TV
procedures, urgent or emergent procedures, aortic procedures, aortic valve
replacement, and CABG, were independently related younger late death[64].
A recent retrospective study by Silashi et al[65] reviewed the results after MV surgery
in elderly patients treated over the past 20 years. Excluded from the study were
patients with repeat cardiac surgery, endocarditis, and concomitant aortic valve
replacement. Of 1776 patients with MV disease, 341 were aged ≥ 75 years. Two
hundred and twenty-one underwent MV-repair and 120 MVR. One hundred thirtyfive patients had concomitant coronary artery bypass grafting (39.6%). Fifty had
tricuspid valve (TV) surgery (14.7%). Thirty-day mortality associated with MV repair
was 5.4% vs 9.2% for MVR (P = 0.26). Concomitant CABG was more frequently
performed in patients undergoing MV-repair (43.9% vs 31.7%, P = 0.03). In 27 patients,
planned MV-repair was converted to MVR, mainly after invasive inspection of the
MV. Moderate/severe MR was observed at follow-up in 15 cases after MV-repair
(6.8%), of which four needed reintervention. After MVR, significant MR was observed
in only 3 cases (2.5%). Overall 1- and 5-year survival was 90.7% and 74.2% vs 81.3%
and 61.0%, respectively (P < 0.01).
In a propensity adjusted analysis of outcomes after MV surgery in patients aged >
80 years (mean age 83 years), overall operative mortality was 11% after MV-repair in
comparison to 18.9% for MVR[66]. It must be underlined that this study also included
patients with endocarditis (1.8% in MV-repair and 13.7% in MVR) and ischemic MV
disease (32.2% in MV-repair).
Included in a meta-analysis by Shang et al[67] were seven observational clinical
studies published after 2000 comparing MVP and MVR in the elderly (aged 70 years
or older). Overall, 1809 patients were considered. Thirty-day mortality was
significantly lower after MV repair (RR: 0.40, 95%CI: 0.25–0.64). Moreover, repair was
associated with length of postoperative hospital stay and less postoperative
complications in comparison to MVR. Finally long-term (1- and 5-year survival) were
higher in MV-repair.
Patients at high-prohibitive risk for surgery may benefit, when technically feasible,
by percutaneous interventional treatment. MitraClipTM therapy is at present the most
widely used technique. The device allows for building a bridge between the anterior
and posterior mitral leaflet thus mimicking the surgical technique of the Alfieri stitch.
In patients treated for degenerative MR, despite good periprocedural results, the rate
of recurrent severe MR after MitraClipTM therapy has been reported close to 55% at 12
mo[68]. The need for re-operations may exceed 20% at 4 years of follow-up[69].
Failure of MitraClipTM procedures may be related to the absence of concomitant
annuloplasty. Failed MitraClipTM procedures may complicate eventual future MVrepair. In particular when treatment included more than one clip valves, which are
often not repairable. Further techniques, such as transcatheter MV-in-ring
implantation, may be considered in selected cases after failure on MV repair.
Surgery must be considered the initial “gold standard” treatment for elderly
patients with degenerative MR and acceptable surgical risk should be considered. A
multidisciplinary “Heart Team” should discuss the patient’s condition and various
treatment opportunities. New interventional treatment options may be considered for
symptomatic high risk patients.

TV
Tricuspid regurgitation (TR) is the second most common VHD after MR with an
incidence of 1.2% to 1.5% in the general population[1,2]. The prevalence increases with
age and in particular in females. In the group of 70 to 83 year-olds, incidence is 5.6%
in women as compared to 1.5% in men[23]. Severe TR is associated with higher 1-year
mortality and poorer outcomes independent of age and other comorbid conditions[70].
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Primary valve disease accounts for 25% of TR. This is more common in younger
patients suffering from anatomic valve abnormalities (congenital, rheumatic,
neoplastic, traumatic, infective endocarditis, and endomyocardial fibrosis). Other
causes of TR are lead implantation for pacing or leaflet damage due to RV biopsy[71].
In elderly subjects, functional or secondary TR due to left heart disease, often MR or
AS, is by far the more common etiology of TR[70]. TR secondary to left heart valve
disease is often associated with poor prognosis and difficult therapeutic choices.
Pulmonary hypertension, right ventricular infarction, chronic right ventricular pacing,
and history of AF are other common causes of secondary TR. The term ‘‘functional’’
may be misleading for TV disease. As with the MV, annular dilatation of the tricuspid
annulus and/or dislocation of papillary muscles plays just as important of a role in
causing valve malfunction [72] . Annular dilatation occurs along the anterior and
posterior TV leaflet implantation; therefore, the annulus becomes more circular and
planar. Geometrical abnormalities may be different between secondary TR and the socalled “idiopathic TR,” commonly attributed to ageing and AF[73,74]. In idiopathic TR,
basal RV dilatation with relatively normal RV length and marked annular dilatation
but with normal tenting height of leaflets is commonly observed. Where there is
functional TR in patients with pulmonary hypertension, there is a spherical RV
deformation, with less evident annular dilation but significantly greater tenting
height. These morpho-functional differences have significant implications for
treatment.

Treatment
A conservative (no touch) approach to TR was proposed in the 1960s. It was
conceivable that the hemodynamic improvement related to the correction of the leftsided valve disease would result in a decrease of secondary TR. The experiences that
followed, however, demonstrated that regression of TR is not the rule, and
regurgitation may further increase in particular when the mitral and/or aortic valve
diseases are not completely or adequately resolved during surgery. Moreover, it must
be stressed that an isolated severe TR is now increasingly recognized even in patients
with normal left heart valve function after either MV annuloplasty or replacement.
The degree of right ventricular dysfunction indicated by annular dilatation may be
related to impaired regression of further increased degree of valve regurgitation.
Preoperative evaluation may give information whether TR will resolve after
successful mitral surgery. Four hundred and thirteen patients with rheumatic heart
disease, who did not have preoperative severe TR, underwent MVR without
concomitant TV repair and were then followed for a median period of 13 years[75].
Forty-six patients (11.1%) had new severe TR. Independent predictors for new severe
TR were preoperative moderate TR (HR 2.401; P = 0.008) and AF (HR 2.119; P = 0.018).
Patients with new severe TR had larger right ventricles and higher pulmonary artery
pressures on echocardiography.
Right ventricular failure is associated with a higher surgical mortality (from 5% to
11% and from 8% to 22% during follow-up) [76] . Preoperative right ventricular
dysfunction and persisting TR are associated with a minor relief of symptoms and an
impaired cardiac output response to exercise after correction of valve diseases.
Although it has been suggested that functional TR may be untreated in patients
with a significant predictable decrease in the pulmonary resistance, at present we
have no reliable methods to predict reversibility of the TR after correction of the left
heart valve dysfunction. Moreover, methods of measuring and quantifying the degree
of TR are still not reliable and repeatable. The clinical assessment may add
information to echocardiography. Finally, there is no satisfactory method to assess
true right ventricular function.
Often, in elderly patients with long standing disease, TR frequently poses a
challenging treatment dilemma[77]. Severe TR may be tolerated for many years and
sometimes managed conservatively until severe right heart failure and ascites
develop. It is then often too late for correction since any therapy comes with extremely
high risk, with unacceptable operative mortality. Moreover, the likelihood of
functional recovery is poor. American College of Cardiology/American Heart
Association guidelines do not give any Class I indications for isolated TV surgery[42].
Operative risk is high in these patients with a mortality rate of 7.9% at 30 days. Age is
an independent predictor according to multivariable analysis. Reduction of right
ventricle afterload after treatment of a left-sided valve lesion may lead to an
improvement, even if often unpredictable, of severe TR. TV repair during left sided
surgery does not appreciably increase the risks of surgery. TR repair is currently
recommended in patients undergoing left-sided valve surgery. Effects of depressed
right ventricular function on results of TV repair were examined by Subbotina et al[78].
Eighty-two out of 191 patients (43%) had decreased tricuspid annular plane systolic
excursion (TAPSE) (13.3 ± 3.3 mm vs 20.2 ± 4.9 mm; P<0.001). In both groups, 91%
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underwent ring annuloplasty. Patients with depressed right ventricular function had
a higher incidence of low cardiac output syndrome after surgery (10% vs 27%, P=
0.005) and a higher early mortality. Functional improvement, expressed as change in
NYHA class, was more evident in patients with preserved right ventricular function.
Of 173 patients who underwent MV surgery and radiofrequency ablation of AF, only
age and concomitant TV repair were independently associated with mortality
according to multivariate analysis[79].
In the last years, numerous percutaneous transcatheter repair and replacement
devices were developed to treat this large group of high surgical risk patients. To
improve prognosis in severe TR, an earlier diagnosis and referral for treatment are
essential, as are a better understanding of the different stages of disease and potential
treatment options, proven safe and efficacious percutaneous options, and an evidence
base for earlier surgical or percutaneous intervention of significant TR, irrespective of
symptoms. The use of MitraClip TM in the tricuspid position is associated with
unpredictable results. Date reported from a recent registry showed a > 50% reduction
in effective regurgitant orifice area after treatment with MitraClipTM. The procedure
was associated with significant clinical improvement with decrease in the NYHA
functional class and longer 6 minute walking distance[80]. Other transcatheter therapies
are being tested in feasibility trials. Among these the Trialign system (Mitralign,
Tewksbury, Massachusetts, United States) that mimics the surgical Kay annuloplasty
via a pair of pledgeted sutures delivered percutaneously through the right internal
jugular vein.
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Abstract
BACKGROUND
The prevalence of left atrial appendage (LAA) thrombus detection by
transesophageal echocardiogram (TEE) in patients with non-valvular atrial
fibrillation (AF) anticoagulated with apixaban is not well defined and
identification of additional risk factors may help guide the selection process for
pre-procedural TEE. The purpose of our study was to retrospectively analyze the
prevalence of LAA thrombus detection by TEE in patients continuously
anticoagulated with apixaban for ≥ 4 wk and evaluate for any cardiac risk factors
or echocardiographic characteristics which may serve as predictors of thrombus
formation.
AIM
To retrospectively analyze the prevalence of LAA thrombus detection by TEE in
patients continuously anticoagulated with apixaban.
METHODS
Clinical and echocardiographic data for 820 consecutive patients with AF
undergoing TEE at Augusta University Medical Center over a four-year period
were retrospectively analyzed. All patients (apixaban: 226) with non-valvular AF
and documented compliance with apixaban for ≥ 4 wk prior to index TEE were
included.
RESULTS
Following ≥ 4 wk of continuous anticoagulation with apixaban, the prevalence of
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LAA thrombus and LAA thrombus/dense spontaneous echocardiographic
contrast was 3.1% and 6.6%, respectively. Persistent AF, left ventricular ejection
fraction < 30%, severe LA dilation, and reduced LAA velocity were associated
with thrombus formation. Following multivariate logistic regression, persistent
AF (OR: 7.427; 95%CI: 1.02 to 53.92; P = 0.0474), and reduced LAA velocity (OR:
1.086; 95%CI: 1.010 to 1.187; P = 0.0489) were identified as independent predictors
of LAA thrombus. No Thrombi were detected in patients with a CHA2DS2-VASc
score ≤ 1.
CONCLUSION
Among patients with non-valvular AF and ≥ 4 wk of anticoagulation with
apixaban, the prevalence of LAA thrombus detected by TEE was 3.1%. This
suggests that continuous therapy with apixaban does not completely eliminate
the risk of LAA thrombus and that TEE prior to cardioversion or catheter ablation
may be of benefit in patients with multiple risk factors.
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Core tip: The prevalence of left atrial appendage (LAA) thrombus detection by
transesophageal echocardiogram (TEE) in patients with non-valvular atrial fibrillation
(AF) anticoagulated with apixaban is not well defined and identification of additional
risk factors may help guide the selection process for pre-procedural TEE. At our
institution, the prevalence of thrombus detection in patients compliant with apixaban was
3.1%. Persistent AF, left ventricular ejection fraction < 30%, severe LA dilation, and
reduced LAA velocity were associated with thrombus formation. Following multivariate
logistic regression, persistent AF and reduced LAA velocity were identified as
independent predictors of thrombus detection.

Citation: Whiteside HL, Nagabandi A, Brown K, Ayyala DN, Sharma GK. Prevalence and
clinical characteristics associated with left atrial thrombus detection: Apixaban. World J
Cardiol 2019; 11(2): 84-93
URL: https://www.wjgnet.com/1949-8462/full/v11/i2/84.htm
DOI: https://dx.doi.org/10.4330/wjc.v11.i2.84

INTRODUCTION
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia and is
associated with increased risk of systemic thromboembolism due to the development
of left atrial (LA) and LA appendage (LAA) thrombi[1,2]. Among patients with nonvalvular AF, 90% of atrial thrombi are seen within the LAA [3] . Transesophageal
echocardiography (TEE) is the most sensitive and specific imaging modality for the
detection LA thrombi and is routinely utilized in patients undergoing elective
cardioversion or catheter ablation to reduce the risk of thromboembolic events[1,2,4-7].
Risk factors such as structural heart disease, left atrial size, reduced left ventricular
ejection fraction (LVEF), persistent AF, an CHA2DS2-VASc score have been reported
as independent predictors of LAA thrombus detection by TEE[8-13].
Several randomized trials have demonstrated the efficacy of non-vitamin K
dependent oral anticoagulants (NOACs) to reduce rates of stroke and systemic
thromboembolism compared to warfarin, however, their impact on the detection of
LA thrombi by TEE is less well established [14,15] . In patients receiving ≥ 3 wk of
continuous anticoagulation with warfarin, the prevalence of LA thrombus detection is
reported to be between 1.55% and 7.7%[8,12,13,16-20]. Recent data has helped to elucidate
the prevalence of LA thrombi in patients anticoagulated with NOACs, particularly in
patients prescribed dabigatran or rivaroxaban prior to catheter ablation[18-20]. With
regards to apixaban, data remains limited[18-22]. With at least one study reporting a
decline in utilization of TEE prior to catheter ablation and prescription rates for
NOACs increasing on a yearly basis, further analysis of patients prescribed apixaban
could have clinically meaningful implications[22,23]. Identification of additional risk
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factors which may predict LAA thrombus detection in patients prescribed apixaban is
of particular interest as it could help identify a population which would be at
increased risk of adverse outcomes should intervention be performed without TEE.

MATERIALS AND METHODS
Study population
Following institutional review board approval, we retrospectively identified 820
consecutive patients with a diagnosis of AF undergoing TEE at Augusta University
Medical Center between January 1, 2014 and September 30, 2017 (Figure 1). We
excluded 146 patients who were not on any anticoagulation, 183 patients
anticoagulated with other NOACs (Rivaroxaban: 122, Dabigatran: 60, Edoxaban: 1),
221 patients anticoagulated with Warfarin, and 15 patients who were determined to
be incorrectly coded as AF and in whom TEE was performed for an alternative
indication. Two hundred fifty-five patients were anticoagulated with apixaban.
Within this cohort, 13 patients were excluded due to documented non-compliance
with continuous oral anticoagulation in the 4 wk preceding index TEE, 8 for LAA
ligation, 2 for valvular AF, and 6 patients with incomplete echocardiographic data.
The final study population included 226 patients anticoagulated with apixaban.

Data extraction and baseline assessment
A detailed chart review was conducted in accordance with the study protocol
targeting cardiac risk factors, anticoagulant therapy, and echocardiographic data. A
CHA2DS2-VASc score was calculated for each patient in accordance with Lip et al[24]
AF lasting ≤ 7 d or > 7 d was defined as paroxysmal and persistent, respectively[1,2]. All
physician notes in the four weeks preceding TEE were reviewed. Any patient with
documented medication noncompliance was excluded from the study.

Cardiac imaging
TEE Imaging was performed using Phillips EPIQ 7 ultrasound machine and Phillips
IE33 ultrasound transducer (Andover, Massachusetts). Standard TEE images were
acquired including focused imaging of the LA and LAA. Technique routinely used at
our institution involves acquisition of at least two orthogonal views of the LAA. All
TEEs were reviewed by at least one of two echocardiographers with strong agreement
between observers (Cohen’s kappa: 0.89). A thrombus was reported if a wellcircumscribed, echo-reflective mass distinct from the LA endocardium or pectinate
muscles was present in the appendage or body of the LA[4]. Spontaneous echo contrast
(SEC) was classified as dense, clearing, or absent correlating with 3-4+, 1-2+, or 0 as
graded by Fatkin et al[25] SEC was classified as dense if a dense swirling pattern was
observed in the LAA and was detectable throughout the cardiac cycle (with variable
intensity). SEC was classified as clearing if minimal echodensity was observed in the
LAA and was detectable transiently during the cardiac cycle. LAA velocities were
determined based on peak velocities averaged over a minimum of two full cardiac
cycles in the view which was most parallel to the LAA ostium. LA size was assessed
semi-quantitatively and documented as normal, mildly, moderately, or severely
dilated.

Follow up
For any patient with LA or LAA thrombi identified on TEE, data was collected for 180
d following index study. If a subsequent TEE was performed between 30 and 180 d
following diagnosis of LA or LAA thrombi, then follow up data was collected
including changes in oral anticoagulation, antiplatelet therapy, and resolution of
thrombus.

Statistical analysis
All statistical computations and hypothesis tests were performed using R 3.4.3
(https://www.r-project.org/). To compare demographics and echocardiographic
variables between groups, Fisher’s exact test was used for categorical variables and
Welch’s t-test was used for the continuous variables. All hypothesis tests were
performed at 5% significance level. Univariate logistic regression model was used to
associate the odds of occurrence of an event (LAA thrombus formation, dense SEC) to
demographic and echocardiographic factors. For scenarios where the odds of the
event are zero, pseudo-data points were added to obtain valid estimates and test
statistics. Significance of the factors was determined using a two-sided z-test. For each
univariate model, a two-sided 95% confidence interval (CI) is reported. Using the
variables deemed as significant, a multivariate logistic regression was fit to study
independence of the variables.
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Figure 1

Figure 1 Study population. AC: Anticoagulation; AF: Atrial fibrillation; LAA: Left atrial appendage; NOAC: Nonvitamin K oral anticoagulant.

RESULTS
Population demographics and echocardiographic characteristics
Patient demographics, cardiac risk factors and echocardiographic characteristics for
patients with and without thrombus detection are reported in Table 1. The presence of
end-stage renal disease, persistent AF, reduced LAA velocities, severe LA dilation,
and dense SEC were more common in patients found to have LAA thrombus. Overall,
the study population was at meaningful risk of thromboembolic events as 181 (80.1%)
patients had CHA2DS2-VASc score ≥ 2.

Prevalence of LAA thrombus and SEC
In patients compliant with apixaban, the prevalence of LAA thrombus and LAA
thrombus/Dense SEC was 3.1% and 6.6%, respectively. Full data for the study
population based on prevalence of thrombus is provided in Table 1. A similar table,
based on the prevalence of thrombus/dense SEC, is available in the online materials
(Supplementary Table 1). Among patients with LVEF < 30% and ≥ 50%, thrombus was
detected in 9.1% and 2.0% (P = 0.074), respectively. The prevalence of LAA thrombus
based on CHA2DS2-VASc score is summarized in Supplementary Table 2. Notably, no
thrombi were identified in the 45 (19.9%) patients with a CHA2DS2-VASc score ≤ 1.

Univariate and multivariate predictors of LAA thrombus
In patients anticoagulated with apixaban, persistent AF, LVEF < 30%, severe LA
dilation, and reduced LAA velocity were identified as univariate predictors of LAA
thrombus detection (Table 2). On multivariate logistic regression, persistent AF (OR:
7.427; 95%CI: 1.02 to 53.92; P = 0.0474), and reduced LAA velocity (OR: 1.086; 95%CI:
1.010 to 1.187; P = 0.0489) remained independent predictors of LAA thrombus
detection. On further analysis, the OR for each 10% decrease in LVEF was 1.517
(95%CI: 0.971 to 2.369; P = 0.067). For the combined endpoint of LAA thrombus
detection/dense SEC, reduced LAA velocity (OR: 1.131; 95% CI: 1.031 to 1.235; p =
0.0061), was a significant independent predictor on multivariate logistic regression
with persistent AF (OR: 4.665; 95%CI: 0.81 to 27.0; P = 0.0856) and severe LA dilation
(OR: 5.915; 95%CI: 0.74 to 46.98; P = 0.0927) approaching significance (Supplementary
Table 3).

Subsequent cardiac imaging and thrombus resolution
Six patients had a subsequent TEE performed 30-180 d following the diagnosis of
LAA thrombus and documented compliance with continuous anticoagulation.
Anticoagulation and echocardiographic data, as well as, CHA2DS2-VASc score for
each patient is provided in Table 3. These patients were anticoagulated for a mean of
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Table 1 Cardiac risk factors and echocardiographic characteristics by presence of thrombus
Study population (n = 226)

Apixaban-thrombus ( n = 7)

Apixaban - no thrombus ( n = 219)

P-value1

65.8 ± 11.9

68.1 ± 8.0

65.7 ± 11.9

0.458

White

190 (84.1)

4 (57.1)

186 (84.9)

0.0825

Black

34 (15.0)

3 (42.9)

31 (14.2)

0.0712

0 (0)

0 (0)

0 (0)

-

2 (0.9)

0 (0)

2 (0.9)

1

Age
Race

Hispanic
Asian
Most recent Cr

1.01 ± 0.33

1.18 ± 0.82

1.01 ± 0.32

0.662

ESRD

6 (2.7)

2 (28.5)

4 (1.8)

0.012

Clopidogrel

7 (3.1)

0 (0)

7 (3.2)

1

83 (36.7)

2 (28.5)

81 (37.0)

1

Aspirin
CHA2DS2-VASc

2.83 ± 1.62

3.43 ± 1.40

2.81 ± 1.62

0.354

CHF

88 (34.5)

3 (42.9)

75 (34.2)

0.695

Hypertension

184 (81.4)

7 (100)

177 (80.8)

0.353

Age > 75

50 (22.1)

1 (14.3)

49 (22.4)

1

Diabetes

50 (22.1)

2 (28.5)

48 (21.9)

0.652

Stroke

11 (4.9)

0 (0)

11 (5.0)

1

Vascular disease

26 (11.5)

1 (14.3)

25 (11.4)

0.580

Age > 65

145 (64.2)

6 (85.7)

139 (63.5)

0.426

Female

87 (38.5)

2 (28.5)

85 (38.8)

0.710

Persistent AF

59 (26.1)

5 (71.4)

54 (24.7)

0.014

Echocardiographic data
LVEF

47.8 ± 14.3

38.6 ± 19.3

48.1 ± 14.1

0.241

LVEF < 30

33 (14.6)

3 (42.9)

30 (13.7)

0.066

LVEF 30-49

44 (19.5)

1 (14.3)

43 (19.6)

1

LVEF ≥ 50

149 (65.9)

3 (42.9)

146 (66.7)

0.233

LAA velocity

48.4 ± 18.1

27.8 ± 10.5

49.0 ± 18.0

0.001

71 (31.4)

6 (85.7)

65 (29.7)

0.004

<0.001

LAA velocity < 40 cm/s
SEC classification
None

206 (91.2)

1 (14.3)

205 (93.6)

Clearing

7 (3.1)

1 (14.3)

6 (2.7)

0.200

Dense

13 (5.8)

5 (71.4)

8 (3.7)

<0.001

Moderate

66 (29.2)

1 (14.3)

65 (29.7)

0.677

Severe

59 (26.1)

6 (85.7)

53 (24.2)

0.001

53 (23.5)

1 (14.3)

52 (23.7)

1

5 (2.2)

1 (14.3)

4 (1.8)

0.147

LA dilation

Mitral Regurgitation
Moderate
Severe

1

P-values denote differences between cohorts with and without thrombus. AF: Atrial fibrillation; CHF: Congestive heart failure; Cr: Creatinine; ESRD: Endstage renal disease; LA: Left atria; LAA: Left atrial appendage; LVEF: Left ventricular ejection fraction; SEC: Spontaneous echo contrast.

94.0 d and thrombus resolution occurred in 83.3%.

DISCUSSION
The purpose of our study was to retrospectively analyze the prevalence of LAA
thrombus in patients continuously anticoagulated with apixaban for ≥ 4 wk and
evaluate for any cardiac risk factors or echocardiographic characteristics which may
serve as predictors of thrombus formation.

Prevalence of LAA thrombus detection
To date, there remains limited data on the prevalence of LAA thrombus detection by
TEE amongst patients with non-valvular AF on apixaban therapy. Multiple recent
retrospective analyses have helped to elucidate the prevalence of LAA thrombus in
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Table 2 Univariate and multivariate predictors of left atrial appendage thrombus
Apixaban
Variable

Unadjusted (univariate analysis)
OR

95%CI

P-value

Adjusted (multivariate analysis)
OR

95%CI

P-value

CHF

1.440

0.31-6.60

0.6388

Hypertension

1.933

0.24-15.87

0.5396

Age > 65

3.453

0.41-29.20

0.2552

Age > 75

0.578

0.07-4.92

0.6160

Diabetes

1.425

0.27-7.58

0.6778

Stroke

2.177

0.25-18.85

0.4800

Vascular disease

1.293

0.15-11.19

0.8152

CHA2DS2-VASc

1.261

0.80-2.00

0.3240

Gender (female)

0.631

0.12-3.32

0.5866

Persistent AF

7.639

1.44-40.51

0.01691

7.427

1.02-53.92

0.0474

LVEF < 30%

4.725

1.01-22.17

0.04891

0.726

0.10-5.12

0.7480

LVEF < 50%

2

2.667

0.58-12.23

0.2069

Severe left atrial dilation1

8.877

1.27-61.85

0.02751

5.901

0.69-50.62

0.1054

LAA velocity (decrease)1

1.110

1.031-1.19

0.00321

1.086

1.010-1.187

0.0489

2

LAA velocity < 40 cm/s

14.215

1.68-120.40

2

0.0149

1

Significant factor in the univariate model which is used in the multivariate model;
Significant factor in the univariate model but not considered in the multivariate model. AF: Atrial
fibrillation; CHF: Congestive heart failure; CI: Confidence interval; LAA: Left atrial appendage; LVEF: Left
ventricular ejection fraction; OR: Odds ratio.
2

patients treated with NOACs, in particular, patients undergoing catheter
ablation[18-20,22]. However, apixaban is often the least represented oral anticoagulant in
these studies with a reported prevalence of 0% to 2.9%[21]. In our study population, the
prevalence of LAA thrombus was 3.1% despite ≥ 4 wk of continuous anticoagulation
which is consistent with previously published data from smaller cohorts when risk
factors are considered. The cohort was at considerable risk given mean CHA2DS2VASc 2.83 ± 1.62 and 80.1% of patients with CHA2DS2-VASc ≥ 2.

Predictors of LAA thrombus detection
The presence of persistent AF, reduced LVEF, severe LA dilation, and reduced LAA
velocity were identified as univariate predictors of LA thrombus detection in the
apixaban cohort. Following evaluation with multivariate logistic regression, persistent
AF and reduced LAA velocity were identified as independent predictors of LA
thrombus detection. Commonly identified independent predictors of thrombus
formation in recent studies include CHF, persistent AF, reduced LVEF, and elevated
CHA2DS2-VASc score[18-20]. Of note, apixaban was often the least represented NOAC in
these studies and made minimal contribution to the population with thrombus.
Finally, these analyses pooled vitamin K antagonist and NOAC data in order perform
multivariate analysis with one exception, in which the authors describe only 1
independent predictor and report small sample size as a limitation[18-20]. CHA2DS2VASc score was not identified as a univariate predictor which is likely a result of the
relatively small number of low-risk patients in our study population as only 19.9% of
patients had CHA2DS2-VASc score < 2. Of note, reduced LVEF < 30% was identified as
a significant univariate predictor in both analyses, however was not determined to be
a significant independent predictor. We believe that reduced LVEF is a significant
predictor of thrombus formation as identified in similar studies with variable
anticoagulation strategies and rates of compliance[9,13,19,20]. However, our result likely
reflects a limitation of sample size as well as an inherent relationship between
advanced cardiomyopathy and clinical/echocardiographic findings most prevalent in
high-risk patients with AF.

Rate of LAA thrombus resolution
Data regarding thrombus resolution in patients prescribed apixaban has thus far been
limited to case reports and small cohorts[19,20,26,27]. While data regarding thrombus
resolution in patients prescribed warfarin is more prevalent, rates of resolution range
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Table 3 Clinical characteristics and thrombus resolution
AC after
thrombus Thrombus Duration
Study ID
identificat resolution of AC (d)
ion

P2Y12
inhibitor

Aspirin

LVEF (%)

LA
dilation

Spontane
ous
contrast

LAA
velocity
(cm/s)

Duration
of A-fib

CHADSVASc
score

Apixaban following index TEE (n = 6)
LA-011

Apixaban

Yes

143

No

No

55

Moderate

None

30.4

Paroxysma
l

3

LA-016

Apixaban

Yes

38

Yes

Yes

15

Severe

Severe

14.4

Paroxysma
l

2

LA-017

Apixaban

Yes

175

No

Yes

15

Severe

Mild

34.0

Paroxysma
l

4

LA-019

Apixaban

Yes

40

No

No

30

Severe

None

26.5

Paroxysma
l

2

LA-020

Apixaban

Yes

56

No

Yes

25

Severe

Moderate

28.0

Persistent

3

LA-005

Apixaban

No

112

No

No

65

Moderate

Moderate

49.2

Persistent

4

5/6

Mean 94.0

(83.3%)

Median
84.0

AC: Anticoagulation; A-fib: Atrial fibrillation; LA: Left atrium; LAA: Left atrial appendage; LVEF: Left ventricular ejection fraction; TEE: Transesophageal
echocardiogram.

from 55% to 82%[16,17,28]. In our limited cohort, we identified thrombus resolution in
83.3% of patients anticoagulated with apixaban (n = 6). Although all patients were
confirmed to be compliant with continuous anticoagulation throughout the follow up
period, there was significant heterogeneity in the duration of therapy prior to repeat
cardiac imaging which limits our ability to draw conclusions regarding the optimal
duration of anticoagulation. Regardless, apixaban appears to be a reasonable
anticoagulation strategy in this population and warrants further investigation in
prospective trial.

Application of study findings
A recent expert consensus statement recommends that current anticoagulation
guidelines as they pertain to cardioversion of AF should be observed for patients
presenting with AF prior to catheter ablation and that TEE is reasonable despite ≥ 3
wk of continuous anticoagulation[1,2,7]. Two recent surveys, one including 16 Canadian
centers and the other including 521 ablation centers in 24 countries, report that > 70%
of ablation centers routinely utilized pre-procedure TEE in all patients[29,30]. One costeffectiveness analysis reports an incremental cost-effectiveness ratio of $226608 per
quality-adjusted life year for routine use of TEE in an unselected population prior to
pulmonary vein isolation modeled with a 4% prevalence of thrombus. While the
prevalence is likely overestimated, this analysis highlights the need to better identify
patients with a high pretest probability of LAA thrombus despite continuous
anticoagulation in order to improve the cost-benefit ratio of the procedure[31]. A trend
toward more conservative use of pre-procedural TEE appears to be underway as one
large ablation center reports a significant decline in the routine utilization of TEE from
86% to 42% over a 5 year period[22]. While another recent study completely eliminated
pre-procedural TEE in favor of intracardiac echocardiography prior to AF ablation.
Despite adequate imaging of the LAA in only 71% of patients, the authors report
excellent outcomes[32]. This study is retrospective and meant to explore variables
which could be predictors of thrombus formation in patients treated with apixaban. A
prospective randomized trial would be needed to conclusively determine and validate
a scoring system and/or various cutoffs. However, this may not be practical given the
low event rate in this population. Nonetheless, we hope that our work can provide
evidence to help guide the selection of patients for pre-procedural TEE.

Study limitations
Our study is limited by the retrospective nature of the data collected. In addition, we
cannot objectively confirm 100% compliance with apixaban therapy as quantitative
assays are not routinely used in clinical practice. Although we took great effort to
exclude any patients with documented non-compliance, our ability to do so would be
limited by the history provided and documentation of health care professionals.
In patients with non-valvular AF and a minimum of 4 wk continuous oral
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anticoagulation with apixaban, the prevalence of LAA thrombus and LAA
thrombus/dense SEC detected by TEE was 3.1% and 6.6%, respectively. Both
persistent AF and reduced LAA velocity were identified as independent predictors of
LA thrombus detection in patients anticoagulated with apixaban. In addition, LVEF <
30% and severe LA dilation were identified as univariate predictors. We hope that the
presence or absence of these clinical findings in addition to established risk factors can
help guide the selection process for utilization of pre-procedural TEE in future
patients with non-valvular AF anticoagulated with apixaban.

ARTICLE HIGHLIGHTS
Research background
The prevalence of left atrial appendage (LAA) thrombus detection by transesophageal
echocardiogram (TEE) in patients anticoagulated for ≥ 4 wk with apixaban is not well defined
and predictors of LAA thrombus detection are not completely understood. Furthermore, the
efficacy of apixaban to resolve pre-existing LAA thrombi is not well documented.

Research motivation
Prescriptions rates for non-vitamin K dependent oral anticoagulants are increasing on a yearly
basis and further analysis of patients prescribed apixaban could have clinically meaningful
implications. We aimed to identify significant predictors of LAA thrombus detection on TEE to
aid in the selection process for screening in future patients undergoing direct current
cardioversion or catheter ablation.

Research objectives
The purpose of our study was to retrospectively analyze the prevalence of LAA thrombus
detection by TEE in patients continuously anticoagulated with apixaban for ≥ 4 wk and evaluate
for any cardiac risk factors or echocardiographic characteristics which may serve as predictors of
thrombus formation.

Research methods
Clinical and echocardiographic data for 820 consecutive patients with atrial fibrillation (AF)
undergoing TEE at Augusta University Medical Center over a four-year period were
retrospectively analyzed. All patients (apixaban: 226) with non-valvular AF and documented
compliance with apixaban for ≥ 4 wk prior to index TEE were included.

Research results
Following ≥ 4 wk of continuous anticoagulation with apixaban, the prevalence of LAA thrombus
and LAA thrombus/dense spontaneous echocardiographic contrast was 3.1% and 6.6%,
respectively. Persistent AF, left ventricular ejection fraction < 30%, severe LA dilation, and
reduced LAA velocity were associated with thrombus formation. Following multivariate logistic
regression, persistent AF (OR: 7.427; 95%CI: 1.02 to 53.92; P = 0.0474), and reduced LAA velocity
(OR: 1.086; 95%CI: 1.010 to 1.187; P = 0.0489) were identified as independent predictors of LAA
thrombus. No Thrombi were detected in patients with a CHA2DS2-VASc score ≤ 1.

Research conclusions
Among patients with non-valvular AF and ≥ 4 wk of anticoagulation with apixaban, the
prevalence of LAA thrombus detected by TEE was 3.1%. This suggests that continuous therapy
with apixaban does not completely eliminate the risk of LAA thrombus and that TEE prior to
cardioversion or catheter ablation may be of benefit in patients with multiple risk factors.

Research perspectives
Compliance with non-vitamin K oral anticoagulants reduces but does not eliminate the
prevalence of thrombus detection by TEE. However, available cost-effectiveness analysis reports
that pre-procedural TEE is unlikely to be cost-effective in an unselected population. Therefore,
there is a need to better identify patients with increased pretest probability of LAA thrombus in
order to improve the cost-benefit ratio of the procedure. It is our hope that identification of
additional clinical and echocardiographic characteristics; in addition to established risk factors,
can help guide the selection process for utilization of pre-procedural TEE
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Abstract
BACKGROUND
Left ventricular hypertrophy (LVH) is a common manifestation of cardiovascular
disease and a risk factor for cardiovascular morbidity and mortality, but available
methods for its electrocardiographic (ECG) diagnosis have limited accuracy.
AIM
To investigate findings associated with LVH on ECG and developed an improved
system for the diagnosis of LVH.
METHODS
A cohort study comparing ECG data acquired within 30 days of transthoracic
echocardiography (TTE) was performed. Multivariate regression analysis
identified ECG findings associated with increased LV mass and mass index. A
scoring system was derived and performance compared to established criteria for
LVH.
RESULTS
Data from 5486 outpatients with TTEs and corresponding ECGs were included in
the derivation cohort, 333 (6.1%) of whom had LVH by TTE. In the primary
regression analysis, findings associated with LVH were amplitudes of Q in V3, R
in V6, S in V3, T in V6, P’ in V1, P in V6, as well as R and T-axis discordance, R
peak time in V6, QRS duration, weight, height, sex, and age. From this we
derived a score consisting of 5 criteria, and validated it in an independent cohort
of 910 patients. With a threshold of 1.5 points, sensitivity and specificity were
67.9% and 81.4%, and 62.5% and 83.2% in the derivation and validation cohorts,
respectively. With a threshold of 2 points, sensitivity and specificity were 42.3%
and 93.0%, and 37.5% and 93.4% in these cohorts.
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CONCLUSIONS
This score had superior sensitivity for detection of LVH by ECG while making a
modest sacrifice in specificity compared to conventional criteria.
Key words: Left ventricular hypertrophy; Electrocardiogram; Echocardiogram; Diagnostic
criteria; Scoring system
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In this study we performed analysis of a large number of echocardiograms with
corresponding electrocardiographic (ECG), and though multivariate regression analysis
identified ECG findings associated with left ventricular hypertrophy (LVH). Using these
findings, a five-item scoring system was developed to diagnose LVH on ECG. The
performance characteristics of the system were compared to several conventional
criteria, and it was seen to have superior sensitivity, including in an independent
validation cohort. Using this scoring system, we believe that the diagnosis of LVH on
ECG will be more clinically applicable in certain patient populations given the enhanced
sensitivity of this test.

Citation: Braunstein ED, Croft LB, Halperin JL, Liao SL. Improved scoring system for the
electrocardiographic diagnosis of left ventricular hypertrophy. World J Cardiol 2019; 11(3):
94-102
URL: https://www.wjgnet.com/1949-8462/full/v11/i3/94.htm
DOI: https://dx.doi.org/10.4330/wjc.v11.i3.94

INTRODUCTION
Left ventricular hypertrophy (LVH) is a common consequence of various
cardiovascular diseases, and has been associated with increased risks of morbidity
and mortality. Specifically, LVH has been associated with several adverse cardiac
outcomes including heart failure, angina pectoris, myocardial infarction, and sudden
cardiac death [1-5] . Upwards of 30 electrocardiographic (ECG) criteria have been
proposed for diagnosis of LVH [6] , but most have low sensitivity in the general
population. Transthoracic echocardiography (TTE) is often required to confirm the
diagnosis[7,8]. Antihypertensive treatment can promote regression of LVH and prevent
adverse cardiovascular events in patients with hypertension[9,10], and TTE is preferred
over ECG to assess myocardial mass in this setting[8,11], although detection of left
ventricular electrical remodeling may have prognostic implications independent of
mass[12-16]. Despite the availability of multiple criteria for ECG diagnosis of LVH,
relatively few are widely implemented in clinical practice. Several models have been
correlated with echocardiographic, cardiac magnetic response imaging, and autopsy
measurements of LV mass, but these have not been integrated into commonly used
ECG analysis software, while others are too complex for practical use. The aim of this
study was to identify ECG findings associated with increased LV mass and develop
an improved and easy to use scoring system to facilitate the diagnosis of and
screening for LVH.

MATERIALS AND METHODS
Data collection and processing
The Institutional Review Board approved the protocol in October 2015. Clinical data
available in the information systems of the Mount Sinai Medical Center, a large urban
academic medical center, were derived from two sources, one for ECGs, and another
for echocardiographic data. Data from all standard 12-lead ECGs recorded between
December 1, 2013 and January 31, 2015 was exported from the MUSE v8.0 SP2 system
(GE Healthcare, Chicago, IL, United States). Computer performed measurements
including ventricular rate, PR interval, QRS duration, R-axis, T-axis, P-, P’- (second
phase of P-wave), Q-, R-, S-, R’- and T-wave maximum amplitude, duration, area and
peak time, maximum and minimum ST-segment level, and ST-segment deviation at Jpoint, mid-ST-segment and end-ST-segment. Measurements in each standard lead
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were averaged across the ECG by the MUSE software. ECGs were not manually
verified or measured and all ECGs except for those noted below were included in
analyses.
Data from all outpatient TTEs acquired from patients ≥ 18 yr of age between
January 1, 2014 and December 31, 2014 were exported from a proprietary
echocardiography reporting system. Two-dimensional echocardiograms were
performed using Siemens SC-2000, Siemens Acuson Sequoia, Phillips IE-33 or GE
Vivid 7 cardiac ultrasound equipment. Measurements of the left ventricle were made
in the parasternal long-axis view perpendicular to the axis at or immediately below
the level of the mitral valve leaflet tips. Internal ventricular dimensions were
measured linearly from two dimensional (2D) echocardiographic images to avoid
oblique sections, or from 2D-guided M-mode echocardiography. Posterior and septal
wall thickness and left ventricular end-diastolic and end-systolic diameters were
measured according to the recommendations of the American Society of
Echocardiography[17]. Measurements were made during routine clinical interpretation
of the echocardiogram and were not repeated or verified for the purposes of this
study. Demographic data including age, sex, height, and weight (patient reported at
the time of the study) were also collected.
Left ventricular mass was calculated using the method of Devereux et al[18]. Body
mass index, body surface area, and LV mass index were calculated using the standard
methods. LVH was defined by LV mass index one standard deviation above the
mean, stratified by sex (145 g/m2 for males, 125 g/m2 for females). Data from the first
10 mo of the study period comprised the derivation set, while those from the final 2
mo were used to validate the derived model.
TTEs and ECGs were matched by selecting the ECG obtained most proximate to
each TTE. When patients had more than one TTE during the study period, only the
first was included for analyses. Echocardiograms with incomplete demographic or
measurement data and those without a corresponding ECG within 30 d were
excluded. Also excluded were ECGs showing complete (but not incomplete) left
bundle branch block or a paced rhythm, as identified by the MUSE software and
confirmed by a board-certified cardiologist.

Statistical analysis
A multivariate linear regression model was constructed using LV mass as the
endpoint and covariates including P-, P’- (second phase of P-wave), Q-, R-, S-, R’- and
T-wave amplitudes in each lead, R-wave peak time in each lead (intrinsicoid
deflection), maximum and minimum ST levels in each lead, ST-segment deviation at
the J-point and mid-ST-segment in each lead, QRS duration, PR interval, difference
between R-axis and T-axis, and patient weight, height, sex and age (152 degrees of
freedom). A similar model using LV mass index as the endpoint yielded similar
output with reduced fit parameters. Another model constructed using wave-complex
areas (as opposed to maximum amplitudes) was less strongly associated with the
endpoint. Covariates most strongly correlated with LV mass (based on regression Pand t-values, and a P-value threshold set at P ≤ 0.005 in the linear regression model)
were retained for multivariate logistic regression analysis. Additional logistic
regression models were constructed stratifying the data set by sex in order to assess
differences in ECG findings between sexes.
As several of the amplitudes and durations included in the model are correlated,
we minimized effects of multicollinearity by calculating variance inflation factors
(VIF) for covariates likely to be correlated and manually removing colinear covariates
(VIF > 5) in a stepwise fashion while maximizing fit parameters of the overall model.
Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary,
NC, United States).

Scoring system development
A scoring system was derived using scaled and rounded regression Wald chi-square
and beta-coefficients similar to the method of Sullivan et al[19]. Thresholds for the
prediction model were developed based on standard deviations of the covariates,
established LVH criteria, and iteration. The derived diagnostic criteria as well as
several accepted criteria for LVH (Cornell[20], Sokolow-Lyon[21], Cornell product[22],
Sokolow-Lyon product[23], Gubner-Ungerleider[24], Sum-of-12-lead[25], Romhilt-Estes[26],
Framingham-adjusted Cornell[27], R-wave amplitude in aVL, Peguero-Lo Presti[28])
were evaluated. Sensitivity and specificity were calculated for each criterion in both
cohorts, along with 95% confidence intervals using binomial proportions in the
derivation cohort. Positive and negative predictive values were also calculated.
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RESULTS
Patient characteristics
During the 1-yr inclusion period, 11087 outpatient TTEs were obtained, while 202706
ECGs were recorded during the bracketed 14-mo period for the study. After matching
each TTE with available ECGs and excluding those with incomplete data (n = 570),
subsequent TTE examinations in the same patients (695), those with left bundlebranch block (128) or paced rhythm (235), and those without corresponding ECGs
within 30 days (1396), a total of 5486 cases were entered into the derivation cohort.
Applying the same criteria, 910 cases comprised the validation cohort. Patients
characteristics were similar between both cohorts, and patients included in analyses in
the cohorts had mean age around 60, were on average overweight but not obese, and
were about half male (Table 1).

Regression results
In the derivation cohort, 333 patients (6.1%) had LVH as defined by the foregoing TTE
criteria. Utilizing the full set of 152 covariates available, multivariate logistic analysis
for the endpoint of LV mass yielded a regression coefficient of 0.502. The most highly
associated variables (P ≤ 0.005) included Q-wave amplitude in V3, R-wave amplitude
in V6, S-wave amplitude in V3, QRS duration, difference between R and T-wave axis,
R-wave peak time in V6, T-wave peak amplitude in V6 (inversely associated with the
outcome), P’-wave amplitude in V1 (inversely associated), P-wave amplitude in V6,
weight, height, sex, and age. Using these covariates, a logistic regression model was
constructed for LVH (Table 2) with area under the ROC curve estimated by the cstatistic at 0.867.

Scoring system development and evaluation
To derive a scoring system (Table 3), we summed the amplitude predictors and set a
threshold of two standard deviations above the mean in the derivation cohort data,
distinguished by sex. The QRS duration threshold was set arbitrarily at 100 ms, the
upper limit of normal. The absence of a positive T-wave component in V6 was set
based on the negative association of maximum T-wave amplitude in the regression
model. Definition of R- and T-wave precordial axis discordance was set at ± 75°,
although similar results were seen at ± 45° and ± 90°. P-wave negative deflection
greater than positive deflection in V1 was used due to the negative association of P’wave amplitude in V1 in the model. Despite its association with LVH in the
regression model, patient height was omitted from the scoring system to enhance
clinical convenience.
Additional logistic regression models were constructed stratifying the data set by
sex in order to assess differences in ECG findings between sexes (Table 4). Findings in
these cohorts were similar to those in the overall analysis; however, notably
discordance between R and T-wave axis was only found to be associated with LVH in
men but not in women.
The derived prediction model and other criteria for ECG diagnosis of LVH were
evaluated in the derivation and validation cohorts, calculating sensitivity and
specificity as well as positive and negative predictive values (Table 5). Using a
threshold of 2 points, the score exhibited sensitivity superior to previous methods
while sacrificing little to no specificity; using a cutoff of 1.5 points, the score improved
sensitivity while maintaining specificity > 80%. Looked at another way, the score was
also seen to have superior positive predictive values utilizing a cutoff of 2 points than
established criteria while maintaining a high negative predictive value; all positive
predictive values in this study for the derived and established criteria were relatively
low because of the low overall prevalence of LVH in the studied population.

DISCUSSION
In this study of 5486 patients undergoing TTE within 30 d of a 12-lead ECG, several
ECG findings were associated with increased LV mass from a set of 147 ECG
variables, many of which are included in established criteria for LVH, along with
several others heretofore unrecognized. In our model, QRS duration was
independently associated with LVH, even when the voltage QRS duration products
were tested as the other covariates. For this reason, we included QRS duration rather
than a voltage duration product as an independent predictor. This independent
association suggests that voltage duration products may not be optimal for
identification of LVH. In contrast to established schema, R-wave amplitude in lead
aVL was not independently associated with echocardiographic LVH in this analysis,
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Table 1 Patient characteristics
Characteristic - no. (%) unless noted

Derivation cohort (n = 5486) Validation cohort (n = 910)

Age (mean ± SD)

59.1 ± 15.8

58.6 ± 15.2

18-29

265 (4.8)

30 (3.3)

30-39

408 (7.4)

91 (10.0)

40-49

708 (12.9)

105 (11.5)

50-59

1295 (23.6)

224 (24.6)

60-69

1358 (24.8)

242 (26.6)

70 +

1452 (26.5)

218 (24.0)

Male sex

2869 (52.3)

448 (49.2)

28.0 ± 6.6

28.5 ± 6.5

26.9 (12.9-75.2)

27.5 (15.8-66.1)

Body mass index
Mean ± SD
Median (range)
Left ventricular mass by echocardiogram
Mean ± SD
Median (intraquartile range)

167.2 ± 62.1

173.3 ± 64.8

155.4 (123.3-200.4)

163.0 (124.1-205.0)

Left ventricular hypertrophy present by echocardiogram

333 (6.1)

80 (8.6)

Time between echocardiogram and electrocardiogram in days (mean, intraquartile
range)

6.7 (0-13)

5.9 (0-11)

possibly due to interactions with precordial lead amplitude.
P-wave amplitude in V6 and negative P-terminal force in V1 were associated with
LVH, likely reflecting left atrial pathology. P-wave duration (encompassing both
positive and negative components), however, was not associated with LVH. These
variations suggest the need for further study of the ECG manifestations of left atrial
conduction delay. Unlike previous systems for identification of LVH, which typically
include only R and S-wave amplitudes, we found an association of Q-wave in
addition to S-wave amplitude in V3 with LVH. This could indicate an association of
the total negative QRS vector in this lead, rather than the S-wave alone, with LVH.
Lead V3 was found to be more highly associated with LVH than lead V1 or V2 as is
seen in many other LVH criteria; this may be due to the location of lead V3 being
more in line with the LV septum and therefore a better representation of its thickness.
An additional analysis looking at differences in ECG findings associated with LVH
between sexes found that although most factors remained similar, R- and T-axis
discordance was found to be associated with LVH in men but not in women. This
may highlight differences in electrical remodeling as it relates to repolarization
between sexes, and could be the subject of further study.
Conventional ECG criteria have low sensitivity for diagnosis of LVH. Several
regression equations have been developed to estimate LV mass directly, but are
impractical except for implementation in computerized ECG software, and correlate
poorly with measurements of LV mass made by echocardiography, cardiac magnetic
resonance imaging (MRI), or autopsy. The scheme we derived was evaluated using
two thresholds based on distinct objectives. A threshold of 2 points yielded high
specificity (approximately 93%) with improved sensitivity (approximately 40%), while
a cutoff of 1.5 points markedly improved sensitivity (approximately 65%) while
maintaining sensitivity at > 80%. The higher limit may be preferred for general use,
while the lower value may be more applicable to patients with hypertension or
clinical conditions associated with LVH. Further studies are needed to assess the
utility of either cut-point for serial assessments in the same individual, or to identify
those who may benefit from echocardiography or other imaging studies to assess LV
mass or its response to therapeutic interventions.
The derived scoring system was compared to conventional criterial for the ECG
diagnosis of LVH and our system was found to have increased sensitivity with a
modest sacrifice in sensitivity. Most conventional LVH criteria have high specificity
but low sensitivity which limits use as a screening test in a general population. The
enhanced sensitivity of the presented scoring system may introduce improvement to
clinical practice by aiding with patient risk stratification and preventing unnecessary
additional testing.
An important limitation of this study was inclusion of only ambulatory outpatients.
This was because fluctuating clinical circumstances in acute ill hospital inpatient
could influence echocardiographic measurements of wall thickness or produce
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Table 2 Multivariate logistic regression analysis for left ventricular hypertrophy
Characteristic

Wald Chi-Square

P value

Q-wave amplitude in V3

19.3

P < 0.0001

R-wave amplitude in V6

39.7

P < 0.0001

S-wave amplitude in V3

135

P < 0.0001

QRS Duration

115.4

P < 0.0001

Discordant R-axis and T-axis (difference ≤ 75 or > 75)

14.6

P = 0.0001

Maximum (positive deflection) T-wave amplitude in V6

38.5

P < 0.0001

Maximum P'-wave amplitude in V1

18.5

P < 0.0001

P-wave peak amplitude in V6

0.19

P = 0.659

Weight

0.008

P = 0.927

Height

25.2

P < 0.0001

Sex

6.3

P = 0.012

Age

0.03

P = 0.864

discordance with ECG’s recorded within the requisite 30-d window. It is also worth
noting that the ECG data we used was measured automatically, while the
echocardiographic measurements were obtained manually. Echocardiographic
measurement, while regarding as being relatively accurate, are not the gold standard
for LV mass measurement; more accurate measurements of LV mass such as cardiac
MRI were not able to be used in this study. We also were not able to collect data on
patient race, cardiovascular risk factors, or comorbidities (e.g., hypertension, diabetes),
all of which are factors that may influence ECG estimations of LVH. Finally, while the
Working Group on ECG diagnosis of LVH suggested that research on LVH focus on
the potential relationship of electrical remodeling to clinical outcomes[13], we lack longterm clinical follow-up of patients to correlate the LVH score with such outcomes.
In conclusion, we identified several ECG findings that are associated with LVH and
incorporated them into a score to improve the ECG diagnosis of this common
condition. The scoring system may help improve clinical utility by enhancing
sensitivity whilst displaying a modest sacrifice in specificity compared to
conventional criteria. Further studies are needed to determine whether this scheme
optimally reflects changes in the electrical characteristics of the myocardium over
time, and whether it may have value for predicting cardiovascular events that are not
exposed by measurement of ventricular mass alone.
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Table 3 Components of the electrocardiographic diagnostic score for left ventricular hypertrophy
Criteria

Number of points

Sum of R-wave amplitude in V6 + S-wave amplitude in V3 + Q-wave
amplitude in V3 > 4.0 mV in males and 3.2 mV in females

1

QRS duration > 100 ms

1

Absence of positive component of T-wave in V6 (maximum T-wave
amplitude < 0) when overall QRS vector in V6 positive (i.e., R-wave larger
than S-wave)

1

Discordant limb lead R- and T-wave axis (R- minus T-wave axis ≤ 75 or > 75
degrees)

0.5

Amplitude of negative terminal p-wave deflection in V1 greater than
amplitude of positive deflection

0.5

Table 4 Multivariate logistic regression analysis for left ventricular hypertrophy stratified by sex
Male (n = 2869)

Female (n = 2617)

Wald Chi-Square

P value

Wald Chi-Square

P value

Q-wave amplitude in V3

14.7

R-wave amplitude in V6

25.5

P = 0.0001

5.0

P = 0.025

P < 0.0001

10.0

S-wave amplitude in V3

P = 0.001

77.0

p < 0.0001

53.6

P < 0.0001

QRS Duration

62.2

P < 0.0001

51.2

P < 0.0001

Discordant R-axis and T-axis (difference ≤ 75 or > 75)

17.8

p < 0.0001

0.63

P = 0.426

Maximum (positive deflection) T-wave amplitude in V6

16.0

P < 0.0001

26.1

P < 0.0001

Maximum P'-wave amplitude in V1

9.4

P = 0.002

4.6

P = 0.031

P-wave peak amplitude in V6

1.0

P = 0.314

3.5

P = 0.061

Weight

0.50

P = 0.477

0.9

P = 0.340

Height

6.8

P = 0.009

21.8

P < 0.0001

Age

1.4

P = 0.245

1.06

P = 0.303

Characteristic

Table 5 Sensitivity, specificity, and positive and negative predictive values of selected electrocardiographic criteria for left ventricular
hypertrophy
Derivation cohort
Criteria
Derived Criteria

Validation cohort

Cutoff

Sensitivity (95% CI)

Specificity (95% CI)

PPV

NPV

Sensitivity

Specificity

1.5 points

67.9 (62.6-72.9)

81.4 (80.3-82.4)

19.0

97.5

62.5

83.2

""

2 points

42.3 (37.0-47.7)

93.0 (92.3-93.7)

28.2

96.2

37.5

93.4

""

2.5 points

30.0 (25.2-35.3)

96.6 (96.1-97.1)

37.6

95.6

30.0

96.8

Cornell

-

37.8 (32.6-43.1)

92.3 (91.6-93.0)

24.1

95.8

36.2

90.3

Sokolow-Lyon

-

16.5 (12.5-20.5)

95.9 (95.4-96.5)

20.7

94.7

20.0

96.3

Cornell Product

55.0 (49.6-60.3)

88.3 (87.5-89.2)

23.3

96.8

53.8

88.1

Sokolow-Lyon Product

22.5 (18.0-27.0)

95.9 (95.3-96.4)

26.0

95.0

23.8

95.6

Gubner-Ungerleider

27.0 (22.3-31.8)

88.9 (88.0-89.8)

13.6

95.0

27.5

87.7

Sum-of-12-Lead

57.4 (51.9-62.7)

76.1 (74.9-77.3)

13.4

96.5

57.5

77.1

Romhilt-Estes

5 points

35.4 (30.3-40.8)

94.4 (93.7-95.0)

26.2

95.8

35.0

95.0

""

4 points

51.1 (45.5-56.5)

88.2 (87.3-89.0)

21.8

96.5

57.5

90.0

42.3 (37.0-47.7)

90.1 (89.3-90.9)

21.7

96.0

51.3

87.6

20.1 (16.0-24.8)

92.6 (91.8-93.3)

14.9

94.7

21.3

92.1

24.9 (20.3-29.6)

94.7 (94.1-95.3)

23.3

95.1

26.3

93.5

Framingham-adjusted Cornell
R-wave amplitude in aVL

1.1 mV

Peguero-Lo Presti

CI: Confidence interval; PPV: Positive predictive values; NPV: Negative predictive values.
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ARTICLE HIGHLIGHTS
Research background
Left ventricular hypertrophy (LVH) is a common manifestation of cardiovascular disease and a
risk factor for cardiovascular morbidity and mortality, but available methods for its
electrocardiographic (ECG) diagnosis have limited accuracy.

Research motivation
Improvement in the ability of clinicians to diagnose LVH on ECG could aid with patient risk
stratification and prevent unnecessary additional testing.

Research objectives
The aim of this study was to investigate findings associated with LVH on ECG and develop an
improved system for the diagnosis of LVH.

Research methods
A cohort study comparing ECG data acquired within 30 days of transthoracic echocardiography
was performed. Multivariate regression analysis identified ECG findings associated with
increased LV mass and mass index. A scoring system was derived and performance compared to
established criteria for LVH.

Research results
In regression analysis, findings associated with LVH were amplitudes of Q in V3, R in V6, S in
V3, T in V6, P’ in V1, P in V6, as well as R and T-axis discordance, R peak time in V6, QRS
duration, weight, height, sex, and age. A score consisting of 5 criteria was derived and validated
it in an independent cohort. This score had superior sensitivity for detection of LVH by ECG
compared to conventional criteria whilst making a modest sacrifice in specificity compared to
conventional criteria.

Research conclusions
We identified several ECG findings that are associated with LVH and incorporated them into a
score to improve the ECG diagnosis of this common condition. The scoring system may help
improve clinical utility by enhancing sensitivity whilst displaying a modest sacrifice in
specificity compared to conventional criteria.

Research perspectives
Further studies are needed to determine whether this scheme optimally reflects changes in the
electrical characteristics of the myocardium over time, and whether it may have value for
predicting cardiovascular events that are not exposed by measurement of ventricular mass alone.
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Abstract
BACKGROUND
There is a high risk for sudden cardiac death (SCD) in certain patient groups that
would not meet criteria for implantable cardioverter defibrillator (ICD) therapy.
In conditions such as hypertrophic cardiomyopathy (HCM) there are clear risk
scores that help define patients who are high risk for SCD and would benefit
from ICD therapy. There are however many areas of uncertainty such as certain
patients post myocardial infarction (MI). These patients are high risk for SCD but
there is no clear tool for risk stratifying such patients.
AIM
To assess risk factors for sudden cardiac death in major cardiac disorders and to
help select patients who might benefit from Wearable cardiac defibrillators
(WCD).
METHODS
A literature search was performed looking for risk factors for SCD in patients
post-MI, patients with left ventricular systolic dysfunction (LVSD), HCM, long
QT syndrome (LQTS). There were 41 studies included and risk factors and the
relative risks for SCD were compiled in table form.
RESULTS
We extracted data on relative risk for SCD of specific variables such as age,
gender, ejection fraction. The greatest risk factors for SCD in post MI patients was
the presence of diabetes [Hazard ratio (HR) 1.90-3.80], in patient with LVSD was
ventricular tachycardia (Relative risk 3.50), in LQTS was a prolonged QTc (HR
36.53) and in patients with HCM was LVH greater than 20 mm (HR 3.10). A
proportion of patients currently not suitable for ICD might benefit from a WCD
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CONCLUSION
There is a very high risk of SCD post MI, in patients with LVSD, HCM and LQTS
even in those who do not meet criteria for ICD implantation. These patients may
be candidates for a WCD. The development of more sensitive risk calculators to
predict SCD is necessary in these patients to help guide treatment.
Key words: Sudden cardiac death; Wearable cardiac defibrillators; Myocardial infarction;
Hypertrophic cardiomyopathy; Left ventricular systolic dysfunction
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This article looks at the risk factors for sudden cardiac death (SCD) in patients
post myocardial infarction, patients with left ventricular systolic dysfunction, patients
with hypertrophic cardiomyopathy, patients with long QT syndrome and the relative risk
for sudden cardiac death of these risk factors. This is compared to the absolute risk of
SCD for these conditions. We reviewed the recommendations from current guidelines
and we outline where patients are at high risk for SCD but are not eligible for
implantable cardioverter defibrillator implantation. The risk factors identified in this
study can be used to select patients who may benefit from Wearable cardiac
defibrillators therapy.

Citation: Khan HM, Leslie SJ. Risk factors for sudden cardiac death to determine high risk
patients in specific patient populations that may benefit from a wearable defibrillator. World J
Cardiol 2019; 11(3): 103-119
URL: https://www.wjgnet.com/1949-8462/full/v11/i3/103.htm
DOI: https://dx.doi.org/10.4330/wjc.v11.i3.103

INTRODUCTION
Sudden cardiac death (SCD) is a major global health problem estimated to account for
15%-20% of death[1]. The mechanism of SCD has changed substantially over the last
decade with ventricular fibrillation (VF) and pulseless ventricular tachycardia (VT)
accounting for between 23%-36% of out-of-hospital cardiac arrests[2,3]. This compares
to 75% of cases of SCD in the 1980’s and early 1990’s[4,5]. The decline in SCD due to
VT/VF is partly due to improved medical care such as the use of beta blockers and
implantable cardioverter defibrillators (ICD) [6,7] . Thus VF and pulseless VT are
potentially treatable heart rhythms particularly if patients are given an early DC
shock with return of an organised rhythm in up to 70% of cases after a single biphasic
shock[8]. This has led to the development of multiple measures such as automated
external defibrillators in public places, ICD therapy and wearable cardioverter
defibrillators (WCD) to reduce the rate of preventable death from VF/VT.

History of defibrillation
The first successful closed chest direct current cardioversion of ventricular fibrillation
was performed by Paul Zoll in the 1950’s[9]. This was initially a monophasic shock but
more recently biphasic shocks are used. Biphasic waveforms have superior efficacy to
monophasic pulses[8] and the European resuscitation council recommend a first shock
at 150-200 J with subsequent shocks at a higher energy level if the device allows and
the arrhythmia remains uncorrected[10]. Return of sinus rhythm and spontaneous
circulation after administration of biphasic shocks occurs in up to 70% in patients with
VF or VT[8]. This highlights the high efficacy of this relatively simple treatment.
The first ICD was implanted in a patient in 1980 by Mirowski et al[11]. There have
since been multiple studies proving the benefit of ICDs in preventing SCD and
reducing all-cause mortality. These include primary prevention studies which show a
reduction in mortality from SCD of between 23%-54%[12-16](Table 1) and secondary
prevention studies which show a reduction in mortality from SCD of between 20%28%[17-19](Table 2). Current guidelines based on the results of these and other studies
recommend the insertion of ICD in patients more than 40 d post myocardial infarction
(MI) with severe LVSD (ejection fraction less than 35%), patients with severe LVSD
and in several other situations such as high risk hypertrophic cardiomyopathy (HCM)
patients, patients with long QT syndrome (LQTS) with a history of cardiac arrest.
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These guidelines advise against inserting an ICD for patients who survive sustained
VT or VF within the first 48 h of an MI unless they have pre-existing LV impairment
and are on optimal medical therapy already or they have incomplete
revascularisation, as it is felt that tachyarrhythmia within this period is most likely
due to the acute coronary obstruction and cardiac injury[20].
In other patients an ICD may not be possible due to infection or lack of vascular
access or patient preference. Thus, some high risk patients who would warrant an
ICD do not have one. In order to address this, the WCD was developed. The WCD has
been in development since 1986 and had been tested for 17 years prior to it receiving
the Food and Drug Administration approval in 2002 [21] . The WCD is a device
contained within a vest worn under a patient’s clothes which records a patient’s
rhythm and delivers a shock if a shockable rhythm occurs[22]. This has provided a
much lower risk solution to ICD implantation in selected patients. Current guidelines
recommend considering a WCD or ICD post MI within 40 d of their MI in patients
with incomplete revascularisation, VT or VF > 48 h post MI or pre-existing LVSD[23].
Additional groups of patients that could benefit from a WCD include patients with
channelopathies such as LQTS who have not suffered a VT or VF event but have high
risk features, patients with HCM who have intermediate risk features but not yet
achieving criteria for ICD implantation, and also patients with infected ICDs could be
offered a WCD once their ICD has been removed and they are awaiting ICD reimplantation. WCD do however come with a risk of inappropriate shocks and their
efficacy can be reduced due to a lack of patient compliance.
The aim of this review is to use existing literature to identify risk factors for SCD
that may help identify patients who may benefit from a WCD and to discuss the
potential role that WCDs could play in reducing the risk of SCD in selected patient
groups who do not currently meet guidelines for ICD implantation.

MATERIALS AND METHODS
Study design
This review included available data on risk factors for SCD in predefined patient
groups. All odds ratio (OR), relative risk (RR), Exp(b) and hazard ratio (HR) were
rounded to 2 decimal places for consistency. OR is a statistic defined as the ratio of the
odds of variable A in the presence of variable B and the odds of variable A without
the presence of variable B. RR is the ratio of the probability of an outcome in an
exposed group to the probability of an outcome in an unexposed group. The HR is an
expression of the hazard or chance of events occurring in the treatment arm as a ratio
of the hazard of the events occurring in the control arm

Inclusion and exclusion criteria
All studies that reported risk factors for SCD in patients with LVSD, LQTS, HCM or
post MI. There was no restriction on age, gender, geographical area or date of
publication. Studies reported in English. Any studies where the risk of SCD was not
quantified by either a HR, OR or RR were excluded.

Search strategy
A literature search was performed in 4 main groups of patients: Search terms
included: (risk of SCD* or risk factors for SCD* or SCD* or female gender and
outcome* or mortality in patients* or mortality in women* or risk stratification for
SCD* or risk of cardiac arrest* or atrial fibrillation and mortality* or
echocardiographic predictors of outcome* or risk of death* or COPD and mortality* or
prognosis of heart failure* or risk of death in patients*) and (post myocardial
infarction* or after myocardial infarction* or after acute st elevation myocardial
infarction* or after ST elevation myocardial infarction* or with inferior myocardial
infarction* or following myocardial infarction* or after myocardial infarction* or
myocardial scarring* or electrocardiographic abnormalities* or patients with
hypertrophic cardiomyopathy* or heart failure* or patients with heart failure* or left
ventricular dysfunction* or after hospitalization for heart failure* or in the
community* or new diagnosis of heart failure* or LQTS*).
The risk factor in each group that was associated with SCD, was then tabulated
along with the relevant studies that supported this finding.

RESULTS
Results of literature search
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Table 1 Primary prevention implantable cardioverter defibrillator studies
Study
Multicenter Automatic Defibrillator
Implantation Trial[12]
Multicenter Unsustained
Tachycardia Trial[13]
Multicenter Automatic Defibrillator
Implantation Trial 2[14]
Sudden Cardiac Death in Heart
Failure Trial[15]
Defibrillator implantation in
patients with nonischemic systolic
heart failure[16]

Intervention/control group

Inclusion criteria

Risk reduction of SCD with ICD

ICD vs antiarrhythmic drug

Previous MI; EF≤35%; nsVT; positive
findings on EPS

54% (P = 0.001)

EP-guided therapy vs placebo

Coronary disease; EF≤40%; Nonsustained VT; inducible VT at EPS

51% (P = 0.001)

ICD vs optimal pharmacological
treatment

Prior MI EF≤30%

31% (P = 0.02)

ICD vs optimal pharmacological
therapy vs optimal pharmacological
therapy + amiodarone

Ischaemic and non-ischaemic
cardiomyopathy; EF≤35%

23% (P = 0.007)

ICD vs optimal pharmacological
therapy

Non-ischaemic cardiomyopathy; EF≤
35%

50% (P = 0.005)

SCD: Sudden cardiac death; ICD: Implantable cardioverter defibrillator; EF: Ejection fraction; EP: Electrophysiology; MI: Myocardial infarction; EPS:
Electrophysiology studies; VT: Ventricular tachycardia.

The initial search strategy produced 21620 articles. Removal of duplicates and
screening of the papers reduced the number to 480 articles. A further 435 papers were
removed after reading of the full text. During data extraction an additional 4 papers
were removed as a result of not having the prerequisite data available in the correct
form. Forty one papers were included in the final data analysis (Figure 1)

Risk of sudden cardiac death post myocardial infarction
In patients post MI, 16 studies were identified involving a total of 250766
patients[24-39](Table 3). The absolute risk of SCD in these studies varied from around
4.9%-8%[24,26,30,33]. The absolute risk of SCD was 4.9% in the first month post-MI and
decreased thereafter[24]. Another study showed a cumulative risk of SCD at 1 year to
be 5.3%[26]. One study showed a risk of SCD of 7% at 30 d and 11% at 2 years[30].
Another study showed a risk of SCD at 4% in those with EF > 35% and 8% in those
with EF < 35% at one year[33].
Several risk factors for SCD were identified post MI in order of decreasing
magnitude: diabetes (HR 1.90-3.80), LVSD (HR 1.21 to 3.64), NSVT (HR 3.30), right
ventricular involvement (OR 3.20), premature ventricular complexes occurring at a
frequency of 10 or more per hour (HR 2.40), female gender (OR 1.09-1.76), older age
(OR 1.03-1.56), LBBB (HR 1.49), non-specific intraventricular conduction delay (HR
1.44) and LVH (OR 1.40)[24-39].

Risk factors for sudden cardiac death in heart failure
In patients with heart failure, 15 studies were identified involving a total of 65182
patients[40-54](Table 4). The absolute risk of SCD in these studies varied from 8.8%23.7%[49,50]. Doval et al[49] showed that in patients with NSVT the risk of SCD at 2 year
was 23.7% compared to 8.8% in those who do not have NSVT at 2 years. Teerlink et
al[50] showed that the risk of SCD was 13% at 2 years.
Several features increasing the risk of SCD were identified in order of decreasing
magnitude: VT (RR 3.50), NSVT (RR 2.77-3.89), couplets (RR 3.37), cirrhosis (OR 3.22),
1-SD difference in LV Mass (RR 2.75), a 1-SD difference in LV end systolic dimension
(RR 2.73), deranged kidney function (HR 2.02-2.64), dementia (OR 2.54), cancer (OR
1.86), the degree of left ventricular impairment(less than 40%) (HR 1.29-1.80), older
age (OR 1.70), COPD (OR 1.66), atrial fibrillation (HR 0.89-1.55), male gender (HR
1.21-1.50) and cerebrovascular disease (OR 1.43)[40-54].

Risk of sudden cardiac death in the long QT syndrome
In patients with LQTS, 5 studies were identified with a total of 9758 patients[55-59](Table
5). The absolute risk of SCD in these studies varied from 4.9%-13%[55,57]. Sauer et al[55]
showed that the risk of SCD from the age of 18 until follow-up at the age of 40 was
4.9% in LQTS1, 8.0% in LQTS2 and 4.9% in LQTS3. Priori et al[57] showed that the risk
of SCD was 13% over 28 years of follow-up before the age of 40.
Several risk factors for SCD were identified in order of decreasing magnitude
including: LQTS with a prolonged QTc interval (HR 36.53), LQTS with a normal range
QTc interval (HR 10.25), LQTS 1 (HR 9.88), length of QTc interval (RR 5.34-8.36),
consistent QTc interval prolongation (HR 2.23-6.67), previous history of cardiac events
(syncope or aborted SCA) (HR 3.10-5.10), LQTS 3 (RR 1.80-2.76), female gender (HR
2.68), LQTS 2 (RR 1.61) and bradycardia (HR 1.02)[55-59].
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Table 2 Secondary prevention implantable cardioverter defibrillator studies
Study

Intervention/control group

Inclusion criteria

Risk reduction with ICD

Antiarrhythmics Versus
Implantable Defibrillators study[17]

ICD vs antiarrhythmic drugs

Resuscitated from near-fatal VF or
post-cardioversion from sustained
VT

28% (P = 0.02)

Canadian Implantable Defibrillator
Study[18]

ICD vs amiodarone

Resuscitated VF or VT or with
unmonitored syncope

20% (P = 0.14)

Cardiac Arrest Study Hamburg[19]

ICD vs amiodarone vs metoprolol

Survivors of cardiac arrest secondary
to documented ventricular
arrhythmias

23% (P = 0.08)

ICD: Implantable cardioverter defibrillator; VF: Ventricular fibrillation; VT: Ventricular tachycardia.

Risk of sudden cardiac death in patients with HCM
In HCM there were 5 studies involving a total of 25823 patients[60-64](Table 6). The risk
of SCD in HCM was about 5% over 5 years[60].
The following risk factors for SCD in order of decreasing magnitude were
identified including: LVH (highest risk when greater than 20 mm) (HR 1.05-3.17),
NSVT (HR 2.53-2.92), syncope (HR 2.31-2.68), left ventricular outflow tract obstruction
(HR 1.01-2.41), family history of SCD (HR 1.27-2.34), abnormal blood pressure
response during exercise (HR 1.30-1.38) and an enlarged left atrial diameter (HR
1.04)[60-64].

Wearable cardioverter defibrillator studies
There are currently only a few published outcome studies of WCDs. The WCD use in
patients perceived to be at high risk, early post-MI study showed that 1.6% of patients
received an appropriate shock for VT/VF and up to 67% of patients with VT/VF
survived because of an appropriate shock[65]. Inappropriate shocks occurred in 1.1% of
patients; none of the inappropriate shocks induced an arrhythmia.
“The aggregate national experience with the WCD vest: event rates, compliance
and survival study” showed that 1.7% of patients received an appropriate shock for
VT/VF. It also showed that 90% of patients survived because of an appropriate shock
for VT/VF[66]. Inappropriate shocks occurred in 1.9% of patients[66].
The Vest Prevention of Early Sudden Death Trial compared WCD therapy to
optimal medical therapy that was the control group. This trial showed that 0.6% of
patients received an inappropriate shock. 1.4% of patients received an appropriate
shock. The number of hours per day, the WCD was worn was 14.1 h. The risk of SCD
was 1.6% in the WCD group compared to 2.4% in the control group (P = 0.18). Allcause mortality in the WCD group was 3.1% compared to 4.9% in the control group (P
= 0.04)[67](Table 7).

DISCUSSION
The risk of SCD in various groups of patients has been well studied. This has led to
the development of clear criteria for ICD implantation[23]. There is data on various
subgroups of patients that quantifies the magnitude of known risk factors for SCD
(post MI, LQTS, HCM and LVSD). There are clear guidelines on the use of ICD in
these groups of patients but a lack of clear guidelines for WCD therapy. This study
has identified risk factors for several groups of patients who may not qualify for an
ICD (due to the risk associated with implantation) but could benefit from WCD. These
risk factors may help select patient for WCD therapy.
In patients who have recently had an MI with severe LVSD, guidelines recommend
primary prevention with an ICD should be delayed for 40 d as the degree of
myocardial recovery is uncertain in the acute period. This leaves certain patients
without the best possible treatment if they were to have a further episode of VT/VF or
patients who develop VT/VF later as a result of left ventricular dysfunction resulting
from an MI. Patients post-MI are at increased risk of SCD. Several factors are
associated with this increased risk of SCD. These risk factors could be used to select
patient who may benefit from WCD post MI and if there risk remains high, they could
be offered an ICD at 40 d. In addition, the DINAMIT study looked at early ICD
implantation within 6-40 d vs optimal medical therapy. The DINAMIT study showed
a reduction in arrhythmic death with early ICD implantation but no effect on overall
mortality[68]. These results do raise the question of whether there are device related
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Figure 1

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.

deaths that may reduce the overall mortality benefit such as device infections,
procedural complications etc. These risks would not be present with WCD as there are
no procedural risks associated with these devices. Some studies have advocated
differentiating ICD implantation in the setting of acute MI based on whether the
VT/VF occurred within 48 h in which case it could be attributed to acute MI and the
treatment was revascularisation or if it occurred after 48 h in the absence of recurrent
ischemia then these patients needed ICD implantation on the basis of secondary
prevention and the 40 d rule in guidelines shouldn’t apply[69]. These patients could
also potentially be covered by using a WCD until the 40 d window has elapsed. In
addition, the highest risk of SCD is within the first 30 d of an MI and so high-risk
patients who have not yet suffered VT/VF may benefit from a WCD during this
period[30]. The risk factors identified in this study could be used to help select such
patients.
In patients with LVSD, guidelines only recommend an ICD if EF is less than 35
percent. This is the group of patients who are at the highest risk of SCD from LVSD.
Studies of heart failure patients with an EF between 30% and 35% have shown that
these patients also benefit from ICD therapy and have a lower mortality than the same
group of patients without an ICD[70]. This would also lead one to believe that patients
at higher EF with more high risk features may also benefit from having a defibrillator
such patients could be offered a WCD as a lower risk option than ICD implantation.
Similarly patients post-MI who develop severe LVSD are not offered a ICD and are
sent home for a clinic review in 40 d to assess the degree of myocardial recovery
during this period. This is potentially dangerous as the absolute risk of SCD during
this period is about 4.9% which is similar to the risk of SCD in patients with HCM at
which an ICD would be implanted these patients should probably all be offered a
WCD during this time period[24,60]. It is important to note, however, the results of the
recent VEST trial looking at the risk of SCD in WCD patient vs controls in the first 90 d
post MI. It did not show a statistically significant reduction in SCD (1.6% vs 2.4%, P =
0.18) but there was a trend to lower risk of SCD in the WCD group. It did show a
reduction in overall mortality (3.1% vs 4.9%, P = 0.04). These results are the opposite
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Table 3 Risk factors for sudden cardiac death post myocardial infarction
Risk factor
studied

Relative risk of
SCD

P value

Absolute SCD risk
in cohort

Study size

Year

Country

929

2012

India

2948

2001

North America

Age
Rao et al[24]

4.9% in the 1st month
post MI

OR 1.03 (1.00-1.05)
(Increasing age)

0.0163

OR 0.12; Standard
error = 0.02 (Age per
1 year increase)

0.0001

OR 1.56 (1.43–1.70)
(Age per 10 years)

< 0.0001

5.3% at 1 year

5983

2002

Denmark

Rao et al[24]

OR 1.78 (1.02-2.85)

0.0042

4.9% in the 1st
month post MI

929

2012

India

Greenland et al[27]

OR 1.72 (1.45-2.04)

< 0.0005

5839

1991

Israel

Greenland et al[27]

OR 1.32 (1.05-1.66)
(Death at 1 year)

< 0.03

5839

1991

Israel

Ghaffari et al[28]

OR 1.76 (1.22–2.54)
(univariate analysis)

0.002

1017

2017

Iran

Ghaffari et al[28]

OR 1.19 (0.77–1.8)
(multivariate
analysis)

0.407

1017

2017

Iran

OR 1.09 (1.06 to 1.13)
(Death at 1 year)

< 0.00001

201114

2001

UK

OR 1.34 (1.11–1.63)

< 0.005

5.3% at 1 year

5983

2002

Denmark

OR 2.35 (1.09-5.03)
(Severe LV
dysfunction ≤ 30%)

0.0292

4.9% in the 1st
month post MI

929

2012

India

7% at 1 month post
MI; 11% at 2 years
post MI

14609

2005

North America,
Europe and New
Zealand

Mehta et al[25]

Abildstrom et al[26]
Female gender

Macintyre et al[29]
Male gender
Abildstrom et al[26]
LV dysfunction
Rao et al[24]

Solomon et al[30]

HR 1.21 (1.10 to 1.30)
(LV depression by
each 5 percentage
points)

Klem et al[31]

HR 6.30 (1.40-28.00)
(LVEF > 30% and
significant scarring >
5% on CMRI
compared to no
scarring)

0.02

137

2012

USA

Klem et al[31]

HR 3.90 (1.20-13.10)
(LVEF ≤ 30% and
those with scar > 5%
on CMRI compared
to those with
scarring)

0.03

137

2012

USA

Yeung et al[32]

HR 3.60 (1.46–8.75)
(LVEF ≤ 30%)

< 0.01

610

2012

China

Chitnis et al[33]

OR 4.51 (2.20–9.24)
(LVEF ≤ 35%)

< 0.0001

929

2014

India

Adabag et al[34]

HR 3.64 (1.71-7.75)
(presence of heart
failure based on the
framingham criteria)

< 0.001

693

2008

USA

OR 3.20 (2.40-4.10)

< 0.00001

2948

2001

Canada

HR 1.90 (1.04–3.40)

0.04

610

2012

China

HR 3.80 (2.40–5.80)

< 0.001

3276

2010

Finland

4% in those with EF
> 35% at 1 year post
MI; 8% in those with
EF≤ 35% at 1 year
post MI

Right ventricular involvement
Mehta et al[25]
Diabetes
Yeung et al[32]
[35]

Junttila et al

Ventricular arrythmia

WJC

https://www.wjgnet.com

109

March 26, 2019

Volume 11

Issue 3

Khan HM et al. Risk factors for sudden cardiac death
Maggioni et al[36]

RR 2.24 (1.22-4.08)
(more than 10
premature
ventricular beats per
hour)

Maggioni et al[36]

RR 1.20 (0.80-1.79)
(NSVT)

Mäkikallio et al[37]

HR 2.40 (1.30–4.40)
(Ventricular
premature
complexes 10/h)

Mäkikallio et al[37]

0.002

8676

1993

Italy

8676

1993

Italy

0.0049

2130

2005

Finland

HR 3.30 (1.70–6.50)
(NSVT)

< 0.0005

2130

2005

Finland

Mäkikallio et al[37]

HR 3.30 (1.70–6.50)
(QRS ≥ 120 ms)

0.0004

2130

2005

Finland

Zimetbaum et al[38]

HR 1.44 (1.11-1.88)
(Non-specific
intraventricular
conduction delay)

0.0069

1638

2004

USA

Zimetbaum et al[38]

HR 1.49 (1.02-2.17)
(LBBB)

0.0400

1638

2004

USA

Zimetbaum et al[38]

HR 1.35 (1.08-1.69)
(LVH)

0.0082

1638

2004

USA

Siscovick et al[39]

OR 1.40 (1.00-2.00)
(LVH)

0.02

688

1996

USA

ECG features

SCD: Sudden cardiac death; MI: Myocardial infarction; HR: Hazard ratio; OR: Odds ratio; LV: Left ventricular; EF: Ejection fraction.

of the DINAMIT study this may be due to poor patient compliance with compliance
decreasing with time during the study, which may have contributed to the lack of a
significant reduction in SCD. It is important to note that at the time of SCD only 8 of
25 patients in the treatment group were wearing their WCD[67]. Another group of
patient who may benefit from a WCD are those who are awaiting heart
transplantation. These patients should be offered an ICD based on current guidelines
pre-transplantation; however, a WCD could be used as an alternative in these patients
while they await their heart transplant.
In patients with non-ischaemic cardiomyopathy, the risk for SCD appears to be
lower than those with ischaemic cardiomyopathy. They also do not appear to benefit
from ICD therapy in the same way as patients with ischaemic cardiomyopathy as was
shown by the recent defibrillator implantation in patients with nonischemic systolic
heart failure (DANISH) study. The DANISH study showed no significant reduction in
all-cause mortality between the ICD therapy and standard care group (21.6% vs 23.4%,
P = 0.28). It did show a reduction in sudden cardiac death in the ICD group when
compared to the standard care group ((4.3% vs 8.2%, P = 0.005)[16]. This reinforces the
need for a risk stratification tool to help determine individual risk factors that would
make patients at higher risk for SCD. This study does help provide data that could be
used to select not only patients for WCD but also patients who might benefit from an
ICD in this patient group.
In patients with LQTS guidelines only recommend an ICD in these patients if they
have survived an episode of VT/VF. This may be an unacceptable risk for some
patients and a WCD could afford these patients with some protection until they meet
criteria for a permanent ICD. One large study used 4 variables which included age,
length of QTc, symptoms and the presence of cardiac arrest to determine the decision
on whether patients were likely to benefit from therapy with an ICD in LQTS[71]. Such
a risk score could also be used to offer patients a choice between an ICD or a WCD.
Patients with HCM who have 5 year risk of death of less than 6% could be offered a
WCD if they find the risk of SCD unacceptable. The ESC HCM risk-SCD calculator
has a cut off of > 6% at which an ICD should be implanted. There may be patients
who do not want an ICD and these patients could also be offered a WCD as an
alternative.
A large WCD registry showed that WCD usage in patients with HCM and LQTS
was safe, effective and associated with a high rate of compliance[72]. A further large
meta-analysis of WCD showed that WCD have a 95% success rate at terminating
arrhythmias[73].The HCM risk-SCD calculator provides a very helpful measure of
assessing a patient’s risk of SCD and making treatment decisions in patients with
HCM. It would be useful to develop risk calculators for SCD in other conditions,
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Table 4 Risk factors for sudden cardiac death in heart failure
Risk factor
studies

Relative risk of
SCD

P value

Absolute SCD risk
in cohort

Study size

Year

Country

Age
Lee et al[40]

OR 1.70 (1.45-1.99)
(Age per 10 unit
increase)

< 0.001

4031

2003

Canada

Cowie et al[41]

HR 1.26 (1.01 to 1.57)
(Age per 10 year
increase)

0.04

220

2000

UK

Taylor et al[42]

HR 1.10 CI 1.09–1.10
(Increasing age)

6162

2012

UK

HR 1.50 (1.36–1.66)

6162

2012

UK

HR 1.21 (1.14-1.28) at
28 d; HR 1.26 (1.211.31) at 1 year; HR
1.28 (1.24-1.31) at
year 5

29053

2010

Netherlands

Male gender
Taylor et al[42]
Vaartjes et al[43]

Comorbidities
Lee et al[40]

OR 1.43 (1.03-1.98)
30-day mortality
(Cerebrovascular
disease)

0.03

4031

2003

Canada

Lee et al[40]

OR 1.66 (1.22-2.27)
(COPD)

0.002

4031

2003

Canada

Lee et al[40]

OR, 3.22 (1.08-9.65)
(Cirrhosis)

0.04

4031

2003

Canada

Lee et al[40]

OR 2.54 (1.77-3.65)
(Dementia)

< 0.001

4031

2003

Canada

Lee et al[40]

OR 1.86 (1.28-2.70)
(Cancer)

0.001

4031

2003

Canada

Yoshihisa et al[44]

HR 3.01 (1.11–8.63)
(COPD)

0.038

378

2014

Japan

RR 1.10 (1.06-1.14)
Death at 1 year; RR
1.40 (1.28-1.52) death
at 5 years (COPD)

9748

2015

USA

Taylor et al[44]

HR 1.55 (1.26–1.92)

6162

2012

UK

Ahmed et al[46]

HR 1.41 (1.08-1.83)

944

2005

USA

Fisher et al[45]

Atrial fibrillation

Corell et al[47]
[48]

Middlekauff et al

HR 1.38 (1.07-1.78)

0.01

1019

2007

Denmark

HR 0.89 (0.55-1.23)

0.013

390

1991

USA

Ventricular arrythmia
Doval et al[49]

RR 2.77 (1.78-4.44)
(NSVT)

< 0.001

23.7% at 2 years in
those with NSVT;
8.8% at 2 years in
those without NSVT

516

1996

Argentina

Doval et al[49]

RR 3.37 (1.57-7.25)
(Couplets)

< 0.0005

23.7% at 2 years in
those with NSVT;
8.8% at 2 years in
those without NSVT

516

1996

Argentina

Teerlink et al[50]

RR 1.16 (1.09–1.24)
(NSVT)

0.001

13% at 2 years

1080

2000

USA

Szabó et al[51]

RR 3.50 (1.54-7.98)
(VT)

0.003

211

1994

Netherlands

Szabó et al[51]

RR 2.68 (1.11-6.48)
(Freq. VT > 144
beats/min)

0.029

211

1994

Netherlands

Szabó et al[51]

RR 3.89 (1.61-9.43)
(Length VT > 2s)

0.003

211

1994

Netherlands

6162

2012

UK

Echocardiographic variables
Taylor et al[42]
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Taylor et al[42]

HR 1.29 (1.11–1.50)
(EF 40%–50% vs >
50%)

6162

2012

UK

Shadman et al[52]

OR 1.15 (EF per 10%
decrease)

0.005

9885

2015

USA

Quiñones et al[53]

RR 2.75 (1.62-4.66)
(1-SD difference in
LV Mass)

0.0002

1209

2000

USA

Quiñones et al[53]

RR 1.84 (1.08-3.15)
(1-SD difference in
LA Diameter)

0.03

1209

2000

USA

Quiñones et al[53]

RR 2.73 (1.43-5.20)
(1-SD difference in
lv end systolic
dimension)

0.003

1209

2000

USA

Grayburn et al[54]

HR 1.01 (1.00–1.01)
(LV end-diastolic
volume index)

0.0012

336

2005

USA

HR 2.023 (1.24–3.32)

0.0052

336

2005

USA

HR 2.64 (1.87-3.74)

< 0.001

220

2000

UK

Deranged kidney function
Grayburn et al[54]
Cowie et al[41]

SCD: Sudden cardiac death; HR: Hazard ratio; OR: Odds ratio; LV: Left ventricular; EF: Ejection fraction.

which are more common and have a much larger impact on global mortality. This
would provide patients and doctors with more information to make the best decision
regarding their care.
The following groups of patients could also benefit from WCD therapy; patients
who have an explanted ICD for infective endocarditis and must wait a certain time
period before reinsertion, patients who have a risk of SCD but have a lower absolute
risk such that the cost and risk of ICD insertion can’t be justified, patients in remote
areas where there is no expertise for ICD insertion, patients with myocarditis, patients
with takotsubo cardiomyopathy, patients with peripartum cardiomyopathy, patients
with advanced stage chronic kidney disease and children and young adults with
channelopathies. The risk factors compiled in this review article could be used to help
risk stratify many of these patients. The risk factors for patients post MI could be
extrapolated to patients with takotsubo cardiomyopathy and myocarditis as all these
processes involve an acute myocardial injury and so could be expected to have similar
risk factors for SCD. In addition, the risk factors for LVSD could be extrapolated to
patients with peripartum cardiomyopathy and those awaiting heart transplantation to
determine high risk patients who may benefit from a WCD. There is potentially large
scope for the use of WCD in carefully selected patient populations. One of the key
disadvantages to WCD is the dependence on patient compliance for successful
therapy as patients may decide to not wear the WCD, which can be a key limiting
factor in its success.
In conclusion, we have identified multiple risk factors for sudden cardiac death in
various conditions that could be used to help select patients for WCD therapy. The
WCD is a landmark development that provides patients and physicians an additional
therapy for the treatment of SCD; however, it is underutilized due to a lack of clear
guidelines governing its usage [74] . SCD remains a common cause of death and
continued effort must be made to try and develop more targeted approaches to
treatment for SCD.
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Table 5 Risk factors for sudden cardiac death in the long QT syndrome
Risk factor
studied

Relative risk of
SCD

P value

HR 2.68 (1.10–6.50)

< 0.05

Sauer et al[55]

HR 3.34 (1.49–7.49)
(QTc 500–549 ms vs
≤ 499 ms)

Sauer et al[55]

Absolute SCD risk
in cohort

Study size

Year

Country

Risk between ages of
18-40: LQTS1 4.9%;
LQTS2 8.0%; LQTS3
4.9%

812

2007

USA

< 0.01

Risk between ages of
18-40: LQTS1 4.9%;
LQTS2 8.0%; LQTS3
4.9%

812

2007

USA

HR 6.35 (2.82–14.32)
(QTc ≥ 550 ms vs ≤
499 ms)

< 0.01

Risk between ages of
18-40: LQTS1 4.9%;
LQTS2 8.0%; LQTS3
4.9%

812

2007

USA

Moss et al[56]

HR 1.05 (1.02-1.09)
(QTc per 0.01 units)

< 0.01

1496

1991

USA

Priori et al[57]

RR 5.34 (2.82-10.13)
[QTc in the third
quartile (469 to 498
ms)]

Risk between ages
12-40 was 13% over
28 years

580

2003

Italy

Priori et al[57]

RR 8.36 (2.53-27.21)
[QTc in the highest
quartile (more than
498 ms)]

Risk between ages
12-40 was 13% over
28 years

580

2003

Italy

Goldenberg et al[58]

HR 36.53
(13.35–99.95) (LQTS
with prolonged QTc
interval vs
unaffected family
members)

< 0.001

3386

2012

USA, Europe, Japan
and Israel

Goldenberg et al[58]

HR 10.25
(3.34–31.46) (LQTS
with normal-range
QTc interval vs
unaffected family
members)

< 0.001

3386

2012

USA, Europe, Japan
and Israel

812

2007

USA

1496

1991

USA

Female gender
Sauer et al[55]

QTc interval

Previous history of cardiac events
Sauer et al[55]

HR 5.10 (2.50–10.39)
(Interim time
dependant syncope
vs no interim
syncope)

< 0.01

Moss et al[56]

HR 3.10 (1.30-7.20)
(History of cardiac
event)

< 0.01

Risk between ages of
18-40: LQTS1 4.9%;
LQTS2 8.0%; LQTS3
4.9%

Genotype
LQTS 3
Priori et al[57]

RR 2.76 (1.01-7.51)
(Male sex)

Risk between ages
12-40 was 13% over
28 years

580

2003

Italy

Priori et al[57]

RR of 1.80 (1.07-3.04)
(mutation at the
LQT3 locus)

Risk between ages
12-40 was 13% over
28 years

580

2003

Italy

RR 1.61 (1.16-2.25)
(LQT2 locus)

Risk between ages
12-40 was 13% over
28 years

580

2003

Italy

3386

2012

USA, Europe, Japan
and Israel

LQTS 2
Priori et al[57]

LQTS 1
Goldenberg et al[58]

HR 9.88 (1.26–37.63)
(LQTS 1 mutation
and normal QTc)

0.03

Heart rate
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Moss et al[56]

HR 1.02 (1.00-1.03)
(Resting heart rate
less than 60
beats/min)

Niemeijer et al[59]

0.01

Bazett: HR 2.23
(1.17-4.24) Fridericia:
HR 6.67 (2.96-15.06)
(Consistent Qtc
interval
prolongation)

1496

1991

USA

3484

2015

Netherlands

SCD: Sudden cardiac death; LQTS: Long QT syndrome; QTc: QT corrected interval; HR: Hazard ratio; OR: Odds ratio; LV: Left ventricular; EF: Ejection
fraction.

Table 6 Risk factors for sudden cardiac death in patients with hypertrophic cardiomyopathy
Risk factor
studied

Relative risk of
SCD

P value

Absolute SCD risk
in cohort

Study size

Year

Country

0.007

5% at 5 years

3675

2014

Europe

12146

2017

USA, China

< 0.001

5% at 5 years

3675

2014

Europe

9357

2010

Netherlands, UK

9357

2010

Netherlands, UK

3675

2014

Europe

12146

2017

USA, China

Age
O’Mahony et al[60]

HR 0.99 (0.98-1.00)
(Age 42 ± 15)

Syncope
Liu et al[61]

HR 2.31 (1.22-4.38)

O’Mahony et al[60]

HR 2.33 (1.69-3.19)

Christiaans et al[62]

HR 2.68 (0.97–4.38)

Family history of SCD
Christiaans et al[62]

HR 1.27 (1.16–1.38)

O’Mahony et al[60]

HR 1.76 (1.32-2.24)

[61]

HR 2.34 (1.46- 3.75)

Liu et al

<0.001

5% at 5 years

Abnormal blood pressure response during exercise
Liu et al[61]

HR 1.38 (0.65-2.89)
(BP dropping on
excersice)

12146

2017

USA, China

Christiaans et al[62]

HR 1.30 (0.64–1.96)
(BP dropping on
excersice)

9357

2010

Netherlands, UK

12146

2017

USA, China

52

2017

USA

3675

2014

Europe

9357

2010

Netherlands, UK

12146

2017

USA, China

593

2016

Japan

3675

2014

Europe

9357

2010

Netherlands, UK

12146

2017

USA, China

3675

2014

Europe

Non sustained ventricular tachycardia
Liu et al[61]

HR 2.92 (1.97-4.33)

Sugrue et al[63]

HR 3.36 (1.00-11.35)

0.05

O’Mahony et al

HR 2.53 (1.85-3.47)

< 0.001

Christiaans et al[62]

HR 2.89 (2.21–3.58)

[60]

5% at 5 years

Left ventricular wall thickness/hypertrophy
Liu et al[61]

HR3.17 (1.64-6.12)
(Maximum LV wall
thickness ≥ 30 mm)

Maeda et al[64]

HR 1.21 (1.04–1.39)
(Maximum left
ventricular wall
thickness per 1-mm
increase)

0.011

O’Mahony et al[60]

HR 1.05 (1.03-1.07)
(Maximal LV wall
thickness in mm 21.5
± 6)

< 0.001

Christiaans et al[62]

HR 3.10 (1.81–4.40)
(LVH ≥ 20 mm)

5% at 5 years

Left ventricular outflow tract obstruction
Liu et al[61]

HR 2.41 (1.55-3.73)

O’Mahony et al[60]

HR 1.01 (1.00-1.01)
[LVOT Gradient
mmHG 18 (6-58)]

0.005

5% at 5 years

Left atrial diameter
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O’Mahony et al[60]

HR 1.04 (1.02-1.05)
(LA diameter in mm
46.2 ± 9)

< 0.001

5% at 5 years

3675

2014

Europe

SCD: Sudden cardiac death; LVOT: Left ventricular outflow tract; HR: Hazard ratio; OR: Odds ratio; LV: Left ventricular; EF: Ejection fraction.

Table 7 Summary of wearable cardioverter defibrillator studies
Study

General findings

Survival post shock

Wearable cardioverter-defibrillator use in
patients perceived to be at high risk early postmyocardial infarction[65]

99 out of 8453 patients received 114 inappropriate
shocks. None of the inappropriate shocks induced
arrhythmias. The inappropriate shock rate was
0.006 shocks per patient month of use.

67% for those with VT/VF; 62% for those treated
for PMVT/VF

Aggregate national experience with the wearable
cardioverter defibrillator vest: event rates,
compliance and survival[66]

Inappropriate shocks occurred in 67/3569 (1.9%)
patients

90% for VT/VF events; 73.6% for all events

Vest Prevention of Early Sudden Death Trial[67]

Inappropriate shocks: 0.6%; Appropriate shocks:
1.4%; Hours/day WCD worn: 14.1

Risk of SCD (WCD vs Control): 1.6% vs 2.4%, P =
0.18. All-cause mortality (WCD vs Control): 3.1%
vs 4.9%, P = 0.04

VT: Ventricular tachycardia; VF: Ventricular fibrillation; WCD: Wearable cardioverter defibrillator; SCD: Sudden cardiac death.

ARTICLE HIGHLIGHTS
Research background
There are many groups of patients including those post myocardial infarction (MI), patients with
hypertrophic cardiomyopathy (HCM), patients with left ventricular systolic dysfunction (LVSD)
and patients with long QT syndrome (LQTS) who are at high risk of sudden cardiac death (SCD)
that do not meet criteria for implantable cardioverter defibrillator (ICD) implantation. This study
looked at risk factors for SCD in these patient groups, which could be used as a method for
identifying patients at high risk for SCD. Patients at high risk for SCD but not meeting
conventional indications for ICD therapy could be offered a WCD until an ICD was indicated.

Research motivation
There is a need for more refined risk calculators to determine the risk of SCD in various
conditions as is already present for patients with HCM. There is a requisite for more refined risk
calculators to determine the risk of SCD in various conditions such as patients post MI, patients
with LVSD, patients with LQTS and other channelopathies, patients with post-partum
cardiomyopathy, patients with takotsubo cardiomyopathy, patients with myocarditis and
patients with advanced chronic renal failure. This would allow better selection of patients at high
risk of SCD and allow physicians to offer their patients the best treatment for each specific
patient based on their individual risk.

Research objectives
The main objectives of our study were to collate the risk factors for SCD in specific patient
groups as mentioned previously. These risk factors were to be used as a guide to help in
determining high-risk patients that may benefit from WCD therapy. This to the best of our
knowledge is the first attempt made at collating risk factors for SCD for various conditions in
one place. This should help future studies to build on this data and hopefully give rise to risk
calculators for SCD in these and many more conditions.

Research methods
We performed a literature search on PubMed. The studies were then selected according to
whether they met the inclusion criteria for our review article. The inclusion criteria were any
study that reported risk factors for SCD in patients with LVSD, LQTS, HCM or post MI. There
was no restriction on age, gender, geographical area or date of publication. Studies had to be
reported in English. Any studies where the risk of SCD was not quantified by either a hazard
ratio, odds ratio or relative risk were excluded. The relevant risk factors for SCD in the 4 main
conditions were then collected and tabulated in table format.

Research results
We collected a large number of risk factors for SCD in all 4 patients groups. These risk factors
provide a robust method of assessing a patients risk for SCD. The study also looked at several
WCD studies which showed that WCD were effective at terminating VT/VF but were limited in
their effectiveness by patient compliance.

Research conclusions
This review shows that there are many risk factors for SCD that to the best of our knowledge

WJC

https://www.wjgnet.com

115

March 26, 2019

Volume 11

Issue 3

Khan HM et al. Risk factors for sudden cardiac death
have never been compiled together in one place such as this study has done. We also show that
WCD are effective therapies for ventricular tachycardia/ventricular fibrillation, but are limited
by patient compliance.
This should help in the development of more precise risk calculators for sudden cardiac death
such as the existing risk calculator for HCM. This should also help select patients who may
benefit from WCD.

Research perspectives
This study demonstrates the wealth of data present that could be used to create precise risk
calculators for SCD. These risk calculators could be used to determine patients at high risk for
SCD. It could be used to select which patients need an ICD and which could benefit from a
WCD. Further study should be in the form of a meta-analysis to allow this area of research to
move forward.
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Abstract
BACKGROUND
Takotsubo cardiomyopathy (TCM) is a transient reversible systolic dysfunction,
estimated to be the culprit in 1%-2% of patients presenting with clinical
symptoms of acute coronary syndrome (ACS). TCM was previously thought to
be indistinguishable from ACS on the basis of electrocardiogram (EKG) findings;
many authors now describe specific EKG changes that distinguish TCM from
ACS as well as aid in early recognition of TCM.
CASE SUMMARY
This unique case presentation illustrates an uncommon subtype of TCM, and
very clearly exemplifies the specific EKG changes meant to aid in distinguishing
TCM from ACS. A bronchogenic subtype of TCM has been proposed, given its
prevalence and distinguishing features from TCM without pulmonary pathology;
this case exemplifies that notion. The specific EKG changes of low QRS voltage
and attenuation of the amplitude of the QRS complex are now being noted in the
EKGs of TCM patients. This patient presented for worsening shortness of breath
and increased productive cough; her EKG revealed ST elevations in leads V3-V6,
and low voltage QRS complexes when compared to previous EKG from 12 wk
ago; troponin peaked at 5.16 ng/mL. Left heart catheterization did not reveal
significant lesions and left ventriculogram findings were consistent with TCM.
Patient was treated for COPD exacerbation, her symptoms improved
significantly; she was sent home on the appropriate medications.
CONCLUSION
This case exemplifies EKG changes noted in TCM patients who may aid in early
detection and appropriate treatment of TCM.
Key words: Takotsubo cardiomyopathy; Apical ballooning; Case report; Early
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Core tip: This case report presents a unique opportunity to exemplify specific
electrocardiogram (EKG) changes noted in patients with Takotsubo cardiomyopathy
(TCM). Low QRS voltage and attenuation of the amplitude of the QRS complex have
been noted in the EKGs of TCM patients. This case report presents a patient who had an
EKG performed 12 wk prior to developing TCM and thus provides a recent EKG to
compare the EKG changes noted during TCM.
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INTRODUCTION
Takotsubo cardiomyopathy (TCM) is characterized by reversible systolic dysfunction
of the left ventricle in the absence of any significant obstructive coronary artery
disease[1]. Most commonly, the apical and the middle segments of the left ventricle are
seen to be akinetic[1]. Its clinical presentation is said to be indistinguishable from
myocardial infarct[2]. The gold standard used to differentiate acute coronary syndrome
(ACS) from TCM is coronary angiography as it clearly shows if a significant
obstructive lesion is present[1]. Although some authors believe that it is not possible to
differentiate ACS form TCM based of electrocardiogram (EKG)alone, may new case
reports have been published that support the existence of unique EKG changes
present only in TCM. This is a unique case presentation as it not only illustrates an
uncommon subtype of TCM, but also very clearly exemplifies specific EKG changes
meant to aid in distinguishing TCM from ACS. This was previously thought to be
indistinguishable on the basis of electrocardiogram (EKG).

CASE PRESENTATION
Chief complaints
A 63 year-old Caucasian female presented to the emergency department for acute
exacerbation of her chronic obstructive pulmonary disease (COPD). The patient had
been experiencing 2 wk of worsening shortness of breath, productive cough and
increased sputum production.

History of present illness
She had been using her inhalers more frequently at home and had increased her home
oxygen to 3 liters, still with only minimal relief. On the day of presentation to the
emergency department, the patient called an ambulance as she was concerned about
her breathing.

History of past illness
She was noted to have a past medical history of COPD (on 2 liters home oxygen),
coronary artery disease [status post right coronary artery (RCA) stent in 2000’s],
subarachnoid hemorrhage and tobacco abuse.

Personal and family history
No other family history or personal history was reported.

Physical examination upon admission
When the patient arrived in the emergency department, her physical exam revealed a
blood pressure of 98/74 mmHg, pulse 101, temperature 97.5 °F (36.4 °C), temperature
source Oral, respiratory rate of 27, and oxygen saturation of 95% on 3-4 liters of
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oxygen. Scoliosis of spine was also noted. Patient was noted to be in respiratory
distress.

Laboratory examinations
Initial troponin on presentation was 2.74 ng/mL and peaked at 5.16 ng/mL. Her renal
function and hemoglobin were within normal limits. Her EKG showed sinus
tachycardia with ST elevations in leads V3-V6 as well as low voltage QRS complexes
when compared to previous EKG from 12 wk prior (Figures 1 and 2).
Cardiology was consulted for evaluation. The patient was advised to have an
emergent left heart catheterization (LHC). However, the patient refused initially and
wanted only medical management. She was not a candidate for thrombolysis due to
history of subarachnoid hemorrhage.

Imaging examinations
A 2-D echocardiogram was done which showed mid and distal septal, anterior, lateral
and apical wall akinesis concerning for ischemia in the left anterior descending (LAD)
territory (Figure 3). The patient was then agreeable to have the cardiac angiogram 3
days after the initial presentation. Cardiac angiogram showed patent RCA stent with
only mild luminal irregularities noted in the RCA. Left main was angiographically
normal, as was the left circumflex. Mild to moderate stenotic lesions were noted in
LAD, Diagonal 1 and Ramus Intermedius (Figure 4). A Left ventriculogram revealed
hyperkinetic basal segments and akinesis of the apex and periapical segments
consistent with TCM (Figure 5).

FINAL DIAGNOSIS
Based on the findings of the left ventriculogram, the LHC, and the EKG findings the
patient was diagnosed with TCM.

TREATMENT
The patient was treated for COPD exacerbation. Her breathing improved, and she
was back to her baseline 2 liters oxygen use. She was discharged to a long term acute
care facility with medications ASA 81mg, Atorvastatin 80 mg, carvedilol 12.5 mg BID
and losartan 25 mg. Her inhalers included tiotropium, fluticasone-salmeterol and
ipratropium-albuterol. The patient was also started on sertraline 50 mg and instructed
to continue her home medication of lorazepam 0.5 mg every 6 h as needed for anxiety.

OUTCOME AND FOLLOW-UP
Follow up Echo and EKG were planned; however, patient had passed away due to
worsening of the pulmonary disease.

DISCUSSION
The Mayo Clinic diagnostic criteria, proposes that 4 criteria must be met in order to
diagnose TCM: These criteria are, transient hypokinesis, akinesis or dyskinesis of the
left ventricular mid segments, new ECG changes mimicking acute MI, absence of
angiographic evidence of obstructive coronary disease, and absence of
pheochromocytoma and myocarditis[2].
It has been widely suggested that a bronchogenic sub type of TCM exists [3] .
Although not as common, there have been some reported cases of TCM in the setting
of COPD or asthma[4,5]. Some authors even estimate that pulmonary pathologies are
suspected to be found in as high as 44% of TCM cases[6], thus justifying the creation of
a separate classification as a bronchogenic subtype. The disproportionate
predominance of sympathetic activity during a COPD exacerbation has been noted as
a possible trigger for TCM[4]. Rajwani et al[3] described 5 specific cases of bronchogenic
TCM and noted some distinguishing features. The absence of chest pain, as with our
patient, is noted as a main distinguishing feature of the bronchogenic subgroup of
TCM. Progressive dyspnea was also a commonality noted in all 5 cases; this was also
present in our patient.
TCM is commonly seen in postmenopausal women, as with our patient[2]. Also in
the setting of TCM, wall motion abnormalities are seen to extend beyond the
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Figure 1

Figure 1 Electrocardiogram 12 wk before initial presentation.

distribution pattern of any single epicardial coronary artery, as seen in our case
report[2]. Though TCM is thought to be indistinguishable from ACS on the basis of
EKG findings, Madias et al[7] described a noticeably low voltage and attenuated QRS
complexes in association with TCM seen in over 90% of the EKGs reviewed for
published literature of TCM cases. Since then, many other cases have been reported
showing marked QRS complex attenuation in the setting of TCM. In our case, a
previous EKG from 12 wk before the patient presentation was available for
comparison (Figures 1 and 2). Low QRS voltage (LQRSV), which is defined as ≤ 5 mm
in limb leads and/or ≤ 10 mm in precordial leads, and significant attenuation of QRS
complexes was appreciated. The likely mechanisms of this phenomenon was
explained by author Madias who explored myocardial edema versus
counterbalancing of depolarization vectors as the likely mechanisms and concluded
that myocardial edema is the most likely cause of the LQRSV appreciated in EKGs of
TCM patients[7]. This was supported by review of multiple TCM cases where patients
had cardiac MRI performed that revealed myocardial edema[7]. Madias used Ohm’s
law (Voltage = Current x Resistance) to explain how changes in the resistance of the
electric conductor caused by myocardial edema can account for this phenomenon of
LQRSV and attenuation of the amplitude of the QRS complex (AAQRS) since
anything that alters resistance or current will result in changes in voltage [7] .
Extracardiac pathologies such as pulmonary congestion and pleural effusion, would
also influence these changes[7].
TCM is a transient reversible systolic dysfunction and is estimated to be the culprit
in 1%-2% of patient presenting with clinical symptoms of a ACS[2]. These patients do
not require treatment with heparin drip and antiplatelet therapy thus it is important
for clinicians to have a high level of suspicion to identify the correct etiology. As
suggested by author Madias, utilizing EKG changes can aid in early identification of
TCM and differentiation of TCM from ACS.

CONCLUSION
Though traditionally TCM was thought to be indistinguishable from ACS, many new
case reports and papers have discussed using novel EKG criteria to aid in early
recognition of TCM; this case exemplifies the characteristic EKG changes seen in
TCM.
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Figure 2

Figure 2 Electrocardiogram with acute changes on initial presentation. Significant attenuation of amplitude of QRS complexes noted diffusely.
Figure 3

Figure 3 Four and 2 chamber view. A: 4 chamber view demonstrating akinesis of the septal and lateral apical segments; B: 4 chamber view demonstrating akinesis
of the septal and lateral apical segments; C: 2-chamber view showing akinesis of anterior-inferior apical segments during systole; D: 2-chamber view showing akinesis
of anterior and inferior apical segments during diastole; E: Contrast echocardiography showing akinesis of anterior and inferior apical segments.
Figure 4

Figure 4 Coronary angiography of right coronary artery and left system demonstrating non obstructive coronary artery disease. A: Coronary angiography of
right coronary artery demonstrating non obstructive coronary artery disease; B: Coronary angiography of the left system demonstrating non obstructive coronary artery
disease.
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Figure 5

Figure 5 Left ventriculography demonstrating hyperkinetic basal segments and akinetic apex during diastole and systole. A: Left ventriculography
demonstrating hyperkinetic basal segments and akinetic apex during diastole; B: Left ventriculogram demonstrating hyperkinetic basal segments and akinetic apex
during systole.
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Abstract
BACKGROUND
A few randomized clinical trials (RCT) and their meta-analyses have found
patent foramen ovale closure (PFOC) to be beneficial in prevention of stroke
compared to medical therapy. Whether the benefit is extended across all groups
of patients remains unclear.
AIM
To evaluate the efficacy and safety of PFOC vs medical therapy in different
groups of patients presenting with stroke, we performed this meta-analysis of
RCTs.
METHODS
Electronic search of PubMed, EMBASE, Cochrane Central, CINAHL and
ProQuest Central and manual search were performed from inception through
September 2018 for RCTs. Ischemic stroke (IS), transient ischemic attack (TIA), a
composite of IS, TIA and systemic embolism (SE), mortality, major bleeding,
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atrial fibrillation (AF) and procedural complications were the major outcomes.
Random-effects model was used to perform analyses.
RESULTS
Meta-analysis of 6 RCTs including 3560 patients showed that the PFOC,
compared to medical therapy reduced the risk of IS [odds ratio: 0.34; 95%
confidence interval: 0.15-0.78; P = 0.01] and the composite of IS, TIA and SE [0.55
(0.32-0.93); P = 0.02] and increased the AF risk [4.79 (2.35-9.77); P < 0.0001]. No
statistical difference was observed in the risk of TIA [0.86 (0.54-1.38); P = 0.54],
mortality [0.74 (0.28-1.93); P = 0.53] and major bleeding [0.81 (0.42-1.56); P = 0.53]
between two strategies. Subgroup analyses showed that compared to medical
therapy, PFOC reduced the risk of stroke in persons who were males, ≤ 45 years
of age and had large shunt or atrial septal aneurysm.
CONCLUSION
In certain groups of patients presenting with stroke, PFOC is beneficial in
preventing future stroke compared to medical therapy.
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Core tip: Closure of patent foramen ovale closure (PFOC) is a treatment modality for
patients with stroke. To evaluate the efficacy and safety of PFOC vs medical therapy in
different groups of patients presenting with stroke, we performed this meta-analysis of
randomized trials following standard techniques. It showed that PFOC, compared to
medical therapy reduced the risk of ischemic stroke and the composite outcome of
stroke, transient ischemic attack (TIA) and systemic thromboembolism but no difference
was observed in the risk of TIA, mortality and major bleeding. PFOC increased the risk
of atrial fibrillation. Subgroup analyses showed that PFOC reduced the risk of stroke in
males.

Citation: Dahal K, Yousuf A, Watti H, Liang B, Sharma S, Rijal J, Katikaneni P, Modi K,
Tandon N, Azrin M, Lee J. Who benefits from percutaneous closure of patent foramen ovale
vs medical therapy for stroke prevention? In-depth and updated meta-analysis of randomized
trials. World J Cardiol 2019; 11(4): 126-136
URL: https://www.wjgnet.com/1949-8462/full/v11/i4/126.htm
DOI: https://dx.doi.org/10.4330/wjc.v11.i4.126

INTRODUCTION
Every year more than 10 million people suffer from stroke in the world, two thirds of
which are ischemic in etiology[1]. Up to 32% of patients with ischemic stroke (IS) are
cryptogenic in origin[2] and 43% of cryptogenic stroke patients have patent foramen
ovale (PFO)[3]. Many people who are living with a PFO are asymptomatic, until they
experience the symptoms of a cryptogenic stroke. While the current guidelines
recommend medical therapy to prevent future strokes in such patients, percutaneous
closure of PFO is an alternative that has been shown to reduce future strokes in
several randomized trials and their meta-analyses[4-8].
While previously published randomized clinical trials (RCTs) were inconclusive[9-11]
to show a benefit, their meta-analyses did show a statistically clear benefit of PFO
closure over medical therapy[12,13]. Recently three additional trials, and a prolonged
follow-up results of a previously published RCT have been published and reported
more evidence of a reduction in recurrent stroke after PFO closure[6-8,14]. Nevertheless,
it is unclear which group of patients benefit from PFO closure compared to medical
therapy and how PFO closure compares with anticoagulation therapy. In that regard,
to perform an updated meta-analysis on this evolving topic of interest and to evaluate
the different patient groups who will benefit from PFO closure compared to medical
therapy, we performed a meta-analysis.
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MATERIALS AND METHODS
Data sources and search strategy
We performed and reported this meta-analysis according to Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [15] . We
searched electronic databases of MEDLINE, EMBASE, Cochrane Central Register of
Clinical Trials and CINAHL with no language restriction from inception through
September 2018 using the search terms: “patent foramen ovale” OR “PFO” AND
“closure” AND “stroke” OR “transient ischemic attack” OR “TIA” with restriction to
randomized design. Two investigators (KD and AY) independently performed the
database search and agreed on final study selection. In addition, a manual search was
performed by reviewing the references of randomized trials and meta-analyses.

Study inclusion and exclusion criteria
Randomized trials comparing patent foramen ovale closure and medical therapy in
adult patients (≥ 18 years) with stroke were selected for meta-analysis. Studies were
excluded if they were meeting abstracts, single arm or non-randomized studies and
were performed for different disease states.

Data extraction
Two investigators (BL and AY) extracted data from the selected studies in duplicate
using standardized data-extraction form and obtained data on study characteristics
(study design, patient selection, inclusion and exclusion criteria, follow-up duration,
number of patients, type of PFO device and medical therapy and outcomes), patient
characteristics (age, sex, race, co-morbidities including diabetes mellitus,
hypertension, hyperlipidemia and body mass index, and medication use), and crude
events on mortality, recurrent stroke, transient ischemic attack (TIA), systemic
embolism (SE), major bleeding and procedural complications at follow-up.

Outcomes
Recurrent IS, TIA, SE, a composite of IS, TIA and SE, major bleeding, mortality and
procedural complications including atrial fibrillation (AF) risk were the major
outcomes.

Statistical analysis
We calculated odds ratio (OR) with 95% confidence interval (CI) using random-effects
model from the individual studies using the total number of events and patients. The
quality of studies was assessed with Cochrane Collaboration’s Bias Assessment
Tools [16] . Study heterogeneity was evaluated with Cochran’s Q and I 2 index and
significant heterogeneity (I2 > 50%) was further explored with sensitivity analyses. We
planned pre-specified subgroup analyses based on age, gender, presence of atrial
septal aneurysm (ASA) and PFO size (as defined the individual papers). We
performed statistical analyses with Review Manager (RevMan 5.3, Cochrane
Collaboration, Nordic Cochrane Center, Copenhagen, Denmark).

RESULTS
Description of included studies
The flow diagram of study selection is shown in Figure 1. Electronic search of five
databases (PubMed, EMBASE, CENTRAL, CINAHL and ProQuest Central) retrieved
a total of 564 publications. After removal of 136 duplicates, we screened 428 citations
for eligibility and extracted 33 publications for full text review. Finally, we had a total
of seven publications from six randomized trials for qualitative and quantitative
analysis. One study resulted in two publications reporting findings at different
duration of follow-up.
The individual study characteristics, patient characteristics, and procedural
outcomes and complications of the included studies are shown respectively in Tables
1, 2 and 3. There were 3560 total patients (1889 in patent foramen ovale closure
(PFOC) arm and 1671 in medical therapy arm). Studies included only patients under
60 years of age. Follow-up duration was between 2 and 5.9 years. The medical therapy
arm in two of these trials (REDUCE and CLOSE) consisted of anti-platelet therapy
only[6,8], whereas the other four trials (RESPECT, CLOSURE I, PC and DEFENSE PFO)
permitted the use of anti-platelet therapy, anticoagulation or both in the medicaltherapy group at the discretion of the investigating physicians[7,9,10,14].

Outcomes
PFO closure, compared to medical therapy reduced the risk of IS (OR: 0.34; 95%CI:
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Figure 1

Figure 1 PRISMA flow diagram of the study search.

0.15-0.78, P = 0.01; I2 = 54%) and the composite outcome of IS, TIA and systemic
thromboembolism [0.44 (0.22-0.90); P = 0.02; I2 = 76%] (Figure 2). With PFO closure, no
difference was observed in the risk of TIA [0.55 (0.32-0.93); P = 0.02], mortality [0.74
(0.28-1.93); P = 0.53; I2 = 0%] and major bleeding [0.81 (0.42-1.56); P = 0.53; I2 = 19%]
(Figure 3). PFO closure increased the risk of AF [4.79 (2.35-9.77); P < 0.0001; I2 = 12%]
compared to medical therapy (Figure 4). The risk of procedural complications was
[18.08 (5.58-58.55); P <0.00001; I2 = 0%].

Procedural success, complications and risk of AF
Procedural success ranged from 88.3%-99.6%, and PFO closure was successful in
88.6%-100% patients (Table 3). The risk of AF ranged from 1.4%-6.6% across different
devices. The risk of AF seemed to numerically lower in patients who received
Amplatzer PFO Occluder (1.4%-3.3%) compared to other devices (4.6%-6.6%).

Sensitivity and subgroup analyses
Several sensitivity analyses were planned a-priori. Since CLOSURE I Trial used
Starflex closure device, which the manufacturer has stopped producing, we
performed analysis after excluding that study. The overall results did not change. An
analysis restricted to the studies with at least 3 years or more follow-up (after
exclusion of CLOSURE I and DEFENCE PFO Trials) did not change the overall
results.
Several subgroup analyses were planned a-priori. PFO closure, compared to
medical therapy resulted in a reduction in the risk of stroke (Figure 5) in patients who
were male [0.25; 0.07-0.96; P = 0.04; I2 = 61%], ≤ 45 years of age [0.37; 0.17-0.82; P =
0.01; I2 = 0%] and had large shunt [0.22; 0.11-0.47; P < 0.0001; I2 = 0%] or ASA [0.16;
0.05-0.51; P = 0.002; I2 = 0%]. Compared to medical therapy, PFO closure showed a
reduction in stroke risk in females [0.50; 0.23-1.08; P = 0.08; I2 = 0%] and patients > 45
years of age [0.32; 0.10-1.06; P = 0.06; I2 = 52%]; however, it did not reach statistical
significance. In patients with small shunt, there was no statistical difference in the
stroke outcomes [0.88; 0.34-2.27; P = 0.8; I2 = 11%].

Study quality and publication bias
All the randomized studies showed bias for non-blinding of the participants and the
outcomes per Cochrane collaboration’s bias tools. Publication bias was not tested due
to small number of studies for meaningful assessment of publication bias.
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Table 1 Study characteristics
Total Patients
(PFOC +
Medical therapy Type of device
medical
therapy), n

Study
name,year

Country of
origin

CLOSE[6], 2017

France and
Germany

Multicenter,
randomized,
open-label,
superiority trial

Recent stroke due
to PFO with atrial
septal aneurysm
or substantial
right-to-left intraatrial shunt

6631 (238 + 235)

Antiplatelet
therapy (aspirin +
clopidogrel)1

11 different
devices

5.4 PFOC, 5.2 ACAP

CLOSURE I[11],
2012

United States and
Canada

Multicenter,
randomized,
open-label trial

Stroke or TIA
within 6 mo

909 (447 + 462)

Warfarin, aspirin
or both

STARFlex device

2

PC Trial[9], 2013

Europe, Canada,
Brazil, and
Australia

Multicenter,
randomized,
superiority trial

Stroke, TIA or
systemic
thromboembolis
m

414 (204 + 210)

Aspirin+
ticlopidine/clopi
dogrel

Amplatzer PFO
occluder

4.1 PFOC, 4.0
AC/AP

REDUCE[8], 2017

Europe and
United States

Multinational,
prospective,
randomized,
controlled, openlabel trial

Stroke within 180
d

664 (441 + 223)

Aspirin, aspirin +
dipyridamole, or
clopidogrel

Helex or
Cardioform
Septal Occluder

3.2

Multicenter,
Stroke within 270
randomized,
d
open-label,
controlled clinical
trial

980 (499 + 481)

Aspirin +
clopidogrel

Amplatzer PFO
occluder

5.9

120 (60 + 60)

Aspirin, aspirin +
clopidogrel,
aspirin +
cilostazol, or
warfarin

Amplatzer PFO
occluder

2.8

RESPECT[7],
2017

United States and
Canada

DEFENCE
PFO[14], 2018

South Korea

Study design

Multicenter,
randomized,
open-label,
superiority

Indication of
PFOC

Ischemic stroke in
past 6 mos

Follow-up, in
years (mean)

1

There were patients who received anticoagulation alone but the comparator for that arm was antiplatelet therapy not PFOC. AC: Anticoagulation; AP:
Anti-platelet; PFOC: Patent foramen ovale closure.

DISCUSSION
The major findings of our meta-analysis were the reduced risk of recurrent IS and the
composite outcome of stroke, TIA, and systemic thromboembolism with PFO closure
compared with the medical therapy in patients who presented with stroke.
Interestingly, subgroup analyses showed such benefits in persons who were males, ≤
45 years of age and had large shunt or ASA. In females and persons > 45 years of age,
there was a strong trend towards reduction in stroke risk, but it did not reach
statistical significance.
Despite all three former PFO trials showing a lack of benefit from PFO closure in
reducing the risk of recurrent stroke, meta-analyses and pooled analysis of individual
participant data from these three trials showed a significant risk reduction of
recurrent IS with PFO closure compared with medical therapy[12,17]. The reported risk
of recurrent stroke in these studies was small and less than anticipated, which
indicated the need for a larger sample and longer follow-ups to increase the
possibility of detecting a significant difference in reducing the risk of recurrent stroke.
Three recently published trials and a long-term follow-up of a previously published
trial demonstrated that among patients with PFO and cryptogenic IS, PFO closure
combined with medical therapy was associated with significantly lower risk of
recurrent stroke compared with medical therapy alone. Subsequently, a few metaanalyses have been published comparing PFOC with medical therapy, that have
consistently shown a reduction in stroke with PFOC[4,5]. Our meta-analysis adds
substantially by performing subgroup analyses in an attempt to define which groups
of patients clearly benefit from PFO closure. In addition, we performed an in-depth
analysis on the increased risk of AF and the role of anticoagulation as medical
therapy. It is interesting to note that our meta-analysis clearly showed benefit in males
who are 45 years of age or younger with large shunt or ASA. These are the patient
groups who are at increased risk of stroke. In females and patients > 45 years of age, it
did not show statistical significance, which could largely be an issue of sample size.
Medical therapy arm across the studies were not the same, which made it hard to
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Figure 2

Figure 2 Forest plot for stroke, transient ischemic attack and composite of ischemic stroke, transient ischemic attack and systemic embolism. PFO: Patent
foramen ovale.

make a definite statement regarding a medical therapy regimen when compared to
PFOC. In the RESPECT trial, anti-platelet agents constituted 74.8% of the medical
therapy arm but in the CLOSURE and PC trials, the percentage of patients prescribed
antiplatelet vs oral anticoagulation was not reported. The subgroup analyses
comparing PFO closure vs oral anticoagulation in the RESPECT trial did not show
advantage in reduction of stroke, whereas similar analysis in CLOSURE Trial did not
show advantage of PFOC vs medical therapy in reduction of primary end-point,
which was a composite of death, stroke, TIA or SE. No such outcomes were reported
in the PC trial. In the CLOSE trial, the only trial to compare the anti-platelet agents to
oral anticoagulants, the patients in the anti-platelet arm could receive aspirin or
aspirin with clopidogrel or with extended release dipyridamole and patients in the
oral anticoagulants arm could take either vitamin K antagonists (93%) or direct oral
anticoagulants (7%). There were numerically fewer recurrent strokes in the
anticoagulation group compared to the antiplatelet group in the intention-to-treat
cohort; however, the trial was not powered to detect a difference in such a
comparison. Therefore, there is a need for randomized trials with large study
population powered to compare the PFO closure to anticoagulation therapy, and
anticoagulation to anti-platelet therapy to address the efficacy and safety of
anticoagulation therapy compared to antiplatelet therapy and PFO closure.
There was a significant increase in the risk of AF in the PFO closure group
compared to the medical therapy group in our meta-analysis, a finding that was
reported in several individual trials (CLOSE, REDUCE, CLOSURE-I) and
observational studies that used different devices[18,19]. Most of the cases occurred
within 30-45 d of the procedure and the majority were transient without recurrence at
long-term follow-up (Table 1). This finding suggests that the PFO closure itself could
increase the risk for developing AF. However, the significance and clinical relevance
of AF associated with PFO closure and the subsequent risk of stroke remains unclear
and warrants additional investigations.

Study limitations
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Figure 3

Figure 3 Forest Plot for mortality and major bleeding. PFO: Patent foramen ovale.

The studies were not blinded, which is always a problem in the procedural trials. The
medical therapy arms were heterogenous, which limits our ability to make a definite
statement regarding specific medical treatment. The subgroup analyses should be
interpreted with caution as not all studies reported those outcomes, which reduced
the number of individual patients for analysis. However, this meta-analysis is
strengthened by in-depth analysis on the type of patients who may benefit from PFO
closure compared to medical therapy.
In conclusion, patients with PFO and cryptogenic stroke benefit from percutaneous
closure more so in certain population. Further research is needed to assess how the
increased periprocedural AF from PFO closure impacts these patients and how does
PFO closure compare with anticoagulation in head-to-head trials.
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Table 3 Procedural success and complications

Study name, Total patients
year
PFOC

Type of
Device

Success of
device
implantation

Success of
Procedural
PFO closure complications

Atrial
fibrillation/
flutter in
PFOC, n (%)

Timing of
Afib/flutter

Recurrence of
Afib/flutter at
f/u

CLOSE[6], 2017

238

11 different
devices

234/235 (99.6)

202/228 (88.6)

14/238 (5.9)

11 (4.6)

10/11 within a
month

None

CLOSURE
I[11], 2012

447

STARFlex
device

362/405 (89.4)

315/366 (86.1)

13/402 (3.2)

23 (5.7)

14/23 within a
month

6 persistent

PC Trial[9],
2013

204

Amplatzer PFO
occluder

188/196 (95.9)

142/148 (95.9)

3/204 (1.5)

6 (2.9)

Timing not
defined

1 persistent

REDUCE[8],
2017

441

Helex or
Cardioform
Septal Occluder

408/413 (98.8)

408/413 (98.8)

11/441 (2.5)

29 (6.6)

24 within 45 d

Not defined

RESPECT[7],
2017

499

Amplatzer PFO
occluder

462/464 (99.1)

NR

25/499 (5.0)

7 (1.4)

Periprocedural
period

NR

Defense Trial
PFO[14], 2018

60

Amplatzer PFO
occluder

53/60 (88.3)

53/53 (100)

2/60 (3.3)

2 (3.3)

1
periprocedural

NR

Afib: Atrial fibrillation; f/u: follow-up; NR: Not reported; PFOC: Patent foramen ovale closure.

Figure 4

Figure 4 Forest plot for atrial fibrillation and procedural complications. PFO: Patent foramen ovale.
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Figure 5

Figure 5 Subgroup analysis of stroke recurrence. PFOC: Patent foramen ovale closure.

ARTICLE HIGHLIGHTS
Research background
A few randomized clinical trials (RCT) and their meta-analyses have found patent foramen ovale
closure (PFOC) to be beneficial in prevention of stroke compared to medical therapy.
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Research motivation
Whether the benefit is extended across all groups of patients remains unclear.

Research objectives
To evaluate the efficacy and safety of PFOC vs medical therapy in different groups of patients
presenting with stroke, we performed this meta-analysis of RCTs.

Research methods
Following standard technique, a meta-analysis of randomized clinical trials was performed.
Random-effects model was used to analyze summary results.

Research results
PFO closure is beneficial in preventing stroke in patients with stroke and a PFO. In certain
population, the benefits are clear.

Research conclusions
This study showed that PFO closure is beneficial in patients with PFO and stroke. It was
beneficial in patients who were male, younger than 45, had atrial septal aneurysm and had a
large shunt.

Research perspectives
Future research should compare anticoagulation vs PFO closure and establish whether PFO
closure can be useful in all group of patients.
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Abstract
BACKGROUND
Previous studies have established a role of gout in predicting risk and prognosis
of cardiovascular diseases. However, large-scale data on the impact of gout on
inpatient outcomes of acute coronary syndrome (ACS)-related hospitalizations
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and post-revascularization is inadequate.
AIM
To evaluate the impact of gout on in-hospital outcomes of ACS hospitalizations,
subsequent healthcare burden and predictors of post-revascularization inpatient
mortality.
METHODS
We used the national inpatient sample (2010-2014) to identify the ACS and goutrelated hospitalizations, relevant comorbidities, revascularization and postrevascularization outcomes using the ICD-9 CM codes. A multivariable analysis
was performed to evaluate the predictors of post-revascularization in-hospital
mortality.
RESULTS
We identified 3144744 ACS-related hospitalizations, of which 105198 (3.35%) also
had gout. The ACS-gout cohort were more often older white males with a higher
prevalence of comorbidities. Coronary artery bypass grafting was required more
often in the ACS-gout cohort. Post-revascularization complications including
cardiac (3.2% vs 2.9%), respiratory (3.5% vs 2.9%), and hemorrhage (3.1% vs 2.7%)
were higher whereas all-cause mortality was lower (2.2% vs 3.0%) in the ACSgout cohort (P < 0.001). An older age (OR 15.63, CI: 5.51-44.39), non-elective
admissions (OR 2.00, CI: 1.44-2.79), lower household income (OR 1.44, CI: 1.171.78), and comorbid conditions predicted higher mortality in ACS-gout cohort
undergoing revascularization (P < 0.001). Odds of post-revascularization inhospital mortality were lower in Hispanics (OR 0.45, CI: 0.31-0.67) and Asians
(OR 0.65, CI: 0.45-0.94) as compared to white (P < 0.001). However, postoperative complications significantly raised mortality odds. Mean length of stay,
transfer to other facilities, and hospital charges were higher in the ACS-gout
cohort.
CONCLUSION
Although gout was not independently associated with an increased risk of postrevascularization in-hospital mortality in ACS, it did increase postrevascularization complications.
Key words: Gout; Serum uric acid; Acute coronary syndrome; Unstable angina;
Myocardial infarction; Revascularization; Percutaneous coronary intervention; Coronary
artery bypass grafting; In-hospital outcomes
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Previous studies have established a role of gout in predicting risk and prognosis
of cardiovascular diseases. However, large-scale data on the impact of gout on inpatient
outcomes of acute coronary syndrome (ACS)-related hospitalizations and postrevascularization is inadequate. In this largest nationwide cohort, we identified 3144744
ACS-related hospitalizations, of which 105198 (3.35%) also had gout. Coronary artery
bypass grafting was required more often in the ACS-gout cohort. Post-revascularization
(percutaneous coronary intervention/coronary artery bypass grafting) complications
including cardiovascular (3.2% vs 2.9%), respiratory (3.5% vs 2.9%), and hemorrhage
(3.1% vs 2.7%) were higher and raised the mortality odds whereas all-cause mortality
was lower (2.2% vs 3.0%) in the ACS-gout cohort. Mean length of stay, transfers and
hospital charges were higher in the ACS-gout cohort.
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INTRODUCTION
Acute coronary syndrome (ACS) comprises a range of diseases including unstable
angina (UA), non-ST segment elevation myocardial infarction, and acute ST-elevation
myocardial infarction (STEMI)[1]. It is one of the major causes of mortality around the
world. Several independent predictors including advanced age, gender, history of
diabetes or hypertension, obesity, and socioeconomic status have been determined for
the unfavorable outcomes and rise in the overall mortality in ACS patients[2,3]. Gout is
a common inflammatory disease associated with hyperuricemia and has shown to be
associated with almost 410% increase in the hospitalizations in the last two decades in
the United States[4]. The clinical evidence has shown that uric acid (UA) may have a
pro-inflammatory effect on the vascular cells contributing to the negative effects of
hyperuricemia in cardiovascular diseases (CVD) including ACS[5,6]. Previous studies
have also suggested that gout patients have two to five-fold higher mortality risk in
patients with CVD[7,8]. Recent studies have also established the crucial role of high UA
levels in predicting the higher odds of MI and subsequent in-hospital mortality in
ACS and STEMI hospitalizations[9,10]. Furthermore, microvasculature is becoming a
key prognostic factor in patients undergoing percutaneous coronary intervention
(PCI) since UA has been found to induce microvascular lesions, accounting for
vascular dementia and allograft vasculopathy post-cardiac transplantation[11]. While
quick restoration of blood flow through an infarct-related artery is important, the
presence of distal microvascular disease can result in impaired myocardial flow
leading to an increased risk of major adverse cardiac events after acute MI [12,13] .
Nevertheless, the relationship between gout and healthcare resource utilization and
post-revascularization outcomes in ACS hospitalizations has not been previously
studied on a large scale in the United States. Therefore, in this retrospective
population-based study, we aim to evaluate the impact of gout on the in-hospital
outcomes of ACS hospitalizations, subsequent healthcare burden and predictors of
post-revascularization inpatient mortality using the largest nationwide cohort from
January 2010 through December 2014.

MATERIALS AND METHODS
Source of data
The study cohort was derived from the national inpatient sample (NIS) database from
January 2010 through December 2014, which is a part of the Healthcare Cost and
Utilization Project held by the Agency for Healthcare Research and Quality (AHRQ).
The NIS is the largest publicly accessible all-payer inpatient database in the United
States and incorporates diverse identifiers for the hospitalization and clinical data for
each visit including up to 25 discharge diagnoses and 15 procedures[14]. It includes
discharge statistics from 20% inpatient discharges of all non-federal United States
hospital facilities (not including rehabilitation and long-term acute care hospitals),
disclosing up to 95% of hospital releases across the country. Nationwide assessments
were generated utilizing discharge weights provided by AHRQ.

Study population
All ACS-related adult hospitalizations were recognized by applying International
Classification of Diseases, Ninth Revision; Clinical Modification (ICD-9-CM) codes
410.1x and 411.1 for the primary discharge diagnosis. These codes have been
successfully utilized in earlier studies[15]. We then divided ACS population into the
two cohorts: one who had baseline gout and another without gout by using ICD-9 CM
codes 274.x or 274.xx in any of the secondary discharge diagnoses.

Study variables
Patient and hospital-level variables including age, gender, race, median household
income, primary payer, hospital location/teaching status, bed size, and regions were
studied and compared between ACS hospitalizations with vs without gout.
Underlying comorbid illnesses were also compared between the ACS population with
vs without gout. Revascularization comprised of thrombolysis (ICD-9 CM diagnosis
code V45.88 or procedure code 99.10), PCI (ICD-9 CM procedure codes 00.66, 36.01,
36.02, 36.05, 36.06, and 36.07, 17.55) OR CABG (ICD-9 CM procedure codes 36.10,
36.11, 36.12, 36.13, 36.14, 36.15, 36.16, 36.17, 36.19, 36.2, 36.3, 36.31, 36.32, 36.33, 36.34,
36.39). Since the NIS is an openly available database with de-identified data, our
study was exempt from an Institutional Review Board authorization.

Study outcomes
The primary outcomes of interest were all-cause in-hospital mortality, revascula-
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rization (thrombolysis, PCI or CABG) rates, discharge disposition, length of hospital
stay (LOS), and total hospital charges (denotes the total amount payable for service
rather than the actual payment received). The secondary outcomes were postrevascularization complications in ACS-hospitalizations including all-cause inhospital mortality, hemorrhage, blood transfusion, hypotension/shock, cardiac
complications, postoperative myocardial infarction, stroke, respiratory complications,
gastrointestinal complications including gastrointestinal hemorrhage, acute kidney
injury (AKI) requiring dialysis, urinary complications, postoperative infections, and
predictors of in-hospital mortality. Comorbidities and postoperative complications
were identifying from the secondary discharge diagnoses. The codes used in the study
to identify comorbidities and post-revascularization complications are mentioned in
Supplementary Table 1.

Statistical analyses
We integrated the discharge weights to unweighted records, to generate the national
estimates. The missing data (< 10% for any variable) were omitted from the analysis.
The baseline characteristics were compared amongst ACS patients with gout and
without gout by applying Pearson’s Chi-square test for categorical and Student's t-test
for the continuous variable where appropriate. We developed a two-step hierarchical
multivariate logistic regression model to evaluate for the patient and hospital level
components, and in-hospital outcomes such as in-hospital mortality and procedural
complications related to the ACS. This model permitted us to represent the possible
relationship of insights into each hospital visit. Both patient and hospital level
components along with all relevant comorbidities were incorporated into the
multivariable model to control confounders. In addition to unadjusted analysis, postrevascularization outcomes were also analyzed using a propensity score-matched
analysis with a caliper width of 0.01 without replacement and adjusting for
demographics and all relevant comorbid conditions (Supplementary Tables 2 and 3).
A two-tailed P-value of < 0.5 was considered statistically significant. All statistical
analyses were completed utilizing SPSS Statistics 24 (IBM Corp., Armonk, NY).

RESULTS
Population demographics and comorbidities
We identified 3144744 ACS-related hospitalizations during the study period, of whom
3.34% (n = 105198) also had gout as comorbidity (Table 1). Patients with gout were
older with more than two-thirds being > 65 years old (mean age 71.3 years), white
(71.8%), mostly males (74%), and Medicare enrollees (69.1%). Interestingly, the ACSgout cohort consisted of comparatively higher median household income population
(76-100th percentile: 21.9% vs 19.1%, P < 0.001), and were more likely to be admitted to
urban-teaching (54.3% vs 50.5%, P < 0.001) and Southern region hospitals (20.6% vs
17.7%, P < 0.001) as compared to those without gout. The majority (94.1%) of
admissions was non-elective, and 74.4% of admissions occurred on the weekdays. As
compared to ACS patients without gout, those with gout had a higher prevalence of
baseline comorbidities, except CHF and previous history of cardiac arrest (Table 2).
The ACS-gout patients had higher frequency of traditional comorbid risk factors such
as: hypertension (83.3% vs 71.4%, P < 0.001), dyslipidemia (71.0% vs 61.8%, P < 0.001),
diabetes (46.7% vs 36.6%, P < 0.001), and obesity (21.9% vs 14.6%, P < 0.001). They also
had the higher prevalence of chronic kidney disease (45.5% vs 19.0%, P < 0.001), AKI
(45% vs 18.7%, P < 0.001), and deficiency anemias (26.7% vs 16.0%, P < 0.001).

Revascularization rates and in-hospital outcomes in ACS-related hospitalizations
with vs. without gout
As shown in Table 2, the ACS patients with gout had a higher rate of undergoing
CABG (9.2% vs 8.1%, P < 0.001) as compared to those without gout. All-cause inhospital mortality associated with revascularization was lower in the ACS patients
with gout compared to those without gout (4.3% vs 5.0%, P < 0.001). Gout patients
were more likely to be discharged to skilled nursing facilities, intermediate care
facility or similar facilities (14.8% vs 12.1%, P < 0.001) and were less likely to be
discharged routinely (56.7% vs 61.8%, P < 0.001). The average LOS was higher (5.1 d
vs 4.5 d, P < 0.001) and mean total hospital charges were higher ($72328 vs $71312, P <
0.001) for ACS patients with gout compared to those without gout (Table 3).

Post-revascularization outcomes in ACS hospitalizations with gout
The ACS-gout cohort undergoing PCI or CABG demonstrated a higher number of
postoperative complications including cardiovascular, respiratory, stroke,
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Table 1 Baseline characteristics of acute coronary syndrome hospitalizations without vs with gout (n = 3144744)
Variables

Without gout(n = 3039546)

With gout(n = 105198)

P value
< 0.001a

Age (yr) at hospitalization
mean (± SD)

66.9 (± 14.2)

71.3 (± 12.5)

18-44

171857 (5.7)

2337 (2.2)

45-64

1178621 (38.8)

28567 (27.2)

65-84

1288783 (42.4)

57054 (54.2)

≥ 85

400285 (13.2)

17240 (16.4)
< 0.001a

Sex
Male

1830228 (60.2)

77834 (74.0)

Female

1209120 (39.8)

27355 (26.0)
< 0.001a

Race
White

2102509 (75.4)

69431 (71.8)

African American

302121 (10.8)

14798 (15.3)

Hispanic

218605 (7.8)

4833 (5.0)

Asian and Pacific Islander

61156 (2.2)

4799 (5.0)

Native American

16624 (0.6)

394 (0.4)

Others

88091 (3.2)

2477 (2.6)

Admission type

< 0.001
2847182 (93.9)

98886 (94.1)

185903 (6.1)

6149 (5.9)

0-25th

894564 (30.1)

29758 (28.8)

26-50th

807784 (27.2)

26606 (25.8)

51-75th

701363 (23.6)

24152 (23.4)

76-100th

566069 (19.1)

22637 (21.9)

Non-elective
Elective
Median household income percentile for patient's zip code1

< 0.001a

< 0.001a

Primary expected payer
Medicare

1709250 (56.4)

Medicaid

218428 (7.20)

72559 (69.1)
4232 (4.0)

Private including HMO

803459 (26.5)

22757 (21.7)

Self-pay/no charge/others

301827 (10.0)

5433 (5.2)
< 0.001a

Control/ownership of hospital
Government, nonfederal

305519 (10.1)

9697 (9.3)

Private, non-profit

2258936 (74.7)

81175 (77.4)

Private, invest-own

459942 (15.2)

13962 (13.3)

Small

351544 (11.6)

12101 (11.5)

Medium

767625 (25.4)

26387 (25.2)

Large

1905229 (63.0)

66346 (63.3)

Rural

312292 (10.3)

10030 (9.6)

Urban non-teaching

1183544 (39.1)

37858 (36.1)

Urban teaching

1528562 (50.5)

56946 (54.3)

575864 (18.9)

19077 (18.1)

Midwest

705042 (23.2)

24946 (23.7)

South

1219352 (40.1)

39502 (37.5)

West

539288 (17.7)

21672 (20.6)

0.157

Bed size of hospital

< 0.001a

Location/teaching status

< 0.001a

Region of hospital
Northeast

a

P < 0.05 indicates clinical significance. The bed size cutoff points are derived from https://www.hcup-us.ahrq.gov/db/vars/hosp_bedsize/nisnote.jsp.
Represents a quartile classiﬁcation of the estimated median household income of residents in the patient’s ZIP Code, derived from
https://www.hcup-us.ahrq.gov/db/vars/zipinc_qrtl/nisnote.jsp. HMO: Health maintenance organization; SNF: Skilled nursing facility; ICF:
Intermediate care facility.
1

hemorrhage, hypotension/shock, need of blood transfusion, AKI requiring dialysis,
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Table 2 Comorbidities in acute coronary syndrome without vs with gout
Comorbidities
Alcohol abuse
Deficiency anemias
Rheumatoid arthritis/collagen vascular diseases
Congestive heart failure

ACS + no gout

ACS + gout

P value

95449 (3.1)

3768 (3.6)

< 0.001a

487126 (16.0)

28065 (26.7)

< 0.001a

72214 (2.4)

3343 (3.2)

< 0.001a

24213 (0.8)

811 (0.8)

0.357

Chronic pulmonary disease

634046 (20.9)

22789 (21.7)

< 0.001a

Coagulopathy

152932 (5.0)

7283 (6.9)

< 0.001a

Diabetes, uncomplicated

911629 (30.0)

36556 (34.7)

< 0.001a

Diabetes with chronic complications

200881 (6.6)

12597 (12.0)

< 0.001a

Drug abuse

95449 (3.1)

1519 (1.4)

< 0.001a

Hypertension

75189 (2.5)

87598 (83.3)

< 0.001a

Hypothyroidism

2170519 (71.4)

15366 (14.6)

< 0.001a

Liver disease

334044 (11.0)

2013 (1.9)

< 0.001a

43749 (1.4)

26081 (24.8)

< 0.001a

Other neurological disorders

636496 (20.9)

6138 (5.8)

< 0.001a

Obesity

186097 (6.1)

23082 (21.9)

< 0.001a

Peripheral vascular disorders

443723 (14.6)

16964 (16.1)

< 0.001a

Renal failure

355484 (11.7)

47359 (45.0)

< 0.001a

Valvular disease

568903 (18.7)

327 (0.3)

< 0.001a

7101 (0.2)

74674 (71.0)

< 0.001a

Coronary atherosclerosis

1879620 (61.8)

89777 (85.3)

< 0.001a

Previous history of MI

2500606 (82.3)

16972 (16.1)

< 0.001a

Family history of CAD

359298 (11.8)

8442 (8.0)

< 0.001a

Previous PCI

298852 (9.8)

18591 (17.7)

< 0.001a

Previous CABG

439722 (14.5)

13165 (12.5)

< 0.001a

Previous history of cardiac arrest

247161 (8.1)

405 (0.4)

0.786

Smoking

11543 (0.4)

34019 (32.3)

< 0.001a

1210142 (39.8)

3146 (3.0)

< 0.001a

66017 (2.2)

47909 (45.5)

< 0.001a

576268 (19.0)

4388 (4.2)

< 0.001a

Fluid and electrolyte disorders

Dyslipidemia

History of venous thromboembolism
Chronic kidney disease
Dialysis status

a

P < 0.05 (bold value) indicates clinical significance. ACS: Acute coronary syndrome; MI: Myocardial
infarction; CAD: Coronary artery disease; PCI: Percutaneous coronary intervention; CABG: Coronary artery
bypass grafting.

and gastrointestinal and urinary complications as compared to those without gout
(Table 3). However, overall in-hospital mortality was lower (2.2% vs 3.0%, P < 0.001)
in patients with gout and there were no significant differences in the postrevascularization myocardial infarction and infection rates between both the cohorts.
We also confirmed the comparable results with a comprehensive propensity-score
matched analysis (Supplementary Tables 2 and 3).

Predictors of in-hospital mortality
On multivariable analysis, advanced age (> 85 years vs 18-44 years: OR 15.63, 95%CI:
5.51-44.39; P < 0.001), non-elective admissions (OR 2.00, 95%CI: 1.44-2.79; P < 0.001),
and lower household income (OR 1.44; 95%CI: 1.17-1.78; P < 0.001) had significantly
higher odds of in-hospital mortality in ACS patients with gout undergoing PCI or
CABG (Table 4). Among ACS-gout cohort, Hispanics (OR 0.45, CI: 0.31-0.67; P < 0.001)
and Asians (OR 0.65, CI: 0.45-0.94; P < 0.001) undergoing PCI or CABG demonstrated
significantly lower odds of in-hospital mortality as compared to whites (Table 5).
Rheumatoid arthritis/collagen vascular diseases, valvular heart diseases, CHF, fluid
and electrolyte disorders, coagulopathy, drug abuse, neurological disorders,
peripheral vascular disorders, and renal failure independently predicted a greater risk
of in-hospital mortality. Additionally, ACS-gout cohort undergoing PCI or CABG
revealed highest odds of in-hospital mortality due to postoperative infections
followed by hypotension/shock, postoperative myocardial infarction, and
postoperative stroke, respiratory, AKI, and cardiac complications.
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Table 3 Revascularization rates and outcomes in acute coronary syndrome with vs without gout
Outcomes

ACS + no gout(n = 3039546)

ACS + gout(n = 105198)

P value

Revascularization
56694 (1.9)

1408 (1.3)

< 0.001a

1369759 (45.1)

38301 (36.4)

< 0.001a

CABG

245983 (8.1)

9657 (9.2)

< 0.001a

All-cause in-hospital mortality

151213 (5.0)

4539 (4.3)

< 0.001a

Thrombolysis
PCI

< 0.001a

Disposition
Routine

1878724 (61.8)

59605 (56.7)

Transfer to short-term hospital

290145 (9.6)

10506 (10.0)

Other transfers (SNF, ICF, other)

367183 (12.1)

15586 (14.8)

Home Health Care

318501 (10.5)

14208 (13.5)

Against Medical Advice

30531 (1.0)

681 (0.6)

Length of stay (d) mean (± SD)

4.5 (± 5.2)

5.1 (± 5.0)

< 0.001a

71312.73 (± 85186.10)

72328.21 (± 86223.92)

< 0.001a

Hospital charges ($) mean (± SD)

a

P < 0.05 indicates clinical significance. ACS: Acute coronary syndrome; PCI: Percutaneous coronary intervention; CABG: Coronary artery bypass grafting;
SNF: Skilled nursing facility; ICF: Intermediate care facility.

DISCUSSION
This is the first large scale study that evaluates the impact of gout on in-patient
mortality in ACS patients and post-revascularization outcomes, predictors of inhospital mortality during the post-revascularization period and healthcare resource
utilization using the largest nationally representative cohort of ACS hospitalizations.
We found that ACS hospitalizations with gout comprised of older white men with
a higher median household income, mostly Medicare beneficiaries, and were likely to
be admitted to urban-teaching and Southern region hospitals more frequently. These
patients also had a higher prevalence of comorbidities. Furthermore, the average LOS
and total hospitalization charges were significantly higher. ACS patients with gout
underwent CABG more often whereas the PCI revascularizations were comparable
between both the cohorts. Those who underwent revascularizations (PCI or CABG)
had shown higher overall complications; however lower all-cause in-hospital
mortality compared to those without gout. A multivariate analysis demonstrated that
older age, Hispanic and Asian race, lower household income, non-elective admissions, a previous history of CHF, valvular diseases, septicemia, shock, and
cardiovascular complications were independent predictors of in-hospital mortality in
ACS hospitalizations with gout post-revascularization.
In the study, the prevalence of gout among ACS patients was about 3.35% similar
to the prevalence of gout among healthy United States population to be 3%-5%, with
the age-standardized prevalence of hyperuricemia being 12%-15%[16]. In this study,
gout has been prevalent in ACS patients with lower all-cause mortality compared to
without gout. More recently, Latif et al [17] indicated that higher UA levels are
associated with lower all-cause and cardiovascular mortality, however, they included
only hemodialysis patients. Similarly, another study using the NIS suggested that cooccurring gout is associated with reduced in-hospital mortality among postmenopausal women admitted for AMI[18]. The paradoxical association with mortality could
be due to focus on the short-term post-revascularization in-hospital outcomes,
residual confounding factors in administrative data, or missed diagnosis in patients
without gout. As shown with previous studies, our findings also showed that ACS
hospitalizations with gout consisted of older white men, with higher co-existing
comorbid conditions, mostly Medicare enrollees, and a lower median income
quartile[19-21]. Surprisingly, Harrold et al[22] found that older women with gout more
often had coronary heart disease. The results of our study suggest that ACS patients
with gout had prolonged hospital stays post-revascularizations and management
costs. A few other studies have also confirmed similar findings[23,24]. These studies
have given a possible explanation for a prolonged stay and increased hospital cost
due to increased risk of recurrent events and complications; however, the results were
limited to the economic impact of ACS in general. This would be one of the few
studies to describe the impact of gout on outcomes of ACS hospitalizations in terms of
healthcare resource utilization including revascularization, the ensuing economic
impact and the predictors of post-revascularization inpatient mortality.
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Table 4 Post-revascularization (percutaneous coronary intervention or coronary artery bypass
grafting) complications in acute coronary syndrome patients with vs without gout
Complications

No gout(n = 1592156)

Gout(n = 47307)

P value

All-cause in-hospital mortality

47466 (3.0)

1038 (2.2)

< 0.001a

Hemorrhage

43541 (2.7)

1470 (3.1)

< 0.001a

Blood transfusion

12272 (0.8)

524 (1.1)

< 0.001a

Hypotension/shock

7319 (0.5)

261 (0.6)

0.004a

Cardiac complications

46511 (2.9)

1523 (3.2)

< 0.001a

Postoperative myocardial infarction

27176 (1.7)

798 (1.7)

0.74

Stroke

3926 (0.2)

140 (0.3)

0.033a

Respiratory complications

46531 (2.9)

1642 (3.5)

< 0.001a

Gastrointestinal complications

25573 (1.6)

980 (2.1)

< 0.001a

AKI requiring dialysis

7843 (0.5)

628 (1.3)

< 0.001a

Urinary complications

4641 (0.3)

307 (0.6)

< 0.001a

Post procedural infections

24473 (1.5)

687 (1.5)

0.139

a

P < 0.05 indicates clinical significance. ACS: Acute coronary syndrome; PCI: Percutaneous coronary
intervention; CABG: Coronary artery bypass grafting; AKI: Acute kidney injury.

We found that age, race, median income, relevant comorbidities, and postrevascularization outcomes/postoperative complications in ACS patients undergoing
PCI or CABG were independently predictive of in-hospital mortality in ACS patients
with gout. Conversely, no association was observed in gender, which is consistent
with a previous meta-analysis[25]. The gender-specific relative risk for congestive heart
diseases (CHD) in that metanalysis for each increase of 1 mg/dL in serum UA was
similar, but not statistically significant. However, subgroup analysis showed a
significant association between hyperuricemia and CHD incidence in men, but
increased risk of CHD mortality in women. The result differs from the previous
studies that showed both men and women with gout have increased the risk of
cardiovascular mortality compared with those without gout[26-28]. A retrospective
study of STEMI patients who underwent PCI reported that one in every five patients
had higher UA levels and it was independently associated with increased risk of inhospital mortality [10] . Ndrepepa et al [29] reported that every 1 mg/dL rise in UA
increased by 12% in the adjusted risk for 1-year mortality in an unselected cohort.
Alcohol consumption and dyslipidemia have been associated with significantly
increase the risk of hyperuricemia[30,31], which could further precipitate or increase the
severity of gout. Interestingly, we observed the lower odds of in-hospital mortality
with alcohol abuse, dyslipidemia, and obesity in ACS patients with gout undergoing
revascularization. The implication of our findings is important for targeted preventive
intervention in a certain population at the risk of gout and ACS.
Several potential mechanisms including causal role of UA in hypertension and
atherosclerosis development, vasoconstriction, role of UA as pro-oxidant or gout per
se promoting atherosclerosis, explain the increased risk of cardiovascular mortality in
patients with gout [32,33] . However, whether gout is an independent factor with a
pathogenic role in ACS or only attributing for associated risk factors of ACS, such as
obesity, renal diseases, and diabetes, remains debatable[26,34]. In several large sample
studies, gout was linked to increased all-cause and CV mortality rates [28,35,36] ,
nonetheless, data on the impact of gout on post-revascularization remains limited in
the literature.
Our study extends on the impact of gout on ACS patients with other comorbid
conditions and revascularization complications. The study showed that cardiac, renal,
pulmonary and vascular comorbidities are the risk factors for post-revascularization
complications as well. Previous studies have shown an association of gout and hyperuricemia with many comorbid conditions. Demir et al[37] showed increased serum UA
levels in calcific aortic valve stenosis (AS), with a positive correlation in the severity of
the disease. Raised serum UA level may initiate calcification in the aortic valve and
accelerate the progression by causing endothelial dysfunction [32] . Similarly, a
prospective longitudinal study with a large cohort of 11681 men also concluded that
CHF decompensation is independently associated with increased risk of
hyperuricemia and likely gout, by increased urate production and decreased renal
urate excretion[38]. Our study also shows an increased risk of in-hospital mortality in
ACS patients with gout who are drug abusers that have never been evaluated in the
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Table 5 Predictors of in-hospital mortality in acute coronary syndrome patients with gout undergoing revascularization
Predictor

Adjusted odds ratio

95%CI (LL-UL)

P value
< 0.001a

Age in years at admission
45-64 vs 18-44

2.99

1.08-8.30

0.036a

65-84 vs 18-44

5.72

2.04-16.01

0.001a

≥ 85 vs 18-44

15.63

5.51-44.39

< 0.001a

Male vs female

0.89

0.75-1.05

0.155
< 0.001a

Race
African American vs white

1.09

0.88-1.35

0.413

Hispanic vs white

0.45

0.31-0.67

< 0.001a

Asian vs white

0.65

0.45-0.94

0.022a

Non-elective vs elective admission

2.00

1.44-2.79

< 0.001a

Median household income quartile 0-25thvs 76-100th#

1.44

1.17-1.78

0.001a

Alcohol abuse

0.49

0.31-0.79

0.003a

Rheumatoid arthritis/collagen vascular diseases

1.57

1.09-2.25

0.016a

Congestive heart failure

5.91

3.54-9.86

0.000a

Coagulopathy

1.29

1.05-1.58

0.014a

Drug abuse

2.33

1.34-4.05

0.003a

Fluid and electrolyte disorders

2.88

2.49-3.35

< 0.001a

Other neurological disorders

1.72

1.33-2.23

< 0.001a

Obesity

0.79

0.66-0.95

0.012a

Peripheral vascular disorders

1.60

1.36-1.88

< 0.001a

Renal failure

2.04

1.13-3.70

0.019a

Valvular disease

8.15

3.87-17.15

< 0.001a

Dyslipidemia

0.63

0.54-0.72

< 0.001a

Hypotension/shock

2.97

1.93-4.56

< 0.001a

Cardiac complications

1.59

1.19-2.11

0.002a

Postoperative myocardial infarction

2.53

1.74-3.68

< 0.001a

Perioperative stroke

2.48

1.20-5.10

0.014a

Respiratory complications

1.80

1.41-2.30

< 0.001a

Postoperative acute kidney injury

1.48

1.26-1.74

< 0.001a

Infections/septicemia

3.94

3.01-5.16

< 0.001a

Comorbidities

Outcomes/postoperative complications

a

P < 0.05 indicates clinical significance. CI: Confidence interval; LL: Lower level; UL: Upper level, Multivariate regression model was adjusted for age,
gender, race, admission type, median household income, payer status, hospital characteristics and all relevant comorbidities and prior medical history.

past.
Systemic (kidney, respiratory and vascular) complications of revascularization in
ACS patients with gout were likely to increase in-hospital mortality compared to
patients without gout. This could also be the reason for prolonged hospitalization and
increased treatment cost. Ejaz et al[39] showed that the UA is associated with a five to
eight-fold increase in the post-cardiac surgery AKI. A study from the United
Kingdom found 1.71 times higher risk of stroke in patients with gout than in the
general population[40]. A nationwide population-based cohort study showed that gout
was associated with an increased risk of pulmonary embolism by almost 53%[41].
Several studies have shown an association between gout and collagen vascular
diseases, such as systemic sclerosis and rheumatoid arthritis[42,43]. Our findings would
be prospective to initiate the discussion of screening and appropriate treatment of
gout in ACS patients, and other dynamics responsible for gout should be considered
when targeting new therapeutic strategies to prevent postoperative complications. In
addition, appropriate screening for CVD in patients with gout is suggested as these
patients have worse cardiovascular outcomes.
Our retrospective database study has few limitations which need to be mentioned.
Due to the administrative nature of this database, some baseline patient’s data might
be missing, and follow up data was not available. There is a possibility of a misclassification bias from the use of diagnostic codes to define gout based on the clinical
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findings by physicians or to diagnose ACS, with a possible change in terminology and
use of generalized diagnostic codes by the clinicians. The NIS database does not
contain information on serum uric acid level in gout patients so the severity and the
extent of worse outcomes in ACS and post-revascularization outcomes with a unit
increase in uric acid levels are not possible to be evaluated. In addition, each
hospitalization is considered separately in the NIS, which could result in
overestimation of the number of admissions for the same patient. Furthermore, the
study emphasizes the short-term in-hospital impact of gout, lacking long-term followup outcomes. Nevertheless, the current study showed several important strengths,
including nationwide large sample size, standardized methods, and absence of
selection bias.
In conclusion, although gout did not increase the in-hospital mortality in ACSrelated hospitalizations, the findings from this nationwide cohort highlight the
significant impact of gout on in-hospital outcomes in ACS patients in terms of higher
cardiovascular comorbidities, CABG frequency, post-revascularization complications,
hospital stay, and total hospital charges.

ARTICLE HIGHLIGHTS
Research background
Previous studies have established a role of gout in predicting risk and prognosis of
cardiovascular diseases. However, large-scale data on the impact of gout on inpatient outcomes
of acute coronary syndrome (ACS)-related hospitalizations and post-revascularization is
inadequate.

Research motivation
Limited data exist on impact of gout on in-hospital outcome of ACS in terms of healthcare
utilization and post-revascularization outcomes.

Research objective
The study aimed to evaluate the impact of gout on in-hospital outcomes of ACS hospitalizations,
subsequent healthcare burden and predictors of post-revascularization inpatient mortality.

Research methods
We used the national inpatient sample (2010-2014) to identify the ACS and gout-related
hospitalizations, relevant comorbidities, revascularization and post-revascularization outcomes
using the ICD-9 CM codes. A multivariable analysis was performed to evaluate the predictors of
post-revascularization in-hospital mortality.

Research results
Out of 3144744 ACS-related hospitalizations, 105198 (3.35%) patients had gout. The ACS-gout
cohort were more often older white males with a higher prevalence of comorbidities. ACS-gout
cohort showed comparativly higher prevalence of Coronary artery bypass grafting. Postrevascularization complications including cardiac (3.2% vs 2.9%), respiratory (3.5% vs 2.9%), and
hemorrhage (3.1% vs 2.7%) were higher whereas all-cause mortality was lower (2.2% vs 3.0%) in
the ACS-gout cohort (P < 0.001). An older age (OR 15.63, CI: 5.51-44.39), non-elective admissions
(OR 2.00, CI: 1.44-2.79), lower household income (OR 1.44; CI: 1.17-1.78), and comorbid
conditions predicted higher mortality in ACS-gout cohort undergoing revascularization (P <
0.001). Odds of post-revascularization in-hospital mortality were lower in Hispanics (OR 0.45,
CI: 0.31-0.67) and Asians (OR 0.65, CI: 0.45-0.94) as compared to white (P < 0.001). However,
post-operative complications significantly raised mortality odds. Mean length of stay, transfer to
other facilities, and hospital charges were higher in the ACS-gout cohort.

Research conclusions
Gout was not independently associated with an increased risk of post-revascularization inhospital mortality in ACS. However, gout did increase post-revascularization complications.

Research perspectives
This study may help clinicians making evidence-based decision in patients with history of gout
who are admitted with primary diagnosis of ACS and have undergone re-vascularization.
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Abstract
BACKGROUND
The prevalence of atrial fibrillation (AF) is on the rise in the aging population
with congenital heart disease (CHD). A few case series have described the
feasibility and early outcomes associated with radiofrequency catheter ablation of
AF centered on electrically isolating pulmonary veins (PV) in patients with CHD.
In contrast, cryoballoon ablation has not previously been studied in this patient
population despite its theoretical advantages, which include a favorable safety
profile and shorter procedural time.
AIM
To assess the safety and feasibility of cryoballoon ablation for AF in an initial
cohort of patients with CHD.
METHODS
The study population consisted of consecutive patients with CHD and
cryoballoon ablation for AF at the Montreal Heart Institute between December
2012 and June 2017. Procedural complications, acute success, and 1-year freedom
from recurrent AF after a single procedure with or without antiarrhythmic drugs
were assessed. Procedures were performed under conscious sedation. Left atrial
access was obtained via a single transseptal puncture or through an existing atrial
septal defect (ASD). Cryoballoon occlusion was assessed by distal injection of
50% diluted contrast into the pulmonary vein. At least one 240-second
cryothermal application was performed upon obtaining complete pulmonary
vein occlusion. Following ablation, patients were routinely followed at outpatient
visits at 1, 3, 6, and 12 mo, and then annually.
RESULTS
Ten patients, median age 57.9 (interquartile range 48.2-61.7) years, 60% female,
met inclusion criteria and were followed for 2.8 (interquartile range 1.4-4.5) years.
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Two had moderately complex CHD (sinus venosus ASD with partial anomalous
pulmonary venous return; aortic coarctation with a persistent left superior vena
cava), with the remainder having simple defects. AF was paroxysmal in 8 (80.0%)
and persistent in 2 (20.0%) patients. The pulmonary vein anatomy was normal in
6 (60.0%) patients. Four had left common PV (n = 3) and/or 3 right PV (n = 2).
Electrical pulmonary vein isolation (PVI) was acutely successful in all. One
patient had transient phrenic nerve palsy that recovered during the intervention.
No major complication occurred. One year after a single ablation procedure, 6
(60%) patients remained free from AF. One patient with recurrent AF had
recovered pulmonary vein conduction and underwent a second PVI procedure. A
second patient had ablation of an extra-pulmonary vein trigger for AF.
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CONCLUSION
Cryoballoon ablation for AF is feasible and safe in patients with simple and
moderate forms of CHD, with an excellent acute success rate and modest 1-year
freedom from recurrent AF.
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Core tip: Whereas, a few studies have described radiofrequency ablation for atrial
fibrillation (AF) in patients with congenital heart disease (CHD), herein we report the
first case series of cryoballoon ablation. Ten patients with CHD, median age 57.9 years,
underwent cryoballoon ablation and were followed for a median of 2.8 years. Pulmonary
vein isolation was acutely successful in all. No major complication occurred. One year
after a single procedure, 6 (60%) patients remained free from AF. In conclusion,
cryoballoon ablation is feasible and appears to be safe, with an excellent acute success
rate and modest 1-year freedom from recurrent AF.

Citation: Abadir S, Waldmann V, Dyrda K, Laredo M, Mondésert B, Dubuc M, Khairy P.
Feasibility and safety of cryoballoon ablation for atrial fibrillation in patients with congenital
heart disease. World J Cardiol 2019; 11(5): 149-158
URL: https://www.wjgnet.com/1949-8462/full/v11/i5/149.htm
DOI: https://dx.doi.org/10.4330/wjc.v11.i5.149

INTRODUCTION
As patients with congenital heart disease (CHD) live longer, they are subject to
numerous late complications of which arrhythmias figure prominently [1] . Atrial
arrhythmias are the leading cause of morbidity and hospitalizations, with an
estimated prevalence of 50% by the age of 65 years[2,3]. Whereas intra-atrial reentrant
tachycardia (IART) is the most pervasive arrhythmia in patients with CHD, the
prevalence of atrial fibrillation (AF) is on the rise in the aging population. Indeed, AF
has already surpassed IART as the most common presenting arrhythmia in patients
with CHD over 50 years of age[4].
A few case series have described the feasibility and early outcomes associated with
radiofrequency catheter ablation of AF centered on electrically isolating pulmonary
veins (PV) in patients with CHD. In the largest series of 57 patients, single procedure
arrhythmia-free survival rates on or off antiarrhythmic drugs were 63% at 1 year and
22% at 5 years[5]. Cryoballoon ablation for paroxysmal AF is generally considered noninferior to radiofrequency ablation in patients with normal hearts or acquired heart
disease[6]. However, cryoballoon ablation has not previously been assessed in patients
with CHD. Theoretical advantages include the favorable safety profile and shorter
procedural time, which could be of value when targeting multiple substrates, as is
often the case in patients with CHD[6,7]. We, therefore, assessed our early experience
with cryoballoon ablation in patients with CHD.
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MATERIALS AND METHODS
Study population
The study population consisted of all consecutive patients with CHD and cryoballoon
ablation for AF at the Montreal Heart Institute between December 2012 and June 2017.
Eligible patients were identified through the institutional adult CHD catheter ablation
database and the tailored informatics system, CONGENERATE, which contains
comprehensive diagnostic and procedural codes for patients followed at the Montreal
Heart Institute Adult Congenital Center. All patients had symptomatic and drug
refractory paroxysmal or early persistent AF (< 1 year in duration), documented by a
surface electrocardiogram (ECG). Written informed consent for procedures was
obtained in all patients. The study was approved by the local institutional review board.

Pulmonary vein isolation procedure
Patients were anticoagulated a minimum of 4 wk prior to the intervention. For those
on vitamin K antagonists, the anticoagulant was continued throughout with a
targeted international normalized ratio of 2 to 3. Direct oral anticoagulants were
interrupted 24 h prior to the procedure. All patients underwent pre-procedural
transesophageal echocardiography to rule-out thrombus, in addition to an imaging
study by cardiac computed tomography (CT) or magnetic resonance imaging (MRI) to
assess PV anatomy and exclude PV stenosis.
Procedures were performed under conscious sedation, with boluses of remifentanil
for analgesia and a continuous infusion of propofol. A diagnostic 6-French deflectable
decapolar catheter was positioned in the coronary sinus and a 9-French 9-MHz
intracardiac echocardiography (ICE) catheter placed in the right atrium. Left atrial
access was obtained via a single transseptal puncture or through an existing atrial
septal defect (ASD) under ICE and fluoroscopic guidance. In the setting of an ASD
closure device, ICE was used to identify areas of the native septum considered
suitable for the transseptal puncture. Intravenous heparin was administered as a
combination of boluses and an infusion to achieve and maintain an activated clotting
time (ACT) > 300 s after transseptal access. The standard transseptal sheath was
exchanged for a 15-French FlexCath (Medtronic CryoCath LP, Montreal, Canada)
steerable sheath, through which a first- or second-generation 23- or 28-mm
cryoballoon was advanced to the left atrium.
The size of the cryoballoon was selected according to PV diameters determined by
CT, MRI, or PV angiography, with a preference for the larger 28-mm size (Figure 1A).
PV potentials were recorded by a circular mapping catheter (Achieve, Medtronic,
Minneapolis, MN) introduced in the central lumen of the cryoballoon catheter. The
Achieve catheter was advanced distally into the PV to optimize support during
cryoballoon positioning. The cryoballoon was inflated within the left atrium under
fluoroscopic guidance and advanced to the PV ostium. The Achieve catheter was then
withdrawn proximally to record PV potentials. Cryoballoon occlusion was assessed
by distal injection of 50% diluted contrast into the PV. At least one standard 240scryothermal application was delivered upon obtaining complete PV occlusion.
Additional lesions were not systematically applied in the absence of a clinical reason
to do so, such as delayed pulmonary vein isolation (PVI) or relatively warm ablation
temperatures[8,9].
During cryoballoon ablation of right-sided PVs, diaphragmatic excursion was
monitored by abdominal palpation while pacing the right phrenic nerve by the
decapolar catheter positioned at the superior vena cava cranial to the right superior
PV. In addition, diaphragmatic electromyographic monitoring of the compound
motor action potential was systematically performed using a technique we previously
described[10,11]. The procedural endpoint was PVI, as assessed by entrance and exit
block. No extra-PV substrate was systematically targeted, although additional
arrhythmias were also treated.

Post-ablation management and follow-up
Oral anticoagulation was restarted the evening following the intervention, typically 6
h post-procedure, and continued for a minimum of 6 mo. Patients were discharged
home within 24 h. All patients were treated with proton-pump inhibitors for 4 wk.
The decision to pursue antiarrhythmic therapy post procedure was at the physician’s
discretion based on clinical elements. Patients were routinely followed at outpatient
visits with ECG recordings at 1, 3, 6, and 12 mo, and then annually. Regular telephone
interviews were also performed and medical consultations were promptly scheduled
in the event of symptoms suggestive of arrhythmia. For patients with recurrent
symptoms not captured by ECGs, 24-h Holter and/or event recorder monitoring was
performed. Recurrence was defined as any episode of AF lasting more than 30 s after

WJC

https://www.wjgnet.com

151

May 26, 2019

Volume 11

Issue 5

Abadir S et al. Cryoballoon ablation in congenital heart disease
Figure 1

Figure 1 Cryoballoon ablation for atrial fibrillation in a patient with a sinus venosus atrial septal defect and
partial anomalous pulmonary venous return. A: A 28-mm cryoballoon catheter (Arctic Front Advance, Medtronic,
Minneapolis, MN) along with a circular mapping catheter (Achieve, Medtronic, Minneapolis, MN) introduced in its
central lumen; B: The cryoballon is positioned at the ostium of the left inferior pulmonary vein (LIPV) in a patient with
a sinus venous atrial septal defect and partial anomalous pulmonary venous return. The circular mapping catheter is
placed inside the proximal LIPV. Contrast injection reveals complete cryoballoon occlusion of the LIPV.

a 3-mo blanking period. The primary endpoint was 1-year freedom from recurrent AF
after a single procedure, with or without antiarrhythmic drugs.

Statistical analysis
Continuous variables were presented as median and interquartile range (IQR; 25th-75th
percentile) and categorical variables as frequencies and percentages. Recurrence-free
survival was plotted using the Kaplan-Meier product limit method. Complete data
were available in all patients. Considering the descriptive nature of the study,
inferential statistics were not performed. Statistical analysis was conducted using R
software, version 3.3.2 (R Project for Statistical Computing, Vienna, Austria).

RESULTS
Clinical characteristics
Ten patients, median age 57.9 (IQR 48.2-61.7) years, 60% female, met inclusion criteria
and underwent cryoballoon ablation for AF. Baseline clinical characteristics are
summarized in Table 1. Eight patients had simple forms of CHD [i.e., ASD (n = 6),
ASD associated with ventricular septal defect (VSD; n = 1), and quadricuspid aortic
valve with aortic stenosis (n = 1)]. Two had moderately complex CHD [i.e., sinus
venosus ASD with partial anomalous pulmonary venous return (n = 1; Figure 1B),
and aortic coarctation with a persistent left superior vena cava (n = 1)]. Three patients
with ASDs had percutaneous device closure 3 to 6 months following the AF ablation
procedure. In the remaining 7 patients, cryoballoon ablation was performed a median
of 15.5 (IQR 8.2-30.3) years after repair of CHD (Table 2).
All patients experienced palpitations during AF episodes. In addition, 8 (80.0%)
reported dyspnea, with 2 (20.0%) having associated congestive heart failure. Seven
(70.0%) had unplanned hospitalizations for AF, and 6 (60.0%) had electrical
cardioversions. The AF pattern was paroxysmal in 8 (80.0%) and early persistent in 2
(20.0%). Patients were referred for AF ablation a median of 4.6 (IQR 0.9-10.3) years
after the initial diagnosis of AF and had received a median of 2 (IQR 2-3)
antiarrhythmic drugs. All patients had preserved left ventricular ejection fractions
(when in sinus rhythm), with a median indexed left atrial volume of 34.5 (IQR 27.344.0) mL/m2 by echocardiography. IART and/or focal atrial tachycardia (FAT) were
also documented in 5 (50.0%) patients, with one having had a prior catheter ablation
procedure (for a cavotricuspid isthmus-dependent IART, lateral right atrial IART, and
inferoseptal non-automatic FAT).

Pulmonary vein anatomy and procedural characteristics
The PV anatomy was normal in 6 (60.0%) patients. Two had a left common PV
(LCPV), 1 had a LCPV with 3 right PVs, and 1 had 3 right PVs. In all patients, left
atrial access was obtained through a portion of the native or surgically repaired atrial
septum. A single 28-mm cryoballoon was used in 6 (60.0%) and a single 23-mm
cryoballoon in 3 (30.0%) patients. In one patient, both 28- and 23-mm cryoballoons
were used. Main procedural characteristics are summarized in Table 3. PVI was
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Table 1 Baseline characteristics
n = 10
Age, yr

57.9 (48.2-61.7)

Female gender, n (%)

6 (60.0)

Type of congenital heart disease, n (%)
Simple

8 (80.0)

Atrial septal defect

6 (60.0)

Atrial and ventricular septal defects

1 (10.0)

Quadricuspid aortic valve with aortic stenosis

1 (10.0)

Moderate

2 (20.0)

Sinus venosus atrial septal defect with PAPVR

1 (10.0)

Aortic coarctation with persistent left superior vena cava

1 (10.0)

Age at repair, yr

44.3 (12.9-54.7)

Hypertension, n (%)

5 (50.0)

Dyslipidemia, n (%)

3 (30.0)

Diabetes mellitus, n (%)

1 (10.0)
2

Body mass index > 30 kg/m , n (%)

2 (20.0)

Current smoker, n (%)

1 (10.0)

Coronary artery disease, n (%)

3 (30.0)

Symptoms/signs associated with atrial fibrillation, n (%)
Palpitations

10 (100.0)

Dyspnea

8 (80.0)

Congestive heart failure

2 (20.0)

Prior hospitalization for atrial fibrillation, n (%)

7 (70.0)

Left ventricular ejection fraction, %

60 (55-60)

Left atrial volume, mL/m2

34.5 (27.3-44.0)

Pattern of atrial fibrillation, n (%)
Paroxysmal

8 (80.0)

Persistent

2 (20.0)

Time from diagnosis of atrial fibrillation to procedure, years

4.6 (0.9-10.3)

Number of antiarrhythmic drugs tried

2 (2-3)

Pharmacological therapy, n (%)
Antiarrhythmic drug

10 (100.0)

Beta-blockers

7 (70.0)

Amiodarone

3 (30.0)

Sotalol

2 (20.0)

Flecainide

2 (20.0)

Propafenone

1 (10.0)

Dofetilide

1 (10.0)

Dronedarone

1 (10.0)

Angiotensin converting enzyme inhibitor/angiotensin receptor blocker

4 (40.0)

Anticoagulant

8 (80.0)

Diuretic

2 (20.0)

Continuous variables are expressed as median and interquartile range (25th-75th percentile). PAPVR: Partial
anomalous pulmonary venous return.

achieved in all patients. Transient phrenic nerve palsy occurred in one patient,
requiring prompt termination of the cryoballoon application. Diaphragmatic
excursion fully recovered during the intervention. No major complication occurred.

Recurrence of AF during follow-up
Patients were followed for a median of 2.8 (IQR 1.4 to 4.5) years after ablation. One
year after a single procedure, 6 (60%) patients remained free from AF, including 4
(66.7%) without antiarrhythmic agents. Propafenone was continued in 2 patients.
Freedom from AF is plotted in Figure 2. Two of the four patients with recurrent AF
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Table 2 Individual patient characteristics
Patient
Age(yr) Sex
#

CHD

Type of repair

Age at
repair(yr)

Age at first
AF(yr)

AF
pattern

Number
AADs

LA volume
(mL/m2)

1

46.4

F

ASD + VSD

Surgical patch

1.5

38.5

Paroxysmal

5

27

2

55.8

F

ASD

Percutaneous
device

55.7

55.3

Paroxysmal

5

52

3

60.0

F

SVASD +
PAPVR

Surgical patch

44.3

46.3

Paroxysmal

2

26

4

69.2

F

ASD

Percutaneous
device

53.7

67.8

Paroxysmal

2

45

5

69.5

F

ASD

Surgical patch

24.3

68.6

Paroxysmal

2

39

6

62.3

F

ASD

None

N/A

61.4

Paroxysmal

2

23

7

15.4

M

AoCo + LSVC

Surgical AoCo
repair

0.0

14.4

Paroxysmal

3

30

8

59.9

M

Quadricuspid
AS

Aortic
valvuloplasty

59.0

37.9

Persistent

3

45

9

38.8

M

ASD

None

N/A

28.5

Paroxysmal

2

28

10

53.4

M

ASD

None

N/A

53.0

Persistent

2

41

CHD: Congenital heart disease; AF: Atrial fibrillation; AAD: Antiarrhythmic drug; LA: Left atrial; F: Female; M: Male; ASD: Atrial septal defect; SVASD:
Sinus venosus ASD; PAPVR: Partial anomalous pulmonary venous return; AoCo: Aortic coarctation; LSVC: Left superior vena cava; AS: Aortic stenosis;
N/A: Not applicable

had a subsequent catheter ablation procedure. One had recovered PV conduction and
underwent antral PVI with radiofrequency energy. In the other patient, AF was
triggered by a scar-based IART circuit that was ablated with radiofrequency energy,
along with the cavotricuspid isthmus.

DISCUSSION
This study is the first to report on the feasibility and safety of cryoballoon ablation for
AF in patients with CHD. Main findings were as follows: The procedures were
acutely successful in all, no major complication occurred, and the 1-year singleprocedure success rate was modest and within the range reported for radiofrequency
catheter ablation.
With AF poised to become the next arrhythmic epidemic after IART in patients
with CHD, a better understanding of mechanisms and management are key challenges for the coming years. Atrial arrhythmias are notoriously difficult to control
with antiarrhythmic drugs in patients with CHD. Moreover, in those with fragile
physiologies, these arrhythmias can result in rapid hemodynamic deterioration, heart
failure, and sudden death. The disappointing experience with long-term medical
therapy has contributed to the growing preference for non-pharmacological
options[12,13]. Yet, while numerous studies have focused on IART or FAT in CHD, few
have reported acute and long-term outcomes for AF ablation and none have used the
cryoballoon.
The largest report on radiofrequency catheter ablation of AF included 57 patients of
whom 35 (61.4%) had mild, 10 (17.5%) moderate, and 12 (21.1%) severe forms of
CHD[5]. If PVI failed to restore sinus rhythm, additional linear lesions were performed
and complex fractionated atrial electrograms were targeted. Consistent with our
results, the one-year arrhythmia-free survival rate after a single procedure was 63%. It
then declined to 22% at 5 years. In another series of 36 patients with CHD and AF, the
majority of whom had atrial (61%) or ventricular (17%) septal defects, antral PVI was
performed[14]. Additional ablation sites in some patients included the superior vena
cava junction, left atrial septum and posterior wall, coronary sinus ostium, and crista
terminalis. After a single procedure, freedom from recurrent AF in the absence of
antiarrhythmic drugs was 42% at 300 d and 27% at 4 years. These rates were not
significantly different from age-matched controls without CHD. Two series of 39 and
45 patients with AF and ASD closure devices reported successful transseptal access in
90%-98%, with 76-77% freedom from recurrent arrhythmias with or without
antiarrhythmic drugs at 12 to 14 mo[15]. For more complex forms of CHD, the literature
is largely limited to case reports of AF ablation[16,17].
The small sample size in our early case series precludes definitive conclusions as to
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Table 3 Procedural characteristics
n = 10
Access to the left atrium, n (%)
Across an atrial septal defect

3 (30.0)

Trans-septal puncture across the native septum

5 (50.0)

Trans-septal puncture across a surgical patch

2 (20.0)

Trans-septal puncture across a percutaneous closure device

0 (0.0)

Cryoballoon size, n (%)
23 mm

4 (40.0)

28 mm

7 (70.0)

Total cryoablation time, seconds
Left superior pulmonary vein

374 (252-475)

Left inferior pulmonary vein

480 (240-480)

Left common pulmonary vein

480 (480-700)

Right superior pulmonary vein

360 (261-453)

Right inferior pulmonary vein

315 (247-450)

Number of applications
Left superior pulmonary vein

2 (1.5-2.0)

Left inferior pulmonary vein

1 (1.0-2.0)

Left common pulmonary vein

2 (2.0-3.5)

Right superior pulmonary vein

2 (1.25-2.75)

Right inferior pulmonary vein

2 (1.0-2.0)

Minimal temperature reached, oC
Left superior pulmonary vein

-49 (-49, -51)

Left inferior pulmonary vein

-45 (-41, -52)

Left common pulmonary vein

-48 (-46, -54)

Right superior pulmonary vein

-45 (-40, -51)

Right inferior pulmonary vein

-45 (-39, -54)

Total procedural time, min

183.0 (152.5, 224.0)

Total fluoroscopy time, min

33.5 (27.5-43.0)

Continuous variables are expressed as median and interquartile range (25th-75th percentile).

whether the observed 1-year arrhythmia free survival rate of 60% is significantly
lower than the 75%-80% rate reported with cryoballoon ablation in patients without
CHD[6,18-20]. However, anatomical, mechanistic, and technical aspects can potentially
contribute to lower success rates in patients with CHD. First, access to the left atrium
can lead to an unusual course of the ablation catheter by virtue of abnormal septal
anatomy, traversing an existing ASD, or puncturing at an unconventional site. The
resulting lack of support can render it more difficult to achieve complete cryoballoon
PV occlusion. The high number of applications in each PV and relatively lengthy
fluoroscopy times reflect these technical challenges. Second, although it is well
documented that most triggers for paroxysmal AF arise from PVs in patients with
structurally normal hearts, this is not necessarily the case for those with CHD[21].
Anatomical differences, surgical scarring, hemodynamic sequelae, and/or hypoxic
stress can contribute to a higher prevalence of extra-PV triggers, as observed in one of
our patients[22]. Focal non-PV drivers for AF have been described in a few patients
with CHD[23]. These drivers were characterized by circumscribed areas exhibiting
continuous electrical activity coexisting with parts of the atrium activated in a regular
manner. Application of radiofrequency energy at these sites terminated AF. These
extra-PV substrates cannot be targeted by the cryoballoon. Third, AF ablation
outcomes are more favorable in patients with a short-lasting history of AF and no
extensive atrial remodeling[24]. In contrast, considering the challenges discussed, CHD
patients are typically referred later in their disease course, often after failing several
antiarrhythmic drugs [14] . A higher perceived level of difficulty combined with
uncertain outcomes may discourage operators from considering AF ablation at an
earlier stage. Delayed referral can theoretically impact results owing to a higher
degree of atrial structural and electrical remodeling changes. Lastly, chronic volume
and pressure loads in patients with CHD result in thickening of atrial walls that can
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Figure 2

Figure 2 Kaplan–Meier survival curve for freedom from atrial fibrillation after a single cryoballoon ablation
procedure.

hinder the creation of durable circumferential PV ablation lesions[25].
In our study, a substantial proportion of patients had factors classically associated
with AF in the general population. Hypertension, dyslipidemia, smoking, higher
body mass index, and coronary artery disease have also recently been associated with
AF in a multicenter study of patients with heterogeneous forms of CHDs[4]. This
observation paves the way for future studies as to whether education and preventive
risk factor management can significantly impact the AF burden in patients with CHD.
Furthermore, it highlights the epidemiological changes associated with the aging
CHD population and the potential interplay between CHD and acquired
comorbidities.
In addition to AF, half the patients in our study had coexisting atrial arrhythmias,
mainly IART, and benefitted from catheter ablation of these other substrates. The cooccurrence of AF and other atrial arrhythmias is well described in patients with
CHD[4]. Considering the propensity to develop various forms of arrhythmias, catheter
ablation procedures in adults with CHD should generally be considered palliative[12].
Some evidence suggests that even if arrhythmias are not entirely eliminated, clinical
outcomes improve[26].

Limitations
This single-center retrospective study represents the first foray into cryoballoon
ablation for AF in CHD and demonstrates feasibility and safety. The study is
underpowered to explore factors associated with recurrent arrhythmias. Although
ECGs were systematically performed at regular follow-up intervals, continuous
monitoring was symptom-based such that asymptomatic self-terminating episodes of
AF may have escaped detection. The population is limited to patients with simple or
moderate forms of CHD such that results should not be extrapolated to those with
complex CHD. No direct comparisons were made to AF ablation using radiofrequency energy in patients with CHD, or to cryoballoon ablation in controls without
CHD.
In conclusion, cryoballoon ablation for AF is feasible and appears to have an
acceptable safety profile in patients with simple and moderate forms of CHD. In this
initial experience, the acute success rate for PVI was high, with a modest 1-year eventfree survival rate after a single procedure. Recurrences may be due to non-PV
triggers. Further studies are required to provide mechanistic insights regarding
triggers and substrates for AF in the various forms of CHD, and to compare cryoballoon to radiofrequency catheter ablation.

ARTICLE HIGHLIGHTS
Research background
The prevalence of atrial fibrillation (AF) is on the rise in the growing and aging population with
congenital heart disease (CHD). Whereas a few case series have described the feasibility and
early outcomes associated with radiofrequency catheter ablation of AF, cryoballoon ablation has
not previously been studied in this patient population.

Research motivation
Theoretical advantages of cryoballoon ablation include its favorable safety profile and shorter
procedural time, which could be valuable when targeting multiple arrhythmias during a single
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intervention, as is often the case in patients with CHD.

Research objectives
We sought to assess feasibility, safety, and recurrence-free survival in our initial experience with
cryoballoon ablation for AF in patients with CHD.

Research methods
A single-center cohort study was conducted on consecutive patients with CHD and cryoballoon
ablation for AF at the Montreal Heart Institute between December 2012 and June 2017.
Procedural complications, acute success, and 1-year freedom from recurrent AF after a single
procedure with or without antiarrhythmic drugs were assessed.

Research results
Ten patients with CHD, median age 57.9 years, underwent cryoballoon ablation and were
followed for a median of 2.8 years. Pulmonary vein isolation was acutely successful in all. No
major complication occurred. One year after a single procedure, 6 (60%) patients remained free
from AF.

Research conclusions
Cryoballoon ablation for AF is feasible and appears to have an acceptable safety profile in
patients with CHD. In our initial experience, the acute success rate for PVI was high, with a
modest 1-year event-free survival rate after a single procedure.

Research perspectives
Further studies are required to provide mechanistic insights regarding triggers and substrates
for AF in the various forms of CHD, and to compare cryoballoon to radio-frequency catheter
ablation.
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Cardiovascular diseases are the number one cause of morbidity and mortality in
the United States and worldwide. The induction of the endoplasmic reticulum
(ER) stress, a result of a disruption in the ER homeostasis, was found to be highly
associated with cardiovascular diseases such as hypertension, diabetes, ischemic
heart diseases and heart failure. This review will discuss the latest literature on
the different aspects of the involvement of the ER stress in cardiovascular
complications and the potential of targeting the ER stress pathways as a new
therapeutic approach for cardiovascular complications.

Manuscript source: Unsolicited

Core tip: The central mechanisms involved in heart failure, a public health crisis, remain
unknown. Current therapies, in addition to their strong side effects, neither halt nor
reverse heart complications. The endoplasmic reticulum (ER) stress has been shown to
be involved in cardiovascular diseases. Here we analyzed the role and mechanism of the
ER stress in heart failure.
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INTRODUCTION
The endoplasmic reticulum (ER), one of the largest organelles in the eukaryotic cells
was described for the first time in 1945 by Porter et al[1]. The ER is responsible for
protein synthesis, and folding of most secreted and membrane protein, which
represent approximately 35% of all protein [2] .The ER is also the site of protein
translocation, calcium homeostasis, lipid, and steroid biosynthesis[3]. Effective ER
function relies on various quality control factors such as molecular chaperones,
protein oxidoreductases, and enzymes involved in glycosylation, sulfation and
proteolysis[4]. This highly organized machinery requires an optimal ER environment.
Various factors such as myocardial ischemia, diabetes, hypertension, and heart failure
can disrupt this environment provoking the accumulation of misfolded proteins[4].
When the ER homeostasis is altered by the accumulation of unfolded/misfolded
protein; signaling pathways are activated triggering an adaptive response known as
the unfolded protein response (UPR). The primary goal of the UPR is to restore the
protein balance by suppressing protein translation, increased clearance of unfolded or
misfolded proteins and promoting cell survival. Unfortunately, if the ER homeostasis
is not restored, the cell dysfunction and death signaling pathways is launched. The
UPR re-establishes homeostasis through three distinct branches that are initiated by
the ER-resident protein folding sensors, inositol-requiring protein-1 (IRE1α),
activating transcription factor-6 (ATF6) or protein kinase RNA-like ER kinase (PERK).
Each branch uses a unique mechanism to activate transcription factors and upregulate UPR target genes. These three ER-transmembrane proteins serve both as
sensors for the ER stress and effectors for the response to the ER stress induction.
Under basal conditions, the ER-resident transmembrane proteins ATF6, IRE1, and
PERK are maintained in an inactive state via their binding to the ER chaperone
glucose-regulated protein (GRP78) [5] . Under stress conditions where misfolded
proteins are increased in the ER, GRP78 binds misfolded protein and releases from the
ER stress sensors, leading to their activation.
IRE1 is the most ancient ER transmembrane protein containing an ER-luminal
sensor domain recognizing unfolded peptides, kinase and endoribonuclease (RNase)
domain on its cytosolic portion[6]. IRE1 has two isoforms, IRE1α and IRE1β[6]. IRE1α is
ubiquitously expressed whereas IRE1β is only expressed in the gut[6]. In the absence of
the ER stress, GRP78 binds to the luminal domain of IRE1α. Under stress situations,
IRE1 is activated by homodimerization after release from GRP78 and autophosphorylation leading to the activation of the kinase and the endoribonuclease
activity of IRE1. Active IRE1α splices a transcription factor X-box-binding-protein-1
(XBP1) mRNA to spliced XBP1 (XBP1s). XBP1s is a potent transcription factor for a
variety of genes involved in retrograde transport of proteins from the ER to cytosol
and in ER-induced protein degradation [7] . Moreover, IRE1 degrades mRNAs via
regulated IRE1-dependent mRNA decay (RIDD) mechanism to reinstate homeostasis
in the ER.
ATF6, a 670 amino acids type II transmembrane protein with a bZIP transcription
factor motif. At resting conditions ATF6 is localized at the ER through its interaction
with GRP78. Following the stress, unfolded/misfolded proteins accumulation
enhance the release of the ATF6 and its translocation to the Golgi apparatus where the
luminal and transmembrane domains are cleaved by site-1 and site-2 proteases (S1P
and S2P) via regulated intra-membrane proteolysis. This results in an active ATF6
capable of interacting with regulatory sequences called ER stress response elements
and regulating the expression of chaperones, X box-binding protein 1 (XBP1) toward
restoring protein folding and cellular homeostasis[8,9].
Like IRE1, PERK has a protein kinase activity, and after its dissociation from
GRP78, PERK dimerizes and autophosphorylates. Active PERK phosphorylates the
eukaryotic initiation factor 2α (eIF2α), which blocks unfolded protein translation
promoting cell survival and also activates the transcription of the ATF4 to decrease
Unfolded protein level in the ER via the activation of various UPR genes[10]. If the
adaptive mechanisms do not sufficiently recover the ER homeostasis, the UPR can
switch from a pro-adaptive to a pro-apoptotic role[11].

ER STRESS AND HEART
Numerous studies have linked the disruption of the ER homeostasis to the
pathophysi-ology of many diseases including heart diseases. However, the specific
role of the ER stress signaling in the heart is yet to be defined and whether ER stress
signaling is detrimental or protective in the heart is still a challenging question that
needs to be answered[4,12]. In cardiomyocyte, Bcl2 proteins family was shown to induce
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apoptosis via calcium signaling during ER stress induction[13]. In line with this study,
prolonged ER stress triggered cardiomyocyte apoptosis and oxidation of CaMKII, a
redox-sensitive enzyme, which was rescued by antioxidant or CamKII inhibitors
treatments[14]. Furthermore, it has been shown that the oxidation of CaMKII may lead
to cardiac dysfunction and apoptosis [15] . In this context, Roe et al [14] showed that
CaMKII oxidation mediates ER stress-induced cardiac dysfunction and apoptosis and
could be used as a potential target in cardiac diseases triggered by the ER stress.
GRP78 has been found to increase in patients with heart failure suggesting the
implication of the UPR activation in heart failure[16]. Patients with heart failure display
a structural and architecture alteration of the ER as well as dys-regulation of the ER
proteins involved in the UPR response[17]. In fact, spliced XBP1s, GRP78, ATF4, and
CHOP were all induced in failing human heart [16-20] . Using the transverse aortic
constriction (TAC) mouse model to induce heart failure, Okada et al[20] showed that the
ER stress was induced in both hypertrophic and failing heart. Remarkably, the ER
stress-CHOP and apoptosis were only seen in failing heart but not in hypertrophic
heart indicating the differential effect of the ER stress pathology-dependent.
Moreover, the ER stress-CHOP deficient mice develop less cardiac hypertrophy,
fibrosis, and cardiac dysfunction compared to wild mice. Our recent study showed
that the inhibition of the ER stress protected the heart against myocardial infarction
induced by ischemia-reperfusion injury[21]. Together these studies suggest that the ER
stress could be involved in the development of myocardial infarction, cardiac
hypertrophy, and the transition from hypertrophy to heart failure[22,23].
Recently, PERK was shown to protect the heart from pressure overload-induced
heart failure[24]. Cardiomyocyte-specific disruption of PERK did not affect the cardiac
structure or function under normal conditions but exacerbates the development of
heart failure in response to TAC[25]. The hearts of PERK knockout mice showed a
dramatic reduction in Serca2α expression and an increase in apoptosis and UPR genes
expression (GRP78, GRP94, CHOP) in response to TAC. These results suggest the
importance of PERK in the maintenance of intracellular calcium homeostasis, control
of the ER stress level and cell survival[25].
The activation of the UPR has been shown in ischemic heart diseases[26,27]. PERK
activation was also observed in ischemic hearts, and its overexpression seems to
promote cell survival while its down regulation is detrimental to cells[28,29].
XBP1s and GRP78 were increased in the ischemic heart of patients and animal
models[27,30]. XBP1s seem to be cardio-protective in mice after ischemia-reperfusion
injury[31,32]. Moreover, the ER stress-CHOP, PUMA and Tribbles3 downstream effectors of PERK play a significant role in cell death induced by the ER stress after
myocardial ischemia-reperfusion injury[33].
ATF6, the third ER stress member that is activated during myocardial I/R injury.
Using genetic and pharmacological approaches, Glembotski’s group and others
showed that ATF6 protects the heart against myocardial I/R injury probably through
the induction of the ERAD machinery leading to the degradation of misfolded
proteins in the ER[34-37]. Recently, it has been found that thrombospondin-4 protects the
heart by promoting the adaptive response of the ER stress through the activation of
the ER stress ATF6[38,39]. The authors showed that ATF6 location and activity could be
determined via its interaction with thrombospondin-4. These results suggest the
benefit of enhancing the adaptive response mediated by ATF6 as a potential therapy
to target ischemic heart diseases.

INFLAMMATION AND ER STRESS
In recent years, various studies found links between the ER stress pathways and inflammation[40]. Ischemic heart disease, a significant cause of death is recognized as an
inflammatory disease involving infiltration of monocytes and macrophages. Recently,
cardiac-specific expression of monocyte chemoattractant protein-1 (MCP-1) in mice
causes heart failure, which was correlated with the activation of a cluster of the ER
stress-related genes[41]. It has been shown that the production of the pro-inflammatory
cytokine such IFNγ, TNF-α, MCP-1, and IL-8 required the activation of the IRE1 and
XBP1[42,43]. IRE1 has also been linked to inflammation mediated by NFκB cascade via its
binding to TRAF2[44,45]. Moreover, ATF 6 can also trigger NFκB mediated inflammation
through AKT phosphorylation[46].

ER STRESS AND APOPTOSIS
When the UPR fails to reestablish the ER homeostasis, the detrimental apoptotic
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signaling pathway is activated. Up to date, it is still a mystery how cells chose
between the adaptive/survival pathway vs the detrimental /death once the UPR
machinery is triggered. Under sustained ER stress induction, IRE1α triggers apoptosis
via the activation of JNK and p38 through TRAF2 and ASK1 mechanism[47,48].
Cardiac myocyte lacking ASK1 were resistant to apoptosis induced by the
hydrogen peroxide[49]. Cardiac overexpression of ASK1 showed an increase in cardiac
apoptosis in a mice model of TAC while ASK1 deficient mice were protected from
heart failure[50]. In a rat model of I/R injury, the inhibition of ASK1 was able to reduce
apoptosis and myocardial infarct size[51]. The p38 activates the ER stress CHOP and
both p38 and JNK can activate Bax to initiate apoptosis. IRE1 is also known to activate
caspase12 leading to apoptosis[52,53]. Moreover, the RNase activity of IRE1 known as
RIDD may promote cell death via the degradation of mRNAs involved in protein
survival[54]. It is worth noting that IRE1 exerts two opposing functions: death and
survival depending on the conformational of the protein and the intensity of the stress
mild vs high. Under mild conditions of the ER stress, IRE1 helps to relieve the stress
by splicing XBP-1. Under high-prolonged ER stress, IRE1 triggers apoptosis via the
interaction with TRAF2 and ASK1[54]. Erhardt’s group recently described that the ER
stress requires the proapoptotic Bcl-2 family protein (Puma) to promote apoptosis in
cardiac myocytes [55] . Puma is critical for cell death related to I/R [56] . Thus, the
overexpression of PUMA in cardiac myocytes contributes to apoptosis induced by the
ER stress while deletion protects the heart from I/R injury[57]. These results suggest
inhibition of Puma activity may be used to treat cardiac infarcts or prevent heart
failure by blocking ER stress-induced apoptosis[56,58]. Additionally, evidence suggests
that the ER stress-CHOP plays a pivotal role in mitochondria-dependent apoptosis in
the heart with pressure overload [22] . It is clear that the ER stress induction is a
mechanism that leads to apoptosis and therefore tissue damage.

ER STRESS AND AUTOPHAGY
Autophagy or “self-eating” is a highly conserved cell-recycling program for the clearance of damaged proteins and organelles. Autophagy has been reported in many
cells type of the cardiovascular system and been classified into microautophagy,
macroautophagy, and chaperone-mediated autophagy. Autophagy is necessary for
the preservation of normal cardiac function. However, deficient or excessive cardiac
autophagy is considered as a maladaptive response. Moreover, autophagy is regarded
as “double edge sword” for its different role in the cardiovascular system.
Recently, the ER stress emerges as an important inducer of autophagy and a link
between the ER stress, autophagy and cardiac function have been proposed[59,60].
Although, abundant data showed that cross talks exist between the ER stress and
autophagy, the molecular mechanism is yet to be determined[61]. Zhang et al[62] recently
showed that mitochondrial aldehyde dehydrogenase (ALDH2) was able to alleviate
ER stress-induced cardiomyopathy via autophagy reduction. Reticulon, a membraneassociated protein localized at the ER has been shown to be involved in the induction
of autophagy leading to the ER stress induction demonstrating the relationship
between autophagy, reticulum and the ER stress[63]. Furthermore, the activation of the
IRE1 induces autophagy via its interaction with TRAF2 and the activation of JNK
leading to the regulation of Beclin-1 expression. Moreover, advance glycation
products (AGEs) were able to trigger autophagy in cardiac myocytes probably via the
ER stress signaling. In fact, crosstalk between advanced AGEs and ER stress signaling
could mediate the induction of autophagy by AGES[64,65]. In a mouse model of sepsis,
Cardiac-specific overexpression of the antioxidant metallothionein (MT) was able to
rescue cardiac contractility dysfunction probably via ER stress and oxidative stress
modulation[66]. In a swine model of hypertension, the progression of LVH has been
shown to involve an early activation of the ER stress followed by an increase in
autophagy leading to apoptosis [ 6 7 ] . SIRT1, a member of the sirtuins family,
histone/protein deacetylases known to be crucially involved in signaling related to
cell death/survival and has been found to be activated in the heart to promote cell
adaptation and survival under stress[68]. Recently Lemaire’s group reported that in
cardiac cells, Sirt1 was able to modulate the induction of autophagy in response to the
ER stress induction suggesting the possibility of tuning the adaptive autophagy in
cardiac pathologies related to ER stress[69].
In summary, the ER stress and autophagy play an important role in the pathogenesis of cardiac complications. Although, ample studies established the interplay
and the interaction between the ER stress and autophagy, and their role in the
progression of heart diseases, the molecular mechanism remained unknown. Who are
the players, how can we better tune the ER stress and autophagy? It is evident now
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that the ER stress and autophagy are influencing each other. Therefore, a good
understanding of the interconnection between these two important physiological
processes, especially under pathological conditions will be of great importance and
may shed light on developing new therapeutic strategies to rescue the cardiovascular
system.

ER STRESS AND MICRORNAS
MicroRNAs (miRNAs or miRs) are a class of conserved small, 20-23 nucleotide,
single-stranded, non-coding RNAs that post-transcriptionally regulate gene
expression[70]. They were first described in the 1993 and had been linked to various
cellular stress such oxidative stress, inflammation, and the ER stress in the setting of
cardiovascular complications[71]. The miRNAs are increasingly recognized as a master
regulator of the ER stress and an important player in the UPR response, which
manage the UPR balance between survival and cell death during the ER stressinduction. In fact, several miRNAs have been demonstrated to be regulated by the ER
stress and to regulate the ER stress by optimizing the levels of key proteins involved
in the UPR. For instance PERK pathway induces the expression of miR-30c-2*, which
represses XBP1s synthesis at the translational level[72]. Although miR-30c-2* level
increases after the ER stress induction along with the XBP1s level, miR-30c-2* was still
capable of affecting the XBP1 level in the course of the UPR[72]. In cardiac myocytes
and using a Tamoxifen-inducible ATF6 in the heart of transgenic mice, activated ATF6
regulates the expression of 13 miRNAs[73]. The miRNA-455, one of the miRNAs down
regulated by ATF6, negatively regulates calreticulin (a calcium chaperone protein)
involved in the folding of nascent polypeptides[73]. Therefore, the ER stress ATF6
down regulates miRNA-455, which up-regulates calreticulin, a cardio-protective gene.
While the ER stress ATF6 regulates the expression of miRNAs, it was also a target of
miR-702[74]. Together, the two studies showed the existence of interplay between
miRNAs and the pro-adaptive activity of the UPR in the heart. Another class of
miRNAs linked to the ER stress includes member of miRNA-30 family. The miRNA30
is one of the most abundant miRNAs expressed in the myocardium and has been
shown to be down-regulated in heart failure and hypertension in both vascular
smooth muscle cells and cardiac neonate cells. Under ER stress conditions, miRNA-30
was down-regulated while GRP78 was up-regulated. Moreover, GRP78 up-regulation
seems to modulate miRNA-30 expression through the inhibition of the C/EBP transactivity by CHOP in the myocardium[75]. Interestingly, Knockdown of miRNA-30 in
cardiac cells triggered ER stress and identified the ER stress ATF6/CHOP and
caspase-12 as indirect targets of this miRNAs. While the transfection of miR-30 was
able to abolish the ER stress suggesting that miRNA30 plays a role in the regulation of
cell death and miRNA30 replacement could be considered as an approach for
targeting the ER stress and the related pathological diseases [76] . Recent studies
indicated that miRNA214 is a negative regulator of angiogenesis in the retina and
heart[19,77]. XBP1 was found to be a direct target of miR214 in endothelial cells. The
blockade of the endogenous miRNA214 expression regulated cardiac function and
cardiac angiogenesis. Interestingly, cardiac overexpression of miRNA-214 in mice had
no morphological changes suggesting that miRNA214 regulates cardiac and vascular
angiogenesis only when XBP-1 is dys-regulated[78]. This study highlighted another
scenario of ‘’cross talk’’ between miRNAs and the ER stress components in the
cardiovascular system. Independently of XBP-1, a recent study proposed a new role of
the ER stress sensor IRE1α in the modulation of miRNA-200 and miRNA-466 and the
improvement of bone marrow derived progenitor cells (BMPC) function via its
endonuclease activity in diabetes[79]. This study outlined the importance of the ER
stress IRE1α as a crucial modulator of the fate/function of BMPCs during angiogenesis and tissue repair via the modulation of miRNA expression levels and may be
therefore involved in another ischemic setting such ischemic heart diseases and heart
failure. Further studies are needed to determine the mechanism that inhibits IRE1α
activity in diabetic BMPCs and the potential of expanding these findings to other
cardiovascular complications, such as the heart failure[80]. The ER stress ATF4, a
downstream effector of the ER stress PERK, has been linked to miR-663 in endothelial
cells[81]. The inhibition of miRNA663 during the ER stress induction leads to a decrease
in the ER stress ATF4 expression as well as its target gene, the VEGF. Moreover,
miRNA708 was the first ER stress-induced miRNA discovered[82].
MicroRNAs and the ER stress interaction is a very young research area. More work
is required to unravel the array of microRNA targets and determine their function in
the ER stress-induced death/survival. Moreover, it is essential to recognize that the
results obtained so far showing the interaction/link/correlation/regulation of the ER
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stress by miRNAs or vice versa represent a promising avenue for cardiovascular
diseases. As mentioned above, one of the significant challenges of the ER stress
response in pathological situations is the fact that it is difficult to distinguish between
the protective pathways and the detrimental pathways once the UPR response is
triggered. Differentiating between the detrimental pathways and the adaptive
pathways of the ER stress players via its miRNAs target will advance the field
tremendously and opens new opportunities for novel therapeutic strategies targeting
ER stress via miRNAs in cardiovascular diseases.

ER STRESS AS A TARGET THERAPY
ER stress has been involved in numerous cardiovascular diseases such as diabetes,
hypertension, myocardial infarction and heart failure. Therefore, targeting the ER
stress in cardiovascular disease via the activation of the adaptive pathway of the UPR
or the inhibition of the detrimental pro-apoptotic pathways of the UPR will be a
beneficial therapy for cardiovascular diseases.
Chemical chaperones, small molecules that work similarly to the endogenous
molecular chaperone machinery to stabilize misfolded proteins, facilitate their proper
folding and reduce the ER stress. Among the chemical chaperones that have been
extensively used in various diseases related to the ER stress, Tauroursodeoxycholic
(TUDCA) and 4-phenylbutyric acid (PBA).
TUDCA is a non-toxic hydrophilic bile acid that functions as a chemical chaperone
and has been extensively used in colitis, pulmonary fibrosis, biliary cirrhosis, and
recently in patients with obesity and insulin resistant[83-85]. In animal models, TUDCA
has been shown to protect the heart against myocardial dysfunction in obesity, and
reduce apoptosis in a mouse model of myocardial infarction [86] . Under pressure
overload, TUDCA was shown to attenuate cardiac remodeling through downregulation of the GRP78 and GRP94 and the regulation of the ER stress PERK
phosphorylation and eIF2α[87]. Moreover, in a mouse model of heart failure induced
by calreticulin overexpression, the inhibition of the UPR using TUDCA decreased
cardiac fibrosis, which was mediated through the inhibition of the ER stress IRE1
activation and XBP1 splicing[88]. Together, these results highlight the cardioprotective
effect of TUDCA treatment and the therapeutic potential of using TUDCA in the
management of cardiac complications[66].
PBA, a low-molecular-weight aromatic fatty acid, has a chaperone-like activity and
has been shown to attenuate cardiac hypertrophy, fibrosis, and apoptosis in a
pressure overload animal model[89]. In isolated rat hearts subjected to I/R injury, 4PBA was revealed to be a potent cardioprotective agent via: (1) The reduction in the
I/R injury-induced myocardial dysfunction and cell apoptosis; (2) The delay of the
onset of the ER stress via the regulation of Grp78 expression, PERK phosphorylation;
and (3) The inhibition of oxidative stress[90]. In a cell and a clinically relevant dog
model for atrial fibrillation, the blockade of the ER stress by PBA inhibits the
induction of the autophagy and suppresses cardiomyocytes remodeling suggesting
the potential of using PBA to protect the heart against clinical atrial fibrillation[91].
Furthermore, PBA and TUDCA were also able to reduce the cardio-toxicity effect of
doxorubicin (a chemotherapeutic agent commonly used in cancer). Moreover, PBA
and TUDCA reduced cardiomyocyte apoptosis and alleviated cardiac dysfunction in a
mouse model of cardiomyopathy induced by doxorubicin [92] . Considering that
TUDCA and PBA are FDA-approved chemical chaperones and already used clinically
for the treatment of some diseases, it will be exciting and safer to test TUDCA and
PBA in patients with cardiovascular complications related to the ER disturbance.
Future basic and clinical studies are critically needed to determine: (1) The right doses
required to obtain the cardioprotective effect; and (2) To delineate the mechanism of
how chemical chaperones promote the protein folding.
Statin therapy has been shown to be beneficial for heart failure treatment [93] .
Interestingly, a recent study showed that in a mouse model of pressure overload and
this effect was associated with a reduction in the ER stress[94-97]. The results suggest
that the reduction in the ER stress might be a novel mechanism for the beneficial effect
of statin for heart failure[98]. Moreover, in a rat model of heart failure, the modulation
of the ER stress markers such as Caspase12, the ER stress-CHOP, and GRP78 was
proposed as a mechanism by which Atorvastatin (another statin drug) protects the
heart against heart failure [99] . Interestingly, the administration of Atorvastatin
improved left ventricular ejection fraction and attenuated left ventricular remodeling
in patients with heart failure[100]. These results could be clinically relevant for the
treatment and the prevention of heart failure.
Apelin recently discovered as an endogenous ligand for the G protein-coupled
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receptor APJ and has been shown to be a beneficial therapy for patients with heart
failure [101-103] . Apelin seems to have a positive effect on peripheral and coronary
vasodila-tation, cardiac output, and cardiac function[104,105]. The cardioprotective effect
of apelin could be mediated through the inhibition of the ER stress dependent
apoptosis[106]. Furthermore, in a mouse model of obesity-induced cardiac complications, exogenous administration of apelin attenuates myocardial contractile
dysfunctions and cardiac hypertrophy through the inhibition of the ER stress and the
restoration of autophagy[107]. On the other hand, apelin 13 (the main subtype of apelin
in the human heart) induced cardiomyocytes hypertrophy through autophagy and
the ER stress mechanisms[108]. From these studies, the benefits vs the detrimental role
of apelin in cardiac complication seem to depend on the conditions basic vs stress and
could be explained by the UPR status of the ER stress adaptive vs detrimental UPR
response.
Adenosine monophosphate-activated kinase (AMPK) recognized as an intracellular
energy and stress sensor that function to maintain intracellular homeostasis during
stress conditions. Dysregulation of AMPK has been reported in humans and animal
models of metabolic syndrome[109-111]. The 5-aminoimidazole-4-carboxamide-1-β-dribofuranoside (AICAR) and metformin, antidiabetic drugs activate AMPK, reduce
the ER stress and slow the progression of heart failure[112]. Additionally, AICAR
activates nuclear factor-E2-related factor (Nrf2) through AMPK independent
pathways, which helps combat oxidative damage. Increased expression of Nrf2
reduces cardiac hypertrophy, myocardial infarct, and the progression of heart failure.
However, AMPK and Nrf2 pathways show convergence as well[113]. Therapies that
activate AMPK and Nrf2, as well as the UPR and apoptotic pathways, hold promise in
the treatment cardiac complications. Moreover, therapeutic efforts aimed at oxidative
stress also reduce the ER stress. Thus, the ER stress appears to be, a key player in
cardiovascular complications and a large number of drugs seemed to protect the heart
against failure involved the ER stress modulation. Targeting the ER stress pathways
hold a great feature for patients with cardiac complications. As the prevalence of heart
diseases raises yearly worldwide, it becomes significant to understand the
relationship between heart failure and the ER stress. There is still much to understand
about the contribution of the ER stress in heart complications (Figure 1).

CONCLUSION
Significant attention was given to the ER stress in the recent years from “bench to
bed” due to its involvement in numerous cardiovascular diseases such as diabetes,
hypertension, myocardial infarction, and heart failure. Although many studies have
characterized signaling pathways of the ER stress and the UPR in general and
particularly in the cardiac field, many questions remained to be addressed. How can
we tame the ER stress and what is the best way to control it? How can we balance
“too much or too little” of the ER stress to promote survival and inhibit apoptosis in
cardiac pathology? How can we integrate conventional therapies (AMP kinase drugs,
ACE inhibitors, autophagy (activators/inhibitors) with the UPR target against
cardiovascular diseases? How can we use MicroRNAs and gene therapy to regulate
the ER stress toward a better and safe future therapy? Can the chemical chaperone be
“the ER stress therapy” by excellence against cardiac complications? Only the future
will tell us.
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Figure 1

Figure 1 Schema recapitulating the involvement of the endoplasmic reticulum stress in heart diseases. ER: Endoplasmic reticulum.
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Abstract
Aerobic capacity, which is expressed as peak oxygen consumption (VO2peak), is
well-known to be an independent predictor of all-cause mortality and
cardiovascular prognosis. This is true even for people with various coronary risk
factors and cardiovascular diseases. Although exercise training is the best method
to improve VO2peak, the guidelines of most academic societies recommend 150 or
75 min of moderate- or vigorous- intensity physical activities, respectively, every
week to gain health benefits. For general health and primary and secondary
cardiovascular prevention, high-intensity interval training (HIIT) has been
recognized as an efficient exercise protocol with short exercise sessions. Given the
availability of the numerous HIIT protocols, which can be classified into aerobic
HIIT and anaerobic HIIT [usually called sprint interval training (SIT)],
professionals in health-related fields, including primary physicians and
cardiologists, may find it confusing when trying to select an appropriate protocol
for their patients. This review describes the classifications of aerobic HIIT and
SIT, and their differences in terms of effects, target subjects, adaptability, working
mechanisms, and safety. Understanding the HIIT protocols and adopting the
correct type for each subject would lead to better improvements in VO2peak with
higher adherence and less risk.
Key words: High-intensity interval training; Exercise; Training; Coronary artery disease;
Chronic heart failure; Prevention; Lifestyle; Health; Peak O2 consumption; Aerobic
capacity
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: There are numerous of high-intensity interval training (HIIT) protocols, which
can be classified into aerobic HIIT and anaerobic HIIT [usually called sprint interval
training (SIT)]. Professionals in health-related fields, including primary physicians and
cardiologists, may find it confusing when selecting an appropriate protocol for their
patients. This review describes the classifications of aerobic HIIT and SIT, and their
differences in terms of effects, target subjects, adaptability, working mechanisms, and
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INTRODUCTION
Accumulated evidence suggests that aerobic capacity (VO 2peak ) is the strongest
predictor of future health, all-cause mortality [1-3] , and cardiovascular risks [4,5] .
Moreover, several studies have suggested that people with established coronary
vascular disease (CVD) risk factors (such as high body mass index, hypertension, or
diabetes) and high cardiorespiratory fitness have a highly attenuated risk of CVD and
premature mortality[4,5]. Thus, it has become a major goal in the medical field to
improve VO 2peak in patients with lifestyle-related diseases with (as a secondary
prevention strategy) or without (as a primary prevention strategy) cardiac disorders.
For improvement in public health, performing regular physical exercise is
indispensable together with a nutritional approach. Healthy young and middle-aged
people can select from the many choices of exercise training methods, including
recreational sports, in daily life. In contrast, people with lifestyle-related disease
and/or elderly people are often sedentary and physically unfit. Thus, some useful
techniques and limitations exist when encouraging exercise training with adequate
safety and high adherence in these people. High-intensity interval training (HIIT) has
been recognized as an alternative and more efficient protocol than moderate-intensity
continuous training (MCT), which is the gold standard recommended in several
guidelines[6-8]. HIIT and sprint interval training (SIT) for 6-8 wk increase VO2peak more
than or at least comparable to MCT. In this comprehensive review, many protocols of
HIIT and SIT for improving aerobic and metabolic capacity were evaluated for their
effects in patients with sedentary lifestyle-related diseases with or without cardiac
disease to determine appropriate protocol recommendations for different patient
populations. General practitioners and cardiologists should pay more attention to
exercise and physical activity rather than to the prescription of drugs.

EXERCISE IS MEDICINE (EIM) ENCOURAGES PEOPLE TO
FORM EXERCISE HABITS
To improve primary and secondary prevention methods in cardiovascular medicine,
physical activity should be promoted as a first-line strategy despite new drug
developments in the medical treatment field.
Although the value of exercise for improving health is well recognized worldwide[9], widespread adoption of exercise habits has not been adequately achieved,
especially in highly developed countries where the use of automobiles is highly
prevalent. In a recent study from the World Health Organization[10], about 27.5% of the
population in 2016 was recognized as sedentary (i.e., with insufficient physical
activity). In this context, EIM is a global health initiative promoted worldwide by the
American College of Sports Medicine[11]. EIM encourages primary care physicians and
other health-care providers to include physical activity when designing treatment
plans, and to offer evidenced-based exercise programs to their patients or refer their
patients to qualified exercise professionals. EIM is committed to the belief that
physical activity promotes optimal health, is integral in the prevention and treatment
of many medical conditions, and should be regularly assessed and included as part of
health care. Irrespective of disease severity, exercise can bring improvements in
aerobic and metabolic capacity as well as cardiac function if performed with an
optimal dose, frequency, and intensity. Despite the continuous recommendations by
the American College of Sports Medicine and related pro-fessional societies
worldwide, the effects of such recommendations on public awareness have been very
limited. Many kinds of wearable heart rate monitors and accelerometers are
commercially available. Although these state-of-the art products could motivate
sedentary people and increase their frequency of exercise training or participation in
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sports events, more efficient and effective exercise training strategies are still required.
For the success of EIM, professionals who can encourage target people to exercise
in a planned way according to detailed exercise protocols, functioning as an
intermediary between physicians and patients, would be very important.

GUIDELINE RECOMMENDATION: MCT AS A CLASSIC AND
SIMPLE PROTOCOL
The current guidelines on physical activity for health recommend that adults should
engage in at least 150 min of moderate-intensity activity or 75 min of vigorousintensity activity per week, or any combination of activities that amount to the same
total energy expenditure[6,12]. Similarly, in the field of cardiac rehabilitation, MCT has
been the gold standard for many years for patients with cardiac diseases[13]. The
current guidelines on cardiac rehabilitation/exercise training recommend endurance
exercises with a moderate intensity at 50%-85% (mostly 70%-85%) of the peak heart
rate or anaerobic threshold level for patients with CVD or chronic heart failure
(CHF)[7,8,14]. The latest guidelines suggest HIIT as an alternative protocol to improve
aerobic capacity and cardiac function. However, the adoption of HIIT in the cardiac
rehabilitation setting is still controversial among researchers. In Japan, only a few
studies describing the effects of HIIT have been published[15-17]. On the other hand,
MCT has been used as a control strategy in randomized controlled trials (RCTs) that
evaluated HIIT or SIT. Thus, evidence for the same amount of MCT has been
accumulated. In representative MCTs such as walking or jogging, each workout is
time consuming and usually monotonous and boring. Therefore, although MCT has
become a classic protocol based on evidence from RCTs, it remains difficult for most
people, with lack of time being cited as a common hindrance[18].

HIGH INTENSITY IS THE KEY ELEMENT OF EFFICIENT
EXERCISE PROTOCOLS: HIIT AND SIT
HIIT
The inclusion of “adapted” high intensity (relative to a subject’s current physical
ability) in the exercise protocol is a key component for exercise to be more efficient as
a “medicine.” The clinical and physiological benefits of HIIT compared with those of
MCT are shown in Table 1. In multiple RCTs, a wide range of targets, including
skeletal muscles [19-22] , risk factors [21] , vasculature [19-22] , respiration [22,23] , autonomic
function[24], cardiac function[20,22,25-27], exercise capacity[26], inflammation[27], quality of
life[27], physiological markers such as VO2peak, and endothelial function, showed better
improvements with HIIT than with MCT.
High-intensity exercise consists of aerobic HIIT and anaerobic SIT.
Figure 1 illustrates the representative protocols of aerobic HIIT and 2 anaerobic
SITs, as well as a comparison of their intensities, duration, and frequencies. These
exercise protocols require a shorter exercise duration to obtain the same benefit as that
provided by moderate-intensity exercises. Although maintaining a high intensity
exercise workout for a longer duration could be preferred, high-intensity exercise can
be realistically tolerated by people with sedentary lifestyle, obesity, old age, or cardiac
disease only in the form of interval training. In this regard, HIIT consists of brief,
intermittent bursts of vigorous activity (less than VO2peak but usually involves < 100%
[70%-90%] of VO2peak or 85%-95% of the peak heart rate) interspersed with active rest
periods[22,28,29], whereas SIT is classically a Wingate-type protocol (all-out, vigorousintensity exercise involving approximately 350% of VO 2peak [30] ) interspersed with
longer complete rest periods. These high-intensity protocols are demanding for the
subjects even though the intensity is adapted to the individual’s aerobic capacity and
the rest period. Although the most popular and evidence-rich protocols are the
Wingate test[31] for SIT, and the 4 × 4 min[28,32] or 10 × 1 min protocol for HIIT, many
other protocols can be applied by modifying the workout duration, rest interval
(work/rest ratio [33] ), workout intensity, and workout frequency. The difference
between HIIT and SIT is that SIT refers to anaerobic supramaximal VO2max (all-out)
intensity and HIIT refers to aerobic submaximal VO2max intensity. The peak power
output (PPO) of SIT is about 350% of the power output at VO2max[30]. Meanwhile, the
common elements between the two protocols are the high work intensity adapted to
the current aerobic capacity of the individual, and the aim of improving both aerobic
capacity (VO2peak) and metabolic capacity. However, the risk of these protocols has
also been a concern, and more studies are warranted before these protocols are
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Table 1 Variables improved by high-intensity interval training
Variables

Target

Skeletal muscle biopsy
PGC-1α
Mitochondrial function in lateral vastus

O2 consumption

Fatty acid transporter in the vastus lateralis and FAS (a key lipogenic enzyme)
IR β subunit in skeletal muscle (peripheral insulin sensitivity)

Metabolic

Re-uptake of Ca2+ into the salcoplasmic reticulum
Physiological test
Exercise test
Improvement of ventilatory efficiency (increased value of PETCO2)

Respiratory function

Oxygen consumption at the first ventilator threshold

Cardiac function

Oxygen pulse

Cardiac function

Parasympathetic activity (HR recovery)

Autonomic function

Duration of exercise time

Autonomic function

Distance walked during the 6-min walk

Work capacity

Ultrasonography
Cardiac function
Reversed LV re-modelling (LV end diastolic and systolic volumes)

Cardiac function

Ea
Diastolic function (e′, E, E/ e′, E/A ratio, higher proportion of e′ > 8 cm/s, E improvement during exercise),
Systolic function after 12 wk at rest and during exercise)
E reduction
Deceleration time increase
Left atrial volume
Reduced-plasma BNP
Vascular
Endothelial dysfunction (FMD)

Vascular function

Coronary plaque necrotic core reduction in defined coronary segments

Vascular function

Laboratory test
Myeloperoxidase

Anti-oxidant

High sensitivity CRP

Inflammation

Interleukin-6
insulin sensitivity (HOMA index)

Metabolic

HbA1C
Clinico-social data
Increased Short Form-36 physical/mental component scores and decreased Minnesota Living with Heart Failure questionnaire
score

Quality of life

Frequency of metabolic syndrome

Risk factor

HOMA: Homoestasis model assessment; IR: Insulin receptor; PGC: Peroxisome-proliferator activated receptor γcoactivator; FMD: Flow mediated dilation;
FAS: Fatty acid synthase; PETCO2: End-tidal carbon dioxide; HR: Heart rate; LV: Left ventricular; BNP: Brain natriuretic peptide.

adopted to more common use. A supervised workout is mandatory to maintain highintensity adherence until the participants become accustomed to the intensity and to
heart rate measurements during physical activity by using a wearable heart rate
monitoring device. Home-based HIIT is also possible if experienced management
programs are provided by renowned centers[34].

Definitions of HIIT and SIT
Unfortunately, the definition of “HIIT” varies across different studies. This review
uses the recently suggested definition, which describes HIIT as high-intensity exercise
with aerobic intervals, with the target intensity existing in submaximal VO 2max
between 85% and 95% of the peak heart rate[35]. This definition is distinct from that of
SIT, which involves low-volume supramaximal (i.e., all-out) performance[36]. Often, the
term “aerobic HIIT” is used for HIIT with sub-VO2max intensity. In this regard, in this
review, SIT was evaluated separately from HIIT because its intensity is about 3.5-fold
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Figure 1

Figure 1 Schema of high-intensity interval training (HIIT) protocols. Adapted from Ito S. EC Cardiology 6.3
(2019): 196-200. HIIT is classified into two types: submaximal aerobic HIIT and all-out anaerobic HIIT [sprint interval
training (SIT)]. Reduced-exertion HIIT (REHIT) is a low-dose and shorter SIT that is modified from SIT but is still an
all-out anaerobic exercise. 4 × 4 min HIIT: four 4-min intervals at 90%-95% of maximal heart rate separated by 3-min
active recovery periods of moderate intensity at 60%-70% of the maximal heart rate. Classic SIT: repeated (6-8) allout bouts at vigorous intensity ~350% of VO2peak of short duration (30 s) followed by a long complete rest (2-5 min).
REHIT: 10-min cycling session at 25 W interspersed with 1 (first session) or 2 (all remaining sessions) Wingate-type
cycle-sprints against a constant torque of 0.65 Nmkg lean mass−1. Sprints last 10 s in sessions 1-4, 15 s in sessions
5-12, and 20 s in the remaining 12 sessions.

(350% VO2max) the intensity of HIIT; thus, SIT is a very demanding exercise protocol
and has been deemed adaptable only to young healthy people in previous studies[36,37].
Elderly people, those with lifestyle-related diseases other than diabetes mellitus, and
patients with CVDs have been excluded from the target subjects of SIT.

Representative HIIT protocols
The exercise duration of HIIT has been defined as 30 s to several minutes. This type of
HIIT has been adapted for people with lifestyle-related diseases with or without
cardiac diseases. There have been RCTs comparing HIIT and MCT for patients with
coronary artery diseases (Table 2, showing positive[28,38-41] and negative[19,23,42,43] results)
and CHF (Table 3, showing positive[22,25,26,44] and negative[24,45-47] results), with the aim of
improving aerobic capacity [48] . The protocols of HIIT and the number of studies
showing the superiority of HIIT over MCT in each protocol are shown in Table 4. In
both groups, the 4 × 4 min protocol was the most frequently used, showing positive
rate of 70.2% in the coronary artery disease group and 75% in the CHF group. The
other protocols with exercise durations of 30 s, 2 min, and 3 min were also effective in
a limited number of studies.
The 4 × 4 min protocol is popularly used in patients with lifestyle-related plus
cardiac disease, and was initially adapted for cardiac disease by Wisløff and Rognomo
et al[22,28]. In the first RCT on HIIT in a clinical setting, Rognmo et al[28] evaluated the
effects of HIIT compared with those of MCT, with the same total training load, and
found that HIIT produced a higher increase of VO2peak in patients with stable coronary
artery disease than MCT. This trial adapted the 4 × 4 min method for patients with
cardiac disease for the first time, using the same protocol as that used by the same
group for young football players[32]. Leading researchers have reported the positive
effects of HIIT on aerobic and metabolic capacity in single-center RCTs and metaanalyses. According to several RCTs, HIIT was superior in improving VO2peak in 60%
(6/10) of patients with coronary artery disease and in 45.6% of those with CHF (Table
4). The effect of HIIT depends on the workout duration/rest ratio. In contrast, the
latest multicenter RCT [Study of Myocardial Recovery After Exercise Training in
Heart Failure: (SMARTEX)] showed a negative result using the 4 × 4 min method for
patients with CHF with reduced left ventricular dysfunction[45] despite many other
studies reporting positive results[22,25,26,44]. Furthermore, this study clarified a problem
in this protocol: A low adherence to the exercise intensity. There was a large overlap
in the intensity between the HIIT and MCT groups, and this could be a key factor
explaining the lack of a difference in the increase of VO2peak between groups[45,49].
Although the 4 × 4 min aerobic HIIT protocol has been used in many studies, it did
not consistently yield good results. Some researchers do not recommend this protocol
because they believe that the load is excessive and the workout duration is too long
for patients with sedentary/cardiac diseases, suggesting that it is a clinically
unrealistic training method.
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Table 2 Mode, intensity, and VO2peak increment in high-intensity interval training versus moderate-intensity continuous training in
randomized controlled trials (coronary artery disease)

Study

Published
Sample
yr

VO2peak pre
n

HIIT

MCT

Duration

VO2peak %increase

Mode
HIIT

MCT

HIIT (%)

MCT (%)

1 Rognmo 2004
et al[28]

CAD

17 (HIIT =
8)

3 d/wk 4 x
4
min@80%90%
VO2peak
total 33min

3 d/wk 41
min@50%60%
VO2peak
isoload to
HIIT

10 wk

TM

31.8

32.1

17.9a

7.9

2 Warbur- 2005
ton et al[41]

CAD
(previous
CABG or
AP)

14 (HIIT =
7)

2 d/wk, 2
min@90%V
O2R, 2 min
recovery,
30 min
total

2 d/wk 30
min
@65%VO2
R, average
training
volume
similar to
HIIT

16 wk

TM etc1

22

21

31.8a

9.5

3 Tjønna
et al[21]

Metabolic
syndrome

28 (HIIT =
9)

3 d/wk 4 ×
4
min@90%H
Rmax, 3 min
active
recovery
@70%
HRmax 40
min total

3 d/wk 47
min @70%
HRmax,
equalized
training
volume

16 wk

TM

33.6

36

35a

16

4 Moholdt 2009
et al[43]

post CABG 59 (HIIT =
28)

5 d/wk 4 ×
4
min@90%H
Rpeak, 3 min
recovery

5 d/wk 46
min +
Aerobic
group
exercise,
iso energic
to HIIT

4 wk

TM

27.1

26.2

12.1

8.8

5 Moholdt 2011
et al[40]

post MI

89 (HIIT =
30)

2 d/wk 4 × 2 d/wk 60
4
min@58%
min@85%- PPO
95%HRpeak,
3 min
recovery

12 wk

TM1

31.6

32.2

14.6a

7.8

6 Rocco et 2012
al[23]

CAD

37 (HIIT =
17)

3 d/wk 7 × 3 d/wk 50
3
min@VAT
min@RCP,
7×3 min
recovery@
VAT total
42 min

3 mo

TM

18

17.9

23.3

24.6

7 Currie et 2013
al[51]

recent
22 (HIIT =
event CAD 11)
post PCI,
CABG, etc

2 d/wk 10
×1
min@89%
(80%-104%)
PPO, 1 min
recovery@1
0%PPO, 1
d/wk
homebased
@similar
intensity

bike

19.8

18.7

24

19

8
Keteyian
et al[38]

2014

Stable CAD 28 (HIIT =
(post MI
15)
CABG
and/or
PCI)

3 d/wk 4 × 3 d/wk 30
4
min@60%min@80%- 70%HRR
90%HHR

10 wk

TM

22.4

21.8

16a

8

9
Madssen
et al[39]

2014

CAD with
stents

3 d/wk 4 ×
4
min@85%95%HRpeak,
3 min
active
recovery@7
0%HRpeak

3 d/wk 46 12 wk
min@
70%HRmax,
isocaloric

TM

31.2

29.8

10.6a

6.7

2008
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10
2015
Conraads
et al[19]

CAD

173 (HIIT = 3 d/wk 4 ×
85)
4
min@90%95%HRpeak,
3 min
active
recovery

3 d/wk 37 12 wk
min@ 70%75%
%HRmax

bike

23.5

22.2

22.7

20.3

Adapted from Ito S et al. Internal Medicine. 2016; 55: 2329-2336.
a
in VO2peak % increase raw: There is significant difference in % increase of VO2peak between HIIT and MCT. 4 × 4 min means 4 × 4 min intervals per one
HIIT training session. Study 2: a data shown is VO2 at anaerobic threshold. Data is shown in figure without exact value at VO2peak (30+ in HIIT 30 in MCT).,
and %increase at peak exercise is similar. TM etc1 means TM or stair climber,or, upper leg ergometer. Study 4: There was no difference at 4 wk: Increase of
VO2peak between 4 wk and 6 mo was significant within HIIT and between HIIT and MCT. The participant attended additional sessions with various
intensity at the center with their choice. Exercise was performed at center for 4 wk and at home for 6 mo. Study 5: TM1 means TM or aerobic exercise. AP:
Angina pectoris; bike: Cycle ergometer; Cont: Continuous; CABG: Coronary artery bypass graft; CAD: Coronary artery disease; TM: Treadmill; HIIT: Highintensity interval training; HRpeak: Peak heart rate; HRR: Heart rate reserve; MCT: Moderate-intensity continuous training; PPO: Peak power output; RCP:
Respiratory compensation point; VAT: Ventilator anaerobic threshold; VO2R: VO2 reserve; WRp: Peak work rate.

The aerobic 10 × 1 min HIIT protocol has also been developed by Gibala’s group for
broader targets including people with obesity and a sedentary lifestyle by decreasing
the intensity from all-out performance to approximately VO2max and by increasing
each workout duration from 30 s to 60 s[29,50]. The number of repetitions was increased
from 4-6 to 8-12 during the training course. This led to concomitant doubling of the
total external energy expenditure. This protocol was utilized for patients with
coronary artery disease by Currie et al[42,51] and in patients with CHF by Smart and
Steele[47]. In an RCT comparing the 10 × 1 min HIIT and MCT, HIIT was not found to
be superior in improving VO2peak. The intensity of exercise was similar to that of the 4
× 4 min aerobic HIIT protocol. Each workout duration was as short as 1 min, but the
frequency was higher than that of the 4 × 4 min. There are fewer studies about the 10
× 1 min HIIT protocol than those on the 4 × 4 min protocol. The duration of 1 min at
89% (80%-104%) PPO[51] might be rather short because the target heart rate cannot be
attained within that time.
RCTs that compare the superiority of multiple different HIIT protocols in
improving aerobic and metabolic parameters are limited[52,53]. Thus, researchers tend to
select the protocol based on their experience, or they modify the exercise parameters
(work and rest time). The effects of varying interval training intensities on the 40-km
time-trial performance of trained cyclists were evaluated in a single study by Stepto et
al[53], in which well-trained male cyclists were randomly assigned to 1 of 5 groups with
different HIIT protocols (12 × 30 s at 175% PPO, 12 × 1 min at 100% PPO, 12 × 2 min at
90% PPO, 8 × 4 min at 85% PPO, and 4 × 8 min at 80% PPO). The cyclists completed 6
HIIT sessions over a 3-week period in addition to their habitual aerobic base training.
The groups that followed the 12 × 30 s and 4 × 8 min protocols showed better
improvement with respect to speed.

Unique HIIT protocols
The aim of recent exercise trends is to obtain benefits with the lowest and shortest
workload.
Several groups have tried to establish shorter protocols in HIIT and SIT. These
seem to be beneficial to the physical structure and fitness even in targets with
lifestyle-related diseases, old age, or cardiac disorders. To overcome the criticisms of
the 4 × 4 min protocol, a couple of finely tuned HIIT protocols, in which the
frequency, workload, and work duration are initially set at low levels and altered
during the training course, have been reported by several researchers[15,54-57].
Matsuo et al [15] : The Japanese high-intensity interval aerobic training (J-HIAT)
program: 3 sets of 2–3-min cycling at vigorous intensity (first and second sets: 3 min at
85%-90% VO 2peak , third set: 3 min at 80%-85% VO 2max ) with 2-min active rest at
50%VO2peak between each set (healthy, sedentary young 20–30-year-old adults)[15]. This
protocol was developed to control energy expenditure for astronauts participating in
long-term space missions.
Osuka et al[58]: The elderly Japanese male version of high-intensity interval aerobic
training (EJ-HIAT): 3 sets of 2–3 min cycling at 75%-85% VO2peak (first set: 3 min at 85%
VO2peak, second set: 2 min at 80% VO2peak, and third set: 2 min at 75% VO2peak) with 1–2min active rest at 50% VO2peak (first set: 2 min, second set: 1 min) (60–69-year-old
sedentary elderly men; mean age, 67.6 ± 1.8 years). A gradually decreasing load was
planned for 2-3 wk, aiming at the protocol described above. A significant aerobic and
metabolic response was attained by the shorter protocol than the 4 × 4 min protocol
with a completion rate of 100%.
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Table 3 Mode, intensity, and VO2peak increment in high-intensity interval training versus moderate-intensity continuous training
(congestive heart failure or diastolic dysfunction) in randomized

Study

Published
Sample
yr

VO2peak pre
n

HIIT

MCT

Duration

VO2peak %increase

Mode
HIIT

MCT

HIIT (%)

MCT (%)

1 Dimopoulos et
al[24]

2006

CHF

24 (HIIT =
10)

3 d/wk, 30 3 d/wk, 40 36 sessions bike
seconds@1 mins@50%
00% WRp, WRp
30 s rest

15.4

15.5

7.8

5.8

2 Wisloff
et al[22]

2007

CHF, Post
MI

27 (HIIT =
9)

3 d (2 d
supervised)
/wk 4 × 4
min @90%95%HRpeak,
3 min
active
recovery
50%-70%
HRpeak,
total 38
min

3 d (2 d
12 wk
supervised)
/wk, 47
min@70%75%
HRpeak,
isoload to
HIIT

13

13

46a

14

3 Roditis
et al[46]

2007

CHF

21 (HIIT =
11)

3 d/wk 30
secc
@WRpeak 30
s rest, total
of 40 min

3 d/wk 40
min@50%
WRpeak,
equal to
total work
of HIIT

14.2

15.3

8.5

8.5

4 Smart et 2012
al[47]

CHF
(LVEF<
35%)

20 (HIIT =
10)

3 d/wk 30
× 1 min
@70%
VO2peak, 1
min
recovery

3 d/wk 30 16 wk
min@70%V
O2peak,
same
absolute
volume of
work

12.2

12.4

21

13

5 Freyssin 2012
et al[26]

CHF
(LVEF<
40%)

26 (HIIT =
12)

5 d/wk 12 5 d/wk 45
× 30
min@HRV
sec@50% (4 T1c
wk) + 80%
(4 wk) of
maximum
powerb 1
min @
complete
rest

8 wk

Bike
10.7
(HIIT), bike
+ TM
(MCT)

10.8

27.1a

1.9

6 Fu et
al[44]

2013

CHF
45 (HIIT =
(LVEF40%) 15)
NYHA II,
III

3 d/wk 5 ×
3
min@80%V
O2peak 3
min
recovery@4
0% VO2peak

3 d/wk 60
min @60%
VO2peak,
isoload to
Int

12 wk

bike

16

15.9

22.5b

0.6

7 Iellamo
et al

2013

CHF with
OMI
(LVEF<
40%)

20 (HIIT =
10)

2-5 d/wk
2-4 × 4
min@75%80%HRR, 3
min active
pause
walk@45%50%HRR

2-5 d/wk
30-45 min
@45%60%HRR,
equated
training
load
(TRIMPi)

12 wk

TM

18.7

18.4

8 22

4 22

8
2014
HollekimStrand et
al[20]

diastolic
dysfunctio
n with
Diabetes
mellitus

37 (HIIT =
20)

3 d/wk 4 ×
4 min
@90%95%HRpeak,
total 40
min

Current
guideline
10
min/bout
210
min/wk)

12 wk,
Homebased
thereafter

unknown

31.5

33.2

13.0a

3.6

9 Angadi
et al[25]

CHF with
preserved
EF

15 (HIIT =
9)

3 d/wk 4 × 3 d/wk 30 4 wk
4 min
min@70%H
@85%Rpeak
90%HRpeak,
3 min
active
recovery

19.2

16.9

9.4a

0

2015
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10
Ellingsen
et al[45]

SMARTex- Stable CHF 200 (3
HF, 2017
(NYHA2-3) arms)
EF35%
(HIIT=77)

25 sessions 25 sessions, 12 wk
4×4
47 min@60min@90%- 70%HRpeak
95%
HRpeak, 3
min active
recovery
50%-70%
HRpeak
total 38
min

11 Suchy
C et al

OptimEXCLIN,
Ongoing

3 d/wk 4 × 5 d/wk 40
4 min@
min@60%90%-95%
70%HRpeak
HR peak, 3
min active
recovery
50%-70%
HRpeak,
total 38
min

HFpEF

180 (HIIT
60)

bike or TM 0.9

3, 12 mo,
bike
homebased after
3 mo

?

1.1

5.4

6.8

?

?

?

Controlled Trials Adapted from Ito S et al. Internal Medicine. 2016; 55: 2329-2336.
a
in pre VO2peak % increase raw: There is significant difference in % increase of VO2peak between HIIT and MCT. Study 5: b each training session consisted of
3 series (12 repetitions of 30 s of exercises, separated by 5 minutes of rest); c half of the MCT was on a treadmill and half on a bike. Study 6: b pre versus post
(not between groups). Study 7: Study hypothesis is similar adaptation in HIIT and MCT. Study 9: a evaluated by standardized effect size (d = 0.94) Bike:
Cycle ergometer; CAD: Coronary artery disease; CHF: Congestive heart failure; EF: Ejection fraction; HRpeak: Peak heart rate; HIIT: High intensity interval
training; HRVT1: Heart rate at the first ventilator threshold; HRR: Heart rate reserve; LVEF: Left ventricular ejection fraction; MCT: Moderate-intensity
continuous training; MI: Myocardial infarction; min, minute; NYHA: New York Heart Association; RCP: Respiratory compensation point; VAT: Ventilator
anaerobic threshold; PPO: Peak power output; TM: Treadmill; VO2R: VO2 reserve; VT1: First ventilator threshold; WRp: Peak work rate.

Alvarez et al[54,55]: During all training sessions, patients were instructed by the exercise
specialists to jog/run and walk at a steady pace, which should be controlled by
maintaining a score of 15–17 (jogging/running) and < 9 (walking) in the 15-point
rating of perceived exertion scale. The goal was to reach 90%-100% and 70% of their
predicted reserve heart rate at the end of the jogging/running and walking intervals,
respectively. The progressive HIIT protocol started (1–2 wk) with 8 jogging/running
intervals of approximately 30 s interspersed with approximately 120 s of low-intensity
walking. To promote sufficient workloads for eliciting improvements throughout the
12-wk follow-up, there was a 7%-10% increase in the high-intensity interval duration
and a 4% decrease in the recovery interval duration every 2 wk. There was also an
increase of 2 exercise intervals every 4 wk of follow-up. The total workout duration
increased from 4 to 13.5 min (weeks 1–16). The total recovery duration ranged from 18
to 24 min (weeks 1–16). The number of intervals ranged from 8 to 14 (weeks 1–16).
The exercise duration ranged from 30 to 58 s. The target subjects were
overweight/obese adult women aged 35–55 years with type 2 diabetes (T2D).

SIT
Classic SIT (Wingate test)
Because SIT is the highest-intensity workout program that needs an intensity more
than the VO2peak, the protocol is characterized by a short duration (30 s workout),
followed by a long complete rest (2-5 min). This causes acute hemodynamic changes,
such as abrupt blood pressure and heart rate increases, which may lead to a
disruption of plaque and visceral organ ischemia by blood flow redistribution. Thus,
SIT should be adapted only for young sedentary/recreationally active subjects but not
for patients with hypertension, chronic kidney disease, and CVDs under the classic
SIT protocol. Allemeier et al [59] demonstrated that VO 2max can be improved by
approximately 14% by as little as three repeated Wingate sprints per training session.
The classic SIT protocol incorporating up to six repeated 30-s Wingate sprints was
first used in a study by Barnett et al[60], who reported an 8% increase in VO2max and a
42% increase in maximal citrate synthase activity after 8 wk of SIT. This protocol was
subsequently used by Gibala’s group with minor modification, to investigate the
aerobic adaptation associated with classic SIT [36,37] . Although classic Wingate
protocols[31] use “4-6” repeated 30-s sprints, none of the studies provided a specific
justification for the use of this method. Thus far, no studies have attempted to justify
the 4-6 × 30 s Wingate sprints as an optimal SIT protocol[61].
The effects of 8-10 × 30-s Wingate sprints in the 1980s and 1990s included the
following wide-ranging parameters: Maximal glycolytic and mitochondrial enzyme
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Table 4 High-intensity interval training (HIIT) protocol and superiority of HIIT to moderate-intensity continuous training in VO2peak
improvement

Coronary artery disease

Chronic heart failure

Protocol

No. of study

More improvement of VO2peak in HIIT than in MCT

10 × 1 min

1

0/1

8 × 2 min

1

1/1

7 × 3 min

1

0/1

4 × 4 min

7

5/7 (70.2%)

40 × 30 s

3

1/3

30 × 1 min

1

0/1

5 × 3 min

1

1/1

4 × 4 min

6

3/4 (75%)
56% (5/9) 2 studies ongoing

Randomized controlled trials comparing improvement of VO2peak after exercise between HIIT and MCT in patients with CAD or CHF are shown. The
protocols of HIIT and incidence of superiority of HIIT to MCT in each protocol are shown. In both groups 4×4 min was most frequently used showing
positive rate 70.2% in the coronary artery disease group and 75% in the chronic heart failure group. The other protocols with 30 s, 2 min, and 3 min exercise
duration are also effective in the limited number of studies. HIIT: High-intensity interval training; MCT: Moderate-intensity continuous training; CAD:
Coronary artery disease; CHF: Chronic heart failure.

activity[62,63], purine metabolism[64], pulmonary and muscle gas exchange[65], muscle
metabolism and ion regulation [ 6 6 ] , muscle buffering capacity [ 6 7 ] , erythrocyte
characteristics[68], and improvement of VO2max[63,65,66,68].

Concept of “low-volume/shorter” SIT for adaptation to a wide range of sedentary/
recreationally active people
It has been consistently shown that a single 30-s Wingate sprint can reduce muscle
glycogen stores in the vastus lateralis by 20%-30%[61,69-72]. What is intriguing, however,
is that glycogenolysis is only activated during the first 15 s of the sprint and is then
strongly attenuated during the final 15 s[72]. Moreover, activation of glycogenolysis is
inhibited in subsequent repeated sprints[72]. This suggests that the classic SIT (4-6
repeated 30-s Wingate sprints) may be unnecessarily strenuous, as similar glycogen
depletion may be achieved with 1–2 sprints of a shorter duration (15-20 s)[61,73,74]. In
turn, this would make the training sessions more time efficient, less strenuous, and
more applicable to the sedentary general population. Hazell et al[75] directly compared
the impact of reducing the sprint duration in the classic SIT protocol from 30 s to 10 s,
and reported similar increases in VO2max with the 10-s protocol. Similarly, Zelt et al[76]
reported no significant difference in the VO2max response to the classic SIT protocol
with 30-s sprints (4%) and a modified protocol with 15-s sprints (8%). Similar to a
reduction in the sprint duration, a reduction in the number of sprint repetitions was
evaluated in two studies. Allemeier et al[59] and Ijichi et al[16] demonstrated robust
improvements in VO 2max after a protocol involving three repeated 30-s Wingate
sprints. The protocol in these two studies had longer passing interval durations of 20
and 10 min, respectively.
One possible alternative strategy could be to define the minimum volume of
exercise required to improve health indices with the aim of increasing exercise
adherence. Vollaard et al[77] reviewed SIT protocols with the shortest duration and
least amount of work. They also constructed a modified SIT aiming for the most timeefficient and effective protocol with high adherence for sedentary subjects and
diabetic patients[61,74,78]. To date, this training protocol, named reduced-exertion HIIT
(REHIT) (10-min SIT sessions, 3 sessions a week for 6 wk, involving only two 20-s
Wingate sprints), represents the smallest volume of exercise (when considered per
session) that has been shown to induce positive effects on health. This protocol was
sufficient to improve VO2max by 10%-13%[61,74]. Vollaard et al[77]also found that after
performing only two maximal sprint intervals, each additional sprint in a training
session reduced the overall improvement in fitness by around 5%. It is important to
remember that these findings are only applicable to supramaximal exercise, which
requires specialized exercise bikes that enable extremely high intensity exercise. This
result might raise questions about the previously held “common sense” idea that
performing more repetitions of high-intensity exercise would produce greater
improvements in cardiorespiratory fitness. Ruffino et al[78] compared the effects of
REHIT and moderate-intensity walking on health markers in patients with T2D in a
counterbalanced crossover study. Sixteen men with T2D (mean age: 55 ± 5 years)
completed 8 wk of REHIT and 8 wk of moderate-intensity walking (five 30-min
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sessions/wk at an intensity corresponding to 40%-55% of the heart rate reserve), with
a 2-mo washout period between interventions. They concluded that REHIT was
superior to a 5-fold larger volume of moderate-intensity walking in improving aerobic
fitness but had a similar result in terms of improving insulin sensitivity or glycemic
control in patients with T2D in the short term. In studies evaluating REHIT, subjects
with age > 60 years, uncontrolled hypertension, liver dysfunction, and renal
dysfunction were excluded. Although evidence for patients with these comorbidities
are lacking, the REHIT protocol might have a potential application for patients with
some lifestyle-related diseases if careful attention is paid to hemodynamic changes,
especially blood pressure spikes.

FEASIBILITY OF AND LIMITATIONS IN ADOPTING HIIT AND
SIT FOR SEDENTARY/OBESE/ELDERLY/DISEASED
SUBJECTS
HIIT
Even in exercise training with submaximal aerobic HIIT, adequate adherence to the
target intensity and frequency was not achieved in multicenter RCTs[8,45,49]. Another
clear limitation is the large dropout rate during follow-up after the supervised
exercise period[79]. HIIT has been accepted for patients with cardiac diseases, as shown
in the protocols in Table 4. Although the target heart rate was as high as 90%-95% of
the peak heart rate, the intensity was calculated from an individual’s peak heart rate,
and these aerobic HIIT protocols could be utilized for a wide range of targets subjects
including the elderly and patients with diseases.

SIT
The tolerability and adherence of SIT for non-athletes and sedentary people is low.
The target subjects in previous studies on SIT include young people who are
healthy and/or recreationally active. The number of subjects in each study was very
small, and there might be bias in the selection of study subjects. It was possible that
subjects who have no or little experience in sports/exercise training, irrespective of
age, may have had difficulties in performing the all-out exercises. In this regard,
REHIT may widen the target subjects owing to its smallest volume of exercise among
the available protocols. Furthermore, it can be adapted for all age groups of sedentary,
recreationally active, and of course highly trained people, but not in those who are
sedentary, aged > 60 years, and with CVD (personal communication with Dr.
Vollaard).

POTENTIAL RISKS OF THE HIIT AND SIT PROTOCOLS
HIIT
Previously reported studies on HIIT had small numbers of subjects and contained
limited reference about the safety and injury risk of this training protocol in the
general population. A Norwegian group observed only two knee injuries in extremely
overweight patients[21]. Levinger et al[80] published a systematic review about adverse
events during or immediately after HIIT. They found that the incidence of adverse
responses during or 24 h after HIIT, as acute responses to a single session of HIIT, in
patients with cardiometabolic diseases was around 8%, which was somewhat higher
than the previously reported risk during MCT[80]. Rognmo et al[81] examined the risk of
cardiovascular events during organized HIIT and MCT among 4846 patients with
coronary heart disease in 3 Norwegian cardiac rehabilitation centers. In a total of
175820 exercise training hours, during which all patients performed both types of
training, 1 fatal cardiac arrest during moderate-intensity exercise (129456 exercise
hours) and 2 nonfatal cardiac arrests during HIIT (46364 exercise hours) were
reported. No myocardial infarctions were reported. They concluded that the risk of a
cardiovascular event was low after both HIIT and MCT in a cardiovascular
rehabilitation setting[81].

SIT and low-dose/shorter SIT
Systematic reviews on the safety and injury risk of SIT are very limited.
Supramaximal sprints used in protocols such as the Wingate protocol are associated
with a short but sharp increase in blood pressure as well as an increase in blood flow,
which could pose a risk of dislodging unstable plaques. Redistribution of blood flow
(increased flow in muscle followed by decreased flow in visceral organs) might pose a
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risk to patients with CVD and chronic kidney disease. However, SIT or shorter/lowdose SIT has been adopted only in healthy, sedentary, and usually young people. For
these subjects, the cardiovascular risk could be very low because the incidence of
hypertension and/or atheroscrelotic disease is low. For individuals with lifestylerelated diseases and/or CVD, the potential risk of the SIT/REHIT protocol has not
been evaluated. Thus, currently, it should not be adopted for these individuals.
Ruffino et al [78] investigated REHIT for patients with T2D, and neither risk nor
cardiovascular event was reported.

INTRODUCTION OF THE OPTIMAL INTENSITY/DOSE OF
ACTIVITY IN DAILY LIFE: PERSONAL ACTIVITY INDEX
Other than supervised exercise training using sophisticated exercise protocols, nonsupervised daily training and activity could also be useful to improve aerobic
capacity. For activity counseling and promotion of physical activity, providing some
feedback to individuals with personalized and meaningful information would be
beneficial to motivate them to increase or maintain their physical activity[73,82]. Goals
such as “10000 steps per day” or “30 min of activity per day,” which are the same for
all people, are easily understandable but do not reflect the body’s response to each
activity. The goal “10000 steps” has a different meaning for each individual [e.g., what
speed, where (uphill or downhill)]. The most personalized, accurate way to track and
measure the body’s response to activity is by monitoring the heart rate. Changes in
heart rate reflect the body’s response to physical activity regardless of the activity
type. Because there has never been a simple way to convert heart rate to a metric, Nes
et al[83] developed a new single metric called the Personalized Activity Index (PAI).
PAI can be integrated in self-assessment heart rate devices and defines a weekly
beneficial heart rate pattern during physical activity. Furthermore, PAI could translate
into reduced long-term risk of premature CVD and all-cause mortality, according to
the epidemiologic study (HUNT) [83-85] performed in Nord-Trøndelag county in
Norway, which analyzed a large, apparently healthy, general population cohort (n =
29950, aged ≥ 20 years). Obtaining a score of ≥ 100 weekly PAI has been shown to
reduce the risk of premature CVD death in healthy subjects as well as in individuals
with known CVD risk factors, regardless of whether or not the current physical
activity recommendations were met[86]. PAI could inform potential users of how much
physical activity is needed to reduce the risk of premature CVD death[83]. PAI users
could also identify know the exercise intensity and time of exercise that are effective
and efficient for appropriate exercise/physical activity according to their own daily
experience followed by feedback. For example, exercising at very vigorous intensities
may yield high PAI scores and higher VO2peak, even with considerably lower total
exercise time than expressed in the current recommendations[84]. As a simple pattern,
exercise once a week is also effective[85] if the exercise intensity is enough to improve
VO2peak.

WORKING MECHANISMS OF HIIT AND SIT
The mechanisms involved in the superiority of HIIT to MCT have not been clearly
elucidated. However, there are several potential mechanisms[48] (Figure 2). The first
reason for the improvement in the aerobic capacity with HIIT can be explained by the
following intracellular signaling sequence[87]: Muscular stimulus by HIIT → increase
in 5’-AMP-activated protein kinase (AMPK) activity in muscle cells → increase in
peroxisome proliferator activated receptor-γcoactivator-1α (PGC-1α) mRNA and
protein → increase in the mRNA and protein expression of the mitochondrial
oxygenation enzyme → improvement in physical fitness (aerobic capacity) [88] .
Secondly, it is reasonable to speculate that the higher shear stress in HIIT during
exercise bouts may trigger greater responses at the cellular and molecular levels,
leading to a partial recovery from endothelial dysfunction. Thirdly, Hanssen et
al[89]recently reported another potential reason for the benefits of HIIT; they reported
the acute effects of interval versus continuous-endurance training on pulse wave
reflection in healthy young men. Although initially higher after HIIT, the
augmentation index at a set heart rate declined in the 24-h follow-up period,
indicating favorable effects on pulse-wave reflection compared with that after MCT.
The possible mechanism of the REHIT protocol using two (but not three or more)
repeated bouts of supramaximal 20-s workout was proposed by Vollaard et al[77,90]. The
adaptations to SIT for VO2max may be peripheral in origin owing to improved skeletal
muscle oxygen extraction because of mitochondrial density [ 7 7 ] . Vollaard et
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al[77]proposed that both increased blood volume and increased mitochondrial density
could plausibly be explained by the rapid glycogen depletion associated with
supramaximal exercise [73] . Glycogen breakdown during repeated supramaximal
sprints has been shown to be completely attenuated by the time of the third sprint.
Thus, it is plausible, according to the two speculated mechanisms[77,90] below, that
performing only two repeated supramaximal sprints is sufficient to saturate the
adaptive response.
The first mechanism is as follows: maximal rates of glycogenolysis in the initial 15s
of a supramaximal sprint → accumulation of metabolic derivatives → hypertonic
intramyocellular environment → influx of water to the myocardium → transient
approximately 15%-20% drop in plasma volume within a time span of only a few
minutes. This severe disturbance of circulatory homeostasis could be a stimulus for
the body to increase blood volume in response to repeated SIT sessions.
The second mechanism is as follows: Glycogenolysis → release and activation of
glycogen-bound AMPK[91] → downstream signaling pathway involving PGC-1α →
increased mitochondrial density.

FUTURE PERSPECTIVES
More studies are warranted to establish the most efficient protocol for each target
subject according to clinical characteristics and fitness level, to improve aerobic
capacity and to establish higher adherence. Thus far, aerobic HIIT (submaximal
intensity) could be feasible and has a low risk for people with lifestyle-related
diseases, obesity, sedentary lifestyle, old age, or cardiac disorders when performed, at
their own individual intensity. In contrast, classic SIT (supramaximal) is applicable
only for healthy young people. A smaller-dose and shorter SIT such as the 2 × 20 s
protocol (REHIT) could be utilized for sedentary young/middle-aged targets. The
feasibility and safety of REHIT for elderly and sedentary people, patients with stable
ischemic heart disease and CHF, and patients with chronic kidney disease have not
been evaluated. Figure 3 shows a personal proposal of HIIT protocols for target
people stratified by age, exercise habits, and cardiovascular disease. Although the
increased application of HIIT in the health and medical fields is expected, its
feasibility and safety should be further evaluated in the near future.
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Figure 2

Figure 2 Graphic representation of beneficial cardiovascular and metabolic effects and relevant mechanisms activated by high-intensity interval training.
Glycolysis of glycogen granules in the skeletal muscle, catecholamine release, increased shear stress in the vessels, and increased autonomic nerve activity by HIIT
are related to increased aerobic and metabolic capacities. Activity in skeletal muscle cells and arteries are increased during HIIT. The decrease in glycogen content by
glycolysis results in the release of the AMP-activated protein kinase (AMPK) from the glycogen particle, resulting in greater activity and altered localization. In addition,
exercise in a low-glycogen state after glycolysis leads to the phosphorylation and activation of peroxisome proliferator-activated receptor γ coactivator 1-α (PGC-1α).
Finally, the osmotic stress associated with a rapid change in glycogen content and increased glucose concentration can activate mitogen-activated protein kinases
(MAPKs) such as p38, which can phosphorylate and activate PGC-1. Another target of p38 is interleukin 6 (IL-6), which targets AMPK as one of the potential targets.
These alterations in muscle signaling also result in improved circulating fatty acid (FA) utilization. The increased catecholamine level promotes an increase in fat
metabolism by activating heat shock protein through protein kinase A. An additional cellular target of catecholamine is the cAMP response element-binding protein
(CREB). HIIT can increase the phosphorylation and activation of CREB in both exercised muscle and muscles that were not recruited during the exercise due to the
central effects of elevated central nervous system activity. One of the targets of CREB is PGC-1α. An increase in PGC-1α mRNA and protein with co-activation of the
transcription factor results in the increase in the mRNA and protein of the mitochondrial oxygenation enzyme, and finally, improvements in physical fitness (aerobic
capacity). HIIT increases cardiac output, leading to shear stress in arteries and resulting in improvements in endothelial function and pulse wave reflection potentially
through endothelial microparticles.ACC: Acetyl CoA carboxylase; AMPK: AMP-activated protein kinase; CREB: cAMP response element-binding protein; HIIT: Highintensity interval training; IL-6: Interleukin 6; MAPK: Mitogen-activated protein kinases; PGC1α: Peroxisome proliferator-activated receptor γ coactivator 1-α; TF:
Transcription factor.
Figure 3

Figure 3 Personal proposal of high-intensity interval training (HIIT) protocols for target people stratified by age, exercise habits, and cardiovascular
disease. 4 × 4 min HIIT: Can be adopted for all subjects, with the intensity maintained at 85%-95% of an individual ’s peak heart rate. Classic sprint interval training
(SIT): The feasibility and safety of this protocol for patients complicated with cardiovascular disease have not been evaluated. Reduced-exertion HIIT (REHIT): Its
feasibility and safety for patients complicated with cardiovascular disease have not been evaluated. Because REHIT is much less strenuous than classic SIT, future
research on this protocol is expected for patients with stable cardiovascular diseases besides high-risk patients, such as those with refractory hypertension and
coronary heart disease with atherosclerotic plaque. O: adaptable for all target subjects; Δ: potentially adaptable for target subjects without risk; ×: should be prohibited
for all target subjects.
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Abstract
BACKGROUND
High-speed rotational atherectomy (HSRA) is most commonly used to modify
calcified coronary artery lesions to facilitate stent deployment and expansion. The
use of HSRA as an emergency rescue technique to release a fractured microcatheter has not been described. We report the use of HSRA in a case of a fracture
trapped corsair tip that was impeding coronary flow causing a ST elevation
myocardial infarct.
CASE SUMMARY
A 79 years old male was scheduled for elective percutaneous coronary
intervention (PCI) to his left anterior descending artery (LAD). Given its calcific
nature, a decision was made for upfront rotablation. During procedural
preparations, the tip of an employed micro-catheter was separated from the shaft
resulting in obstructing coronary flow and ST-segment elevation. The consensus
was for an attempt bail out PCI strategy. A rotafloppy wire was advanced to the
distal LAD using a corsair micro-catheter which was placed proximal to the
occlusion site. Modification of the mid LAD segment was performed, resulting in
mobilising the corsair tip, and deflecting it to a small diagonal branch. Following
serial predilation, the procedure was completed using two overlapping drug
eluting stents, jailing the corsair tip in the diagonal branch. The patient made
uneventful recovery and was clinically stable at one year follow up.
CONCLUSION
HSRA may be offered as a bailed-out strategy to rescue fractured and jailed
micro-catheter tip in high risk surgical cases.
Key words: Micro-catheter; Rotational atherectomy; Calcification; Case report
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Core tip: Fractured micro-catheter tip impeding flow has not been previously described.
With aging population and increasing calcification, this phenomenon is likely to face
interventional cardiologists in the future. Non-surgical bailed-out strategy to rescue the
trapped tip is described in the current case.
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INTRODUCTION
Calcification remains a challenging feature of coronary atherosclerosis. The ageing
population coupled with increased co-morbidities, such as renal failure and diabetes,
make coronary calcification more commonly seen in daily practice[1]. In calcific lesions,
high-speed rotational atherectomy (HSRA) is often necessary for lesion modification
to permit optimal stent deployment and expansion[1]. HSRA has been demonstrated to
be more successful than modified balloon (scoring or cutting balloon) prior to drug
eluting stent implantation in severely calcified lesions[2]. The use of micro-catheter
exchange to allow distal passage of the rota wire to facilitate HSRA is well described
and is a useful technique in complex anatomy[1].
Here we report a complication of rotablation where the micro-catheter tip (Corasir,
Asahi) was fractured and jailed in complex anatomy resulting in ST elevation
myocardial infarction (STEMI) and the use of rescue HSRA to address this unique
problem.

CASE PRESENTATION
Chief complaints
A 79 years old male was electively admitted for complex percutaneous coronary
intervention (PCI) to left anterior descending artery (LAD) in a district general
hospital without cardiac surgical support.

History of present illness
He initially presented with a lateral STEMI whereby successful primary PCI was
performed to his left circumflex artery.

History of past illness
His medical history was significant for chronic obstructive pulmonary disease,
hypertension and chronic kidney disease (stage III).

Physical examination upon admission
Cardiovascular examination was unremarkable.

Imaging examination
The LAD had calcific diffuse disease extending beyond the mid segment of the LAD
with severe ostial disease in a diseased small calibre diagonal branch (Figure 1). Given
the calcific nature of the LAD, a decision was made for upfront rotablation. A Sion
blue wire (Asahi) was placed in the distal LAD to facilitate micro-catheter exchange
for a rotafloppy wire (RotaLink, Boston Scientific). Despite combination of rotation
and forward tension, the corsair was unsuccessful in traversing the mid LAD. Upon
attempted retraction of the Corsair (Asahi) micro-catheter, it was evident that the tip
of the Corsair was separated from the shaft and was trapped in the LAD (Figure 2A)
resulting in obstruction of coronary flow and ST-segment elevation (Figure 2B). In an
attempt to establish flow, a 1.5 mm MINI TREK (Abbott Vascular) was advanced over
a second angioplasty wire beside the trapped corsair tip but would not advance past
the fractured corsair tip despite Guidezilla (Boston Scientific) support. A wire-wrap
technique was unsuccessfully used to try and retrieve the fractured tip but this
resulted in loss of wire position. An intra-aortic balloon pump was inserted via the
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right femoral artery to stabilise the patient for transfer to our tertiary centre for rescue
coronary artery bypass graft (CABG).

FINAL DIAGNOSIS
STEMI secondary to fractured and trapped micro-catheter tip.

TREATMENT
On arrival, CABG was deemed high risk due his STEMI presentation and comorbidities. The consensus from the heart team was made for bail out PCI. Right radial
access was used and a 7 French VL 3.5 guide catheter was chosen for support. Repeat
imaging confirmed a heavily calcified LAD with a fractured corsair tip impeding
coronary flow. A Sion blue wire was advanced beyond the occlusion site and a
Corsair micro-catheter was advanced proximal to the occlusion site. A rotafloppy wire
was exchanged and advanced to the distal LAD (Supplementary video 1). A 1.25 mm
then 1.5 mm rota burr were used to modify the LAD past the corsair tip to free the
trapped segment (Figure 3A) (Supplementary video 2). This has resulted in mobilising
the corsair tip, deflecting to the small diagonal branch during the forward movement
of the rota burr and restoration of flow in the LAD (Figure 3B) (Supplementary video
3). The LAD was pre-dilated with a 2.5 mm × 30 mm non-compliant balloon and
stented distally to proximally with two overlapping Synergy drug eluting stents (3.0
mm × 38 mm and 3.5 mm × 38 mm) (Boston Scientific) back to the ostium of the LAD
thus jailing the corsair tip in the diagonal branch (Figure 4). This did not result in any
significant hemodynamic or ECG compromise with resolution of ST elevation.

OUTCOME AND FOLLOW-UP
The patient made uneventful recovery without need for rescue CABG and was
clinically stable at one year follow up.

DISCUSSION
The presence of severe coronary calcification is a well-established predictor of
procedural success and worse clinical outcomes[3]. This remained unchanged despite
improvements in contemporary PCI, including the advent of drug eluting stents[4]. In
patient-level pooled analysis from seven contemporary trials, coronary calcification
was associated with 33% increase in mortality rate irrespective of the Syntax score[4].
While this could be attributed to the residual and untreated coronary artery disease,
coronary calcification is also considered as marker of more advanced and
atherosclerotic disease making those patients at higher risk prior to any coronary
intervention[5,6]. Regardless of the mechanism, heavily calcified segments may render
coronary stenoses undilatable with conventional balloon angioplasty thus
compromising optimal stent deployment. Optimal lesion preparation by differential
cutting using HSRA has been reported more than 3 decades ago and debulking
coronary atheroma with HSRA ensures less resistant plaque surface allowing balloon
and subsequently stent crossing[2,6]. The use of HSRA is not without complications and
includes slow flow, coronary dissection or perforation, burr lodging within the
stenotic segment and thermal injury from heating to the adjacent tissue[1,7]. Here we
describe, an unreported complication associated with wire exchange to facilitate
HSRA. The micro-catheter was used in this case to facilitate rotafloppy wire exchange
and although a useful and often necessary technique, over torqueing the microcatheter coupled with heavy coronary calcification can result in micro-catheter tip
“fracture” as in this case.
Broken and retained interventional instruments continue to be reported and may
be attributed to the increasing complexity of percutaneous interventional
procedures[8]. The combination of tortuosity and calcification of coronary arteries pose
difficulties in navigating and delivering devices across lesions. In our case, the
coronary anatomy, in addition to micro-catheter over torqueing have led the tip to
“snap” and to separate from the main shaft obstructing flow. Extensive literature exist
reporting fractured and retained wires that go back to the early days of coronary
angioplasty[9,10]. Similarly stent loss has also been reported in a large scale study of
more than 11000 PCI procedures with an incidence of < 0.5%[11]. Overall, the incidence
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Figure 1

Figure 1 Left coronary angiography demonstrating heavily calcified left anterior descending artery. A: Cranial
projection; B: Caudal projection. Excellent results from previous percutaneous coronary intervention to LCx.

of retained angioplasty tools did not change over time despite undergoing extensive
refinements and this could be attributed to the increased complexity of PCI
procedures in current daily practices. More recently, other angioplasty devices such as
fragments of balloons or thrombectomy catheter have been reported to be trapped
within the coronary artery[8,12]. To the best of our knowledge, this is the first report of
fractured corsair catheter impeding flow and leading to STEMI. While any broken
fragment could serve as a nidus for thrombus formation, vessel occlusion in our case
was more related to the actual presence of the micro-catheter tip blocking the flow in
a heavily calcified artery. In order to establish flow, an attempt to deliver a small
balloon beyond the occlusion site was made. However, the balloon was deemed
impassable and, therefore, precluded any attempt to use balloon-assisted retrieval
technique to recover the retained corsair tip.
Numerous techniques have been previously reported to facilitate retrieval of
entrapped coronary equipment and interventional cardiologists should familiarise
themselves with different retrieval techniques[13]. In this case, use of HSRA permitted
lesion modification and mobilisation of the fractured trapped corsair tip to the
diagonal side branch were it was subsequently jailed by LAD stenting. Importantly,
there was a risk of thermal injury to the hydrophilic tip while using HSRA. In order to
prevent any excessive rise in temperature, the speed of the rotablator was set up at
180000 rpm with focus attention not to drop more than 5000-7000 rpm and a total
duration of less than 20 s for each rotablation run[1,7].
We elected not to retrieve the deflected corsair tip in the diagonal branch given its
relative small size with a potential risk of jeopardising the LAD. While this could be
considered as a limitation, losing a side branch is not infrequent during coronary
bifurcation stenting. Decision to rescue the side branch depends on numerous factors,
including the size of myocardium at jeopardy[14]. The benign long term outcome of the
patient supports our pragmatic decision in approaching this case.

CONCLUSION
Use of HSRA in an emergency bail out setting for a fractured and jailed corsair tip reestablished coronary flow and permitted rescue of an otherwise high risk surgical bail
out.
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Figure 2

Figure 2 Fractured micro-catheter tip. A: The yellow arrow points at the trapped corsair tip in mid left anterior descending artery (LAD) with the remaining microcatheter in the proximal LAD segment (dotted white line); B: No flow in the LAD as a result of the jailed tip.
Figure 3

Figure 3 Rotational atherectomy was performed to modify calcification adjacent to the trapped tip. A: Calcium modifications using rota burr; B: Corsair tip was
freed up and directed towards small diagonal branch.
Figure 4

Figure 4 Final angiographic results. A: Good flow in the left anterior descending artery with occluded diagonal branch by the corsair tip in the cranial projection; B:
Caudal projection demonstrating final angiographic results.
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Abstract
Non-invasive cardiac stress imaging plays a central role in the assessment of
patients with known or suspected coronary artery disease. The current guidelines
suggest estimation of the myocardial ischaemic burden as a criterion for
revascularisation on prognostic grounds despite the lack of standardised
reporting of the magnitude of ischaemia on various non-invasive imaging
methods. Future studies should aim to accurately describe the relationship
between myocardial ischaemic burden as assessed by cardiovascular magnetic
resonance imaging and mortality.
Key words: Coronary artery disease; Myocardial ischaemic burden; Non-invasive
imaging; Cardiac stress; Magnetic resonance imaging
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Core tip: Further studies should aim to accurately describe the relationship between
myocardial ischaemic burden as assessed by stress cardiovascular magnetic resonance
and mortality.
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INTRODUCTION
Non-invasive cardiac stress imaging plays a central role in guiding the treatment of
patients with known or suspected coronary artery disease (CAD). Stress testing
techniques performed include stress echocardiography, single photon emission
computed tomography (SPECT) myocardial perfusion imaging and more recently
cardiovascular magnetic resonance imaging (CMR). All functional tests support
diagnosis, risk stratification and subsequent management decisions[1] and thus allow
myocardial ischaemia to play a crucial role in the management of patients with
CAD[2]. As the availability and use of CMR increases, it is increasingly emerging as the
gold standard method of safe, radiation-free perfusion imaging providing functional
assessment and tissue characterisation.
In this editorial, we focus on a recent article by Heitner et al[3] published in JAMA
Cardiology as we feel it is an important study adding credence to the growing role of
pharmacological stress CMR in the assessment of patients with known or suspected
CAD . We will also provide our perspective for the future direction of stress CMR.

STUDY ANALYSIS
Heitner et al[3] provided real-world data for 9151 patients referred for evaluation of
myocardial ischaemia with stress CMR across 7 participating centres followed for a
total of 48000 patient-years. Their analysis demonstrated a strong association of
abnormal CMR results with all-cause mortality over long-term follow-up up to 10
years with a hazard ratio of 1.8 between the patients who had abnormal scans and
those that did not. This hazard ratio remained significant in all 8 patient
subpopulations (presence/absence of history of CAD, normal/abnormal left
ventricular ejection fraction (LVEF), presence/absence of typical chest pain,
presence/absence of Late Gadolinium Enhancement). The multivariate analysis also
showed that addition of stress CMR in two different models significantly increased
the χ2 from 581.8 to 687.4 (P < 0.001) and from 620.7 to 721.1 (P < 0.001) respectively,
indicating that the addition of stress CMR in the model significantly predicts
mortality over and above the other variables (including age, sex, diabetes,
hypertension, hyperlipidaemia, smoking status, history of CAD or Myocardial
Infarction, body mass index, family history of CAD and LVEF).
Whilst this was not a randomised control trial, it crucially provides real-world data
and demonstrated for the first time that stress CMR is significantly associated with
mortality. The major strengths of the study lie in the large number of patients
included and the high number of outcomes over long-term follow up. It is important
to consider however, that there were certain limitations. The cause of death is not
known in the study and future studies will have to investigate if stress CMR is able to
predict specific cardiovascular events rather than all-cause mortality. Nevertheless, as
discussed by the authors, all-cause mortality is an objective, unbiased and clinically
relevant hard end point. The authors also acknowledged that they had not been able
to determine if patients were revascularised after the stress CMR. They reasonably
anticipated that revascularisation would occur more commonly in patients with
abnormal stress CMR and that revascularisation would improve prognosis and not
increase mortality. Another important limitation is that the study CMRs did not assess
the extent of ischaemic burden but instead categorised ischaemia into “negative” or
“positive” even if just one segment showed abnormal perfusion. Although full
quantified perfusion[4] is not yet part of routine practice, visual semi-quantitative
methods have been described[5] and might have further improved the association with
mortality. Furthermore, information about patient revascularisation in combination
with myocardial ischaemic burden (MIB) might had allowed estimation of a threshold
for MIB, similarly to the way it was estimated in the SPECT studies originally [6],
providing valuable information regarding the threshold of ischaemic burden as
assessed with stress CMR .
Hachamovitch et al[6] for the first time in 2003 successfully estimated the 10% MIB
threshold with SPECT above which revascularisation offers a survival benefit over
medical therapy, using propensity match scoring of observational data. In 2011, the
same group used SPECT to demonstrate in a slightly larger observational series that
patients with significant ischaemia but without extensive scar were likely to benefit
from revascularisation in contrast to patients with minimal ischaemia[7]. The 10%
threshold for myocardial ischaemia based on SPECT has correlated with perfusion
defect in 2/16 segments on CMR [8] and has been incorporated in the ESC 2018
guidelines as a criterion for revascularisation on prognostic grounds and in the
ACC/AATS/AHA/ASE/ASNC/SCAI/SCCT/STS 2017 guidelines as a high-risk
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indicator[1,9]. Despite the significance of ischaemia in decision making, there is a lack of
standardized reporting of the magnitude of ischaemia on non-invasive testing, which
contributes to the variability in translating the severity of ischaemia across stress
imaging modalities [ 8 ] . Given the high diagnostic and prognostic yield of
pharmacological stress CMR with regards to CAD, it will be valuable for future
studies to attempt to delineate the relationship between MIB and prognosis.
Nonetheless, Heitner et al[3] should be highly commended for contributing to the
medical literature; a very well undertaken and described study including a significant
number of patients and an extended follow up, supporting the prognostically
beneficial use of CMR perfusion in the routine evaluation of patients with suspected
coronary artery disease.

FUTURE DIRECTIONS
Over the last few years, adenosine stress CMR has been established as a highly
accurate non-invasive and radiation-free method for the diagnosis and prognosis of
CAD. The initial CE-MARC study demonstrated that stress CMR was superior to
SPECT regarding the diagnostic accuracy for CAD[10]. It has also been shown that
compared with stress echocardiography, stress CMR was the strongest independent
predictor of significant CAD among patients with intermediate probability of CAD
presenting to emergency department[11]. The 5-year follow up data from CE-MARC
study demonstrated that stress CMR was the only significant predictor of MACE in
addition to major cardiovascular risk factors, angiographic findings or the effect of
initial treatment [12] . Even though stress CMR is not universally, easily available
currently, the increasing number of studies demonstrating its cost effectiveness over
other non-invasive imaging modalities indicate that it will become more widely
available in the near future[13-15]. In addition to accurate assessment of ischaemia, stress
CMR offers accurate localisation of ischaemic segments and the extent of myocardial
scar, which have prognostic implications[16]. It has been shown that ischaemia in ≥ 1.5
myocardial segments (in a 16 segment model) is significantly associated with poor
prognosis as is the presence of myocardial scar, albeit to a lesser degree[17]. Two
potential drawbacks of stress CMR perfusion include the visual assessment of
perfusion defects as well as the incomplete myocardial coverage. The continuous
development of quantified myocardial perfusion reserve aims to reduce the inherent
interpreter-bias of visual assessment and to increase the diagnostic ability in the
presence of triple-vessel disease. Comparison of quantitative myocardial perfusion
reserve with qualitative assessment of stress CMR has demonstrated that quantitative
assessment differentiates significantly better the MIB particularly in the context of
triple-vessel disease[18]. More recently, it was also shown that quantitative assessment
of MIB was superior to visual assessment with respect to prognosis[4]. The ongoing
development of whole-heart perfusion aims to address the limited, non-contiguous
coverage of 2D stress CMR and ultimately provide a non-invasive, non-ionizing
radiation method for accurate measurement of MIB. It has been demonstrated that
whole-heart perfusion CMR has high diagnostic accuracy for the detection of
significant CAD as defined by Fractional Flow Reserve, while estimation of MIB by
whole-heart perfusion has very good correlation with SPECT[19,20]. Comparison of
whole-heart perfusion with high-resolution 2D perfusion has shown that there is
strong correlation between the two techniques for the estimation of MIB however,
there is still uncertainty around the clinically relevant threshold of 10%[21].
In summary, non-invasive accurate assessment of myocardial ischaemic burden is a
clinical necessity with significant implications for prognosis and clinical decision
making. In the near future, further development of stress CMR perfusion techniques
may reveal that quantified, whole-heart perfusion is the most accurate non-invasive
method for the diagnosis and prognosis of CAD.

CONCLUSION
Heitner et al[3] showed for the first time that stress CMR is significantly associated with
worse mortality in a large study of real-world data. This is an important study that
confirms the prognostic significance of stress CMR in terms of mortality in the real
world. The study is a valuable addition to the growing volume of data that supports
the central role of CMR in the diagnosis and stratification of CAD in routine clinical
practice. However, as information about MIB as assessed by stress CMR was not
available, future studies could aim to describe accurately the relationship between
MIB, revascularisation and mortality.
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Abstract
BACKGROUND
Biodegradable polymer drug-eluting stents (BP-DES) have shown to reduce
restenosis rates and have low rates of stent thrombosis. The present
postmarketing surveillance assessed 1-year clinical outcomes of patients who had
received NeoHexa DES in real practice.
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AIM
To investigate 1-year clinical outcomes of Neohexa DES in real practice.
METHODS
Data obtained from a single-center cohort of patients who had received NeoHexa
stents as part of routine treatment of coronary artery disease (CAD) were
retrospectively investigated. The primary study endpoint was the rate of major
adverse cardiac events (MACEs) defined as the composite of death, myocardial
infarction (MI), and target lesion revascularization (TLR) during the follow-up at
1 mo, 6 mo, and 1 year after the index procedure.
RESULTS
A total of 129 patients with 172 lesions were enrolled. The most common
comorbid conditions were hypertension (49.61%) and diabetes mellitus (39.53%).
Procedural success was achieved in all patients, and no in-hospital MACE was
reported. The incidence of composite MACE at 30 d, 6 mo, and 1 year was 0.78%,
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3.94%, and 4.87%, respectively. The rate of possible and probable late stent
thrombosis was 0.78%. The cumulative incidences of death, MI, and TLR at 1 year
were 2.44%, 0.81%, and 1.63%, respectively.
CONCLUSION
The relatively low rates of MACE and stent thrombosis in this study support
safety and performance of NeoHexa stents, suggesting it to be an effective
alternative to other contemporary stents for the treatment of de novo lesions in
native coronary arteries.
Key words: Sirolimus; Drug-eluting stent; Myocardial infarction; Thrombosis; Coronary
artery disease
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Core tip: Reports have indicated the use of stents in patients with coronary artery disease
has reduced the rates of restenosis. Biodegradable polymer drug eluting stents, have
shown to reduce restenosis rates and lower the stent thrombosis rate. Our study assessed
1-year, single-center cohort for clinical outcomes of patients who had received NeoHexa
sirolimus drug-eluting stents in real practice. It showed relatively low rates of major
adverse cardiac event and stent thrombosis supporting safety and performance of
NeoHexa stent and supporting its use as an effective alternative to other existing stents.
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INTRODUCTION
The prevalence of cardiovascular diseases, particularly coronary artery disease
(CAD), is ever-increasing in India and has reached epidemic proportions [1] .
Approximately 17% of total deaths were attributed to coronary heart disease in
2001–2003, which increased to 23% in 2010–2013 in India[1,2]. Percutaneous coronary
intervention (PCI) is one of the most commonly performed cardiac procedures aimed
at improving symptoms and quality of life of patients with CAD[3-5].
The unceasing research over decades in the field of PCI has led to improved
devices and treatment strategies. Bare-metal stents (BMS) are able to reduce the rates
of restenosis and acute occlusion compared with balloon angioplasty. Subsequently,
the advent of drug-eluting stents (DES) has further decreased the rates of restenosis.
Of note, first-generation DES were durable polymer DES, and delayed reendothelialization due to the polymer raised concerns regarding late and very-late
stent thrombosis (ST). Despite several efforts to reduce the ST rates of durable
polymer DES such as alteration of stent platforms to increase tissue compatibility,
modification of the outer layer of the stent surface, and using effective
antiproliferative drugs and appropriate polymer carriers, the issue of inflammatory
response still persists. Therefore, biodegradable polymer drug-eluting stents (BP-DES)
were introduced with anticipation to reduce ST[6-8]. As expected, long-term clinical
evidence has demonstrated superiority of BP-DES in reducing very-late ST events
compared with durable polymer DES[9-11].
NeoHexa is one of such BP-DES designed with the aim to reduce rates of late ST
and was launched in July 2015. The present study investigated the 1-year clinical
outcomes of patients who had received this new DES in real clinical practice.
MATERIALS AND METHODS

Study design and patient selection
Data obtained from a single-center cohort of patients who had received NeoHexa
stents as part of routine treatment for CAD between July 2015 and July 2016 at the
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Cauvery Heart and Multispecialty Hospital, Mysore, were retrospectively
investigated in January 2017. The study was conducted in accordance with the
Helsinki Declaration and was approved by an independent ethics committee. Verbal
informed consent was obtained before collecting data from patients who were
contacted to participate in this study. This investigator initiated trial was registered
with Clinical Trial Registry of India (CTRI/2018/03/012522)

Description of device
NeoHexa is a cobalt-chromium sirolimus-eluting coronary stent system. It is a
premounted, balloon expandable DES with a persistent coating of BP carrier, loaded
with 1.0 μg/mm2 sirolimus in a slow-release formulation. It is mounted on a rapid
exchange percutaneous transluminal coronary angioplasty balloon catheter. It has two
radiopaque markers beside the mounted stent for accurate placement. It is available in
diameters of 2.25, 2.5, 2.75, 3.0, 3.5, 4.0, and 4.5 mm and in stent lengths of 7, 10, 13, 15,
17, 20, 24, 28, 33, 38, 42, and 45 mm.

Study procedure and data collection
This was an all-comer study, and the indications for the angioplasty procedure and
technique of stent implantation were as per the discretion of the treating physician.
All patients were advised to receive dual antiplatelet therapy with clopidogrel and
aspirin. Patients who were not pretreated received a bolus dose of 300-600 mg of
clopidogrel or 60 mg of prosugrel and ≥ 100 mg of soluble aspirin just before the
procedure.
Data were sourced from clinical notes, including inpatient progress notes and
outpatient notes and letters, angiogram reports, and procedural angiographic images.
Case report forms were completed for all patients, and data were stored in a secure,
off-site database. Follow-up data were collected using either clinical visits or
telephonic interactions by using structured questionnaires developed for this study to
determine endpoint status at 1 mo, 6 mo, and 1 year after the index procedure.
Supporting clinical documents were sought when necessary. Patients with incomplete
clinical notes or who were noncontactable via telephone were excluded from the
analysis.

Endpoint definitions
The primary endpoint of the study was the rate of major adverse cardiac events
(MACEs) defined as the composite of death, myocardial infarction (MI), and target
lesion revascularization (TLR) during the follow-up period after the index procedure.
Deaths were categorized as cardiac or noncardiac. Stent thrombosis was evaluated
according to the Academic Research Consortium criteria[12]. Procedural success was
defined as successful stent placement at the desired position with < 30% residual
stenosis.

Sample size and statistical analysis
A random sample size of 129 patients was calculated based on the primary endpoint
of the study. Categorical data are presented as numbers and percentages. Continuous
variables are presented as the mean ± SD. All data were processed using the statistical
analysis software SPSS, version 21 or higher (SPSS Inc., Chicago, IL, United States).
RESULTS

Baseline demographic and clinical characteristics
In total, 129 patients with 172 lesions were enrolled in the study. Baseline
demographics and clinical characteristics are summarized in Table 1. Mean age of
patients was 56.57 ± 11.73 years, and the majority were men (76.74%). The most
common comorbid conditions were hypertension (49.61%), followed by diabetes
mellitus (39.53%). Over 70% of patients presented with angina class II and above.

Lesion and procedural characteristics
Most lesions were located in LAD (42.44%), RCA (32.56%), and LCx (21.51%), and a
majority of them were positioned proximal (48.26%), mid (31.39%), or distal (12.79%)
(Table 2). Approximately 72% of patients had a lesion length ranging 20–40 cm. The
average stenosis rate was 88.12%. Bifurcation and thrombotic lesions comprised
approximately 11% of all lesions. Approximately 95% lesions were moderate- to highrisk lesions as per ACC/AHA criteria, and most (96.51%) lesions had a TIMI flow
grade below 3. The average length and diameter of the stent was 27.30 ± 9.20 and 2.98
± 0.69, respectively. Average stent per patient was 1.34 ± 0.53, and pre- and postdilation was performed in 97.67% and 26.16% of patients, respectively. Procedural
success was achieved in all patients, and no in-hospital MACE was reported.
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Table 1 Demographic and baseline clinical characteristics
Characteristics

n = 129 patients

Patient demographics
Age, yr

56.57 ± 11.73

Male

99 (76.74)

Baseline medical history
Diabetes mellitus

51 (39.53)

Hypertension

64 (49.61)

Smoking

11 (8.53)

Family history of coronary artery disease

04 (3.10)

History of alcohol consumption

05 (3.88)

Renal disease

01 (0.77)

Atrial fibrillation

01 (0.77)

Cardiac status - Angina class
I

08 (6.20)

II

26 (20.15)

III

71 (55.04)

IV

23 (17.83)

Unknown

01 (0.77)

Data presented as mean ± SD or n (%).

Clinical outcomes during follow-up
The incidence of composite of MACE at 30 d was 0.78% with one cardiac death.
MACE rates during the follow-up duration are depicted in Table 3. In brief, MACEs
were reported in 6 (4.87%) patients at 1 year, consisting of 2 cardiac deaths, one
noncardiac death, one (0.81%) MI, and 2 (1.63%) TLR events. Both TLR events were
PCI, and the patients recovered after treatment. As shown in Table 4, the cumulative
rate of ST was 1.55% (2/129) at 1 year and late ST was ARC-possible ST.

DISCUSSION
The present postmarketing surveillance study was conducted to support the safety of
NeoHexa stents for treatment of coronary artery lesions in real-world clinical practice.
One-year follow-up results demonstrated the favorable safety and performance of the
stent with low rates of MACE and ST of 4.87% and 1.55%, respectively.
We evaluated real-world data of NeoHexa in an unselected clinical practice
population with diverse clinical profiles, which included diabetes (39.53%),
hypertension (49.61%), bifurcation and thrombotic lesions (11.04%), and ACC/AHA
type B and C lesions (94.77%). The presentation of patients was similar to that
reported in studies of other similar stents[13,14]. The NeoHexa stent is designed to have
thin struts (60 μm) on a cobalt-chromium platform with a unique and innovative “s”
link and an alternate “C” link, which provides high radial strength and no
foreshortening, making it ideal for all lesion locations including ostial lesions.
The first-generation DES were built on bulky stent platforms, making deliverability
quite challenging[15]; however, the thin struts and growth of 8% from nominal pressure
to rated burst pressure of this new-generation NeoHexa DES offer good deliverability
and conformability, thereby allowing complete deployment and good wall
apposition. The design leads to a minimal balloon overhang, minimizing the risk of
edge dissection/injury, which is a common procedural complication of PCIs. The
finding that procedural success was achieved in 100% of patients in this study
supports these claims.
Compared with BMS, first-generation DES with a durable polymer have reduced
the rate of restenosis but are associated with higher late ST[11]. Delayed endothelial
healing secondary to a hypersensitivity reaction to the durable polymer could be
responsible for the observed high rate of ST with such DES [16-18] . BP-DES were
developed to address this potential limitation of durable polymer DES. The drug
encapsulated in polymer is completely released within 3–9 mo, and the polymer also
gradually degrades into carbon dioxide and water molecules. Therefore, BP-DES
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Table 2 Lesion and procedural characteristics (n = 129 patients and 172 lesions)
Characteristics

n = 172 lesions

Target vessel location
LAD

73 (42.44)

LCx

37 (21.51)

RCA

56 (32.56)

Ramus

03 (1.74)

Other

03 (1.74)

Target lesion location
Ostial

05 (2.91)

Proximal

83 (48.26)

Mid

54 (31.39)

Distal

22 (12.79)

Unknown

08 (4.65%)

Lesion length
< 20 mm

39 (22.67)

20–40 mm

124 (72.09)

> 40 mm

08 (4.65)

Stenosis

88.12

Bifurcation

3 (1.74)

Thrombotic lesions

16 (9.30)

ACC/AHA lesion type
A

09 (5.23)

B

92 (53.49)

C

71 (41.28)

TIMI flow grade at baseline
0

45 (26.16)

1

49 (28.49)

2

72 (41.86)

3

05 (2.91)

Unknown

01 (0.58)

Average stent length

27.30 ± 9.20

Average stent diameter

2.98 ± 0.69

Average stent per patient

1.34 ± 0.53

Predilation

168 (97.67)

Postdilation

45 (26.16)

Data presented as mean ± SD or n (%). ACC: American College of Cardiology; AHA: American Heart
Association; LAD: Left anterior descending; LCx: Left circumflex; RCA: Right coronary artery; TIMI:
Thrombolysis in myocardial infarction.

initially provide antiproliferative benefits similar to durable polymer DES and later
behave like BMS once drug delivery and polymer biodegradation are complete[19].
Given the importance of ST in evaluating the overall performance of DES, we
estimated the ST rate in our study. The rates of both possible and probable late ST was
0.78% in the present study, which are comparable to those of other standard BP-DES
such as sirolimus-eluting Orsiro stents (0.4%), biolimus-eluting Nobori stents (1.2%),
and Biolimus A9 stents (0.2%) at 1-year follow-up[14,20]. The low rate of ST observed in
our study could be attributed to complete wall apposition of the NeoHexa stent and
appropriate endothelial healing over the 1-year period.
Although there is no scientific difference between indigenously developed DES vs
those developed and marketed by global manufacturers, cost effectiveness remains a
key factor in the decision-making process for patients and health care providers in
India[21]. The most promising results of this retrospective study are 100% procedural
success rate and low rates of MACE (4.87%). MACE rates in our study are comparable
to previously reported incidence rates for other BP-DES: Endeavor stent (12.9%),
NOBORI stent (11%), and Metafor SES (1.6%) [13,22,23] . Moreover, our results are
comparable to the rate observed in the SPIRIT II trial (7.2%)[7].
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Table 3 Mortality, morbidity, and major adverse cardiac event, n (%)
Events

In-hospital

1 mo

6 mo

1 yr

MACE

0

01 (0.78)

05 (3.94)

06 (4.87)

Death

0

01 (0.78)

03 (2.36)

03 (2.44)

Myocardial infarction

0

0

01 (0.79)

01 (0.81)

Clinically driven TLR

0

0

01 (0.79)

02 (1.63)

MACE: Major adverse cardiac event; TLR: Target lesion revascularization.

A major limitation of the present study is the observational design and
retrospective analysis of data. However, observational data allow true representation
of all-comer population unlike randomized trials with restricted enrollment criteria.
In addition, a 1-year follow-up period might not be adequate to evaluate the safety
and performance of NeoHexa DES. Therefore, our results must be further
substantiated in well-designed studies with longer follow-up duration.
In conclusion, the relatively low rates of MACE and ST in this cohort of patients
after 1 year of follow-up support the favorable safety and performance of NeoHexa
stents. Product characteristics such as advanced sent design with the use of
biodegradable polymer that provides high radial strength, minimal balloon overhang,
low recoil, and uniform scaffolding could be responsible for these results. NeoHexa
could be suggested as an effective alternative to other contemporary stents available
in the market for the treatment of de novo lesions in native coronary arteries.
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Table 4 Stent thrombosis, n (%)
Timing of stent thrombosis

Incidence

Type of stent thrombosis

Incidence

Early

0

Definite

0

Late

01 (0.78)

Probable

02 (1.55)

01 (0.78)

Possible

ARTICLE HIGHLIGHTS
Research background
Biodegradable polymer drug-eluting stents have been shown to reduce restenosis rates and have
low rates of stent thrombosis. Thus, this post-marketing surveillance assessing outcomes after 1
year of treatment shows the real implications of biodegradable drug eluting stents.

Research motivation
Proving the real-life reduced restenosis rates of biodegradable stents was the motivation behind
this study. Key problems were the rates of major adverse cardiac events (MACEs) myocardial
infarction, and target lesion revascularization. Solving this would increase patient survival rate.

Research objectives
The main objective was to identify the rate of MACE during the follow-up period at 1 mo, 6 mo,
and 1 year after the procedure completion.

Research methods
This was a retrospective analysis of a single-centre cohort of patients who had received NeoHexa
stents as part of routine treatment for CAD.

Research results
Procedural success was achieved in all patients, and no in-hospital MACE was reported. The
incidence of composite MACE at 30 d, 6 mo, and 1 year was 0.78%, 3.94%, and 4.87%,
respectively.

Research conclusions
Relatively low rates of MACE and stent thrombosis in this study support the safety and
performance of NeoHexa stents, suggesting that it is an effective alternative for treatment of de
novo lesions.

Research perspectives
Our results must be further substantiated in well-designed studies with longer follow-up
duration.
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Abstract
BACKGROUND
Aortic stenosis is one of the rare valvular complications in a transplanted heart.
Over the past 8 years, transcatheter approach for aortic valve replacement
(TAVR) has been slowly evolving to be the preferred approach in these patient
population when compared to the surgical approach. We report a second case in
the United States with successful transfemoral minimal approach with minimal
sedation for TAVR in a heart transplant recipient 19 years post transplantation
for severe symptomatic calcified aortic stenosis.
CASE SUMMARY
We present a case of 73-year-old male who has undergone successful minimal
approach transcatheter aortic valve replacement in an allograft heart. Patient had
received orthotopic heart transplantation 19 years ago for non-ischemic
cardiomyopathy. Follow up transthoracic echocardiograms as per routine
protocol did not show any aortic valve disease until 15 years post transplantation.
Aortic valve was noted to be mildly sclerotic at that time and gradually
progressed to severe symptomatic aortic stenosis over the next 4 years. Patient
had complaints of worsening shortness of breath that limited his functional
capacity. Overall his post heart transplantation period has been mostly
uneventful except for allograft non occlusive vasculopathy and aortic stenosis.
His Society of Thoracic Surgery risk score was 12.205% and he was considered to
be a high-risk surgical candidate by surgeon. Decision was made to undergo
transcatheter aortic valve replacement.
CONCLUSION
With the improved survival of these patients, we think it is time to look into
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Core tip: We report a second case in the United States with successful transfemoral
minimal approach with minimal sedation for transcatheter approach for aortic valve
replacement in a heart transplant recipient. We believe, with the increase of number of
reported cases with valvular diseases in heart transplant patients, it is time for further
research in valvular disease in allograft heart recipients.
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INTRODUCTION
The survival of heart transplant recipients has significantly improved over the past
few decades with advanced surgical techniques and immunosuppressive therapies.
Valvular diseases like aortic stenosis is seen as one of the late complications in cardiac
allograft recipients given improved long-term survival in these patient population[1-3].
Aortic valve replacement through median or partial sternotomy has been considered
to be the standard treatment of choice[4-6]. Over the past decade transcatheter aortic
valve replacement has been evolving given that it is less invasive in these high risk
transplant recipients [6-10] . On review of literature, only 6 case reports have been
reported thus far, of which one has been reported in the United States[2,7]. Most of the
case reports comment only on immediate post-operative outcomes.

CASE PRESENTATION
Chief complaints
Progressive shortness of breath.

History of present illness
A 73-year-old male with history of hypertension, orthotopic heart transplantation 19
years ago has been followed closely for symptoms of worsening shortness of breath in
the setting of severe aortic stenosis. His functional capacity has been gradually
declined to NYHA Class IV (New York Heart Association).

History of past illness
Hypertension, status post heart transplantation, allograft non occlusive vasculopathy
and aortic stenosis.

Personal and family history
Included above.

Physical examination
Physical examination upon admission: He was noted to have elevated jugular venous
pulse, bibasilar lung crackles and bilateral pedal edema.

Laboratory examination
None.

Imaging examinations
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Follow up transthoracic echocardiograms as per routine protocol did not show any
aortic valve disease until 15 years post transplantation when the aortic valve was
noted to be mildly sclerotic at that time and gradually progressed to symptomatic
severe aortic stenosis over the next 4 years.

FINAL DIAGNOSIS
Symptomatic severe aortic stenosis.

TREATMENT
Transcatheter aortic valve replacement.

OUTCOME AND FOLLOW-UP
Patient had tolerated the procedure well and was discharged home on post procedure
day 2. His symptoms of shortness of breath and functional capacity were noted to be
significantly improved during post procedure follow up in the clinic.

DISCUSSION
Patient was minimally sedated with subcutaneous lidocaine in bilateral groin sites
along with small dose of versed and fentanyl pushes per anesthesia protocol.
The left groin was accessed with a 6 French sheath. A pigtail was advanced for
aortoiliac angiography and contralateral access guidance. Aortic root angiography
was performed for guidance of valve deployment. A 6 French venous sheath was
obtained in the left common femoral vein and a temporary pacemaker was advanced
into the right ventricle. With contralateral guidance, a 6 French sheath was placed into
the right common femoral artery. Two Preclose devices were deployed and a 16
French sheath was placed. An Amplatz catheter and a Newton wire was advanced,
across the aortic valve into the left ventricle followed by advancing a preshaped stiff
amplatz wire. Later, the prosthetic aortic valve was advanced across the aortic valve.
Once the valve was noted to be in proper position, a 29-mm Sapien 3 valve was
deployed in the usual sequence of rapid pacing, balloon inflation and balloon
deflation. Once the valve was deployed, transthoracic echocardiography was done
that confirmed adequate valve function. No aortic regurgitation was noted. The
delivery system and the 16 French sheath and hemostasis was achieved successfully.
The left common femoral access sheath was removed and a 6 French Mynx device
was placed. No immediate complications were seen. Patient did tolerate the
procedure well and was discharged on post op day 2 (Figure 1).

CONCLUSION
Minimal approach transcatheter aortic valve replacement has proven to have good
outcomes in high risk patients. Its use in allograft heart is also showing to have good
immediate post-operative outcomes. All the case reports thus far have commented on
immediate post-operative outcomes, but more data is needed in regard to long-term
prognosis. There is inadequate data in regard to valvular diseases in heart transplant
recipients. Vasculopathy is a well-known complication in this patient population.
With the improved survival of these patients, we think it is time to look into
pathophysiology of valvular disease in transplant heart recipients. Some other
unanswered questions include, underlying donor and recipient risk factors for
valvular diseases in heart transplant recipients.
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Figure 1

Figure 1 Fluoroscopic pictures. A: The fluoroscopic pictures of pre deployment of the Transcatheter Aortic Aortic Valve B: The fluoroscopic pictures of post
deployment of the TAVR valve.
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Abstract
Takotsubo syndrome is a wide spectrum disease with a dramatic clinical
presentation mimicking acute coronary syndrome albeit without obstructive
coronary disease and typically manifests in the backdrop of intense emotional or
physical trigger. Pathophysiology is incompletely understood with multifactorial
mechanistic pathways circling around a heart-brain-endocrine axis. Several
anatomic and phenotypic variants exist with varied clinical manifestations. The
aftermath of Takotsubo syndrome is not always benign and both short- and longterm complications can occur which may impact its prognosis. Several gaps in
knowledge exist providing an impetus for tremendous future research
opportunities.
Key words: Takotsubo syndrome; Triggers; Pathophysiology; Anatomic variants;
Prognosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Further research is necessary in order to better understand the underlying
triggers and pathophysiologic principles of Takotsubo syndrome which will help
optimize both in-hospital acute and long-term management pathways.
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INTRODUCTION
Chest pain and dyspnea are ubiquitous and common clinical symptoms for patients
presenting to the Emergency Department and majority of these patients are initially
labelled with the diagnosis of coronary artery disease, heart failure or pulmonary
disease. Hitherto less well known clinical entity - Takotsubo syndrome (TTS), first
described in Japan, is becoming increasingly recognized in the Western world and
shares many clinical features indistinguishable from acute coronary syndrome (ACS)
or acute heart failure. TTS is a heterogenous entity characterized by transient wall
motion abnormalities (WMA) of the left ventricle typically without angiographically
significant epicardial coronary artery disease or acute plaque rupture, manifesting
with chest pain, dynamic reversible ST segment and T wave abnormalities, and
modest elevation of cardiac biomarkers disproportionate to the extent of WMA[1-4] thus mimicking ACS in many ways (Figure 1). It has also been described as an acute
heart failure syndrome characterized by left ventricular systolic and diastolic function,
myocardial strain abnormalities, and significant elevation of beta natriuretic peptide.
Over the past three decades, our understanding of the pathophysiologic mechanisms
of this disease has improved; thanks to the widespread availability of urgent coronary
angiography and technological advances in the imaging arena such as modern
echocardiography, speckle strain imaging, cardiac magnetic resonance imaging,
single-photon emission computed tomography and positron emission tomography,
however, several knowledge gaps still remain. What has become clear now is that TTS
is much more common than previously anticipated. It predominantly affects postmenopausal women[5] and portends significant morbidity and mortality approaching
that of ACS, although still underappreciated. A hallmark feature of TTS is its
association with a preceding negative stressful trigger (emotional or physical) - the socalled “broken heart syndrome” or “stress-induced cardiomyopathy”. However, in
some cases no stressors may be identified and in few the trigger could even be a
positive emotion - the soi-disant “happy heart syndrome”.
Electrocardiographic manifestations of TC patients progress through similar
evolutionary pattern as the ECG staging in pericarditis[6]. Stage 1 demonstrates ST
segment elevation, followed by normalization of ST segment in stage 2. T-wave
inversions develop in stage 3, with subsequent normalization of T waves or rarely
persistence of T-wave inversions noted in stage 4[6]. Certainly, an overlap between
these changes may exist, whereas some patients may not demonstrate all evolutionary
stage changes. Several anatomic and phenotypic variants of TTS have been described
with varied clinical manifestations. The most common form is the typical apical
ballooning which occurs in 75%-80% of patients; it's easily recognized and is
associated with typical complications including thrombus formation due to apical
akinesis and left ventricular outflow tract obstruction due to basal hyperkinesis[7].
Other less common types include midventricular, basal or inverted, biventricular,
right ventricular, or focal dysfunction[7]. Numerous putative mechanisms have been
proposed for development of TTS - these include coronary vasospasm, microvascular
spasm or dysfunction [as demonstrated by abnormal Thrombolysis in Myocardial
Infarction (TIMI) Frame Count or TIMI perfusion grade], neurogenic stunned
myocardium with underlying enhanced sympathetic activity, elevated levels of
circulating plasma catecholamines and its metabolites, inflammation, estrogen
deficiency, and spontaneously aborted myocardial infarction [8-12] . A possible
autoimmune and/or autoinflammatory component has also been hypothesized for
TTS, akin to myocardial infarction, thereby providing an impetus to explore long-term
immunological effects of TTS[13]. Associated comorbidities and risk factor profile is
similar to coronary artery disease although some reports suggest that diabetes
mellitus is noted less frequently in patients with TTS suggesting a possible protective
mechanism[14,15].
The most commonly applied diagnostic criteria include the Revised Mayo Clinic
Criteria[16], International Takotsubo Diagnostic Criteria (InterTAK)[17], and the Heart
Failure Association-European Society of Cardiology Criteria [18] . Transthoracic
echocardiography with color and tissue Doppler is the preferred noninvasive imaging
modality for patients suspected of TTS but most of these patients undergo emergent
coronary angiography to rule out ACS. Correct diagnosis is critical since TTS is not a
benign condition and is associated with potentially serious short- and long-term
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Figure 1

Figure 1 Ventriculogram of the left ventricle in diastole (A) and systole (B) demonstrating typical apical
ballooning with apical akinesis and basal hyperkinesis.

complications such as ventricular arrhythmias, dynamic left ventricular outflow tract
obstruction, pump failure with cardiogenic shock, thromboembolic sequelae,
intramyocardial hemorrhage and rupture, pulmonary edema and others[7]. In-hospital
mortality remains high (about 5%) and acute management focuses on the specific
complications[7]. Physical triggers, acute neurologic or psychiatric illnesses, elevated
cardiac biomarkers (troponin), and a low left ventricular ejection fraction on
admission were independent predictors for in-hospital complications[19]. Currently no
evidence exists for long-term management of TTS. Nonetheless, beta-blockers are
advocated especially in patients with increased sympathetic tone[7]. Angiotensinconverting enzyme inhibitors or angiotensin-receptor blockers have demonstrated a
marginal benefit at 1-year[19]. Recurrence rate is reported at 1.8% where the trigger is
typically different, and the recurrence can occur at any time[19].

CONCLUSION
TTS presents with symptoms similar to ACS characterized by transient left ventricular
dysfunction typically manifesting in the setting of stressful triggers. Dynamic
reversible ST segment and T wave abnormalities, modest elevation of troponin,
significant elevation of beta natriuretic peptide, several anatomic variants, potentially
serious short- and long-term complications, prognosis similar to ACS are some
important features of this entity. Our current understanding of the pathophysiologic
underpinnings has improved compared to its first description in 1990 yet there are
several knowledge gaps that need to be addressed. Future potential research
opportunities include exploring reasons for gender predilection, triggering factors
and their role in the development and prognosis of TTS, different phenotypes of TTS,
intracellular and intercellular mechanisms involved, genetic predisposition, exact
pathophysiologic mechanism, specific acute- and long-term management and the role
of animal models. Future larger randomized controlled studies will help resolve these
queries.
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Abstract
Social media has changed the way we learn, educate, and interact with our peers.
The dynamic nature of social media and their immediate availability through our
portable devices (smartphones, tablets, smartwatches, etc.) is quickly
transforming the way we participate in society. The scope of these digital tools is
broad as they deal with many different aspects: Teaching and learning, case
discussion, congresses coverage, peer to peer interaction, research are examples
worth mentioning. The scientific societies considered more innovative, are
promoting these tools between their members. These new concepts need to be
known by the cardiologists to stay updated, as countless information is moving
rapidly through these channels. We summarize the main reasons why learning
how to use these tools to be part of the conversation is essential for the
cardiologist in training or fully stablished.
Key words: Social media; Cardiology; Congress; Learning; Teaching; Interaction;
Cardiovascular diseases; Impact Factor; Portable devices; Smartphone; Tablet
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peers. The scientific societies considered more innovative are promoting these tools
between their members. These new concepts need to be known by the cardiologists to
stay updated, as countless information is moving rapidly through these channels. We
summarize the main reasons why learning how to use these tools to be part of the
conversation is essential for the cardiologist.
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INTRODUCTION
Social media could be considered as interactive computer-mediated communication
tools which have important penetration rates in the general population in middle and
high-income countries. Though, in health sciences, many stakeholders (e.g., clinicians,
academic institutions, professional colleges, administrators, ministries of health,
between others) are unconscious of social media’s relevance[1].
Social media has changed the way we learn, educate, and interact with our peers.
The dynamic nature of social media and their immediate availability through our
portable devices (smartphones, tablets, smartwatches, etc.) is quickly transforming the
way we participate in society[2].
The scope of these digital tools is broad as they deal with many different aspects:
Teaching and learning, case discussion, congresses coverage, peer to peer interaction,
research are examples worth mentioning. A good summary was shown by
Snipelisky[3] about the 4 main reasons to be involved with social media tools: Personal
use, networking, education and public health. There are many others, but these 4
aspects are probably the main points. As other authors have highlighted literacy in
the “Digital Age” it is a necessity. The two unquestioned realities of the digital times
are that you can produce your online digital story, or someone else will make it for
you[4].

REASONS TO LEARN HOW TO USE SOCIAL MEDIA
Social media tools like Twitter could be considered as a new core competency for
cardiologists[5]. Why is so important? Twitter can be used to learn, educate, network,
and advocate; and these four reasons together give to the social media experts access
to great opportunities.
Many authors underline the potential for engagement between peers, there are no
boundaries and the communications are near to be immediate[6,7]; even some people
believe that mentoring could be possible through social media[8]. Also contact with
patients could be done through Social media but we must be cautious with these
approach[9].
Another reason to pay attention to these tools is the impact in the cardiology
congresses, probably it is the best way to follow minute to minute a congress at home,
previously you needed to wait for your partners coming from the Congress or read
web chronicles or article publications, now is at the same time all over the world. You
only need to search or follow a congress hashtag (like #ACC18 or #ESCCongress or
#AHA17), after that you will reach all the content like you were in the congress
arena[10,11]. The impact of social media could be measured through the hashtags and is
really high as we show in Table 1.
Another motive to be involved in social media is to reach a good knowledge about
the current scientific research and discuss it with peers, maybe the discussion in social
media could increment the citations of the papers or even to increase the impact of the
author in the community when they discuss directly their research[12,13]. In the last
years, many journals are adopting a strategy to spread the journal content through
social media[14]. New ways to measuring the impact metrics of the research publications through social media are used now, one of the best examples Altmetrics[15],
that maybe could compete with the classic impact factor in the future.
Another interesting social media tool that needs to be mentioned is Youtube, as the
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Table 1 Impact of Cardiology Social Media by conference hashtag measurement
Conference
hashtag

Hashtag
registration
date1

Total tweets2
(thousands)

Total retweets
(thousands)

Total
participants
(thousands)

Digital
impressions3
(millions)

Visuals4
(thousands)

Papers5
(thousands)

#AHA17

06/29/17

62.0

42.4

17.4

339.1

44.5

17.7

#ACC18

12/11/17

51.4

35.6

10.1

372.5

42.2

14.8

#ESC18

12/29/17

54.5

20.0

23.8

137.5

17.9

4.6

1

Registration date reflects the date the hashtag was registered with symplur.com. Individual hashtag data is from the registration date to access on
September 22, 2018;
2
The total number of unique tweets since the hashtag was registered on symplur.com;
3
Impressions are computed by taking the number of times an account has tweeted multiplied by the account’s number of followers repeated for all
accounts, then finally summed up;
4
The total number of times each photo, GIF, or video was shared;
5
The total number of papers or links/URLs shared. Data from Symplur signals[23].

second common search engine after Google. Many journals or scientific societies are
using it for the dissemination of content and interaction with their potential
audience[16].
If you are an academic leader probably you need to embrace the social media tools
as there is a need for leadership on the social media discussions; the classic leaders are
reluctant to abandon the typical forums of debate and the discussion it will be not
there again, the audience is worldwide and the way to discuss is quickly
changing[17,18].
For sure the future research will be about social media use, and it will focus on the
impact on public health and the education of patients without any doubt. It is not
noise it is a great opportunity[19-21].

CONCLUSION
The scientific societies considered more innovative are promoting these tools between
their members. These new concepts need to be known by the cardiologists in training
or fully stablished to stay updated, as countless information is moving rapidly
through these channels. Do as the cardiology leadership is doing and don´t stay away
from social media, there are more benefits than threats there[22].
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Abstract
The genetic cardiomyopathies are a group of disorders related by abnormal
myocardial structure and function. Although individually rare, these diseases
collectively represent a significant health burden since they usually develop early
in life and are a major cause of morbidity and mortality amongst affected
children. The heterogeneity and rarity of these disorders requires the use of an
appropriate model system in order to characterize the mechanism of disease and
develop useful therapeutics since standard drug trials are infeasible. A common
approach to study human disease involves the use of animal models, especially
rodents, but due to important biological and physiological differences, this model
system may not recapitulate human disease. An alternative approach for
studying the metabolic cardiomyopathies relies on the use of cellular models
which have most frequently been immortalized cell lines or patient-derived
fibroblasts. However, the recent introduction of induced pluripotent stem cells
(iPSCs), which have the ability to differentiate into any cell type in the body, is of
great interest and has the potential to revolutionize the study of rare diseases. In
this paper we review the advantages and disadvantages of each model system by
comparing their utility for the study of mitochondrial cardiomyopathy with a
particular focus on the use of iPSCs in cardiovascular biology for the modeling of
rare genetic or metabolic diseases.
Key words: Cardiomyopathy; Mitochondria; Induced pluripotent stem cells; Fibroblasts;
Cellular models
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Several experimental model systems exist for the modeling of
cardiomyopathies, including those caused by rare metabolic or mitochondrial diseases.
We compare and contrast the cellular models that have been used to date to model
several different mitochondrial disorders with a particular focus on the advantages and
disadvantages of induced pluripotent stem cells.
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INTRODUCTION
The cardiomyopathies are defined as a group of diseases of the heart characterized by
abnormal structure and function of the myocardium[1]. The cardiomyopathies have
been classically grouped according to cardiac morphology with the major categories
being: hypertrophic cardiomyopathy (HCM), restrictive cardiomyopathy, dilated
cardiomyopathy (DCM), arrhythmogenic right ventricular cardiomyopathy and left
ventricular non-compaction cardiomyopathy (LVNC)[2]. These groups can be further
subdivided into genetic and acquired forms based on disease mechanism [2] . The
genetic cardiomyopathies generally arise in childhood or early adulthood and include
metabolic and monogenic diseases.
The inborn errors of metabolism (IEM) are a heterogeneous group of rare genetic
diseases caused by defects in energy production or intermediary metabolism [3,4] .
Within the pediatric cardiomyopathies, IEM affect between 5% and 26% of infants and
children [5] . There are more than 40 different IEM that are associated with the
development of cardiomyopathy[3]. The mitochondrial cardiomyopathies represent
the largest subset and result from pathologic mutations in either mitochondrial or
nuclear genes[6] that ultimately lead to dysfunction of the electron transport chain[7],
the main supplier of cellular energy under aerobic conditions[8]. Since the heart is one
of the most energy-demanding organ in the body[9], cardiomyopathies are found in
20%-40% of children with mitochondrial disease[10]. Given the early onset of these
devastating multisystem diseases, research into disease mechanism and the
identification of potential therapeutics is essential. However, the heterogeneity and
rarity of the IEM and the mitochondrial cardiomyopathies preclude randomized
clinical drug trials with standardized end-points. This makes disease modelling using
animals or cells an essential component in the study of these diseases.

ANIMAL MODELS
The use of animal models for research, with rodents in particular, continues to
represent the most commonly used and successful approach in reductionist biology.
However, despite its many successes, this methodology is still questioned because of
ethical implications, the frequent inability to totally recapitulate human genetic
variability[11] and the fact that important species-specific differences exist for many
aspects of biology which complicate both the study of disease and the translation of
therapies into human subjects[12]. For example, in cardiac research specifically, the use
of rodent models may be limited due to substantial biological differences in the
cardiovascular system between rodents and humans. Rodent hearts beat at
considerably higher heart rates (200-300 beats per minute) than humans (60-100 beats
per minute)[13] and the duration of the ventricular action potential is significantly
shorter in rodents[14] compared to humans[15]. Additionally, cardiomyocytes differ in
the proteins expressed in the myofilaments, which affects repolarization and calcium
sensitivity[13]. One potential strategy to improve the utility of animal models is to
create “humanized models” using genetic engineering[11] or engrafting animals with
human cells or tissues and immune suppressing them to prevent rejection of the
foreign material [16] . Although this type of model is useful for studying many
conditions including cancer[17], infectious diseases[18] and liver disease[19], they have
important limitations, especially in terms of time, cost and difficulties in creation and
maintenance. Furthermore, these hybrid animal models are often not feasible for
studying the heart and cardiovascular system.
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CELLULAR MODELS FOR CARDIOVASCULAR DISEASE
The adult mammalian heart is composed of multiple cell types, including
cardiomyocytes, fibroblasts, endothelial cells, vascular and perivascular cells. The
composition of the heart varies greatly between species [ 2 0 ] but, in humans,
cardiomyocytes are the dominant cell type by volume, encompassing 70%-85% of the
total heart. Cardiomyocytes give rise to specialized cells such as atrial myocytes,
ventricular myocytes and Purkinje cells[21] and are responsible for the generation of
contractile force[22]. However, although the other cell types only account for a small
portion of the overall total myocardial mass, they are essential for maintaining
homeostasis by providing the extracellular matrix and intercellular communication
networks necessary to ensure proper cardiac function[23]. Although cardiomyocytes
may be dominant by volume, they are not the most abundant cells. Fibroblasts are
actually the most common cell type in the heart and are vital for maintaining the
structure, mechanical and electrical functions of the heart[24]. Cardiomyocytes and
fibroblasts are the best-studied cardiac cells and, since both cell types have important
functions in the heart, we would suggest that both need to be examined to fully
comprehend the cardiomyopathies.
Cell culture, using cardiomyocytes, fibroblasts and other cardiac-related cells,
represents another well-established system to study human biology, understand
disease and assess response to therapeutics. Primary cells and immortalized cell lines
derived from human tissues represent two commonly-used experimental models.
Primary cells reflect disease biology most faithfully since they are directly isolated
from the tissue of interest and they maintain the morphology, function and protein
markers in the dish as they possessed in vivo, but they are relatively delicate cells that
can be difficult to maintain in culture and have a finite lifespan with limited potential
for expansion[25]. Immortalized cells are derived by altering cell-cycle check points or
modifying telomerase activity and, although these cells don’t have a limited lifespan
and are capable of sustained active proliferation, they frequently contain genetic
aberrations that can accumulate over time and lead to cellular behaviours that are
distinct from those demonstrated in vivo[26].
Another approach to model disease involves the use of patient-derived cells. These
cells are obtained from an individual patient and therefore allow for the study of
human disease in its original genetic context and also have important advantages over
primary or immortalized cells. The two most commonly used patient-derived cell
types used for research today are induced pluripotent stem cells (iPSCs) and
fibroblasts. Given that the genetic background for an individual is preserved, the use
of these patient-specific cells represents perhaps the best tool to realize personalized
medicine[27]. Personalized medicine refers to a health care approach which recognizes
each person’s distinct genetic, clinical and environmental history[28]. Personalized
medicine ideally adapts therapeutics in order to ensure the best response and safety
for the treatment of specific diseases with an individualized approach [29] . Using
patient-specific cells can help realize this vision by helping researchers identify and
understand individual differences.
In conclusion, there are important differences between model systems (Table 1),
with advantages and disadvantages that are often dependent on the condition being
studied. In reality, a combination of models enabling both in vivo and in vitro studies
is often required. In this paper, our main focus will be to discuss and compare the
different cell types which could be useful for studying genetic cardiomyopathies as an
alternative to primary cardiac cells. We will illustrate our discussion with examples of
mitochondrial cardiomyopathies that have been studied using different cellular
models.

IMMORTALIZED CELL LINES
Immortalized cells are defined as cells whose proliferative capacity has been
enhanced using different methods[30]. There are a variety of established approaches to
immortalize cell lines including the introduction of oncogenes [ 3 1 - 3 3 ] , viral
transformation[34,35], the inactivation of tumor suppressor genes[36,37] or the inactivation
of telomere-controlled senescence[38]. The establishment of immortalized cell lines has
helped the scientific community to study different biological and molecular events[26],
although, this approach has been questioned since these immortalized cells differ
significantly from cells with an intact cell cycle control and they are more similar to
malignant cells in many respects. Therefore, the results obtained with these cells can
potentially be misleading if these differences are not considered[39]. However, the use
of immortalized cells still remains one of the most popular models for the study of
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Table 1 Comparison between animal and cell models
Properties

Animal

Cellular

Maintain genetic background

No

Yes

Cost of maintenance

Expensive

Less Expensive

Ease of maintenance

Simple

Difficult

Time required

+++

+

Drug effects

Potentially not translatable

Translatable

Study of paracrine effects

Yes

No

Study of circulatory effects

Yes

No

disease.
Immortalized cells have been used to study two inherited diseases caused by point
mutations in mitochondrial DNA (mtDNA), mitochondrial myopathy,
encephalopathy, lactic acidosis and stroke-like episodes (MELAS), and myoclonic
epilepsy and ragged-red fibres (MERRF). In both diseases, an alteration in the posttranscriptional modification of a uridine located in an essential position of specific
mitochondrial tRNAs, causes oxidative phosphorylation impairment that leads to the
inability to generate sufficient ATP to meet the energy demands of the cell[40]. These
mitochondrial disorders can be caused by mutations in several genes but, in this
example, the immortalized cells were used to model the effect of an A>G transition at
nucleotide 3243 in the tRNALeu gene causing MELAS[41] and a A>G change in the
tRNALys gene at position 8344 causing MERRF[42]. Two different studies recapitulated
these diseases using cybrid cells[43,44]. Cytoplasmic hybrid cells (cybrid) are created
using a recipient cell line called rho-zero cells, whose mtDNA has been depleted but
the nuclear DNA remains intact and a donor cell which provides mtDNA to the
union[45]. This approach has the advantage of being able to isolate mtDNA from a
donor patient with a specific mtDNA mutation, allowing for the study of the
pathology in an immortalized cell line.
Another rare human disorder, Barth syndrome (BTHS) was studied using
immortalized cell lines. BTHS is an X-linked recessive disorder characterized by earlyonset cardiomyopathy (usually LVNC or DCM), skeletal muscle weakness and
neutropenia related to abnormal mitochondrial structure[46]. Disease severity is highly
variable, with patients ranging from being asymptomatic to having severe
cardiomyopathy and end-stage heart failure[47]. Studies have shown that BTHS is
caused by loss-of-function mutations in the tafazzin (TAZ) gene [48] . TAZ is a
phospholipid transacylase located in the inner mitochondrial membrane and is
responsible for remodeling of the phospholipid cardiolipin[49] which is an essential
component of the mitochondrial membrane[50,51]. The TAZ gene consists of 11 different
exons [52] and mutations have been identified in each exon, primarily missense
mutations, although small insertions and deletions have also been found[53].
To study BTHS, the authors used a myoblast cell line (C2C12) derived from mouse
skeletal myoblast cells, which is commonly used as a model of disease in mammals
for skeletal muscle disorders and myopathies[54,55]. The authors designed a stable TAZ
knockout (KO) using clustered regularly interspaced short palindromic repeats
(CRISPR) technology to target exon 3 in mouse TAZ and cloned it into a plasmid
together with the Cas9 nuclease and co-transfected into the cells with a plasmid that
allowed for selection with puromycin[56]. With the introduction of the plasmids into
the cell, the guide RNA binds to exogenous exon 3, and this binding is recognized by
the nuclease, which performs the cutting of the gene, disrupting it. The clone whose
genomic TAZ DNA band was fragmented into three pieces was the chosen one to be
the model of the disease. According to the authors, this model served to recapitulate
BTHS, being consistent with other previous models, showing mitochondrial defects
such as accumulation of monolyso-cardiolipin, impaired mitochondrial respiration
and increased mitochondrial ROS species[56].
Although these studies have used different immortalized cell models, these might
not be the best tool to recapitulate the diseases with accuracy. First of all, these cells
are derived either from tumors or from the immortalization of other cell times where
the cell cycle or the telomerase activity is compromised, therefore, these cells do not
resemble normal cell lines in terms of replication and lifespan and, consequently, this
can cause genetic and phenotypic variation over time leading to create heterogeneity
in the same cell line[57]. Secondly, these cell lines, like all cell lines are vulnerable to
contamination (e.g., Mycoplasma) which can remain undetected and modify cell
behaviour and gene expression[58]. Finally, the use of cellular models generated by
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using techniques that knockout a gene in particular in a cell line, might not be
sufficient to recapitulate the entire spectrum of disease since additional genetic
modifiers are not reproduced.

FIBROBLASTS
Fibroblasts are the major stromal cell-type present in connective tissue and are
characterized by a flattened and elongated shape with a central nucleus[59] (Figure 1).
They are derived from mesenchymal precursors and are part of a heterogenous
collection of cells widely distributed over the body. Fibroblasts play an important role
in connective tissue by producing extracellular matrix compounds, principally
collagen type I and III. Fibroblasts not only have a structural role but they are able to
repair damaged tissue by migrating to the site of injury and rapidly proliferating to
restore the wounded area[60]. This proliferation potential explains why fibroblasts are
so widely used and why they grow in vitro very easily[61]. In addition to their growthrelated properties, fibroblasts are also increasingly recognized as an important
contributor to cardiac biology through cell-cell signalling and physical
interactions [62,63] . Unfortunately, fibroblasts have distinct electrophysiological
properties and these cells are not electrically excitable despite the presence of multiple
ion channels, including potassium and sodium channels[64]. Fibroblasts also lack a
specific cell surface marker that distinguishes them from other cell types[65]. However,
they can be isolated from a skin biopsy and grown in culture[66] but they do have a
limited lifespan[67], so their use to study function, structure and disease mechanism is
limited to cells that have not undergone an excessive (< 20) number or cell divisions
or passages[66].
Fibroblasts have also been used to study MELAS and MERRF. This study
demonstrated that the tRNA point mutations did not modify the number of normal
mitochondria but there were important differences found regarding the number of
secondary lysosomes and residual bodies in both diseases compared to the control
cells[68]. Furthermore, in both diseases, there was impaired respiratory enzyme activity
which decreased mitochondrial respiration rate and membrane potential and
impacted cell viability due to the inability to synthesize enough ATP to meet the
energy requirements of the cell[68]. Even though the cell types affected by MELAS and
MERRF in humans are mainly neurons and myocytes[69,70], the easily obtainable skin
fibroblasts were sufficient to provide a helpful model to understand some of the
mechanisms by which these cell types are compromised. Fibroblasts were also used in
BTHS to help understand the molecular basis of the disease. As previously
mentioned, diverse mutations have been found in each exon of TAZ, however, there
is no clear correlation between the gene mutation type and the different patient
phenotypes[71]. The authors used fibroblasts from pediatric patients to correlate the
severity of the disease with cellular lipid abnormalities and found that there was
abnormal composition of cardiolipin, phosphatidyl-choline and
phosphatidylethanolamine [72] . In this study fibroblasts allowed the distinct lipid
composition for each patient to be characterized, which enabled insight into the
phenotypic complexity of the disease[72].
Although all these studies successfully used fibroblasts to analyze different
mitochondrial cardiomyopathies, all studies had to work within the limitation of
fibroblast passage number. The passage number refers to the number of times that the
cell can undergo cell division and replication. Studies have shown that, with every
passage, the number of mitochondria decreases and that there are changes in the
structure of these organelles[73]. If not recognized and controlled for, these changes
have the potential to mislead researchers into making false conclusions regarding
mitochondrial morphology and function.

IPSCS
iPSCs were first created in 2006 after Shinya Yamanaka successfully reprogrammed
adult mouse fibroblasts into iPSCs by introducing the pluripotency factors Oct3/4
(Octamer binding transcription factor 3/4), Sox2 (sex determining region Y)-box 2), cMyc and Kfl4 (Kruppel Like Factor-4) under embryonic stem cells (ESC) conditions[74].
ESCs are derived from the inner cell mass of mammalian blastocysts and possess selfrenewal capacity, the ability to grow with an unlimited lifespan and the ability to
maintain pluripotency and differentiate into every cell type of the three germ
layers[75,76]. The iPSCs created with these “Yamanaka factors” showed the morphology
(Figure 2), proliferative properties and gene expression associated with pluripotency
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Figure 1

Figure 1 Bright field microscopy images of human fibroblasts. A: 4 × magnification; and B: 20 × magnification.

in ESCs [74] but, importantly, did not have to be derived from discarded human
embryos. Currently, iPSCs can be created from a variety of mature, differentiated cells
most commonly fibroblasts and peripheral blood mononuclear cells[77].
There are several technical approaches for the delivery of the four critical
pluripotency factors necessary for cellular reprogramming to occur[78]. There are
integrating methods that include retroviral transduction[74], lentiviral delivery[79] and
non-integrative methods such as adenoviral transduction[80], plasmid DNA (episomal)
transfer [ 8 1 ] , lox p lentivirus delivery [ 8 2 ] , Sendai virus delivery [ 8 3 ] , piggyBAC
transposon[84], protein-mediated (polyarginine-tagged polypeptide)[85] and modified
synthetic mRNA [ 8 6 ] (Table 2). Each methodology has its advantages and
disadvantages[87-89] and the choice of delivery vector can have important implications
in downstream applications and, therefore, needs to be considered carefully.
Once created, iPSCs have significant advantages compared to other cell types as a
model of disease. Since they possess the ability to self-renew, there is no concern
about how many passages the cells can tolerate and these cells can be relatively easily
expanded in vitro and be used for many experiments[90]. Furthermore, since they can
be differentiated into mostly every cell type[91], researchers can generate patientdisease- and tissue-specific cells for the disease of interest.

DIFFERENTIATION of IPSCS INTO CARDIOMYOCYTES
Most applications using iPSCs to study human heart disease have differentiated them
into beating cardiomyocytes[92] although one group (discussed later) took a rather
unique approach and differentiated the iPSCs back into fibroblasts [93] . There are
several different published and commercial methods to differentiate iPSCs into
cardiomyocytes all of which are generally based on the signaling factors that are part
of the developmental pathway of cardiomyocytes in vivo[94-96] (Figure 3).
Although the ability to generate patient- and disease-specific beating
cardiomyocytes is a powerful tool for the study of individual cardiomyopathies[97], the
cardiomyocytes that are generated using current methods do have some limitations.
First of all, following differentiation, the final population of cardiomyocytes are not
completely homogeneous. Differentiated cells contain a mixture of atrial, ventricular
and Purkinje cell-types with variable functional properties[98]. If a homogeneous
population is desired, it may be necessary to select for the cellular subpopulation of
interest using sorting techniques based on surface marker expression[99] or genetic
selection[100] which further complicates the process requiring additional time and
expense and exposes the cells to additional handling and stresses which they may not
survive. Furthermore, for some cell types, e.g. ventricular myocytes, unique cell
surface markers do not exist[101]. Another issue is that the cardiomyocytes obtained
using current differentiation strategies have a phenotype resembling fetal cells in
terms of structure, molecular markers and metabolism[102]. This lack of maturity can
require additional steps (which are not fully established or reliably reproducible at
this time) or additional time in culture to obtain a more adult-like cardiomyocyte
population [103] Several methods to stimulate the maturation of iPSC-derived
cardiomyocytes have been published based upon electrical [104] , mechanical [105] ,
chemical stimulation[106] or matrix modification[107]. This is currently an area of active
investigation and future advances and improvements are certain which will further
enhance the utility of iPSC-CMs for the study of genetic cardiomyopathies. However,
even with these functional limitations of derived cells, they have been helpful for
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Figure 2

Figure 2 Bright field microscopy images of human induced pluripotent stem cells. Cells display a round morphology with a large nucleus and grow firmly
packed in colonies. A: 4 × magnification. B: 20 × magnification.

scientists seeking insight into cardiac biology and disease[108,109].

STUDYING GENETIC CARDIOMYOPATHIES USING IPSCS
Primary fibroblasts from a patient with MELAS were reprogrammed into iPSCs using
a retroviral approach in order to establish a novel disease model[110]. As standard
practice, the differentiation capacities of the iPSCs were tested using a teratoma
formation assay to demonstrate that the cells were capable of generating all germ
layers and immunocytochemistry for the pluripotency markers Oct-4 and SSEA-4 was
performed to confirm pluripotency. Tissues in MELAS patients can vary in the levels
of abnormal mitochondria (heteroplasmy) [111] so the researchers assessed this in
patient cells using quantitative real-time PCR to measure mutation ratios and mtDNA
copy number. They found that different fibroblast lines had different levels of
heteroplasmy ranging from < 5% to 95%. They then demonstrated that those
fibroblasts with lower levels of heteroplasmy showed increased heteroplasmy after
several passages while those with higher levels did not vary significantly after
multiple passages. There were also variations with regards to mtDNA copy number
after each passage. This data suggests that the mitochondrial abnormalities in patient
fibroblasts can change over time in culture. However, because of their importance in
cardiac biology, the authors still wanted to study MELAS. Therefore, the MELAS
iPSCs were differentiated back into fibroblasts but, because of the unique selfrenewing properties of iPSCs, the authors could overcome passage-associated changes
in the mitochondria. In the fibroblasts derived from patient iPSCs, levels of
heteroplasmy were found to be similar to the iPSCs from which they were
differentiated. These iPSC-derived fibroblasts were then characterized with regards to
the enzymatic activities of the mitochondrial respiratory complexes and compared to
primary skin fibroblasts. These studies revealed that the iPSC-derived cells
recapitulated the disease phenotype and did not demonstrate altered levels of
heteroplasmy in culture and therefore represent a unique and novel in vitro model of
MELAS[110].
MERRF has also been studied using retrovirus-reprogrammed iPSCs. In this study,
they generated iPSCs from patient dermal fibroblasts. After reprogramming the
fibroblasts using OCT4, SOX2, KLF4, and GLIS1 delivered into the cells, they
differentiated the resulting iPSCs into the two different cell types most involved in the
disease, cardiomyocytes (iPSC-CMs)[112] and neural progenitor cells (iPSC-NPCs).
When they tested all three cell types, they found that all MERRF patient-derived cells
(iPSCs, iPSC-CMs and iPSC-NPCs) had reduced oxygen consumption, elevated
reactive oxygen species (ROS), reduced growth and fragmented mitochondria. The
cellular phenotype correlated with the molecular mechanism of the disease, allowing
iPSCs and iPSC-derived cells to serve as a model for the disease[93].
Differentiated iPSCs have also been used in the study of BTHS. The cells of two
unrelated patients were reprogrammed using either retroviral[113] or modified RNA
approaches[114]. These two patients had different mutations in TAZ, one having a
frameshift mutation and the other a missense mutation. After the generation of the
iPSCs, they differentiated them into cardiomyocytes that they then used to create
tissue layers and a heart-on-chip model[115]. The iPSC-CMs showed abnormalities in
cardiolipin processing, sarcomere assembly, myocardial contraction, ROS production
and cardiomyocyte functioning, correlating with the abnormalities and cardiac
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Table 2 Methods of delivery for reprogramming factors
Method

Advantages

Disadvantages

Retroviral transduction

Efficient, validated for multiple cell types, easy

Transgene integration

Lentiviral delivery

Very efficient

Transgene integration

Adenoviral transduction

Does not integrate

Low efficiency, only validated for fibroblasts

Plasmid DNA transfer (episomal)

Good efficiency, does not integrate, able to
Low efficiency in fibroblast reprogramming
replicate autonomously, validated for multiple cell
types

Lox p lentivirus delivery

High efficiency, excision of the integrated
sequence, gene expression profile closer to hES
cells

Sendai virus

Efficient, does not integrate, validated for multiple Cost if purchased commercially or challenging if
cell types
generated by a laboratory

PiggyBAC transposon

Efficient, precise and efficient self-excision, does
not remain integrated

Published work only in fibroblasts, licensing
patent issues, pBt gene may remain active posttransposition

Polyarginine tagged polypeptide

Does not integrate

Low efficiency, time-consuming, technically
challenging and work only on fibroblasts

RNA modified synthetic mRNA

Very efficient, does not integrate, factor available
commercially

Cost if purchased commercially or challenging if
generated by a laboratory and work only on
fibroblasts

Genomic instability and genome rearrangements
and loxP site remains integrated

dysfunction observed in patients, demonstrating again that is possible to use an in
vitro model to provide insight into human disease and test potential therapeutics[116].
iPSC-CMs have also been used to study other cardiomyopathies. For example,
iPSC-CMs have also been used to understand the pathological effects caused by the
reduced expression of frataxin (FXN) in Friedreich ataxia (FA). This neurodegenerative disease is caused by the expansion of a short tandem repeat (GAA) in the
FXN gene, which can result in transcriptional silencing [117] and therefore, the
development of HCM[118] which is an important component of the disease phenotype
but its development is not understood. In this study, the researchers generated iPSCs
from three patients using an episomal reprogramming approach and then
differentiated the resulting iPSCs into cardiomyocytes[119]. Analysis of the iPSC-CMs
showed that these cells had an increased beating rate which was related to a defect in
calcium handling. Therefore, these cells revealed novel biology that could potentially
contribute to the future development of treatment for this disease[120]. It is important to
note that this cellular phenotype could arguably not have been accomplished with
any other cell type.
The DCM with ataxia syndrome (DCMA) is an autosomal recessive disorder caused
by mutation in DNAJC19 and is characterized by 39% mortality[121] during early
childhood due to severe heart failure[122]. DCMA has been related to BTHS due to the
presence of metabolic abnormalities (i.e. production of 3-methylglutaconic acid) and
abnormal mitochondria are thought to be responsible for heart failure[123]. Rohani et
al[123] successfully established four patient iPSC lines that have been differentiated into
CMs expressing cardiac-specific markers and this will allow for the study of four
unique patient cell lines. This disease still needs to be further characterized but the
use of iPSC-CMs derived from patients looks promising as a cellular model to provide
a better understanding of the disease.
Finally, iPSC-CMs have also been used to study familial HCM, characterized by
thickened left ventricular walls, myofiber disarrays and myocardial fibrosis that often
results in arrhythmias[124]. This can be caused by different mutation in at least 11
different genes which encode sarcomeric proteins [125] . In this study, the authors
generated iPSC-CMs derived from an HCM patient that had a single missense
mutation in the β-myosin heavy chain (MYH7) gene. Whole transcriptional analysis of
these iPSC-CMs provided useful insights into the disease, revealing important
signaling pathways implicated in the pathogenicity of HCM[126].

FIBROBLASTS VS IPSCS
As we have described, both fibroblasts and iPSCs have been used to model genetic
cardiomyopathies and both cell types have important advantages and disadvantages
(Table 3). The characteristics of a specific cell type and the disease being studied may
have an important influence on the researcher’s choice of cellular model and, in some
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Figure 3

Figure 3 Cardiomyocyte differentiation protocol. Modified from Lian et al[135], 2012. hiPSCs: Human induced pluripotent stem cells.

situations, the study of both fibroblasts and iPSCs may be complementary. For
instance, in a disease in which the interaction between cardiomyocytes and fibroblast
plays a role in the development of the pathogenesis, for example in cardiac fibrosis
and arrhythmias[127], the study of both cell types would likely be beneficial.
In order to solve the lifespan problem with primary cells such as fibroblasts,
reversible immortalization could be performed to increase the number of passages
and limit the risk for the development of aberrations in the genome[128]. In one study,
this reversible immortalization was performed in primary neonatal rat cardiomyocytes using lentiviral transduction with either simian virus 40 large T antigen
(TAg) or Bmi-1 together with the human telomerase reverse transcriptase (hTERT).
After the cells were expanded, the introduced genes were removed using an
adenoviral vector expressing Cre recombinase. The transduction of Bm1-1/hTERT
into the primary cardiomyocytes successfully immortalized the cells and they
maintained the expected cell morphology and presence of contact inhibition,
suggesting that the cells had not become aberrant during the immortalization
process[129]. This technique is an example of how genetic engineering could be used to
overcome some of the limitations of cell biology which may be useful to researchers
seeking to study a particular cell type.
Although patient-derived iPSCs and the differentiated cells that are created are
excellent models of disease, the generation of appropriate controls is essential since
they will help to define the abnormal phenotype. For some diseases that are enriched
in specific populations with a unique genetic background, for example, DCMA, which
is highly prevalent in the Hutterite population of southern Alberta[130], there is a need
for controls who also have the same genetic background. The Hutterites are an
isolated and genetically-closed population descended from a limited number of
European ancestors with a communal religious lifestyle[131]. CRISPR/Cas9[132] can be
used to repair the DNA mutation in patient cells to create isogenic controls[133] that are
genetically identical except for a single genetic mutation background[134].

CONCLUSION
Cellular models represent an important tool for investigating rare human diseases
including the genetic cardiomyopathies. Generic immortalized cells are the most
commonly used cell model as they are the easiest to handle in terms of proliferation
capacity, growth rate and low maintenance and can be easily genetically manipulated.
Conversely, obtaining cells from individual patients allows the study of interindividual differences and the important role of genetic modifiers in shaping disease
phenotype and increases the possibility of developing personalized therapeutics.
Certainly, in vitro models have some significant limitations but, in many cases, can
provide a model that is otherwise not available. Particularly for cells differentiated
from iPSCs, it is true that further research is necessary to optimize these cells but the
potential for the development of an accurate and personalized cellular model is very
promising for those diseases where conventional cells and animal models are limited.
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Table 3 Advantages and disadvantages of different cell types for modeling disease in vitro
Properties

Fibroblasts

iPSCs

Proliferation capacity

+

++

Self-renewal

No

Yes

Longevity

Limited

Unlimited

Differentiation

No

Yes

Metabolism

Quiescent

Energetic

Acquisition

Easy

Difficult

Cost

+

+++

Ease of maintenance

Simple

Difficult

Necessary expertise

Low

High

Disease modeling

+

++

Structure

Single elongated cells

Round colonies/beating CM sheets

Maturation

Not applicable

Required for CM

iPSCs: Induced pluripotent stem cells; CM: Cardiomyopathy.
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Abstract
BACKGROUND
The prevalence of cardiovascular diseases, especially heart failure, continues to
rise worldwide. In heart failure, increasing levels of circulating atrial natriuretic
peptide (ANP) and brain natriuretic peptide (BNP) are associated with a
worsening of heart failure and a poor prognosis.
AIM
To test whether a high concentration of BNP would inhibit relaxation to ANP.
METHODS
Pulmonary arteries were dissected from disease-free areas of lung resection, as
well as pulmonary artery rings of internal diameter 2.5–3.5 mm and 2 mm long,
were prepared. Pulmonary artery rings were mounted in a multiwire myograph,
and a basal tension of 1.61gf was applied. After equilibration for 60 min, rings
were pre-constricted with 11.21 µmol/L PGF2α (EC80), and concentration response
curves were constructed to vasodilators by cumulative addition to the myograph
chambers.

ARRIVE guidelines statement: The

RESULTS
Although both ANP and BNP were found to vasodilate the pulmonary vessels,
ANP is more potent than BNP. pEC50 of ANP and BNP were 8.96 ± 0.21 and 7.54
± 0.18, respectively, and the maximum efficacy (Emax) for ANP and BNP was -2.03
gf and -0.24 gf, respectively. After addition of BNP, the Emax of ANP reduced from
-0.96gf to -0.675gf (P = 0.28).
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BNP could be acting as a partial agonist in small human pulmonary arteries, and
inhibits relaxation to ANP. Elevated levels of circulating BNP could be
responsible for the worsening of decompensated heart failure. This finding could
also explain the disappointing results seen in clinical trials of ANP and BNP
analogues for the treatment of heart failure.
Key words: Heart failure; Atrial natriuretic peptide; Brain natriuretic peptide; In-vitro;
Humans
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Core tip: This study demonstrated that both atrial natriuretic peptide and brain natriuretic
peptide (BNP) vasodilate isolated human pulmonary artery rings, and that BNP acts as a
partial agonist and inhibits the effects of atrial natriuretic peptide. The finding that the
addition of BNP inhibits the effects of atrial natriuretic peptide suggests that BNP does
act as a partial agonist, and could be advancing the progression to decompensated heart
failure.
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INTRODUCTION
Decompensated heart failure is a worldwide health issue that is associated with
considerable morbidity and mortality[1,2]. Despite the development of several deviceand medical-based therapies over the past few decades, the rate of rehospitalisation
and early death has not significantly improved[3].
The natriuretic peptides (NPs) family consists of three structurally interrelated
vasoactive peptides, and was initially discovered by de Bold et al[4] in 1981. The family
includes atrial natriuretic peptide (ANP), brain natriuretic peptides (BNPs) and Ctype natriuretic peptide (CNP), which are mainly secreted by cardiac myocytes in
response to wall stress[5,6]. ANP and BNP act via guanylyl cyclase-linked natriuretic
peptide receptor-A (NPR-A), whereas CNP activates the related cyclase natriuretic
peptide receptor-B (NPR-B)[7]. ANP and BNP exert their beneficial effects by reducing
systemic and pulmonary vascular resistance, and by increasing natriuresis and
diuresis[8]. In addition to their haemodynamic effects, NPs attenuate vascular smooth
muscle proliferation and cardiac hypertrophy[9,10]. They also inhibit the synthesis of
growth factors, by counteracting the effects of the renin-angiotensin system, which is
involved in the development of pulmonary hypertension[11].
In vitro studies on pulmonary arterial rings and isolated lung models have shown
that ANP and BNP infusion induced pulmonary vasodilation by reducing pulmonary
vascular resistance[12,13]. However, in heart failure, increasing levels of circulating ANP
and BNP are associated with a worsening of heart failure and a poor prognosis[14]. The
aim of this study is to evaluate whether BNP acts as a partial agonist, and inhibits the
effects of ANP.

MATERIALS AND METHODS
Study patients
Local research ethics committee and institutional (Hull & East Yorkshire Hospitals
NHS Trust) Research and Development Department approval was obtained for the
use of lung specimens and surplus lung tissue from patients undergoing elective lobe
or lung resection for cancer. Patients gave written consent for the use of surplus tissue
for research purposes.
In accordance with the recommendations of the human tissue act (2004) 127 and the
conditions of the local ethics committee approval, the donor patient was anonymous
to the researcher.
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Tissue collection
Excess segments of pulmonary artery were obtained from patients undergoing
lobectomy, and the sample was immediately transferred to the lab in Krebs-Henseleit
solution after resection. After the removal of connective tissue, the pulmonary artery
(PA) sample was divided into 2 mm long rings. The small pulmonary vessels with an
internal diameter of 2-4 mm were used for these experiments.

Experimental protocol
A multiwire myograph system was used for the measurement of isometric tension.
Under physiological conditions (37oC, 21%O2), PA rings were mounted in Krebs
Henseleit solution. A resting tension of 1.61 gf was applied, which was calculated
from earlier experiments[15], and the vessels were left to equilibrate for 60-90 min.
After equilibration, vessels were pre-constricted with 11.21 µmol/L PGF2α (EC80,
calculated from earlier experiments [16] ), and concentration response curves were
constructed to ANP and BNP by cumulative addition to the myograph chambers.
In another set of experiments, once the vessels tension reached a plateau after preconstriction with PGF2α, 300 nmol/L of BNP was added and the vessels were left for
30 min. When a stable resting tension was achieved, concentration response curves
were constructed to ANP. Vessels were then washed for 30 min, and the whole
experiment was repeated again without the addition of BNP.
Active tension was calculated in gram force (gf) as maximum tension at plateau (gf)
– resting tension (gf). The maximum efficacy (Emax) for each agent was determined in
gf and expressed as gf/mm internal diameter of each vessel (to take into account the
variability in PA ring diameter). The integrity of the endothelium was confirmed with
1μM Acetylcholine, and KCl was added to check viability. Vessels that did not
constrict with KCl were excluded from the study. Figure 1 shows the schematic
representation of myograph setup for measuring isometric tension.

Chemicals
A 5% CO2/balance air was sourced from BOC Limited (Guilford, Surrey, United
Kingdom). The agents used were (supplier in parentheses) ANP (Tocris Bioscience,
part of Bio-Techne, Abingdon, United Kingdom), BNP (Tocris Bioscience)
Acetylcholine (Sigma-Aldrich, St. Louis, MO, United States) and PGF2α (Tocris
Bioscience). Stock solutions of drugs were prepared using the solvents recommended
by the suppliers, and control responses to solvents were obtained when necessary.
Fresh serial dilutions were made using the appropriate solvent for each experiment.
All other reagents were obtained from Thermo Fisher Scientific unless otherwise
stated.

Statistical analysis
Data are presented as mean ± SD, and n represents the number of individual PA rings
used in an experiment. Agonist EC50 concentrations (the concentration required to
elicit 50% of the maximum response) were determined using nonlinear regression to
fit a standard slope model using the statistical analysis function of GraphPad Prism
version 7.00 for Windows (GraphPad Software, La Jolla, CA, United States). More
details can be found at http://www.graphpad.com/guides/prism/6/curvefitting/index.htm). Agonist potency is presented as pEC50 (the negative logarithm of
the molar EC50 concentration). Significance was taken as P < 0.05.

RESULTS
A total of 35 PA rings were obtained from 15 patients. The internal diameter of PAs
ranged from 2.5–3.5 mm. Nine rings were not included, as they did not respond to
KCl.

Concentration-dependent effect of ANP and BNP on human PAs
ANP and BNP caused a concentration-dependent relaxation of PAs pre-constricted to
PGF2α, with a pEC50 of 8.96 ± 0.21 and 7.54 ± 0.18 for ANP and BNP, respectively
(Figure 2). The maximum efficacy (Emax) for ANP and BNP was -2.03 gf and -0.24 gf,
respectively.
Another set of experiments was conducted to determine whether a high
concentration of BNP would inhibit relaxation to ANP. After addition of BNP, the Emax
of ANP was reduced by 30% from -0.96 gf to -0.675 gf (P = 0.28, n = 11) (Figure 3).

Concentration response curve of ANP-induced pulmonary vasodilation
All vessels vasodilate in response to ANP. Increasing the concentration of ANP from
3pmol/L–1 μmol/L were used on 8 PA rings. Maximal relaxation was seen at 100
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Figure 1

Figure 1 Schematic representation of myograph setup for measuring isometric tension.

nmol/L (log -7.0 mol/L), and the EC20, EC50 and EC80 were 0.17 nmol/L, 1.105
nmol/L and 7.01 nmol/L, respectively. The hill slope was -0.75 ± 0.5.

Concentration response curve of BNP-induced pulmonary vasodilation
In order to evaluate the effect of BNP on pulmonary vessels, 7 PA rings and a
concentration of BNP from 1 nmol/L–1 µmol/L was used. As the concentration went
above 10 nmol/L, vessels start to vasodilate and the maximum vasodilatory response
was seen at 300 nmol/L (log -6.5 mol/L). The EC20, EC50 and EC80 were 13.3
nmol/L, 28.7 nmol/L and 61.5 nmol/L, respectively. The hill slope was -1.818 ± 2.55.

Cumulative concentration response curve of ANP and BNP-induced pulmonary
vasodilation
In another set of experiments, the cumulative vasodilator effect of ANP and BNP on
pulmonary vascular tone was investigated. Sixteen PA rings from seven patients, and
an increasing concentration of ANP from 1 pmol/L–1 µmol/L, was used. Five rings
were excluded, as they did not respond to KCl. When a stable resting tension was
achieved, vessels were pre-constricted to 11.21 μmol/L PGF2α (EC80). When a stable
plateau relaxation was achieved, the effect of ANP on active tension was determined
by cumulative addition to the myograph chambers.
The PA rings were washed for 60 min, and were pre-constricted again with 11.21
μmol/L PGF2α (EC80). A single dose of 300 nm of BNP was added and left for 30 min.
Once a plateau was achieved by cumulative addition to the myograph chambers, the
concentration response curve of ANP was performed. The addition of BNP reduced
the Emax of ANP by 30% (from -0.96 gf to -0.675 gf).

DISCUSSION
In this study, we demonstrated for the first time that (1) both ANP and BNP
vasodilate isolated human PA rings; and (2) that BNP acts as a partial agonist and
inhibits the effects of ANP. The finding that the addition of BNP inhibits the effects of
ANP suggests that BNP does act as a partial agonist, and could be advancing the
progression to decompensated heart failure.
The circulating concentration of ANP, BNP and CNP is low in healthy individuals,
but it is elevated in heart failure patients, although to variable degrees (e.g., CNP
elevated to a lower extent than its counterparts)[17,18]. In patients with HF, circulating
concentration of BNP exceeds that of ANP; this consistency of response and high
dynamic range makes bioassays for plasma BNP more useful than ANP[19,20]. This
might be due to the fact that BNP is also a marker of cardiac remodelling[21]. Previous
studies have shown that in heart failure (HF) patients, BNP and NT-pro BNP (Nterminal pro b-type NP) are independent predictors of cardiovascular mortality,
worsening HF and need for hospitalization[22-24]. Although BNP and NT-pro BNP have
prognostic value, their therapeutic value is inconclusive in HF patients[25].
In the early 21st century, the United States Food and Drug Administration (FDA)
approved the use of nesiritide (recombinant endogenous BNP) for heart failure
patients[26]. However, several subsequent studies demonstrated that Nesiritide is
associated with worsening renal function and increased risk of death [ 2 7 ] . A
randomized, double blind, placebo-controlled, ASCEND-HF (Acute Study of Clinical
Effectiveness of Nesiritide in Decompensated Heart Failure) trial concluded that
nesiritide showed no substantial improvement in dyspnoea or clinical outcomes[28].
Another double-blinded, multicentre, randomized clinical trial, ROSE-AHF (Renal
Optimization Strategies Evaluation - Acute Heart Failure) enrolled 360 patients. The
study was designed to evaluate the use of low dose nesiritide, with the view that there
would be less side effects and substantial therapeutic effects. However, the study
failed to provide significant evidence in support of the routine use of nesiritide in
heart failure patients[29].
Although NPs are always attractive therapeutic targets for heart failure treatment,
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Figure 2 Cumulative concentration response curve to ANP and BNP (n = 15). Findings show that both ANP and BNP cause vasodilation. ANP is more potent and
efficacious than BNP. pEC50 of ANP and BNP were 8.96 ± 0.21 and 7.54 ± 0.18, respectively. ANP: Atrial natriuretic peptide; BNP: Brain natriuretic peptide.

their use is limited by inadequate clinical efficacy. It is thought that the activity of
neprilysin, a protease produced by the kidney that cleaves various vasoactive
compounds including BNP, is increased in heart failure[30]. In heart failure, increasing
levels of circulating ANP and BNP are associated with worsening heart failure and a
poor prognosis. This raised the suspicion that BNP might act as a partial agonist and
inhibit the effects of ANP, as shown in this study. These findings could also explain
the disappointing results seen in clinical trials of ANP and BNP analogues for the
treatment of heart failure. Further studies are needed to confirm the findings of this
study, which raises the possibility that selective BNP antagonists could be of greater
clinical benefit than BNP agonists for the treatment of heart failure.

Limitations
Our study had several limitations. It was a laboratory-based project that was carried
out in a control setting, which may not truly reflect the in vivo environment. The
therapeutic dose and the dose provided in the experiments may differ. We also used
the pre-constrictor PGF2α, and since the potency of the agent depends on the preconstrictor, other pre-constrictors need to be analysed and compared. The full
potential of the study needs to be backed by a double-blinded randomized control
trial.
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Figure 3

Figure 3 Concentration response curve to ANP alone and ANP + BNP (n = 11). The Emax of ANP was 0.96 gf, which reduced to -0.675 gf when BNP was added.
ANP: Atrial natriuretic peptide; BNP: Brain natriuretic peptide.

ARTICLE HIGHLIGHTS
Research background
The prevalence of cardiovascular diseases, especially heart failure, continues to rise worldwide.
In heart failure, increasing levels of circulating atrial natriuretic peptide (ANP) and brain
natriuretic peptide (BNP) are associated with worsening heart failure and poor prognosis.

Research motivation
ANP and BNP play an important role in homeostasis, but trials with BNP and ANP infusion
showed disappointing results for unknown reasons.

Research objectives
The aim of this study was to evaluate whether BNP acts as a partial agonist and inhibits the
effect of ANP.

Research methods
In this study, the effect of natriuretic peptides (ANP and BNP) on human pulmonary arteries
was evaluated by cumulative addition to the myograph.

Research results
Both ANP and BNP act as pulmonary vasodilators, although ANP was found to be more potent
and efficacious than BNP. Also, the addition of BNP reduced the efficacy of ANP.

Research conclusions
The study confirms that BNP inhibits the effects of ANP, and acts as a partial agonist. These
findings also explained the disappointing results associated with the ANP and BNP infusion
trials.

Research perspectives
Further studies are needed to validate the results of this study, and to evaluate the possibility of
the clinical beneficial role of BNP antagonists for heart failure treatment.
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Abstract
BACKGROUND
Mortality and cause of death data are fundamental to health policy development.
Civil Registration and Vital Statistics systems are the ideal data source, but the
system is still under development in Indonesia. A national Sample Registration
System (SRS) has provided nationally representative mortality data from 128 subdistricts since 2014. Verbal autopsy (VA) is used in the SRS to obtain causes of
death. The quality of VA data must be evaluated as part of the SRS data quality
assessment.
AIM
To assess the strength of evidence used in the assignment of Ischaemic Heart
Disease (IHD) as causes of death from VA.
METHODS
The sample frame for this study is the 4,070 deaths that had IHD assigned as the
underlying cause in the SRS 2016 database. From these, 400 cases were randomly
selected. A data extraction form and data entry template were designed to collect
relevant data about IHD from VA questionnaires. A standardised categorisation
was designed to assess the strength of evidence used to infer IHD as a cause of
death. A pilot test of 50 cases was carried out. IBM SPSS software was used in this
study.
RESULTS
Strong evidence of IHD as a cause of death was assigned based on surgery for
coronary heart disease, chest pain and two out of: sudden death, history of heart
disease, medical diagnosis of heart disease, or terminal shortness of breath. More
than half (53%) of the questionnaires contained strong evidence. For deaths
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outside health facilities, VA questionnaires for male deaths contained acceptable
evidence in significantly higher proportions as compared to those for female
deaths. (P < 0.001). Nearly half of all IHD deaths were concentrated in the 50-69
year age group (48.40%), and a further 36.10% were aged 70 years or more.
Nearly two-thirds of the deceased were male (58.40%). Smoking behaviour was
found in 44.11% of IHD deaths, but this figure was 73.82% among males.
CONCLUSION
More than half of the VA questionnaires from the study sample were found to
contain strong evidence to infer IHD as the cause of death. Results from medical
records such as electrocardiograms, coronary angiographies, and load tests could
have improved the strength of evidence and contributed to IHD cause of death
diagnosis.
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Core tip: In many countries in Southeast Asia, systems for recording mortality and causes
of death are under development. In such settings, due to large proportions of deaths
happening outside of health facilities, verbal autopsy interviews with families of the
deceased are often used to ascertain the cause of death. However, there is a need to
evaluate the quality of cause of death estimation from the verbal autopsy. This study
specifically addresses the assignment of ischemic heart disease as a cause of death,
concluding that a significant proportion of deaths were assigned this cause using strong
evidence.

INTRODUCTION
Sustained, accurate and timely data on mortality and cause of death patterns,
especially the leading causes of death, is essential for local, national and global public
health policy development, evaluation, and research [1,2] . The optimal method of
obtaining data on mortality and causes of death is to have an attending physician
complete a medical certificate of cause of death with the support of detailed clinical
documents and to register these deaths in a universal Civil Registration and Vital
Statistics (CRVS) system[3,4]. Efficient CRVS systems are still under development in
many countries in the Asia-Pacific region, including Indonesia. As an interim step
towards strengthening CRVS systems, Indonesia has established a national Sample
Registration System (SRS) [5] , similar to other countries in the region with large
populations, such as India, China, and Bangladesh[6-8]. The aim of the Indonesian
national SRS is to register deaths in a nationally representative sample of 128 subdistricts across the country and to estimate indicators of total and cause-specific
mortality for health policy and program evaluation. Despite potential limitations in
data availability, as well as quality since its inception in 2014, the Indonesian SRS has
consistently reported ischemic heart disease (IHD) among the observed leading
causes of death in the sample population from 2014-2016[9]. Therefore, it is important
to evaluate the reliability of the Indonesian SRS in determining IHD as an underlying
cause of death.
Since most deaths in Indonesia occur at home without medical attention, there is
limited potential to implement medical certification of cause of death in the SRS.
Under these circumstances, an alternative process termed verbal autopsy (VA) is used
to ascertain the cause of death in the Indonesian SRS. VA involves a retrospective
interview with the deceased’s relatives or primary caregivers, who are familiar with
the illness and circumstances preceding death[10]. The interview is carried out by
trained interviewers after a certain interval following the death. The questionnaire
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collects information about pre-existing disease suffered by the deceased, symptoms
and clinical events during the illness preceding death, as well as details of interactions
with health facilities before death, as reported by the respondent. Based on the
answers from the interview, the cause of death is inferred through physician review
of completed questionnaires, who then assign probable cause(s) for each death, or the
cause of death is inferred using computerised algorithms [10] . The World Health
Organi-zation (WHO) has recognised VA as a viable alternative for ascertaining
causes of death for population health assessments, where medical certification of
cause of death by attending physicians is not available, and has recommended
international standards for this methodology [11] . As in Indonesia, there is now a
movement in other settings with low-performing vital statistics systems to integrate
VA into routine data collection[12].
The diagnoses from VA can be influenced by many factors, such as the design of
questionnaires, interviewer skills, characteristics of respondents (including proximity
to the deceased), recall period for the interview, and method used for ascertaining
causes of death[13]. Given these potential sources of bias, the WHO has recommended
the conduct of scientific studies to assess the quality of causes of death from VA[14,15].
Hence, this study was designed to evaluate the quality of evidence used to assign IHD
as a cause of death from VA, in order to determine the reliability of IHD mortality
estimates from the Indonesian SRS. The study also evaluated potential differences in
the quality of evidence according to age group, gender, and place of death of the
deceased, in order to develop recommendations to strengthen VA data quality from
ongoing SRS operations.

MATERIALS AND METHODS
In general, the optimal method to validate VA methods is to compare the underlying
cause of death derived from the VA to the reference diagnosis of the underlying cause
for the same death, as derived from a pathological autopsy or the next best
alternative, medical records for the deceased[16,17]. In view of the limited availability of
pathological autopsies or medical records for community deaths in Indonesia, this
study was designed to evaluate the quality of evidence that was available from VA
questionnaires, to formulate the diagnosis of ischaemic heart disease as the
underlying cause of death from VA. For this purpose, the study reviewed a sample of
VA questionnaires for content related to IHD, in terms of medical history, symptoms,
and signs of terminal illness, and details of clinical events and treatment as recorded
in the questionnaire. VA data quality was analysed according to three categories of
strong, acceptable, and weak evidence, a methodology that is conceptually similar to
that used in studies to evaluate the quality of evidence for medical certification of
causes of death[18-20].

Study design and sample
A cross-sectional study was designed to evaluate the quality of evidence recorded in a
sample of VA questionnaires for which IHD was diagnosed as the underlying cause of
death from the SRS in 2016. Overall, 30,633 deaths were registered in the 2016 SRS, of
which 4,070 deaths had IHD assigned as the underlying cause of death, and this
group forms the sampling frame for this study[9]. There was no prior information on
the expected proportion of VA cases with strong evidence to support an IHD
diagnosis. Hence, to maximise our sample size, we hypothesised that about 50% of
VA questionnaires would have strong evidence, and it was estimated that a random
sample of 384 questionnaires would be required to estimate this proportion at the 95%
confidence level, within a 5% tolerable margin of error[21].

Data collection and processing
A total of 400 VA questionnaires with IHD as the underlying cause of death were
randomly selected from the sampling frame. At first, the sample was tested and found
to be representative of the whole sampling frame by age and sex. A data extraction
form was used to collect required information of interest from the sampled VA
questionnaires for the variables listed in Table 1. A brief explanation of the relevance
of these variables for evaluating quality of evidence from VA will help place this
study into context. In general, the variables presented in Table 1 were either used to
assess the quality of evidence or to analyse the determinants or predictors of data
quality. The place of death, whether at home or in the hospital, could influence the
availability of specific information on the terminal illness, specifically with regard to
the details of treatment and diagnosis. The relationship of the respondent could
determine their proximity to the deceased, and therefore their knowledge of the
terminal illness and events. The length of the recall period between the death and the
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interview could also affect the quality of information. The past medical history and
specific details of symptoms, signs and events during the terminal illness serve as
primary data for reviewing physicians to formulate diagnoses.
The questionnaires also provide important information from three sections that
record information in unstructured formats. Firstly, respondents describe their
recollec-tions of the symptoms and clinical events during the terminal illness leading
to death, in their own words. This section is referred to as the open narrative section.
Secondly, the questionnaire also records information on the use of health services and
any supporting information from other health records, such as hospital discharge
state-ments, laboratory or imaging test reports, or drug prescriptions, among others.
Finally, the questionnaire has a section in which the reviewing physician documents a
summary of his impressions from the questionnaire review, which provides a basis
for his/her assignment of causes of death. In some instances, this section could
include information based on the reviewing physician’s prior knowledge of the
deceased and the terminal illness. Information from these three sections was transcribed and translated by local SRS staff, which were used in ascertaining quality of
evidence.
The study team identified several key symptoms and other elements of information
potentially available from VA interviews that could be used to diagnose IHD. The key
symptoms include chest pain, terminal shortness of breath, and sudden death. History
of heart disease in the deceased is also important evidence to support the diagnosis of
IHD as the cause of death. A history of hypertension is also considered as a risk factor
associated with cardiovascular disease mortality. A special variable termed “medical
diagnosis” was created from the data, which was rated positive if either IHD was
recorded as the cause of death reported by health staff for deaths in hospitals, or if
IHD was recorded as a cause by the reviewing physician in the case summary. The
study team developed three categories to assess the strength of evidence for the
diagnosis of IHD, based on a combination of clinical history, symptoms and
diagnostic information, as available. Each case was assigned a category of strength of
evidence, the criteria for which are listed in Table 2.

Data analysis
Firstly, this study calculated the distribution of IHD deaths in the study sample by
sex, age, place of death (inside or outside health facilities), previous medical history,
and presence of risk factors. Data quality consistency between open narratives and
structured questions in the questionnaire was measured as an indicator to assess the
quality of the VA interview.
Next, this study calculated the frequency and proportion of cases assigned to each
category of strength of evidence. Further, the distribution of the strength of evidence
was evaluated by sex, age, place of death (hospital or home), the relationship of the
respondent with the deceased, and whether the respondent resided with the deceased
during the course of death. IBM SPSS statistical software was used in this study to
calculate chi-square values and p-values to detect the statistical significance of
variation in the strength of evidence by socio-demographic information, place of
death and the relationship between respondents and the deceased.
The study data were also evaluated for consistency as an indicator of data quality.
In general, the open narrative section is likely to include specific elements of
information, such as the occurrence of chest pain, terminal shortness of breath, and
previous history of heart disease or hypertension, all of which are also directly
enquired by the structured questions. Consistency of such information across both the
open-ended sections as well as the structured questions can reflect the quality of the
interview, as well as justify the need for both sections in the questionnaire if the
information is present only in one source. This study has examined this consistency
by comparing information for key variables between the structured questions and
open narratives in the same questionnaire.

Ethics consideration
Ethical approval for the overall SRS study has been obtained from the Indonesian
Ministry of Health. The study proposed here also obtained ethical approval from both
the Australia National University Human Research Ethics Committee (protocol
number 2018/493) and the Ethics Board of NIHRD, Indonesia.

RESULTS
As mentioned in the Methods, the study sample was tested and found to be
representative of the overall IHD deaths in the SRS 2016 data. Table 3 demonstrates
that more than half of the deaths were among males (58.40%), and nearly half of all
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Table 1 Data variables used for analysis of quality of evidence from verbal autopsy questionnaires
Data category

Data variables

General information of deceased

Age / sex
Place of death (health facilities/home)
Relationship with respondent
Recall period of interview

Structured questions

Previous medical history (heart disease, stroke, hypertension, diabetes, etc.)
Signs and symptoms of terminal illness
Risk factors
Use of health services
Cause of death provided by health staff

Open sections

Respondent’s free-flowing narrative of the course of illness and terminal events
Information from available health records
Physician reviewer’s case summary

IHD deaths were concentrated in the 50-69 year age-group (48.40%), in approximately
the same gender ratio, and a further 36.10% were aged 70 years or more. More than
twice the number of deaths occurred at home than in a health facility, while male
deaths were more likely to have occurred in health facilities than female deaths,
which could have an influence on gender diffe-rentials in the quality of available
evidence. Similarly, about half of all cases had a previous history of heart disease,
again with males more likely to have such history compared to females. Among the
risk factors of importance, about 40.35% of IHD deaths had a prior history of
hypertension. Overall, 44.11% of the deceased had a positive history of smoking, but
more importantly, almost three-fourths of the male IHD deaths had ever smoked. The
average recall period for interviews was about four months, which is within the
recommendations for VA.
Table 2 presents the distribution of IHD deaths according to the various categories
of strength of diagnostic evidence. Only 4 cases mentioned a previous history of
cardiac surgery associated with terminal cardiac symptoms, which represented the
strongest possible evidence for IHD. In addition to these four cases, a substantial
number of questionnaires included definitive information on terminal chest pain
along with other symptoms, positive history, or a medical diagnosis of IHD, as
defined in the Methods section. Together, these cases accounted for more than half the
sample being assigned to the category of strong diagnostic evidence for IHD from VA.
In another 22% of cases, there was evidence that was reasonably suggestive of IHD,
either in the form of terminal chest pain, or a combination of history of sudden death
with previous heart disease or a medical diagnosis. While less convincing than the
criteria defined for the category of strong evidence, we chose to allocate these cases to
the “medium” strength of evidence category. For the remaining cases, the VA
questionnaires only included minimal information either in the form of isolated
clinical features such as sudden death, terminal shortness of breath, or previous
history of heart disease or hypertension. In all these cases, the questionnaires did not
contain any information suggestive of any other potential cause of death, but the
absence of specific evidence of IHD necessitates these cases to be assigned the
category of weak evidence. In two of the sampled cases, there was no symptom
suggestive of any cause of death and were hence clearly incorrectly assigned to be
caused by IHD.
We further analysed the data to evaluate the demographic and other factors that
could be associated with the strength of evidence for the diagnosis of IHD. For this
analysis, we combined the deaths from “strong” and “medium” evidence into one
category termed “acceptable” evidence and compared it with those from the “weak”
evidence category, as shown in Table 4. The analysis showed that while there was no
association between strength of evidence and age at death, acceptable evidence to
diagnose IHD was significantly associated with the occurrence of deaths in hospitals.
Acceptable evidence was also positively associated with deaths in males as compared
to deaths in females (Table 4), but a stratified analysis (Table 5) showed that this
association was statistically significant only for male deaths that occurred at home (P
= 0.005). More pertinent was the finding that there was a significant likelihood of
recording better evidence if the respondent belonged to the same generation as the
deceased (spouse or sibling), as compared to either a parent or offspring of the
deceased being from a different generation. Paradoxically, acceptable evidence was
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Table 2 Distribution of each category of strength of evidence
Category

Criteria

Strong

(1) Surgery for coronary heart disease 213
(1%); (2) Terminal chest pain and two
of: (A) Sudden death; (B) History of
heart disease; (C) Medical diagnosis
of heart disease3; (D) Terminal
shortness of breath.

53%

Medium

(1) Terminal chest pain alone; (2)
Sudden death AND either: (A)
History of heart disease OR; (B)
Medical diagnosis of heart disease;
(3) Only medical diagnosis of heart
disease.

22%

Weak

(1) Only history of heart disease; (2)
98
Only symptomatic evidence (without
chest pain): (A) Sudden death; (B)
Hypertension; (C) Shortness of
breath.

24.5%

Nil

No evidence for the cause of death.

2

0.5%

400

100

TOTAL

Cases

87

Proportion

Medical diagnosis of heart disease3: (A) informed by health facility staff where treatment accessed during illness; or (B) recorded by local health centre
physician with prior knowledge of medical condition of deceased.

significantly associated with longer recall periods (> 90 d), a finding that was also
observed in the same population for a similar study conducted to assess the quality of
evidence for VA diagnoses of cerebrovascular disease.
This study also analysed the availability and consistency of information across
different sections of VA questionnaires. Figure 1 displays the frequencies of positive
responses to several key variables from either or both the structured questions and
open text sections of the questionnaire. Overall, there was the consistency of
information across the two sources within the questionnaire in only 60%-70% of
deaths for all of the key variables. The symptoms of chest pain, sudden death, and
previous history of heart disease and hypertension were all reported more frequently
in response to structured questions. In contrast, the symptoms of shortness of breath
and unconsciousness were reported more often in the open text sections. A positive
response in at least one source was used in assigning the category of strength of
supporting evidence for each case.
Another factor that could influence the quality of information in the VA
questionnaires is whether the death took place in a health facility or at home. Figure 2
displays the proportions of deaths in these two locations for which a positive response
was provided for certain key symptoms, as well as for the constructed variable
“medical diagnosis of heart disease” (see Methods). As per usual expectation,
respondents for deaths in health facilities provide higher levels of positive responses,
indicative of increased awareness of the clinical features of the terminal illness, likely
communicated by the health care staff. This is also evident in the higher proportions
of cases with a medical diagnosis of heart disease, as recorded in the questionnaire.
All of these observations support the general finding of significantly higher levels of
acceptable evidence for deaths in hospitals, as reported in Table 4.

DISCUSSION
VA is currently being promoted as a viable option for deriving information on causes
of death in countries where medical certification of cause of death is unavailable or
limited[21]. Despite methodological limitations of VA in terms of its reliance on secondhand information from the deceased’s relatives, which follows a considerable recall
period, causes of death from VA are increasingly being used for national mortality
estimation[22,23]. IHD is estimated to be among the top five leading causes of death in
the world, as well as in Indonesia. To our knowledge, this study provides the first
ever empirical assessment of the quality of evidence available to infer a diagnosis of
ischaemic heart disease as the underlying cause of death from VA. Our study
identified that more than half (53%) of sample questionnaires from the Indonesian
SRS contained strong evidence about IHD. Furthermore, another 22% of cases
included sufficient evidence to support a diagnosis of IHD. For the remaining one
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Table 3 Sample description by socio-demographic factors and health background
Chisqua P value
re

Female

Male

Total

n

%

n

%

n

%

χ2

P

< 30

2

1.2

3

1.3

5

1.3

-

-

30-49

27

16.3

30

12.9

57

14.3

-

1.000

50-69

70

42.2

123

52.8

193

48.4

-

1.000

70+

67

40.4

77

33.0

144

36.1

-

1.000

All ages

166

41.6

233

58.4

399

100

Health facilities1

46

28.0

80

34.3

126

31.6

-

-

Home2

118

72.0

153

65.7

271

67.9

1.8

0.185

Hypertension

74

44.6

87

37.3

161

40.4

-

-

Heart disease

73

44.0

133

57.9

206

51.6

4.2

0.041a

Diabetes

20

12.0

30

12.1

50

12.5

-

0.516

Smoking

4

66.7

172

93.0

176

44.1

-

-

Alcohol

2

33.3

13

7.0

15

3.8

-

0.072

Variable

Age

Place of death

Medical history

Risk factors

Recall period in days
Mean

110

123

-

-

Median

102

114

0

0.998

1

Health facilities1: Includes deaths occurring in hospital, other health facilities and walk-in clinic; Home2:
Includes deaths occurring at home and in transit;
a
P value < 0.05.

fourth of the sample, although the evidence used to assign IHD was weak, there was
no evidence in the questionnaires to indicate an alternative VA-based cause of death.
Overall, our study findings indicate that VA protocols employed in the Indonesian
SRS generate evidence of sufficient quality for diagnosing IHD as an underlying cause
of death, but with some room for improvement.
More detailed analyses identified that there was a significant likelihood for
acceptable diagnostic evidence of IHD from VA for deaths that occurred in health
facilities, among male deaths at home, or for which the respondents were from the
same generation as the deceased. The availability of strong evidence for hospital
deaths is generally plausible and readily understood, owing to the potential for family
members to receive direct medical information about the illness from medical staff,
which was observed for both male and female deaths. However, for deaths at home,
there was a significantly higher proportion of male deaths with acceptable evidence
compared to female deaths. In general, it was also observed that the quality of evidence was uniformly better from wives as respondents, in comparison with husbands as respondents (data not shown). This could be a reason for the gender differentials in the quality of evidence. More detailed qualitative research is required to
ascertain the reasons for this difference in response patterns. Also, the finding that
respon-dents from the same generation (either a spouse or sibling) as the deceased are
associated with better quality of VA evidence as compared to either the parents or
offspring (a different generation) of the deceased is important. This finding suggests
that for adult deaths, interviewers should actively seek and preferably conduct the
VA with a spouse or sibling, rather than other adult relatives who may not pay the same attention to details of the terminal illness or the health care received by the
deceased.
From a diagnostic perspective, IHD poses particular challenges, in that its cardinal
symptom - acute chest pain - is essentially subjective in nature, as compared to the
directly observable unilateral paralysis in cases of cerebrovascular stroke. The
subjective nature of the occurrence, intensity, and duration of chest pain makes it
challenging for VA respondents to report this symptom, as evidenced from its
reporting in only about 60% of deaths. This is further compounded by the incidence of
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Table 4 Associations between strength of evidence and Verbal Autopsy interview
characteristics
ChiP value
square

Evidence
Variable

Category

Acceptable

Weak

n

%

n

%

Male

189

81.5

43

Female

110

66.7

55

30-69

191

76.4

70+

106

Hospital
Home

χ2

P

18.5

-

-

33.3

11.4

< .001a

59

23.6

-

-

74.1

37

25.9

0.3

0.627

111

87.4

16

12.6

-

-

188

69.9

81

30.1

14.3

< 0.001a

Sex of deceased

Age of deceased

Place of death

Relationship between respondent and deceased
Spouse/sibling

109

86.5

17

13.5

-

-

Parent/offspring

126

69.6

55

30.4

11.8

< 0.001a

Respondent living with the deceased
Yes

223

76.4

69

23.6

-

-

No

69

70.4

29

29.6

0.2

0.281

> 90 d

172

80.0

43

20.0

-

-

≤ 90 d

122

70.1

52

29.9

4.4

0.036a

Recall period

a

P value < 0.05.

sudden death in IHD, which is mostly due to cardiac causes as compared to
cerebrovascular stroke[24]. In the SRS VA protocol, the structured question on ‘sudden
death’ enquires about the occurrence of death in an individual without any serious
illness in the period immediately preceding 24 h. The response to this question also
has a degree of subjectivity, which gets further blurred by the length of the recall
period. Also, there needs to be clarity in the interviewer’s understanding of the
phenomenon of sudden death, and (s)he should be able to clearly convey this concept
to the respondent, in order to elicit and record the correct response. In our study
sample, sudden death was reported in over 70% of cases. In the absence of a medical
certificate of cause of death, we considered that a verbal confirmation of chest pain
and sudden death is highly suggestive of the cause being IHD. A third important
element in our diagnostic criteria was the availability of a “medical diagnosis”, as
defined in the methods. The SRS interview protocol gives strict instruction to
interviewers to not ask leading questions naming specific causes when recording the
open narrative, or the structured questions on health care access, or diagnoses
provided by healthcare staff. Further, a diagnosis of IHD recorded in the VA
reviewing physician’s summary is either based on his opinion from the questionnaire
review or from prior knowledge of the deceased’s clinical history. Hence, taken
together, these three elements - chest pain, sudden death, and a medical diagnosis formed the core criteria for strong evidence in support of an IHD diagnosis. Other
categories of evidence included less specific features for IHD.
In terms of the availability of direct clinical information, only four cases reported a
previous history of cardiac surgery. Also, there was no information from the health
records section providing diagnostic evidence from previous hospital discharge
documents, electrocardiograms, laboratory or imaging test reports, or drug
prescriptions, which could have aided us in evaluating the strength of evidence. Such
information was not available, even though a third of the study sample deaths
occurred in hospitals, for which the only useful information from the health records
section was from the cause of death communicated by the health staff. A recent study
in Vietnam identified that clinical discharge records are valuable evidence for deaths
in individuals who accessed health facilities but died within a month following
discharge[25]. A likely reason for the absence of this information in Indonesia is the
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Table 5 Deaths in health facilities and outside health facilities by gender
Acceptable
evidence

Weak evidence

Chi-square

n

%

n

%

χ2

P value

Male

72

90.0

8

10.0

-

-

Female

38

82.6

8

17.4

-

0.271

Deaths in health
facilities

Deaths outside health facilities
Male

117

77.0

35

23.0

-

-

Female

71

60.7

46

39.3

-

0.005a

a

P value < 0.05.

cultural practice of disposing all medical documents and health care materials
belonging to the deceased at the time of or soon after the funeral. Future community
sensitization events about the VA program could appeal for such documentation to be
preserved and made available during VA enquiries.
The findings on the availability and consistency of information from different
sections of the VA questionnaire also have important implications for VA
implementation. The two main questionnaire components comprising the open text
sections and structured questions offer opportunities to record similar information for
certain key variables potentially. This provision has been made in the questionnaires
to accommodate an observed inherent variability in response patterns during VA
interviews, as demonstrated both in our study (Figure 1) as well as in a similar study
that only assessed such variation in the reporting of paralysis in deaths from
cerebrovascular stroke in Vietnam[26]. Some respondents require prompting through
structured questions to elicit all relevant information, while others are more
comfortable with giving information in their own words and are non-committal or
even inattentive during the structured questions. The open narrative section in
questionnaires has generally been found to be very important in determining the
cause of death, similar to studies conducted elsewhere[27,28]. Constructing a timeline
that puts the history of disease, individual symptoms, signs, and chronology of
clinical events together can help characterise the events leading to death, if the
respondents were familiar with the deceased. In the Indonesian VA physician review
protocol, reviewers are also trained to utilise the information from all sections of the
questionnaire to construct such a summary, in order to guide their diagnostic
decisions. In many instances, it is likely that physician reviewers would be able to
diagnose causes of death largely from the open narratives, although they should
always seek corroborating information from the structured questions. Ultimately,
better consistency of information across both sources increases confidence in the
veracity of information available to formulate diagnoses.
In conclusion, this study demonstrates a process for reviewing the quality of
evidence in VA questionnaires, in the context of assigning ischaemic heart disease as
the underlying cause of death. While acceptable evidence was available for threefourths of the cases in our study sample, several measures could be taken to improve
overall data quality. Firstly, the questionnaire could be modified to elicit more detail
in regard to the designation and/or qualification of health staff (doctors, nurses, or
paramedics) who provided an opinion as to the cause of death for events in health
facilities. This would enable more accurate use of this information in deciding the
level of evidence. Secondly, communities should be sensitised to the benefit of
retaining and sharing available health care documents within the household with the
local health centre staff, instead of casual disposal following the final rites. Thirdly,
the SRS program could initiate activities to liaise with secondary and tertiary hospitals
in cities and major towns in the proximity of SRS sites, from where some cause of
death-related data may be obtained for facility deaths. Eventually, medical
certification of the cause of death scheme could be introduced in these hospitals, to
improve the overall quality of evidence for mortality statistics from the SRS. Also,
further qualitative research could help design improved community interactions to
access the most appropriate respondent, as well as improved interviewing techniques
to strengthen VA data quality. These study methods for ischaemic heart disease could
be used as a model to investigate the quality of evidence for other major causes of
death such as cerebrovascular disease, diabetes, tuberculosis, and chronic lung
disease, among others, in Indonesia as well as other settings where VA is routinely
implemented. Periodic evaluation of the quality of VA evidence is essential to
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Figure 1

Figure 1 Quality consistency of data in different sections of questionnaire.

improve the empirical use of VA data for mortality and cause of death measurements
for health policy, monitoring, and evaluation.

WJC

https://www.wjgnet.com

253

October 26, 2019

Volume 11

Issue 10

Zhang W et al. Diagnosis of IHD from VA
Figure 2

Figure 2 Symptom frequencies between deaths at health facilities and at home.

ARTICLE HIGHLIGHTS
Research background
Mortality and cause of death data are the basis for health policy and research. The Civil
Registration and Vital Statistics (CRVS) system is the ideal source of data, but the CRVS in
Indonesia is still under development. Since 2014, the National Sample Registration System (SRS)
has provided nationally representative mortality data from 128 sub-districts. Verbal autopsy
(VA) is used in SRS to obtain the cause of death.

Research motivation
The evidence available from the VA to diagnose causes of death must be assessed to establish the
reliability and utility of SRS data. The diagnosis of VA may be influenced by many factors, such
as questionnaire design, interviewer skills, characteristics of respondents (including proximity to
the deceased), recall period for interviews, and methods for determining the cause of death.
Given these potential sources of bias, the World Health Organization recommends conducting
scientific research to assess the quality of VA’s cause of death, hence necessitating this study.

Research objectives
This study was designed to assess the quality of evidence used to diagnose Ischaemic Heart
Disease (IHD) as a cause of death from VA. The study also sought to evaluate various factors
that could influence the quality of evidence, such as age and gender of the deceased, place of
death, relationship of the respondent, and recall period.

Research methods
The study sample comprised a random sample of 400 deaths out of a total of 4,070 cases
diagnosed from IHD in the SRS data for 2016. A data extraction form and data entry template
were designed to collect relevant IHD data from VA questionnaires. A standardised
classification was designed to IHD cases to categories with strong, medium and weak evidence.
Strong evidence of IHD was defined to include surgery for coronary heart disease, or the history
of chest pain along with two additional characteristics among sudden death; history of heart
disease; the medical diagnosis of heart disease; or terminal shortness of breath. Statistical
analysis was conducted to assess the frequency of cases with different levels of evidence, as well
as to identify associations between case characteristics and levels of evidence.

Research results
Nearly half of all IHD deaths were concentrated in the 50-69 age group (48.40%), and another
36.10% were 70-years-old or older. Two-thirds of the deceased were male (58.40%). VA
questionnaires for about three-quarters of all cases contained strong or medium evidence to
diagnose IHD. Quality of evidence was significantly associated with the occurrence of deaths in
hospitals, with male deaths at home, and with deaths for which the respondent belonged to the
same generation as the deceased.

Research conclusions
VA diagnoses of IHD was found to be based on acceptable evidence in the majority of cases in
the study sample. Attention is required to improve recording of information during VA
interviews, particularly in regard to correct interpretation of responses for symptoms and signs,
and more importantly, clinical details from interactions with health services. Such studies should
be conducted for other leading causes of death in Indonesia, as well as across space and time.

Research perspectives
The study assessed levels and determinants of the quality of diagnostic evidence to assign
Ischaemic Heart Disease as a cause of death from VA methods in Indonesia. The study results
provided perspectives on VA data collection processes, evidence patterns guiding VA diagnosis,
and the influence of various circumstances of the death event and household interview on the
overall quality of evidence from VA.
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Abstract
Cardiovascular disease (CVD) remains a major cause of morbidity and mortality
worldwide. Currently, it is well established that dyslipidemia is one of the major
risk factors leading to the development of atherosclerosis and CVD. Statins
remain the standard-of-care in the treatment of hypercholesterolemia and their
use has significantly reduced cardiovascular morbidity and mortality. In
addition, recent advances in lipid-modifying therapies, such as the development
of proprotein convertase subtilisin/kexin type 9 inhibitors, have further
improved cardiovascular outcomes in patients with hypercholesterolemia.
However, despite significant progress in the treatment of dyslipidemia, there is
still considerable residual risk of recurring cardiovascular events. Furthermore, in
some cases, an effective therapy for the identified primary cause of a specific
dyslipidemia has not been found up to date. Thus, a number of novel
pharmacological interventions are under early human trials, targeting different
molecular pathways of lipid formation, regulation and metabolism. This editorial
aims to discuss the current clinical and scientific data on new promising lipidmodifying therapies addressing unmet needs in CVD, which may prove
beneficial in the near future.
Key words: Lipid-modifying therapies; Cardiovascular disease; Dyslipidemia
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Despite significant progress in the treatment of dyslipidemia, there is still
considerable residual risk of recurring cardiovascular events. Ongoing research has led to
the discovery of several different molecules involved in lipid homeostasis, which can
serve as possible targets for new lipid-modifying therapies. Novel medications that have
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provided promising results in early human trials include inclisiran, bempedoic acid,
seladelpar, CSL-112, apabetalone, volanesorsen, APO(a)-RX, and APO(a)-LRX.
Furthermore, several other lipid-lowering agents are being evaluated in ongoing trials.
Thus, there is optimism that use of these lipid-lowering medications may in the future
lead to a reduction of the residual cardiovascular risk.
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INTRODUCTION
Cardiovascular disease (CVD) has consistently been the leading cause of death in the
United States from 1950 through 2014[1]. However, a significant decline in premature
mortality due to heart disease is projected through 2030 in United States, attributed
mainly to sustained declines in smoking, cholesterol and hypertension, which are
major risk factors for CVD, as well as to presumed future advances in medical care
and treatment[2].
Undoubtedly, lipid-modifying therapies have played a crucial role in the
prevention and treatment of major adverse CV events, improving the CV outcomes of
patients with dyslipidemia. Statins are the standard-of-care for the treatment of
hypercholesterolemia and their use is supported by extensive evidence demonstrating
their effectiveness in lowering low density lipoprotein cholesterol (LDL-C) and in
reducing CVD risk in both primary and secondary prevention[3]. Furthermore, statins
exert a number of pleiotropic cardioprotective effects, including improved endothelial
function, reduced vascular inflammation, and reduced platelet adhesion and
thrombosis, which also definitely contribute in the reduction of CVD risk[4]. Another
recent success story is the development of monoclonal antibodies against proprotein
convertase subtilisin/kexin type 9 (PCSK9), which cause a 54.0%-62.7% incremental
reduction in LDL-C levels when administered on top of statins and are associated
with a significant reduction of adverse CV events[5,6]. Certainly, several other lipidmodifying therapies are currently being used in everyday clinical practice, such as
fibrates, ezetimibe, bile acid sequestrants and niacin.
However, despite the significant progress made in the treatment of dyslipidemia,
there is still considerable residual risk of recurring cardiovascular events[7,8]. Our
current pharmacological interventions are able to target a finite only number of lipid
pathways. For example, up to date, no specific therapy has been found, which would
specifically and significantly improve high-density lipoprotein (HDL) functionality
and cholesterol efflux capacity (CEC), leading to a reduction of CVD risk. Moreover,
there are many rare, yet important, genetic diseases that cause dyslipidemia and
hence premature CVD, for which a specific therapy has not yet been found. In
addition, intolerance to certain lipid-lowering medications, especially statins, due to
side effects (mostly myalgias and weakness), as well as inability to achieve the LDL-C
goal despite use of maximally tolerated dose of statins, are factors that undoubtedly
contribute to the residual CVD risk[9].
Given the above, extensive research is being conducted for the development of new
drugs that would reduce residual CV risk and address other unmet needs in CVD.
Thus, this editorial aims to discuss the current clinical and scientific data on new
promising lipid-modifying therapies addressing unmet needs in CVD, which may
prove beneficial in the near future.

MEDICATIONS THAT DECREASE LDL CHOLESTEROL
LEVELS
The direct association between plasma LDL-C concentration and the incidence of
CVD has been unequivocally proven in many epidemiological studies. Inclisiran is a
new, recently developed agent, which targets PCSK9 via a different route, as
compared to PCSK9 monoclonal antibodies. Inclisiran, which is administered
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subcutaneously, is a chemically synthesized small interfering RNA molecule, which
targets the hepatic production of PCSK9, as it affects the degradation of mRNA posttranscription, thus preventing translation of PCSK9 [10] . ORION-1 was a phase 2,
multicenter, double-blind, placebo-controlled, multiple ascending-dose trial of
inclisiran, administered in patients at high risk for CVD with elevated plasma LDL-C
concentration. Administration of a single or two doses of inclisiran was associated
with marked declines in LDL-C and PCSK9 levels, as compared to placebo. The
greatest LDL-C reduction (52.6%) was observed in association with the two-dose 300mg regimen of inclisiran[11]. An ongoing phase 3 clinical trial, ORION-11, is expected
to provide more information about the cardioprotective properties of inclisiran and its
long-term safety and efficacy. The results of this trial are expected to be available in
late 2019[12].
Undoubtedly, inclisiran is a new promising agent for further reduction of the
residual cardiovascular risk in patients with elevated LDL-C. Furthermore, there is
optimism that inclisiran only needs to be administered once every 3-6 mo, which
would significantly improve compliance and comfort for the patients.
Another novel LDL-C targeting drug, which is currently under clinical trials, is
ETC-1002 or bempedoic acid, a dual modulator of hepatic adenosine triphosphatecitrate lyase (ACL) and adenosine monophosphate-activated protein kinase (AMPK).
Inhibition of ACL leads to reduced acetyl coenzyme A (CoA) and hence decreased 3hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase, which is the molecular target
of statins. Adding to that, activation of AMPK leads to an inhibitory phosphorylation
of HMG-CoA reductase and to improved glucose regulation[9,13]. In a phase 2a clinical
trial, ETC-1002 was shown to be safe and well tolerated and it significantly lowered
LDL-C by up to 27% in a dose-dependent manner in patients with hypercholesterolemia[13]. In another phase 2a clinical trial, ETC-1002 not only reduced LDLC by 43% after 4 wk, but also decreased high sensitivity CRP (hsCRP) by 41% in
patients with hypercholesterolemia and type 2 diabetes mellitus without worsening
glycemic control [14] . Moreover, ETC-1002 was shown to be effective, causing a
significant reduction in LDL-C levels, when administered to patients with statin
intolerance or when given as add-on therapy to statin- or ezetimibe-treated patients[15-17].
The results of a phase 3 trial with bempedoic acid (CLEAR Wisdom Trial) were
very recently presented at the American College of Cardiology 2019 Scientific
Sessions. Bempedoic acid (ETC-1002), added to maximally tolerated statin therapy in
patients with hypercholesterolemia and high risk for CVD, lowered LDL-C by 17.4%
at 12 wk compared to placebo and maintained significant LDL-C reductions for 52
wk. In addition, bempedoic acid decreased hsCRP by 18.7%. There was no worsening
of glycemic control in patients with a history of diabetes and the side effect profile of
bempedoic acid was similar to that of placebo. No difference was noted for clinical
outcomes, although the trial was not powered for this endpoint[18]. Thus, further
outcome studies are required to more definitely assess the role of bempedoic acid in
reducing CV risk. Notwithstanding, bempedoic acid may in the future provide an
additional therapeutic option to safely lower LDL-C in high CV risk patients with
elevated LDL-C treated with maximally tolerated dose of statins and other lipidmodifying therapies.
Peroxisome proliferator-activated receptors (PPARs) are molecular sensors that
regulate diverse aspects of lipid metabolism, thus playing a crucial role in lipid
homeostasis. Three isotypes of PPARs have been described: α (NR1C1), β/δ (NR1C2)
and γ (NR1C3). Fibrates are classical PPARα agonists, whereas thiazolidinediones are
potent PPARγ agonists. PPARβ/δ agonists are not currently used in clinical practice;
however, they have shown promising results in early clinical trials[19].
Seladelpar or MBX-8025 is a selective PPAR-δ agonist, which has emerged as a
promising new agent for the treatment of mixed dyslipidemia. In a multicenter,
randomized, double-blind, placebo-controlled study, MBX-8025 was administered to
patients with mixed dyslipidemia, alone or in combination with atorvastatin, for 8 wk.
In this study, MBX-8025 reduced LDL-C by 18%-43%, triglycerides by 26%-30% and
hsCRP by 43%-72%, favorably affecting multiple metabolic parameters. The
administration of MBX-8025 was safe and generally well-tolerated[20]. Moreover, MBX8025 produced substantial reductions in small and very small LDL particles, which
translated to reversal of the small dense LDL phenotype in the vast majority of
participants[21]. Although these initial results with the use of MBX-8025 appear very
promising, further large clinical studies are required to definitely ascertain that the
use of MBX-8025 (or another PPARβ/δ agonist) will be truly associated with a
reduction in CV risk.
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MEDICATIONS THAT INCREASE HDL CHOLESTEROL
LEVELS AND/OR FUNCTIONALITY
The inverse association of HDL cholesterol (HDL-C) with future risk of CVD has been
unequivocally demonstrated in several epidemiological studies. Although the concept
of developing a drug that would raise HDL-C levels and subsequently reduce CV risk
exists for many years, no selective HDL-C-raising medication has proven its
atheroprotective properties in previous clinical trials. In fact, our current knowledge
indicates that HDL functionality plays a much more crucial role in atheroprotection
than circulating HDL-C levels[22].
A reconstituted infusible human apolipoprotein A-I (ApoA-I), CSL-112, is under
early human trials. In a phase 2a, randomized, double-blind, multicenter, doseranging trial, a single intravenous infusion of CSL-112 in patients with stable
atherosclerotic disease was shown to be safe and well tolerated. It produced marked
and rapid dose-dependent increases in ApoA-I levels (up to 145% increase in the 6.8-g
group after 2 h from the time of administration). In addition, total CEC, a key metric
of HDL functionality was increased up to 3.1-fold, as compared with placebo[23]. In
another phase 2b trial, 4 consecutive weekly infusions of CSL-112, administered to
patients with a recent acute myocardial infarction, induced an increase in ApoA-I
levels, HDL-C levels, as well as CEC, and preferentially ATP-binding cassette
transporter A1 (ABCA1)-dependent CEC, in a dose-dependent manner and with no
significant side effects[24]. Given the above, CSL-112 appears to be a very promising
new therapeutic intervention for patients with CVD and currently a phase 3 trial is
ongoing to assess the potential benefit of CSL-112 in reducing major adverse CV
events in patients with acute coronary syndrome. The results of this trial are expected
to be available in 2022[25].
Apabetalone or RVX-208 is an orally active small molecule, which increases ApoA-I
transcription through an epigenetic mechanism that is mediated by bromodomain
and extra-terminal domain (BET) protein 4 (BRD4)[26]. In a multicenter, randomized,
double-blind, placebo-controlled study, RVX-208 was administered at varying doses
twice daily for 12 wk to statin-treated patients with stable coronary artery disease
(CAD). In this study, administration of RVX-208 led to a significant, dose-dependent
increase of ApoA-I levels by up to 5.6%. HDL-C levels were also increased by 3.2% to
8.3%, with increasing doses of RVX-208. In addition, there was an increase of the large
HDL particles. Transient and reversible elevations in liver transaminases, but with no
associated increase in bilirubin levels, were observed in some patients treated with
RVX-208[27]. Another study, which retrospectively analyzed the clinical data from two
randomized, double-blind, placebo-controlled, similarly designed phase 2b clinical
trials of RVX-208 treatment over 6 mo in patients with CAD (SUSTAIN and ASSURE
trials), demonstrated a statistically significant increase in HDL-C, ApoA-I, large HDL
particles, and average HDL particle size of 7.69%, 10.3%, 30.7%, and 1.16%,
respectively, versus placebo. Moreover, a post-hoc analysis showed lower instances of
major adverse cardiac events in patients receiving RVX-208[28]. In addition, there is
evidence suggesting that RVX-208 may exert some protective effects against the
development of type 2 diabetes[29]. Notwithstanding, further studies will be required
to better define the role of RVX-208 in the reduction of the risk for CVD.

MEDICATIONS THAT DECREASE TRIGLYCERIDE LEVELS
ApoC-III is another molecule that plays an important regulative role in lipoprotein
metabolism. ApoC-III raises plasma triglycerides through inhibition of lipoprotein
lipase (LPL), an enzyme essential for the hydrolysis and distribution of triglyceriderich lipoproteins (TRLs) to extrahepatic tissues, as well as through stimulation of very
low-density lipoprotein secretion and via prevention of the hepatic clearance of TRLremnants by the LDL receptor[30]. Elevated plasma triglyceride levels are associated
with CVD and clinical studies have clearly shown that non-fasting triglyceride levels
are strongly predictive of ischemic events and all-cause mortality, even when
differences in plasma HDL-C are taken into account[30]. Epidemiological evidence
shows that carriers of loss-of-function mutations of the ApoC-III gene have 39% lower
triglycerides, 22% higher HDL-C, and 16% lower LDL-C plasma concentrations. More
importantly, their risk of coronary heart disease is reduced by 40%[31].
Given the above, reduction of ApoC-III plasma levels has emerged as a promising
therapeutic strategy to decrease risk for CVD. This has led to the development of
volanesorsen or ISIS 304801, which is a human antisense oligonucleotide (ASO) that
binds to mRNA of the ApoC-III gene and blocks its expression. In a randomized,
double-blind, placebo-controlled, dose-ranging, phase 2 study, ISIS 304801,

WJC

https://www.wjgnet.com

259

November 26, 2019

Volume 11

Issue 11

Kosmas CE et al. Novel lipid therapies in CVD

administered as a single agent to patients with hypertriglyceridemia, produced dosedependent mean reductions in APOC-III levels of up 79.6% and reductions in
triglycerides of up to of 70.9%. No safety concerns related to the use of ISIS 304801
were identified in this study [32] . In another study, volanesorsen (ISIS 304801),
administered to patients with hypertriglyceridemia, including familial
chylomicronemia syndrome, uniformly lowered ApoC-III on ApoB-100, lipoprotein
(a) [Lp(a)] and ApoA-I. Thus, it was suggested that volanesorsen may be a potent
agent to reduce triglycerides and CV risk mediated by ApoC-III[33]. In addition, there
is evidence that volanesorsen may be an especially useful treatment option for
patients with hypertriglyceridemia and type 2 diabetes mellitus, as it improves
glucose disposal, insulin sensitivity and various integrative markers of diabetes after
short treatment[34]. Given the above, volanesorsen appears to be a novel promising
therapy for hypertriglyceridemia, which may also decrease the burden associated
with certain genetic diseases causing hypertriglyceridemia, such as the familial
chylomicronemia syndrome[35]. Notwithstanding, further investigation on the longterm efficacy and safety of volanesorsen is warranted.

MEDICATIONS THAT DECREASE LIPOPROTEIN (a) LEVELS
There is extensive clinical evidence demonstrating that elevated Lp(a) levels is an
independent causative risk factor for CVD and aortic stenosis. Current treatments that
are being used to decrease Lp(a) include nicotinic acid, aspirin and, in more severe
cases, lipoprotein apheresis. Statins may raise Lp(a) by 10%-20% but are also being
used in patients with elevated Lp(a) levels only to decrease LDL-C levels and reduce
CVD risk. PCKS9 inhibitors have also been shown to reduce Lp(a) levels by
approximately 30%, but up to date they have not been approved for the treatment of
high Lp(a) levels [36] . The causality of the relation between Lp(a) and CVD is
considered significant and hence the concept of developing drugs that effectively
reduce Lp(a) exists for many years. However, it is difficult to target Lp(a), as it has no
enzymatic activity and it cannot be feasibly targeted with small molecules or
monoclonal antibodies. RNA therapeutics, and specifically ASOs, represent an elegant
method to reduce circulating Lp(a). Thus, APO(a)-Rx and APO(a)-LRx were
developed, which are ASOs that are administered subcutaneously, inhibiting the
synthesis of the atherogenic Apo(a), which is primarily synthesized in the liver[37].
In a randomised, double-blind, placebo-controlled, phase 1 clinical study,
participants were treated with a single subcutaneous injection or with six injections of
APO(a)-Rx at varying doses. The single injection regimen did not provide any
reduction in Lp(a) plasma levels. However, the six injections of APO(a)-Rx resulted in
dose-dependent decreases in plasma Lp(a) levels with the highest administered dose
of 300 mg being the most effective treatment, as it produced a 77.8%reduction in Lp(a)
levels from baseline. Similar reductions were observed in the amount of oxidized
phospholipids associated with ApoB-100 and Apo(a). The treatment with APO(a)-Rx
was safe and generally well-tolerated, as the most common adverse events were mild
injection site reactions[38]. In a phase 2 trial of APO(a)-Rx, which was administered
subcutaneously once a week for 12 wk in an ascending-dose design, similar
reductions in Lp(a) levels of 66.8%-71.6% were observed[39]. In a phase 1/2a trial of the
other developed agent, APO(a)-LRx, the highest administered dose of 40 mg provided
a decrease of 92% in Lp(a) levels after six doses in healthy human volunteers. Both
agents were also safe[39]. Thus, these new agents targeting the synthesis of Apo(a) may
assist clinicians to effectively diminish Lp(a)-mediated cardiovascular risk.
A summary of the mechanisms of action of the aforementioned novel lipidmodifying therapies is shown in Table 1. In addition, the molecular pathways of
action and effects of the aforementioned novel lipid-modifying therapies are shown in
Figure 1.

ON THE HORIZON
Liver X receptors (LXRs) are members of the nuclear receptor superfamily of DNAbinding transcription factors and act as sensors of cholesterol homeostasis. LXRs
mediate physiological responses to cellular and systemic cholesterol overload,
including the upregulation of the reverse cholesterol transport (RCT), thus having
cardioprotective effects against atherosclerosis. The development of drugs that
stimulate LXRs have emerged as a new promising therapeutic intervention[40,41]. There
are two isotypes of LXRs; LXRα and LXRβ. XL-652 or BMS-779788 is a partial LXR
agonist with LXRβ selectivity. When tested in nonhuman primates, XL-652 appears to
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Table 1 Mechanisms of action of novel lipid-modifying therapies addressing unmet needs in cardiovascular disease
Novel pharmacological agent

Mechanism of action

Inclisiran

Small interfering RNA targeting the hepatic synthesis of PCSK9

Bempedoic Acid

Inhibition of hepatic ACL and activation of AMPK

Seladelpar

Selective PPAR-δ agonist

CSL-112

Reconstituted infusible human ApoA-I

Apabetalone

Increase of ApoA-I transcription acting on bromodomain and extra-terminal domain (BET) protein 4 (BRD4)

Volanesorsen

Human ASO inhibiting the expression of mRNA of the ApoC-III gene

APO(a)-Rx and APO(a)-LRx

ASOs inhibiting the synthesis of the apolipoprotein (a)

XL-652

Partial LXR agonist with LXRβ selectivity

Allicin

Upregulation of ABCA1 expression in macrophage-derived foam cells

ACP-501

Recombinant human LCAT

PCSK9: Proprotein convertase subtilisin/kexin type 9; ACL: Adenosine triphosphate-citrate lyase; AMPK: Adenosine monophosphate-activated protein
kinase; PPAR: Peroxisome proliferator-activated receptor; ApoA-I: Apolipoprotein A-I; ASO: Antisense oligonucleotide; LXR: Liver X receptor; ABCA1:
ATP-binding cassette transporter A1; LCAT: lecithin-cholesterol acyltransferase.

have decreased lipogenic potential, as compared with a full pan agonist, but with
similar potency in the induction of genes known to stimulate RCT[42]. XL-652 has also
been proven to be safe enough to continue with clinical trials[19].
Another important molecule involved in lipid homeostasis is ABCA1, which has a
critical role in modulating efflux of tissue cholesterol and phospholipids into the RCT
pathway, thus clearing excess cholesterol from macrophages and preventing
atherosclerosis. There is a clinical entity, known as Tangier disease, which is caused
by mutations of the ABCA1 gene leading to ABCA1 deficiency[43]. Allicin is a novel
anti-atherosclerotic molecule with anti-oxidant and anti-inflammatory properties,
which can be extracted from garlic. Allicin has been shown to reduce lipid
accumulation through the upregulation of ABCA1 expression in macrophage-derived
foam cells[44]. Furthermore, in a randomized, placebo-controlled, clinical trial, the oral
administration of a garlic powder tablet, containing 1200 mg of allicin, twice daily for
3 mo, was shown to be superior to placebo in the prevention of carotid intima-media
thickness progression in patients with CAD[45]. Another novel promising molecule,
which has also been shown in animal studies to up-regulate ABCA1-mediated
cholesterol efflux and retard atherosclerosis, is apigenin, a natural flavonoid
compound[46]. Thus, given the above, allicin (and possibly apigenin) may be proven
useful in the future for the management of CVD and may also potentially have a place
in the treatment of patients with Tangier disease with some residual ABCA1 activity.
Lecithin-cholesterol acyltransferase (LCAT) is a key enzyme for the esterification of
cholesteryl esters in plasma, promoting also the formation of HDL and enhancing
RCT. Mutations in the human LCAT gene underlie either familial LCAT deficiency
(FLD) or fish-eye disease (FED)[47]. In this regard, the infusion of recombinant human
LCAT is a promising therapeutic option that remains to be explored. In a phase 1b,
open-label, single-dose escalation study, a single intravenous infusion of a
recombinant human LCAT (ACP-501) had an acceptable safety profile and led to
significant dose-proportional increases of both LCAT and HDL-C, as well as to a
favorable modification of HDL metabolism. The results of this study provide support
for the use of recombinant human LCAT in future clinical trials in patient with CHD
and/or FLD[48]. In a first-in-human treatment with enzyme replacement in FLD, ACP501 infusion therapy improved the anemia, stabilized the renal function, transiently
normalized plasma lipids, and favorably modified HDL metabolism. Moreover, ACP501 therapy was safe and well-tolerated[49]. Hence, the results of these studies are
encouraging and support continued development of the recombinant human LCAT
therapy.
Last but not least, it should be noted that many other novel lipid-modifying
therapies are being currently tested in ongoing trials. These therapies include
medications that target protein asialoglycoprotein receptor 1, angiopoietin-related
protein 4, desmocollin 1 and many other molecules playing significant roles in lipid
homeostasis[50,51].
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Figure 1

Figure 1 Molecular pathways of action and effects of novel lipid-modifying therapies addressing unmet needs in cardiovascular disease. siRNA: Small
interfering RNA; ACL: Adenosine triphosphate-citrate lyase; AMPK: Adenosine monophosphate-activated protein kinase; PPARs: Peroxisome proliferator-activated
receptors; Apo: Apolipoprotein; ASO: Antisense oligonucleotide; PCSK9: Proprotein convertase subtilisin/kexin type 9; HMG-CoA: 3-hydroxy-3-methylglutaryl-CoA;
Lp(a): Lipoprotein (a); LXRs: Liver X receptors; LDL-C: Low-density lipoprotein cholesterol; CEC: Cholesterol efflux capacity.

CONCLUSION
It has been well established that despite the significant progress made in the
management of CVD, there are still several unmet needs to be addressed. Currently,
various lipid-modifying therapies are being evaluated in ongoing trials, targeting a
number of different molecules involved in lipid homeostasis. There is optimism that
some of these lipid-modifying therapies will be proven clinically beneficial and will
eventually enter everyday clinical practice, hence enhancing the armamentarium for
the optimal management of CV risk in dyslipidemic patients. Even if some of these
drugs do not succeed in future trials, undoubtedly, we will still be a step forward
towards a better understanding of the pathogenesis of atherosclerosis and to creating
a better future for our patients, decreasing the risk of CVD.
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Abstract
Transthyretin amyloid (TTR) cardiomyopathy is a disease of insidious onset,
which is often accompanied by debilitating neurological and/or cardiac
complications. The true prevalence is not fully known due to its elusive
presentation, being often under-recognized and usually diagnosed only late in its
natural history and in older patients. Because of this, effective treatment options
are usually precluded by multiple comorbidities and frailty associated with such
patients. Therefore, high clinical suspicion with earlier and better detection of this
disease is needed. In this review, the novel applications of multimodality
imaging in the diagnostic pathway of TTR cardiomyopathy are explored. These
include the complimentary roles of transthoracic echocardiography, cardiac
magnetic resonance, nuclear scintigraphy and positron emission tomography in
quantifying cardiac dysfunction, diagnosis and risk stratification. Recent
advances in novel therapeutic options for TTR have further enhanced the
importance of a timely and accurate diagnosis of this disease.
Key words: Multimodality imaging; Cardiac amyloidosis; Transthyretin;
Echocardiography; Cardiac magnetic resonance; Nuclear imaging
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Core tip: Non-invasive diagnosis of transthyretin amyloid (TTR) cardiomyopathy is
improving with significant developments in multiple imaging modalities available to
date. A greater appreciation of the various strengths and limitations of these imaging
modalities is vital, as is high clinical suspicion and timely investigation for the disease,
which remains insidious and elusive. This is of particular relevance in light of emerging
novel effective therapeutic options. This focused review aims to highlight the role of
multimodality imaging in the diagnosis and risk stratification of patients with TTR
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INTRODUCTION
Transthyretin amyloid (TTR) cardiomyopathy is a disease characterized by
extracellular accumulation of abnormal amyloid protein fibrils due to autosomal
dominant hereditary mutation transmission or from a wild type (acquired) form,
previously referred to as senile amyloidosis. Transthyretin is a protein primarily
synthesized in the liver and can dissociate, subsequently aggregating to produce
amyloid. Distinctively, TTR cardiomyopathy lies in one part of the spectrum of
amyloid cardiomyopathy compared to primary systemic amyloidosis or light-chain
amyloid (AL) cardiomyopathy, often due to plasma cell dyscrasia.
However, amyloid cardiomyopathy, particularly the TTR subtype, is often underdiagnosed, as patients are often asymptomatic or present with nonspecific symptoms
early in the trajectory of the disease. Although certain electrocardiographic markers
(i.e., low voltage QRS) may suggest the presence of amyloid cardiomyopathy, these
markers are not specific, particularly for TTR[1]. Left ventricular (LV) hypertrophy
criteria on electrocardiography has only been observed in 25% of TTR
cardiomyopathy[2]. While biomarkers such as natriuretic peptides and troponin may
be elevated in TTR cardiomyopathy, inferring worse prognosis, their utility in
diagnosis of the disease is limited[3,4]. The diagnostic yield is further challenged by the
utility of the gold standard of endomyocardial biopsy, which may be limited by
sampling errors in early disease and false positive/negative rates of approximately
10%[5].
Therefore, the true prevalence of TTR cardiomyopathy is not fully known as it is
usually diagnosed late in its natural history when the disease is well established.
Previous reports using imaging and histological evidence have estimated TTR
cardiomyopathy prevalence to be between 0.36% to 25% in different cohorts of elderly
patients, including those with aortic stenosis and heart failure with preserved ejection
fraction. These have been associated with worse outcomes [6-12] . With that, these
observations support the need for higher clinical suspicion and earlier screening and
diagnosis of TTR cardiomyopathy with non-invasive imaging modalities.
Indeed, the timely detection of TTR cardiomyopathy may allow earlier
implementation of disease-modifying therapy, improving survival. Conventionally,
orthotopic liver and/or heart transplantation has been offered to these patients as
possible curative treatments, as the misfolded TTR protein is synthesized in the
liver[13]. Advanced age at liver transplantation and duration of disease have been
associated with increased mortality[13]. Patients are also more likely to be suitable
surgical candidates at earlier stages of the disease. Furthermore, recent studies have
demonstrated beneficial outcomes in patients with TTR treated with novel medical
therapies [14,15] . Published data from the ATTR-ACT trial has shown significant
reductions in all-cause mortality in TTR-diagnosed patients treated with Tafamidis, a
novel agent with TTR stabilizing properties, along with improvements in
cardiovascular-related hospitalizations and quality of life measurements [14] . The
authors of this study speculate that treatment with this agent early in the disease
course will convey greater benefit, similar to its effect in TTR familial amyloid
neuropathy[16]. In a subpopulation of the APOLLO study, the RNA inhibitor, Patisiran,
has shown statistically significant improvements in certain exploratory endpoints
measuring cardiac function, including natriuretic peptide levels, LV wall thickness
and global longitudinal strain[15]. These therapeutic options offer promising solutions
and support the need for a timely diagnosis. Otherwise, TTR cardiomyopathy is
commonly associated with long-term debilitating neurological and cardiac
complications such as arrhythmias and heart failure[17].
With that, this focused review aims to highlight the role of multimodality imaging
in the diagnosis and risk stratification of patients with TTR cardiomyopathy.
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TRANSTHORACIC ECHOCARDIOGRAPHY
Echocardiography is the primary initial imaging modality performed in the
investigation of amyloid cardiomyopathy when clinically suspected. While it is a
widely available and inexpensive imaging modality, its ability to differentiate
between amyloid cardiomyopathy subtypes is limited and when amyloid
cardiomyopathy is suspected based on echocardiography, further investigations are
necessary to confirm TTR cardiomyopathy.
Increased LV wall thickness, particularly in the absence of high
electrocardiographic voltages, and diastolic dysfunction are among the common early
echocardiographic features seen which can raise suspicion of amyloid
cardiomyopathy, although the differentials for such features are wide[18,19]. In the later
stages of the disease, a restrictive filling pattern and biatrial dilatation may be
accompanied by pleural and/or pericardial effusions [19-21] . Although not highly
specific, LV wall thickness tends to increase to a greater degree in TTR compared to
AL cardiomyopathy[18].
Using myocardial strain analysis, the presence of relative apical sparing of
longitudinal strain is very characteristic of amyloid cardiomyopathy and has been
demonstrated as a reproducible method of accurately differentiating amyloid
cardiomyopathy from other causes of LV hypertrophy. In a study comparing 55
patients with amyloid cardiomyopathy to 30 patients with LV hypertrophy due to
due to either hypertrophic cardiomyopathy or aortic stenosis, the presence of relative
apical longitudinal strain was 93% sensitive and 82% specific in identifying amyloid
cardiomyopathy[22].
This apical sparing pattern of global circumferential strain is usually observed
unless severe diastolic dysfunction is present[23]. Furthermore, this imaging technique
may better aid the identification of amyloid cardiomyopathy in challenging patient
subgroups with mild LV wall thickening and preserved ejection fraction[24]. Despite
that, there is limited data on echocardiographic features specific to TTR
cardiomyopathy. In a study of biopsy-proven TTR patients using speckle-tracking
echocardiography, acquired TTR was characterized by lower LV ejection fraction, as
well as lower basal and mid LV radial strain compared to inherited TTR[25].
In addition, only few echocardiographic markers have demonstrated prognostic
value specific to TTR cardiomyopathy. Among these, impairment of left atrial
function, using conventional and strain-derived speckle-tracking parameters, has
been demonstrated in amyloid cardiomyopathy and closely correlates to LV
deformation. Acquired TTR was associated with worse left atrial function when
compared to inherited TTR or AL [26] . In terms of strain imaging, 4-chamber
longitudinal strain was significantly associated with major adverse cardiovascular
events in amyloid cardiomyopathy, superior to traditional parameters[27]. Relative
apical sparing pattern of global longitudinal strain may indicate worse prognosis,
particularly when combined with low LV ejection fraction[28]. In assessing the right
ventricle, TAPSE can independently predict major adverse events in amyloid
cardiomyopathy patients[29]. Right ventricular dilatation has also been associated with
more severe cases of amyloid cardiomyopathy and infers very poor prognosis[30].

BONE SCINTIGRAPHY
In 1975, 99mTc -methylene diphosphonate accumulation in amyloid cardiomyopathy
was reported for the first time[31]. Since then, multiple bone scintigraphy tracers have
been tested, although their cellular binding mechanisms are not fully known. Several
of these tracers have been predominantly utilized and are described below.
Scintigraphy tracer uptake in TTR cardiomyopathy has been suggested as possibly
due to the increased number of small microcalcifications seen in the myocardium in
TTR[32]. The presence of cardiac tracer uptake confirms amyloid cardiomyopathy but
has not been able to exclusively differentiate TTR cardiomyopathy from other
subtypes. In addition, the absence of tracer uptake does not rule out amyloid
cardiomyopathy.
The authors of a large study of 1217 patients that underwent radionuclide
scintigraphy, either 99mTechnetium-3,3-disphono-1,2-propanodicarboxylic acid (99mTcDPD), 99m Technetium pyrophosphate ( 99m Tc-PYP) or 99m Tc-hydroxymehtylene
diphosphonate (99mTc-HMDP) proposed a non-invasive diagnostic criteria for TTR
cardiomyopathy [33] . TTR was suggested by a score of 2 or 3 with the use of the
Perugini visual score of myocardial radiotracer enhancement (Table 1). Grade 2 or 3
enhancement was shown to be 90% sensitive and 97% specific for TTR
cardiomyopathy using this scoring system. Furthermore, when grade 2 or 3 uptake is
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combined with absence of monoclonal proteins in serum or urine testing, the
diagnostic accuracy improves further. A specificity and positive predictive value of
100% has been demonstrated in this regard. This was consistent among all three of the
radiotracers used in the study.
Interestingly, while absence of abnormal cardiac uptake of radionucleotide tracer
confers a prognostic benefit, Perugini grade stratification at diagnosis has yet to show
prognostic significance in TTR cardiomyopathy[34]. These observations are further
supported by a study of a large cohort of patients undergoing scintigraphy for noncardiac reasons. Of 12521 patients included, myocardial tracer uptake was
demonstrated in 0.36%[6].
Despite the added value of nuclear scintigraphy in the diagnostic pathway of
amyloid cardiomyopathy, there remains low penetrance and high variability in its
utilization[35], thus indicating a greater need for standardization in technique between
centres.

Tc-DPD scintigraphy

99m

99m

Tc-DPD scintigraphy is a highly sensitive technique for imaging TTR
cardiomyopathy. In a study utilizing 99mTc-DPD scintigraphy, all 158 patients with
TTR and clinical cardiac involvement demonstrated cardiac tracer uptake[36]. In the
diagnosis of TTR cardiomyopathy, a study comparing 15 patients with TTR
cardiomyopathy to 10 patients with AL-related cardiomyopathy revealed both
sensitivity and specificity of 100% in identifying the TTR cohort using 99mTc-DPD
scintigraphy[37]. Another more recent study comparing a larger group of 45 patients
with TTR cardiomyopathy to 34 with AL cardiomyopathy and 15 controls again
showed high levels of accuracy with positive and negative predictive values of 88%
and 100% using a visual score of ≥ 2[38]. 99mTc -DPD use as a modality in diagnosing
and differentiating TTR from AL cardiomyopathy has also been supported by a study
of a small Australian cohort of 13 TTR patients, all showing diagnostic tracer uptake,
while 25% of patients with AL-related cardiac involvement showed uptake[39].
99m
Tc-DPD has been observed to distribute predominantly in the cardiac septal and
basal segments and lowest uptake is found in the apical and apico-antero-lateral
segments[40].
Furthermore, reasonable intermodality agreement 99mTc-DPD has been shown with
cardiac magnetic resonance (CMR) in the identification of TTR cardiomyopathy.
Significantly improved estimation of cardiac involvement was seen using 99mTc –DPD
scintigraphy when compared to late gadolinium enhancement (LGE) on CMR in a
study of 18 patients diagnosed with TTR. These consecutively diagnosed patients had
a mean age of 50 years, 56% were female and 56% were asymptomatic [ 4 1 ] .
Interestingly, amyloid fibril composition has been shown to affect the result of 99mTcDPD scintigraphy. Among 55 biopsy-proven TTR patients, all of those with type A
fibrils, and none of those with type B, showed tracer uptake. Type B fibrils were
associated with early-onset V30M mutation and in patients carrying the Y114C
mutation in inherited TTR, whereas type A was noted in all other mutations currently
examined as well as in acquired TTR cardiomyopathy[42].

Tc-PYP scintigraphy

99m

99m

Tc-PYP is currently the most commonly used form of nuclear scintigraphy. There is
growing evidence behind its use of as a cardiac tracer in TTR. In a large multicenter
study of 171 patients with CA, 121 due to TTR, 99mTc-PYP showed 91% sensitivity and
92% specificity in diagnosing TTR cardiomyopathy[43]. Another study demonstrated
the ability of 99mTc -PYP cardiac imaging to distinguish AL from TTR cardiomyopathy
with a sensitivity of 97% and specificity of 100% when heart-to-contralateral ratio of >
1.5 was used[44]. Furthermore, 99mTc-PYP scintigraphy showed reduced uptake in the
apical segments of the LV in TTR. This correlates with apical sparing of longitudinal
strain seen on echocardiography[45].
In addition, there may be potential to diagnose early TTR cardiomyopathy. An
observational study of carriers of inherited TTR mutations included 12 asymptomatic
carriers with normal echocardiographic and biochemical parameters. Cardiac 99mTcPYP uptake was abnormal by visual scoring, comparing cardiac to bone tracer uptake,
in 84%. Grade 2 or 3 tracer avidity, indicating TTR deposition, was seen in 58%[46].
However, serial 99mTc-PYP scanning has not been shown to track disease progression
accurately, as demonstrated in a small study, which showed no significant change in
tracer uptake after 18 mo despite obvious clinical progression of disease[47].

POSITRON EMISSION TOMOGRAPHY
Radiolabelled amyloid ligands have previously been developed to investigate for
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Table 1 Perugini visual scoring
Score

Cardiac uptake and bone uptake

Score 0

Absent cardiac uptake and normal bone uptake

Score 1

Mild cardiac uptake

Score 2

Moderate cardiac uptake accompanied by attenuated bone uptake

Score 3

Strong cardiac uptake with mild/absent bone uptake

amyloid deposits in the brain in Alzheimer’s disease. These tracers have also shown
some utility in amyloid cardiomyopathy. Its concomitant use with nuclear
scintigraphy aids in confirming localization of tracer uptake in heart. A systematic
review of six studies involving the use of positron emission tomography (PET) in
amyloid cardiomyopathy, including 98 patients, demonstrated a pooled sensitivity of
95% and specificity of 98% in differentiating amyloid cardiomyopathy from
controls[48]. Although the individual studies have been small, due to high levels of
accuracy, the use of PET and scintigraphy may potentially aid in screening early
phases of TTR cardiomyopathy where structural disease may not be apparent on
echocardiography or CMR[49]. This requires further exploration. Evidence of PET
studies utilizing various cardiac tracers are described below.
11
C-Pittsburgh compound B, a radiotracer commonly used in the investigation of
Alzheimer’s disease, has the ability to identify amyloid cardiomyopathy due to both
type A and type B amyloid fibrils. While this method does not distinguish between
TTR and AL, it may help identify certain patients with type B amyloid fibril disease,
predominantly V30M mutation-associated TTR cardiomyopathy where 99mTc-DPD
scintigraphy has shown a lack of tracer uptake. However, the mechanism of this is not
fully known[42,50]. In addition, the utility of this compound is limited by its very short
half-life and difficult production.
18
F-florbetaben PET has been shown to help identify patients with amyloid
cardiomyopathy, due to TTR or AL. Percentage 18F-florbetaben retention was shown
to predict myocardial dysfunction in amyloid cardiomyopathy[51]. In another study of
14 patients, 9 with AL or TTR cardiomyopathy and 5 controls, 18F-florbetapir uptake
was seen in all patients with amyloid cardiomyopathy and none of the controls[49]. An
autopsy study of 20 patients with autopsy-documented amyloid cardiomyopathy,
either due to AL or TTR, and 10 controls, showed binding of 18F-florbetapir, a similar
tracer to 18 F-florbetaben, in myocardial sections in all amyloid cardiomyopathy
patients and in none of the controls[52].
18
F-fluorine sodium fluoride is a PET tracer that has been shown, in a small study,
to differentiate biopsy-proven TTR from AL cardiomyopathy and controls. Tracer
uptake was shown to be present in all of the TTR cardiomyopathy patients and none
of either the AL-related patients or controls[53]. This radioisotope was also able to
quantify the degree and regional distribution of tracer uptake. However, another
report of two patients with TTR cardiomyopathy did not show any uptake of this
tracer [54] . The authors hypothesized that specific TTR mutation may influence
radioisotope uptake. Therefore, while 18F-fluorine sodium fluoride shows promise as a
TTR-specific investigative and disease-monitoring tool, it requires further
investigation in larger studies.

CARDIAC COMPUTED TOMOGRAPHY
Currently, there is limited evidence regarding the utility of computed tomography
(CT) in diagnosing TTR cardiomyopathy. Myocardial iodine concentration and ratio
were increased in amyloid cardiomyopathy and can accurately distinguish amyloid
cardiomyopathy from non-amyloid hypertrophic cardiomyopathy and healthy
controls with an AUC of 0.99. At a threshold of 0.65, iodine ratio demonstrated a
sensitivity of 100% and a specificity of 92% in diagnosing amyloid cardiomyopathy[55].
Myocardial extracellular volume measured using CT has been shown to accurately
track laboratory and echocardiographic markers of amyloid cardiomyopathy severity
and correlate with bone scintigraphy quantification of amyloid burden [ 5 6 ] .
Furthermore, determining the myocardial extracellular volume previously required
blood sampling to measure haematocrit level. However, recently, a methodology of
calculating the extracellular volume, using a calculation involving the attenuation of
blood, has eliminated the need for blood sampling from this process. This improves
the feasibility of using CT as a potentially useful imaging modality in amyloid
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cardiomyopathy[57].

CARDIAC MAGNETIC RESONANCE
Cardiac magnetic resonance (CMR) is a useful imaging modality in the diagnosis of
amyloid cardiomyopathy. Its utility in assessing abnormal myocardial interstitium
was described in 2005[58]. Characteristic features seen in amyloid cardiomyopathy
were described as a subendocardial tram-line pattern on LGE imaging which can
progress to transmural enhancement in later stages of the disease [59] (Figure 1).
Alongside LGE, conventional sequences and non-contrast techniques including native
T1 mapping can help diagnose amyloid cardiomyopathy and quantify amyloid
burden, although caution should be applied in the setting of ectopic beats, which is
not uncommonly associated with amyloid cardiomyopathy, but may result in
overlapping blood pool and subsequent false positive diffuse elevation of T1 levels.
Cardiac involvement in patients with inherited TTR can be seen in patients without
clinical cardiac signs or increased LV wall thickness on CMR, suggesting a potential
role in detecting pre-clinical amyloid cardiomyopathy in certain at-risk patients[60].

LATE GADOLINIUM ENHANCEMENT
LGE on CMR has been shown to be of high diagnostic value in amyloid
cardiomyopathy and has achieved a diagnostic sensitivity of 85% and specificity of
92% in a meta-analysis of five studies[61]. Transmural pattern of LGE has been shown
to be more associated with TTR than AL, although the classically described
circumferential subendocardial or transmural LGE is not seen in most patients with
amyloid cardiomyopathy. Other findings which are more suggestive of TTR include
greater intraventricular septal wall thickness and right ventricular LGE[62]. These
investigators also proposed a scoring system, derived from CMR with LGE, which
differentiates TTR from AL with 87% sensitivity and 96% specificity[62].
Furthermore, the results of a study by Fontana and colleagues suggested that phase
sensitive inversion recovery should replace conventional magnitude inversion
recovery for LGE determination in the setting of amyloid cardiomyopathy. Phase
sensitive inversion recovery helps to remove the potential confounder of incorrect
inversion recovery time selection in diffuse infiltrative disease[63]. Higher proportion
of left atrial LGE has been shown to have a strong association with amyloid
cardiomyopathy and may help in differentiating amyloid cardiomyopathy from other
cardiomyopathies. A sensitivity of 76% and specificity of 94% has been shown where
left atrial LGE is > 33%, with significant reduction in left atrial emptying function[64].
However, LGE has some limitations in the investigation of amyloid
cardiomyopathy. LGE does not enable assessment of diffuse changes in interstitial
space secondary to amyloid deposition or quantitative assessment of expanded
interstitium. This is due to inversion time adjustment to the least-enhancing
myocardial region. As a result, absence of LGE does not confirm normal myocardium
in amyloid cardiomyopathy [65] . Another limitation associated with gadolinium
enhancement is the risk of nephropathy. Caution is warranted due to the high
prevalence of renal impairment in patients with amyloid cardiomyopathy.

T1 MAPPING
T1 native mapping using non-contrast MRI has shown high levels of diagnostic
accuracy in detecting AL cardiomyopathy. In a study of 53 AL amyloidosis patients,
28 patients with confirmed AL cardiomyopathy were compared to 36 healthy controls
and 17 patients with aortic stenosis. Accuracy of 92% was seen using a non-contrast
T1 cut-off of 1020 ms[66]. Compared to TTR cardiomyopathy, T1 elevations are higher
in AL cardiomyopathy but similar diagnostic and disease-tracking performance has
been shown in TTR. In TTR, T1 also correlates with left atrial area and with PR
interval and QRS duration on electrocardiogram [67] . Quantification methods of
myocardial T1, such as weighted mean shortened modified look-locker inversion
recovery sequence T1 values have been shown to be significantly higher in amyloid
cardiomyopathy when compared to healthy controls[68]. T1 mapping allows detection
of diffuse myocardial disease and quantitative assessments, which are limited in LGE
imaging[65].
T1 mapping can accurately identify patients with LGE-confirmed cardiac
involvement in TTR and correlates well with the degree of amyloid deposition[69]. As a
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Figure 1

Figure 1 Cardiac magnetic resonance. A, B: Cardiac magnetic resonance demonstrating diffuse, circumferential
and near transmural late gadolinium enhancement of the left ventricle in the 4-chamber (A) and short axis views (B),
features which are characteristic of amyloid cardiomyopathy.

result, it can help improve detection rates of amyloid cardiomyopathy when used in
combination with LGE sequences. It is also a particularly useful tool when contrast is
contraindicated due to renal impairment and when LGE artefacts occur due to poor
breath-holding and arrhythmias; diagnostic problems commonly seen in these
patients.

MYOCARDIAL EXTRACELLULAR VOLUME
Myocardial extracellular volume is another cardiac mapping technique using CMR
that is a validated indicator of myocardial fibrosis [70] . It involves T1 mapping
acquisitions before and after T1-shortening contrast injection. Both T1 mapping and
extracellular volume have recently been shown to perform well as diagnostic
techniques in differentiating TTR from other causes of hypertrophic
cardiomyopathy[71]. While not a specific feature of amyloid cardiomyopathy, it has
been identified as a potential disease-marker to track therapeutic response in the
reduction of hepatic amyloid burden following the use of anti-serum amyloid P
component antibody in systemic amyloidosis[72].
Extracellular volume correlates with amyloid burden and has been shown to be an
independent prognostic factor for survival in TTR cardiomyopathy patients [73] .
Furthermore, extracellular volume has been suggested as a more robust marker in
TTR cardiomyopathy when compared to T1 mapping as it has shown independent
prediction of mortality, where T1 mapping has not[71]. In this regard, T1 mapping and
extracellular volume are divergent when comparing TTR to AL cardiomyopathy.
Extracellular volume is higher in TTR, reflecting proportionally more amyloid
deposition. In contrast, native T1 levels, reflecting both interstitial and cellular
changes, are lower in TTR[74]. However, these differing myocardial observations are
poorly understood.

OTHER SEQUENCES
CMR-measured longitudinal strain can demonstrate the relative apical sparing and
base-to-apex gradient in longitudinal strain, with significantly reduced global
longitudinal strain, which is characteristic of amyloid cardiomyopathy[75]. Strain
analysis using CMR can help diagnose LGE-positive amyloid cardiomyopathy
patients while avoiding the need for contrast medium. Peak circumferential strain
level and variability may be more sensitive when compared to LGE imaging in
detecting early cardiac involvement in amyloid cardiomyopathy[76]. Basal segments
strain parameters can accurately identify cardiac involvement in patients with
amyloidosis[77].
Operator-independent heart deformation analysis using CMR has been shown to
accurately reproduce radial and circumferential regional myocardial motion patterns,
which correlate with feature-tracking indices in amyloid cardiomyopathy[78].
Reduced T2 ratio, comparing the T2 signal intensity of myocardium to skeletal
muscle, has shown some utility in amyloid cardiomyopathy diagnosis and can predict
mortality[79]. Myocardial oedema, as assessed by T2 mapping, is elevated in both TTR
and AL cardiomyopathy, although to a higher degree in AL[80].
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CONCLUSION
The use of multi-modality imaging in the diagnosis and management of suspected
TTR cardiomyopathy is becoming increasingly accurate and necessary. In light of
recent evidence for disease-specific therapeutic agents, high clinical suspicion coupled
with earlier utilization of non-invasive imaging modalities are essential for
diagnosing this insidious and elusive disease.
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Abstract
BACKGROUND
The left internal mammary artery (LIMA) has demonstrated excellent long-term
patency rates when used as a bypass conduit with complications usually
occurring in the early postoperative period. The rapid development of de-novo
atherosclerosis in a previously non-diseased LIMA, subsequently leading to an
acute coronary syndrome (ACS) is rarely encountered.
CASE SUMMARY
A 67-year-old man with history of triple coronary artery bypass graft (8 years
ago) presented to our hospital with an ACS. He had undergone angiography 5
years ago to investigate episodic chest pain and imaging of the LIMA at the time
did not demonstrate the atherosclerotic process. Emergent angiography
demonstrated a severe diffuse stenosis in the proximal to mid segment of the
LIMA, with embolization of a moderate sized thrombus to the distal skip
segment. The LIMA stenosis was characterised by overlying haziness, consistent
with acute plaque rupture, associated with residual luminal thrombus. The
patient was managed with antithrombotic therapy to reduce the thrombus
burden until repeat angiography after 72 h. At repeat angiography, the thrombus
burden was substantially reduced at the distal skip segment as well as at the
proximal to mid LIMA with the demonstration of multiple plaque cavities. This
lesion was predilated and a 2.75 mm × 33 mm everolimus-eluting stent was
implanted to a final diameter of 3.0 mm. The patient made a good clinical
recovery and was discharged after 6 d.
CONCLUSION
This case highlights the rapid and late development of atherosclerosis in a graft 5
years after documented patency and the importance for consideration of
expectant thrombus management.
Key words: Left internal mammary artery graft; Atherosclerosis; Thrombus; Case report
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Core tip: Late complications of the left internal mammary artery (LIMA) graft occur
rarely. We present the case of a 67-year-old man with an acute myocardial infarction due
to the rapid progression of atherosclerotic plaque in the mid shaft of the IMA,
culminating in plaque rupture and thromboembolism. This case highlights the
importance of consideration of expectant thrombus management as well as the
importance of considering late complication of LIMA graft as a cause of acute coronary
syndrome.
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INTRODUCTION
The left internal mammary artery (LIMA) has demonstrated excellent long term
patency rates when used as a bypass conduit[1,2]. When vessel occlusion does occur, it
is typically associated with the presence of competitive flow from the native
circulation leading to atresia, issues relating to surgical technique resulting in distal
anastomotic failure or rarely due to dissection (either spontaneous or iatrogenic). The
rapid development of de-novo atherosclerosis in a previously non-diseased LIMA,
subsequently leading to an acute coronary syndrome (ACS) is rarely encountered. We
present the case of a 67-year-old man presenting with an acute myocardial infarction
due to the rapid progression of atherosclerotic plaque in the mid shaft of the IMA,
culminating in plaque rupture and thromboembolism.

CASE PRESENTATION
Chief complaints
A 67-year-old man presented to the emergency department of our hospital
complaining of worsening central chest pain for the duration of 3 h.

History of past illness
The patient had past history of coronary artery bypass graft (8 years ago) LIMAdiagonal to Left Anterior Descending (LAD) artery, free right internal mammary
artery (RIMA)-ramus intermedius skip to OM and a left radial artery anastomosed to
the PDA and ischaemic cardiomyopathy with moderate segmental systolic
dysfunction. He also had history of treated hypertension, dyslipidaemia, rheumatoid
arthritis and partial nephrectomy for clear cell carcinoma. His regular medications
included aspirin 100 mg daily, atorvastatin 80 mg daily (low density lipoprotein
cholesterol 1.7 mmol/L), frusemide 40 mg daily, metoprolol 50 mg twice daily and
ramipril 5 mg daily.

Physical and laboratory examinations
The patient’s cardiovascular examination revealed his heart sounds were dual with no
added murmurs and his chest was clear. Electrocardiogram showed anterolateral ST
changes of ischaemia (Figure 1) and troponin elevation to 44 ug/L (reference range <
0.05 ug/L). Full blood picture was normal and biochemistry revealed glomerular
filtration rate of 63 mL/min/1.73 m2 (reference range > 90). C-reactive protein was
mildly raised at 6.7 mg/L (reference range < 3.0).

Imaging examinations
A computed tomography aortogram was performed to exclude other differentials for
his presentation that revealed no aortic dissection, ulceration or aneurysm apart from
scattered small areas of calcified arteriosclerotic plaque. No large central pulmonary
embolus was seen either.
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Figure 1

Figure 1 12-lead electrocardiograph at presentation.

Further diagnostic workup
Emergent angiography was organised for this patient due to his clinical picture and
raised cardiac markers. Notably, he had undergone angiography 5 years ago to
investigate episodic chest pain and imaging of the LIMA at the time did not
demonstrate any evidence for atherosclerotic plaque formation (Figure 2A).
Angiography demonstrated a severe diffuse stenosis in the proximal to mid segment
of the LIMA, with embolization of a moderate sized thrombus to the distal skip
segment and anastomosis with the first diagonal branch (“coronary saddle
thrombus”). The LIMA stenosis was characterised by overlying haziness, consistent
with acute plaque rupture, associated with residual luminal thrombus (Figure 2B).

FINAL DIAGNOSIS
Acute plaque rupture in the LIMA with residual luminal thrombus and distal
embolization of the thrombus.

TREATMENT
The patient was managed with intensive antithrombotic therapy initially to reduce the
thrombus burden with eptifibatide (10.5 mg/h for 48 h), enoxaparin (1 mg/kg at 80
mg twice daily for 72 h), ticagrelor 90 mg twice daily and aspirin until repeat
angiography after 72 h.
At repeat angiography, the thrombus burden was substantially reduced at the
distal anastomosis with the diagonal branch and skip graft to LAD. Similarly, the
lesion within the proximal to mid LIMA demonstrated marked resolution with the
demonstration of multiple plaque cavities and a reduction in overlying thrombus
burden (Figure 2C).
This lesion was consequently predilated with 2.5 mm × 15 mm balloon. A 2.75 mm
× 33 mm everolimus-eluting stent was implanted with post dilatation to a final
diameter of 3.0 mm (Figure 2D).

OUTCOME AND FOLLOW UP
The patient made a good clinical recovery and was discharged after 6 d. On followup, he remained well with no further episodes of angina.

DISCUSSION
We describe a case of ACS secondary to atherosclerotic plaque rupture complicated
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Figure 2

Figure 2 Result of angiography. A: LIMA graft Angiogram performed 5 years prior to the current presentation
demonstrates no evidence of atherosclerotic plaque formation; B: Proximal LIMA graft lesion; C: Residual atheroma
of the LIMA graft post anti-thrombotic therapy; D: Post stent insertion.

by distal embolization in a LIMA conduit 8 years after surgery and 5 years after
angiography revealing a patent graft. Most LIMA occlusions occur in the early
postoperative period and are associated with surgical complications such as
dissection, hematoma, spasm, or anastomotic stenosis. LIMA-LAD grafts are
associated with excellent long-term patency and improved outcomes compared to the
saphenous vein grafts. The 10-year patency rate of LIMA grafts is approximately 90%
if the graft is patent 1 wk after the procedure[1,2]. Myocardial infarction caused by denovo atherothrombotic disease within the LIMA in the late postoperative period is
rare. Our patient’s clinical history of dyslipidaemia, hypertension and rheumatoid
arthritis increases rate of atherosclerosis progression. Atherosclerotic lesions are also
more prone to rupture in patients with rheumatoid arthritis[3].
Atherothrombotic graft occlusion within the IMA itself is rarely described [4,5] .
Several unique structural and physiological characteristics protect the LIMA from
atherogenesis, which include fewer fenestrations in the endothelial layer, lower
intercellular junction permeability, enhanced endothelial expression of antithrombotic molecules such as heparin sulfate and tissue plasminogen activator, and
higher endothelial nitric oxide production[6].
The most common late complication of LIMA-LAD graft has been dissection, either
spontaneous or post intervention, even this is rarely reported in the literature[7].
Spontaneous coronary artery dissection (SCAD) type III was also considered in our
case given the appearance of a long lesion with haziness and linear stenosis. However,
this was considered less likely due to the appearance of the lesion with multiple
plaque cavities and the overlying thrombus.
At the time of angiography, the patient was clinically stable and pain free therefore
we elected to defer a percutaneous strategy at the index procedure and use an initial
antithrombotic strategy for the following reasons of large thrombus burden, risk of
further distal embolization and challenges with protecting both the LAD and diagonal
territories. The reduction in thrombus burden would also potentially reduce lumen
compression if SCAD were the underlying pathology.
Whilst thrombectomy was considered for acute management, we were dissuaded
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by the significant tortuosity of the LIMA (limiting deliverability), concerns regarding
the passage of a thrombectomy device into the diagonal vessel could lead to thrombus
dislodgment and embolization into the LAD (or vice versa). Whilst SCAD was
considered less likely, there remained a risk that wiring the vessel could inadvertently
lead to sub-intimal wire passage with consequent distal propagation of the dissection.
At repeat angiography, the thrombus burden was substantially reduced suggesting
that this strategy may have mitigated the risk of distal embolization and periprocedural infarction. Similarly, whilst further imaging with Optical Coherence
Tomography (OCT) or Intravascular ultrasonography (IVUS) was considered, we felt
the angiographic appearances of the lesion to be sufficiently characteristic of an
atherosclerotic process rather than SCAD. In particular, OCT imaging would
necessitate pressurized contrast delivery to achieve clearing of the blood pool, hence
raising the risk of either propagation of an underlying dissection or hydraulic
dissection of the LIMA ostium that such evaluation would be rendered redundant. In
addition, there is risk of further extension of SCAD with OCT due to pressurised
contrast injection.
The available medical literature comparing the incidence of atheromatous plaque
formation with that of SCAD within LIMA conduits is scant, perhaps due to the
relative rarity of such events. However, prompt recognition and appropriate
management is clearly critical, given the life-threatening nature of such occlusions
and the important technical considerations needed to achieve successful reperfusion.
Relevant considerations include attention to guiding catheter and coronary wire
length (guide catheter shortening and the use of longer length coronary guide wires
may be required). The risk of vessel occlusion due to guide wired induced
straightening of a tortuous LIMA is a further consideration. This case highlights the
rapid development of atherosclerotic disease in a graft 5 years after documented
patency and the importance for consideration of expectant thrombus management in
a patient with atheromatous plaque rupture of the LIMA graft, to our knowledge; this
is the first case in literature describing this strategy.

CONCLUSION
Whilst use of IMA conduits is associated with excellent long-term patency, late
atherogenesis complicated by plaque rupture is rarely encountered and the natural
history of atheromatous plaque rupture in the LIMA is unknown. Prompt recognition,
together with judicious use of antithrombotic and anti-platelet therapy may facilitate
optimal percutaneous reperfusion. Confirmatory imaging with IVUS or OCT may
provide useful additional lesion definition and help to distinguish between dissection
and atheromatous aetiologies.
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Abstract
Pericardial decompression syndrome (PDS) is an infrequent, life-threatening
complication following pericardial drainage for cardiac tamponade physiology.
PDS usually develops after initial clinical improvement following
pericardiocentesis and is significantly underreported and may be overlooked in
the clinical practice. Although the precise mechanisms resulting in PDS are not
well understood, this seems to be highly associated with patients who have some
underlying ventricular dysfunction. Physicians performing pericardial drainage
should be mindful of the risk factors associated with the procedure including the
rare potential for the development of PDS.
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Core tip: Pericardial decompression syndrome (PDS) is an infrequent, life-threatening
complication following an uncomplicated pericardial evacuation for cardiac tamponade
physiology. Physicians should be familiar with the prevention strategies for PDS and
offer vulnerable patients a very close clinical monitoring, especially those undergoing
pericardial drainage for large malignant effusions for suspected tamponade.
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Cardiac tamponade is an emergent clinical condition that occurs after a rapid and/or
excessive accumulation of fluid in the pericardial space. It restricts appropriate filling
of the cardiac chambers and impairs normal hemodynamics which ultimately causes
hypotension and cardiac arrest[1-3]. Pericardial drainage either by pericardiocentesis or
pericardiotomy is required to make the patients hemodynamically stable, however, it
has been associated with many complications including a rare, underreported and
potentially fatal complication known as pericardial decompression syndrome (PDS).
PDS was first described in 1983 by Vandyke et al[4]and the terminology was first
proposed by Angouras et al [5] in 2010 and since then, it has been recognized in
multiple clinical settings[6-9]. PDS is characterized by a paradoxical hemodynamic
instability and/or pulmonary edema following an otherwise non-complicated
pericardial drainage. Another terminology used to describe PDS is the postpericardial drainage low cardiac output syndrome [10-12] . Epidemiological data is
limited, however, the incidence of PDS from a few studies is estimated to be around <
5%, following surgical drainage[11]. The exact etiology of PDS remains unclear, but
most patients usually have an underlying pathology involving myocardial or
ventricular dysfunction. There have been various suggested pathophysiological
mechanisms for this phenomenon in the literature.
In this paper, we provide a comprehensive case-based review of the PDS describing
the etiology, pathophysiology, clinical presentation and prevention and treatment
related strategies.

LITERATURE RESEARCH
We searched MEDLINE/PubMed and google scholar literature database for original
articles, reviews, editorials, abstracts and case reports published between 1983 and
2017. The search terms we used, alone or in combination, were “pericardial
decompression syndrome”, “cardiac tamponade”, “pericardial effusion”,
“pericardiostomy”, and “low cardiac output syndrome”. All articles were
independently reviewed for their appropriateness for data analysis and inclusion for
drafting this review. The articles were independently screened to avoid any
duplication of reported cases or reports. Also, any books or book chapters were
screened for the search term of pericardial decompression syndrome and cardiac
tamponade. Subsequently, the data from all studies were carefully selected for
inclusion which was found most relevant to the subject of this review. All articles
included in the data assessment were English-language, full-text papers and/or
abstracts.

PATHOPHYSIOLOGY OF CARDIAC TAMPONADE
In cardiac tamponade, the main abnormality is rapid or slow compression of the
cardiac chambers resulting from an increased intrapericardial pressure. Once the
pericardial contents reach the limit of the pericardial reserve volume (volume
resulting in pericardial distension), the expansion rate increases significantly thus
exceeding the pericardial stretch[1-3]. While the pericardium gradually stretches over
time, when at any instant it is inextensible, it impairs the cardiac contractility as the
heart has to compete with the increased pericardial contents for a fixed
intrapericardial volume. As the cardiac chambers become sequentially smaller in size,
the myocardial diastolic compliance is reduced leading to a limited cardiac inflow;
and ultimately leading to equalization of the mean diastolic pericardial and chamber
pressures. The rate of fluid accumulation relative to pericardial stretch is the key
element to the effectiveness of compensatory mechanisms[1-3].
Rapidly developing pericardial effusion such as acute intrapericardial hemorrhage
or cardiac rupture may lead to a quick development of tamponade physiology as
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there is a relatively stiff pericardium with limited stretch capacity and there is less
time for adaptation before routine activation of the most of the compensatory
mechanisms. On the contrary, in cases of a slow increase in pericardial effusion such
as idiopathic or malignant effusions, effusion size of 2 L or even more can occur
before critical tamponade physiology may ensue[1-3].
Rising pericardial pressure reduces and ultimately offsets the transmural pressure
(intracardiac minus pericardial pressure), first for the right heart and ultimately for all
chambers. Usually, during inspiration, the right heart filling increases at the expense
of the left, so that its transmural pressure shows transient improvement which then
reverses during expiration and this phenomenon is referred to as interventricular
dependence in tamponade (Figure 1). When florid tamponade ensues, this mechanism
cannot compensate for reduced stroke volumes, as these volumes are dependent on
the elements which protect cardiac output and arterial pressures, mainly betaadrenergic response causing increased heart rate, systemic peripheral resistance and
ventricular ejection fraction. Emergent needle decompression of the pericardial fluid
or pericardiocentesis is often required in tamponade as it helps in improvement of the
transmural pressure, releases the interventricular dependence and thus ultimately
restores normal hemodynamics (Figure 2). Rarely, there can be a paradoxical
worsening of the hemodynamics after an otherwise successful and uncomplicated
pericardial drainage (usually in long-standing large pericardial effusions) causing
cardiac tamponade which can result in PDS and its pathophysiology has been
discussed in further details below.

PATHOPHYSIOLOGY OF PDS
Various hypotheses have been reported to describe the clinical mechanism of PDS,
however, its exact pathophysiology still remains unclear [12-34] . The proposed
mechanism of PDS centers around three main hypotheses, namely: Hemodynamic,
ischemic and autonomic hypothesis. These mechanisms provide greater insight into
the possible pathophysiology of the PDS.

Hemodynamic hypothesis
The simplest explanation of PDS is hemodynamic changes related to the
interventricular interdependence. The hemodynamic hypothesis was first proposed in
1983 by Vandyke et al[4] when they first reported pulmonary edema in a patient who
underwent uncomplicated pericardiocentesis for cardiac tamponade. Vandyke et al[4]
hypothesized that pulmonary edema was precipitated by preload/afterload
mismatch.
Following the rapid removal of the pericardial fluid originally compressing the
right sided chambers during tamponade, now may lead to an increased venous return
causing significant right ventricular expansion at the expense of the left chamber
resulting in the reduced left ventricle volume/output and thus ensuing
decompensated left heart failure and/or pulmonary edema. The rapid tamponade
release is also followed by a net increase in the pulmonary venous return (left
ventricular preload) while adaptive systemic vascular resistance (after-load) being still
high (which is usually a compensatory phenomenon in tamponade to counteract
hypotension response) may result in preload/afterload mismatch thus precipitating
an acute onset heart failure (Figure 3)[10,11,14-16].

Ischemic hypothesis
It is postulated that the coronary artery blood perfusion may be impaired due to
compression caused by the pericardial fluid that may augment the risk of myocardial
ischemia, leading to transient myocardial stunning that can persist after the removal
of pericardial fluid thus causing transient left ventricular dysfunction.
Skalidis et al[21] demonstrated the first human-based report on how pericardial
pressure can affect the coronary blood flow in humans, while previous reports had
been based solely on animal studies. They studied a case of 52-years old patient with
lung cancer who developed cardiac tamponade. The patient had successful
pericardiocentesis, resulting in the removal of 850 mL of hemorrhagic fluid. The
patient underwent a percutaneous balloon pericardiotomy 5 d later due to recurrence
of pericardial effusion. During the pericardiotomy, the authors performed calculation
of the amount of blood flow to the non-diseased left anterior descending coronary
artery while pericardial pressure was gradually increased by infusing warmed normal
saline at the rate of 30 mL/min. Coronary vasodilator reserve was computed using
intracoronary adenosine. With increase in pericardial pressure, there was a gradual
decline in the coronary blood flow, a gradual increase in the coronary vascular
resistance, and an unaffected hyperemic response throughout. The maximal
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Figure 1

Figure 1 Cardiac tamponade physiology. There is offset of the transmural pressure (intracardiac minus pericardial pressure) in cardiac tamponade. During
inspiration, the right heart filling occurs at the expense of the left, so that its transmural pressure transiently improves and then reverts during expiration and this
phenomenon is referred to as interventricular dependence.

hyperemic flow was significantly less under the increased pericardial pressure than at
normal pericardial pressure, which suggested an increased susceptibility to
myocardial ischemia. In conclusion, the increased pericardial pressure during
tamponade physiology can impair coronary perfusion leading to myocardial ischemia
which can eventually cause left ventricular myocardial stunning that may persist even
after pericardial drainage and can result in diastolic dysfunction thereby increasing
the risk of PDS.

Autonomic/sympathetic overdrive hypothesis
The imbalance in the autonomic system, specifically acute withdrawal of sympathetic
stimulus after removal of pericardial fluid, may also be a precipitating factor for
myocardial dysfunction and PDS. The myocardial dysfunction may occur by two
ways due to this mechanism: One being the unmasking of underlying/pre-existing
myocardial dysfunction and the second being the development of new myocardial
dysfunction.
Wolfe and Edelman [14] reported that removal of sympathetic stimulus after
pericardiocentesis might lead to unfolding of underlying left ventricular dysfunction
that was not previously revealed due to an excessive catecholamine state, producing a
markedly positive chronotropic and inotropic effect. Furthermore, Martins and
colleagues showed that even though exogenous catecholamine administration
improved coronary blood flow in patients with tamponade, filling pressures remained
unchanged and there was only a modest increase in the cardiac index [22] . They
proposed that since the sympathetic nervous system activation was already present,
the elevated endogenous catecholamine levels did not provide any further potential
benefit. The removal of the stimulus for an increased sympathetic state (that is, the
relief of tamponade by pericardiocentesis) might well lead to the unmasking of left
ventricular dysfunction that was previously compensated for by high endogenous
catecholamine levels[17,18]. Thus, sympathetic overdrive mechanism might play an
important role in the etiology of PDS because left ventricular systolic function
abnormalities may occur after pericardiocentesis intervention as described.
Secondly, the patients may develop de novo transient systolic dysfunction due to
overwhelming autonomic functional variations as a result of the stress from the
cardiac tamponade and sudden hemodynamic alterations predisposed by the rapid
evacuation of the pericardial space. This hypothesis may share some similar
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Figure 2 Pericardiocentesis. Emergent needle decompression of the pericardial fluid with pericardiocentesis is often required in tamponade as it helps in restoration
of a normal transmural pressure and thus ultimately restores normal hemodynamics. Interventricular dependence has resolved with pericardial decompression.

characteristics to the pathophysiology of patients with Takotsubo syndrome or stressrelated cardiomyopathy[23].

AN ILLUSTRATIVE CASE OF PDS
A 58-year-old woman with a history of Hodgkin lymphoma status post radiation
therapy ten years ago, hypertension, diabetes mellitus and hypothyroidism presented
to the emergency room with increasing dyspnea on exertion over 2 wk duration. Her
medications included metformin 500 mg twice daily, aspirin 81 mg daily,
levothyroxine 100 mcg daily, and metoprolol 25 mg twice a day. Initial vital signs
demonstrated blood pressure of 96/60 mmHg, heart rate of 110 beats per minute
(regular) and 96% oxygen saturation on room air. Her lung fields were clear, jugular
venous pressure was elevated to the earlobe in an upright position, and the heart
sounds were faint and distant. Peripheral pulses were weak bilaterally. 12-lead
electrocardiogram showed low voltage and sinus tachycardia. Chest X-ray
demonstrated cardiomegaly but otherwise was clear. Transthoracic echocardiogram
demonstrated a left ventricular ejection fraction (LVEF) of 60%-65%, a large
circumferential pericardial effusion with end diastolic right ventricular compression,
and a swing sign (Figure 4A-B). Patient was taken to the cardiac catheterization
laboratory for emergent pericardiocentesis. Ultrasound-guided pericardiocentesis
resulted in rapid drainage of approximately 2200 mL of serous fluid with minimal
improvement in hemodynamics. Patient was then taken to the cardiac catheterization
laboratory holding area to be transported to the coronary care unit with the
pericardial drain sutured in place. About 1 h later, the patient developed worsening
dyspnea, hypotension (blood pressure of 72/40 mmHg), and labored breathing.
Emergent chest radiograph showed diffuse bilateral pulmonary edema. She required
intubation for hypoxic respiratory failure. Hemodynamic support was initiated with
dobutamine and norepinephrine. Repeat emergent limited bedside echocardiogram
demonstrated interval resolution of pericardial effusion, low-normal LVEF (50%), and
mild to moderately dilated right ventricle with mild right ventricular (RV)
hypokinesis and septal shift towards the left ventricle (Figure 4C). Patient was
administered an intravenous saline bolus. Subsequently, the patient required
hemodynamic support with intravenous vasopressors (norepinephrine) and inotropes
(low-dose dopamine). Later, she was diuresed with intravenous lasix and
vasopressor-inotropic support was gradually weaned off over the next 48 h. CT-chest
angiography showed no evidence of pulmonary embolism with interval improvement
in pulmonary edema. On day 3, patient’s hemodynamics improved without
requirement of vasopressors and she was extubated. A repeat echocardiogram on day
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Figure 3 Pericardial decompression syndrome. Following the rapid removal of the pericardial fluid originally compressing the right sided chambers during
tamponade, may lead to an increased venous return causing significant right ventricular expansion at the expense of the left chamber resulting in the reduced left
ventricle volume/output and thus ensuing decompensated left heart failure and/or pulmonary edema. The rapid tamponade release is also followed by a net increase
in the pulmonary venous return (left ventricular preload) while adaptive systemic vascular resistance (after-load) being still high and may result in preload/afterload
mismatch thus precipitating an acute onset heart failure.

5 demonstrated normalized ventricular function and trivial/minimal pericardial
effusion (Figure 4D). She was discharged to home on day 6. We suspect that this
patient developed pericardial decompression syndrome shortly after the pericardial
drainage. Rapid pericardial fluid decompression may have resulted in paradoxical
worsening of hemodynamics likely secondary to a combination of two factors, the
first being a sudden increase in the venous return with still relatively higher systemic
vascular resistance posing to a preload-afterload mismatch (hemodynamic
hypothesis) and secondly likely due to sympathetic overdrive (as possibly evident
from transient mild RV hypokinesis). These factors may have possibly led to the
development of pulmonary edema, respiratory failure, and transient ventricular
dysfunction. Supportive management resulted in spontaneous gradual improvement
of her cardiopulmonary function.

PRESENTATION AND TREATMENT OF PDS
Symptoms of pericardial decompression syndrome usually accompany with the
paradoxical worsening of the patient's hemodynamics after a brief initial
improvement in hemodynamics. The symptoms may be similar to those of acute heart
failure exacerbation such as development of dyspnea, leg swelling, and increasing
oxygen requirements, usually associated with rapid clinical deterioration including
pulmonary edema and/or shock. Based on the papers by Pradhan et al [10] and
Imazio[11], the onset of the syndrome ranged from immediate to usually 48 h following
the pericardial fluid drainage for cardiac tamponade as an indication. According to an
excellent analysis of 35 published cases from 1983 to 2013 by Pradhan et al[10], about
40% of patients had shock with left ventricular failure, 29% with pulmonary edema
without shock, 20% with shock associated with biventricular failure and 11% with
shock associated with RV failure and non-cardiogenic pulmonary edema. Diagnosis
of PDS should only be established when other conditions predisposing to a shock-like
state such as septic shock, cardiogenic shock resulting from MI and intraprocedural
mechanical trauma (such as cardiac puncture, pneumothorax, diaphragmatic injury)
have been ruled out. In relevant cases such as those presenting with isolated or
significant RV dysfunction, exclusion of new-onset pulmonary embolism should
probably be considered. Another important differential diagnosis is Takotsubo
cardiomyopathy (TC) or stress-induced cardiomyopathy with cardiac tamponade,
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Figure 4 Computed tomography. A: Off-axis 4-chamber view of transthoracic echocardiogram demonstrates a
large circumferential pericardial effusion (marked by *) with evidence of end diastolic right chamber compression
(marked by red arrow) and normal left ventricular ejection fraction. Swinging heart sign was also noted which is used
to describe pendular swinging of the heart inside the pericardial space and is associated with a large pericardial
effusion; B: 4-chamber view (mirror-view) demonstrates RA inversion, RV diastolic compression (marked by red
arrows) and the swinging heart sign; C: Limited surface echocardiogram after pericardiocentesis demonstrated
interval resolution of pericardial effusion and mild to moderately dilated right ventricle with mild RV hypokinesis and
septal shift towards the left ventricle(as marked by red arrow). Patient demonstrated paradoxical worsening of blood
pressure. Rapid pericardial fluid decompression may have resulted in paradoxical worsening of hemodynamics likely
secondary to a combination of two factors: the first being a sudden increase in the venous return with still relatively
higher systemic vascular resistance posing to a preload-afterload mismatch (hemodynamic hypothesis) and secondly
likely being focal RV hypokinesis, predisposed by an increased sympathetic tone; D: A repeat echocardiogram on day
5 demonstrated normalized ventricular function. RV: Right ventricular; LV: Left ventricular; RA: Right atrial; LA: Left
atrial.

emotional stress and stress from significant hemodynamic derangements being the
precipitating stressors for the development of TC[20,23]. In fact, transient ventricular
(single or biventricular) dysfunction may be one of the driving mechanisms for the
development of PDS as reported in some previous reports. The transient cardiac
systolic dysfunction may be mechanistically very similar to TC. Most of the cases of
primary TC are usually associated with characteristic staged ECG changes (which
may include ST-elevations and T-wave inversions), rise in cardiac enzymes with most
common presenting symptom being chest pain. In most of the reported cases of PDS
(mimicking pathophysiology of TC) however, the patients usually have experienced
dyspnea with no rise in cardiac enzymes and characteristic ECG changes only in
minority[24,25].
The treatment of PDS is essentially supportive as the improvement of ventricular
function is expected in survivors[7,10-12]. Patients undergoing pericardiocentesis or
pericardiotomy require very close monitoring for the first 24 h, preferably in the
intensive care unit[1,12,26]. In case of development of PDS, patients would require a very
critical intensive monitoring, management with inotropic support, aggressive heart
failure treatment with pressors and diuretics and as needed hemodynamic device
support such as with an intra-aortic balloon pump.

GENERAL DISCUSSION AND PREVENTION STRATEGIES
FOR PDS
Till date, there are no clear evidence-based guidelines or recommendations to
specifically prevent PDS. A sensible strategy would be not drain large quantities of
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pericardial fluid in a single sitting especially in case of large pericardial effusions. The
most reasonable approach would be to remove the amount of pericardial fluid just
enough to result in the resolution of the cardiac tamponade physiology (which can be
easily achieved by hemodynamic or echo-doppler monitoring) and then place a
prolonged pericardial drainage to achieve a slow and gradual removal of additional
pericardial fluid. Prolonged pericardial drainage may be removed when there is a
daily fluid return below 30-50 mL[1,11]. The maximum amount of safely drainable
pericardial fluid and rate of drainage has been previously suggested in some studies
and guideline documents [1,27,28] . European Society of Cardiology 2004 guidelines
generally recommend draining pericardial fluid in steps of less than 1 L at a time to
avoid PDS based on case series of 3 patients with echocardiographic evidence of
volume overload after pericardiocentesis[27,28]. Although judicious pericardial drainage
may be potentially preventative against PDS, PDS may rarely develop even after
small amount of pericardial drainage as previously documented in an isolated case
report where patient developed PDS with pericardial fluid drainage of as little as 450
mL[29]. In general, the experts recommend stopping the initial drainage following the
improvement of symptoms and hemodynamics followed by a slow gradual
decompression through an indwelling pericardial catheter[4,27,30]. The slow gradual
drainage may potentially allow a myocardial adaptation to the hemodynamic and
filling pressure changes.
Cardiac tamponade is a critical clinical condition that results from a sudden and/or
excessive accumulation of pericardial fluid. The treatment of cardiac tamponade is
pericardiocentesis, preferably by a needle with the use of echocardiography.
However, hemodynamically unstable patients warrant the use of pericardiocentesis
without imaging following ruling out type A aortic dissection. Surgical drainage is
required if the heart cannot be reached by a needle such as loculated effusion or
predominant posterior location, clotted hemopericardium or ongoing intrapericardial
bleeding where needle drainage is either ineffective or contraindicated[1].
Pericardiocentesis and pericardiostomy has its own procedure-related mechanical
complications that include cardiac puncture, arrhythmias, pneumothorax,
hemothorax, pneumopericardium, hepatic and diaphragmatic injury[27,35]. PDS is a rare
complication that manifests as paradoxical worsening of hemodynamics following
pericardial fluid drainage. The actual incidence of PDS is unknown among the general
patient population with cardiac tamponade and may be related to its under-reporting
and/or low general familiarity to the Cardiologists regarding PDS. Incidence has been
estimated to be between 5% to 34% following pericardial drainage from malignant
pericardial effusion from a handful of case studies and series [20,24] . The clinical
presentation may be variable that may include pulmonary edema, shock and/or
reversible ventricular impairment (RV, LV or biventricular dysfunction). Certain
clinical variables such as history of malignancy, prior radiotherapy use, pericardial
calcification, low ejection fraction, and connective tissue disorders have been known
to increase the risk of PDS. Among these, most of the reported cases in literature who
developed pericardial effusion leading to cardiac tamponade and PDS were related to
malignant effusions. Thus, patients with history of malignancy and suspected
malignant pericardial effusion may require more close monitoring for possible
development of PDS. Halting the initial pericardial drainage following the
improvement of symptoms and hemodynamics followed by gradual slow
decompression by using pericardial catheter may be a favored approach in such
patients [11] . Some authors also favor pericardiocentesis over pericardiotomy as
pericardiotomy was associated with a higher mortality in patients who developed
PDS. Although no precise reason known for this observation, it has been argued that
surgical drainage may lead to a more rapid expansion of the right ventricle due to a
rapid pericardial decompression[10,36].
Supportive therapy is the key for the treatment of PDS that includes intra-aortic
balloon pump, inotropic support, and aggressive heart failure treatment as previously
discussed. LV dysfunction if present, may usually demonstrate improvement within a
few days, accompanied with a solid mid-term prognosis[37].

CONCLUSION
PDS is an uncommon complication of pericardial drainage and has a high mortality
and morbidity. Physicians should be familiar with the prevention strategies for PDS
and offer vulnerable patients a very close clinical monitoring, especially those
undergoing pericardial drainage for large malignant effusions for suspected
tamponade.
Further studies are needed to for better understanding of the pathophysiology and
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prevention strategies for PDS. Also, establishing a large multicenter registry database
may provide further insights about the best choices for the drainage techniques and
treatment strategies.
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Abstract
The incorporation of biomarkers in the actually used risk scores seem to be
helpful for early identifying atrial fibrillation (AF) patients at higher risk. The aim
of this critical review of the scientific literature is to investigate the potential
clinical significance of red blood cell distribution width (RDW) in AF. A
systematic electronic search was carried out to identify all articles describing an
epidemiological association between RDW and AF in adult human populations.
Data abstraction was conducted on a final number of 35 articles (13 crosssectional, 12 prospective and 10 retrospective studies). The results of these
epidemiological investigations were all virtually concordant to emphasize that an
enhanced RDW value is not only a predictive factor and a marker of AF but its
measurement may also be helpful for predicting the risk of developing many
adverse complications in patients with AF, such as recurrence and duration of
AF, hospitalization for heart failure, bleeding, left atrial thrombosis and stasis,
thromboembolic events and mortality. AF patients with RDW values exceeding
the local reference range may be more aggressively investigated and managed, in
order to identify and attenuate the impact of possible underlying disorders
causing both anisocytosis and AF.
Key words: Atrial fibrillation; Arrhythmia; Erythrocytes; Red blood cell distribution width
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Core tip: This critical review of the scientific literature aims to investigate the potential
clinical significance of red blood cell distribution width (RDW) in atrial fibrillation
(AF). We concluded that an enhanced RDW value is not only a predictive factor and a
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marker of AF but its measurement may also be helpful for predicting the risk of
developing many adverse complications in patients with AF, such as recurrence and
duration of AF, hospitalization for heart failure, bleeding, left atrial thrombosis and
stasis, thromboembolic events and mortality.
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INTRODUCTION
Atrial fibrillation (AF) is the most common heart arrhythmia worldwide [ 1 ] .
Worryingly, AF is related to higher rates of stroke and mortality[2]. Many risk scores
and biological markers have been identified and developed to predict future AF
events. Among the most frequently used and validated risk scores based on clinical
parameters are CHADS2 [congestive heart failure, hypertension, age ≥ 75 years,
diabetes, and stroke or transient ischemic attack (2 points)] and CHA2DS2-VASc
[cardiac failure or dysfunction, hypertension, age 65-74 (1 point) or ≥ 75 years (2
points), diabetes mellitus, and stroke, TIA or thromboembolism (2 points) –vascular
disease, and sex category (female)][3,4]. In addition, biomarkers may significantly
contribute to obtain additional information regarding the risk that could influence the
management of AF. Therefore, there is also an increasing interest in determining
whether biomarkers themselves or in combination with clinical risk scores enhances
prognostic accuracy for thromboembolism and mortality in AF patients[5,6]. A wide
range of biomarkers have been evaluated as predictors and/or prognostics, such as
cardiac troponin I and T, natriuretic peptides, D-dimer, CRP, galectin-3, growth
differentiation factor-15, among others[1,5,7,8].
The incorporation of biomarkers in the actually used risk scores seem to be helpful
for early identifying AF patients at higher risk (i.e., enhanced risk for stroke, systemic
embolic event or death), determining also their eligibility for anticoagulation and/or
individualizing the most appropriate treatment strategy. Biomarkers are dynamic,
and for that reason, they are also highly recommended to be included into
management of patients with AF. Therefore, knowledge of new biomarkers related to
AF may provide clinicians with more potential tools to quickly identify patients at
higher risk of AF, attenuate its occurrence, improve its management, and decrease the
risk of adverse events in patients with AF.
The search for hematological predictors of AF commenced in 1987 with the
publication of a seminal study by Imataka et al[9], who demonstrated that plasma
volume and erythrocyte biology may be significantly perturbed in patients with AF.
Ten years later, Takahashi et al[10] first showed that erythrocyte size was altered both
before and after the onset of chronic AF, thus leading to way to subsequent research
aimed to define whether high heterogeneity of erythrocytes volumes, conventionally
known as anisocytosis, may have clinical significance in AF.
Anisocytosis, defined as the presence of red blood cells (RBCs) with a broad
heterogeneity of size and volume in peripheral blood, can be reliably estimated by the
vast majority of modern hematological analyzers using different techniques, which
provide a similar final index called RBC distribution width (RDW)[11]. The RDW,
which is not directly measured by the analyzers, but can be calculated as standard
deviation (SD) of the mean corpuscular volume (MCV), and is usually expressed in
absolute value (i.e., RDW-SD) or as the coefficient of variation [i.e., RDW-CV: (RDWSD)/(MCV) × 100]. Albeit largely instrument-dependent, the reference range of RDWCV is usually comprised between 11.5%-14.5% [12] . Increased RDW values, thus
reflecting anisocytosis, may be due to many pathological conditions including
congenital erythrocyte disorders (i.e., β-thalassemia, sickle cell disease, hereditary
spherocytosis), anemia (e.g., due to iron, folate or vitamin B deficiencies), blood
transfusions, some forms of hemolytic anemias, oxidative stress, inflammation and
impaired renal function[13-15]. Since the measurement of RDW has now become a useful
part in diagnostic and prognostic assessment of many cardiovascular disorders such
as acute coronary syndrome (ACS), heart failure and venous thromboembolism[16,17],
the aim of this critical review of the scientific literature is to investigate the potential
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clinical significance of measuring RDW in patients with, or at risk of, AF.

SEARCH STRATEGY
A systematic electronic search was carried out using the three well-recognized and
widely accessed scientific databases (i.e., Medline interface PubMed, Web of Science
and Scopus/EMBASE)[18], with no date or language limits, to identify all articles which
described the association between RDW and AF in epidemiological investigations
involving human adult populations (cross-sectional, retrospective and prospective
studies). The following keywords were used: “atrial fibrillation” AND “red blood cell
distribution width” OR “RDW”. The bibliographic references of selected items were
also carefully checked for identifying additionally relevant documents. The title,
abstract and full text of the articles were accurately reviewed by two authors (Lippi G
and Cervellin G), and potential disagreement for inclusion was eventually resolved by
the opinion of the third author. Although no meta-analysis was specified before the
electronic search, since it was already clear that the studies could not be combined
due to large heterogeneity in sample size, setting, and endpoints, it was our aim to
explore whether this approach would still be possible after analyzing the data of the
included studies.

SEARCH RESULTS
The search strategy retrieved a total number of 70 documents after elimination of
replicates among the three scientific search platforms. Thirty five studies ought to be
excluded since they did not match our search criteria (Figure 1). Data abstraction was
hence conducted on a final number of 35 articles describing an epidemiological
association between RDW and atrial fibrillation in adult populations, published
between the years 2010 and 2019 (13 cross-sectional, 12 prospective and 10
retrospective studies) (Figure 1). It was finally decided that, as predictable, a metaanalysis was unfeasible due to large heterogeneity of the different studies (difference
in nature, clinical settings, and endpoints, sample size from 49 to over 69000, no clear
description of comorbidities in all studies, use of rather different RDW thresholds)
(Table 1).

DESCRIPTION OF STUDIES OUTCOME
The first epidemiological investigation which could be identified in this critical
literature review was published in 2010 by Horne and collaborators [19] . In this
prospective investigation, based on the Intermountain Heart Collaborative Study, a
total number of 3927 patients undergoing coronary angiography were evaluated after
1 year and 30 d, with the aim of defining the frequency of incident cardiovascular
disorders and complications (including AF). When patients were classified according
to quintiles of RDW, the frequency of incident AF steadily increased from the lowest
up to the highest (i.e., from 2% to 14%) RDW quintiles. A highly significant trend
towards increasing frequency of AF was consistently observed across RDW quintiles
(P < 0.001).
Providência et al [20] carried out a cross-sectional study including 247 patients
presenting with symptomatic AF to the emergency department, who were then
subjected to transesophageal echocardiography for ruling out left atrial appendage
thrombus. Overall, eft atrial appendage thrombus was evidenced in 21/247 (8.5%) of
all AF patients, and its presence was found to be significantly more frequent in
patients with RDW ≥ 15.0% than in those with lower RDW values (14.8% vs 5.4%; P =
0.013).
Liu et al[21] carried out another cross-sectional study including 133 patients with
paroxysmal AF and 101 healthy controls. In multivariate logistic regression analysis, a
RDW value > 12.55% was associated with a 63% enhanced risk of AF (odds ratio, 1.63;
95%CI: 1.01-2.61).
Ertaş et al [22] retrospectively studied 132 patients undergoing nonemergency
coronary artery bypass graft (CABG) surgery. A RDW > 13.45% was associated with a
nearly 1.5-fold increased risk of new-onset AF (hazard ratio 1.48; 95%CI: 1.07-2.06).
The same team of authors published another cross-control study, in which RDW was
measured in 126 patients with non-valvular AF (39 with stroke and 87 without) and in
126 healthy controls with no AF[23]. The value of RDW was found to be significantly
higher in AF patients with (14.1% ± 1.7%) or without stroke (14.3% ± 1.8%) compared
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Table 1 Summary and concise description of the studies
Authors

Study design

Study population

Endpoints

Outcome

Horne et al[19], 2010

Prospective

3927 patients undergoing
coronary angiography,
endpoints collected at 30-d
and 1-yr

Risk of developing
cardiovascular diseases and
complications

RDW positively correlated
with the frequency of
incident AF

Providência et al[20], 2013

Cross-sectional

247 patients presenting with
symptomatic AF

Association with outcomes of High RDW associated with
transesophageal
left atrial appendage
echocardiography
thrombosis

Liu et al[21], 2014

Cross-sectional

133 patients with paroxysmal Difference between groups
AF and 101 healthy controls

High RDW independently
associated with AF

Ertaş et al[22], 2013

Retrospective

132 patients undergoing
nonemergency CABG

RDW independently
predicted the risk of
developing AF

Ertaş et al[23], 2013

Cross-sectional

126 patients with AF (39 with Difference among groups
stroke and 87 without) and
126 healthy controls

Kurt et al[24], 2014

Cross-sectional

320 patients with AF

Relationship with CHA2DS2- High RDW independently
VASc score
associated with higher
CHA2DS2-VASc score

Güngör et al[25], 2014

Cross-sectional

117 patients with AF and 60
health control subjects

Difference among groups

Adamsson Eryd et al[26],
2014

Prospective

27124 subjects free from AF at Risk of developing AF
enrollment, followed-up for
13.6 yr

RDW independently
predicted the risk of
developing AF

Sarikaya et al[27], 2014

Cross-sectional

126 hypertensive patients (63 Difference among groups
with AF and 63 without)

High RDW significantly
associated with AF

Gurses et al[28], 2015

Prospective

299 AF patients undergoing
cryoballoon-based ablation,
followed-up for 24 mo

Outcome of cryoballoonbased ablation

RDW independently
predicted the risk of
recurrence and duration of
AF

Korantzopoulos et al[29],
2015

Prospective

109 patients undergoing
elective cardiac surgery,
followed-up throughout
hospitalization

Risk of AF lasting > 5 min
during hospitalization

RDW independently
predicted the risk of
postoperative AF

Wan et al[30], 2015

Prospective

300 patients with AF
followed-up for a median up
period of 3.2 yr

Risk of adverse clinical
outcomes

RDW independently
predicted the risk of major
adverse events and death

Lee et al[31], 2015

Prospective

567 patients with newly
diagnosed paroxysmal AF

Risk of adverse clinical
outcomes

RDW independently
predicted the risk of newonset stroke, composite
outcome and bleeding

Zhao et al[32], 2015

Cross-sectional

90 AF patients, 24 with
evidence of left atrial
thrombus (n = 11) or left
atrial spontaneous echo
contrast (n = 13)

Evidence of left atrial
thrombus or left atrial
spontaneous echo contrast

RDW associated with
presence of left atrial
thrombus or left atrial
spontaneous echo contrast

Aksu et al[33], 2015

Prospective

49 patients with AF followed- Risk of AF recurrence
up for 10 mo

RDW predicted the risk of AF
recurrence

Korantzopoulos et al[34],
2016

Cross-sectional

101 patients with sick sinus
syndrome (32 with AF)

Difference between groups

High RDW independently
associated with AF

Karataş et al[35], 2016

Retrospective

621 patients with myocardial
infarction undergoing
primary percutaneous
coronary intervention

Risk of new-onset AF
throughout hospitalization

RDW independently
predicted the risk of newonset AF

Yanagisawa et al[36], 2016

Prospective

757 AF patients undergoing
radiofrequency catheter
ablation followed-up for 22
mo

Risk of adverse clinical
outcomes

RDW independently
predicted the risk of recurrent
AF and major adverse events

Vizzardi et al[37], 2016

Retrospective

232 patients with stable heart Risk of adverse events 1 yr
failure 1 yr after enrolment
after enrolment
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RDW significantly higher in
patients with AF than in
controls, but non different
between AF patients with or
without stroke

RDW significantly higher in
AF patients than in controls

RDW independently
predicted the risk of
cardiovascular death and/or
hospitalization for heart
failure
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Geçmen et al[38], 2016

Prospective

94 patients undergoing
isolated on-pump CABG
surgery followed-up until
discharge from
cardiovascular intensive care
unit

Zhang et al[39], 2017

Prospective

172 patients with nonvalvular Risk of bleeding
AF undergoing catheter
ablation, followed-up for 3
mo

RDW predicted the risk of
bleeding events

Al-Kindi et al[40], 2017

Retrospective

46720 patients with a
Risk of cardiovascular
diagnosis of HIV infection
complications
followed-up for development
of cardiovascular
complications

RDW independently
predicted the risk of AF

Liu et al[41], 2017

Cross-sectional

99 patients with AF,
Association with risk of
categorized according to their stroke
CHADS2 and CHA2DS2VASc scores

High RDW independently
associated with higher
CHADS2 and CHA2DS2VASc scores

Saliba et al[42], 2017

Retrospective

69412 patients with AF

Risk of death 2 yr after study
entry

RDW independently
predicted the risk of death;
persistently increased RDW
values at two time points
stronger predictors of death
than a single increased RDW
value

Kaya et al[43], 2017

Cross-sectional

619 patients with AF (325
with left atrial stasis and 294
without)

Association with left atrial
stasis

High RDW independently
associated with left atrial
stasis

Cha et al[44], 2017

Retrospective

5082 patients with AF

Risk of thromboembolic
events during 5.2 yr

High peak RDW value
during follow-up
independently associated
with the risk of
thromboembolic events

Nam et al[45], 2017

Cross-sectional

103 healthy control subjects
and 117 patients with AF
patients, 65 of whom with
paroxysmal and 52 with
persistent AF

Difference among groups

RDW values non significantly
different between controls
and all AF cases; RDW values
significantly higher in
patients with persistent than
in those with paroxysmal AF

Wasilewski et al[46], 2017

Retrospective

1734 patients with LVEF ≤
35% and without ACS

Risk of AF after 660 d

High RDW independently
predicted the risk of AF

Kilicgedik et al[48], 2018

Retrospective

358 patients after who
Risk of AF after CABG
underwent CABG surgery (57 surgery
with PSAF and 301 patients
with non-PSAF)

High RDW was predictive of
PSAF

Cerşit et al[47], 2018

Retrospective

50 patients with AF and 62
age- and sex- matched
controls, who had presented
with ACS

Association and predictive
value of RDW with AF in
patients with ACS.

High RDW was associated
with AF and had long-term
predictive value

Ozsin et al[49], 2018

Retrospective

93 patients who underwent
off-pump CABG (24 patients
with PSAF and 69 without
PSAF)

Association and predictive
value of RDW for
development PSAF

Elevated RDW levels may be
predictive of PSAF

Pilling et al[50], 2018

Prospective

240477 healthy UK Biobank
Association of RDW with AF
study volunteers aged 40 ± 70 in healthy subjects.
yr at baseline (follow-up ≤ 9
yr)

High RDW was associated
with AF and had long-term
predictive value

Han et al[51], 2019

Cross-sectional

303 patients with nonvalvular Association of RDW with AF
AF living at low altitude (3.5 in subjects living at low and
m above the sea level) and
high altitude.
high altitude (2260 m above
the sea level).

Elevated RDW levels were an
independent risk marker for
AF and is affected by type of
AF and altitude

Jurin et al[52], 2019

Prospective

579 patients with AF (nonpermanent and permanent
AF ), with a median followup time of 21 mo

Association of RDW values
with progression to
permanent AF

RDW was independently
associated with AF
progression

Li et al[53], 2019

Cross-sectional

106998 Chinese individuals

Relationship between RDW
and AF

Elevated RDW is significantly
related to higher prevalence
of AF in a general Chinese
population

Risk of postoperative AF

RDW independently
predicted the risk
postoperative AF

AF: Atrial fibrillation; RDW: Red blood cell distribution width; LVEF: Left ventricular ejection fraction; CABG: Coronary artery bypass graft; ACS: Acute
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coronary syndrome; PSAF: Post-surgery atrial fibrillation.

to the control population (13.2% ± 0.9%), but its value did not differ among AF
patients with or without stroke (P > 0.05).
Kurt et al[24] measured RDW in 320 patients with AF and found that those with a
higher CHA2DS2-VASc score had also significantly higher RDW values than those
with a lower CHA2DS2-VASc score (14.9% ± 2.7% vs 13.6% ± 1.7%; P < 0.001). A
highly significant correlation could be observed between RDW and CHA2DS2-VASc
score (r = 0.383; P < 0.001). In multivariate analysis, a RDW value > 14.05% was
associated with a 25% higher risk (odds ratio, 1.25; 95%CI: 1.11-1.42) of having high
CHA2DS2-VASc score (i.e., ≥ 2).
In an ensuing investigation, Güngör et al[25] studied 117 patients with AF and 60
healthy control subjects, concluding that RDW values were significantly higher in AF
cases than in controls (13.4% vs 12.6%; P = 0.01). In multivariate regression analysis, a
RDW > 12.9% was associated with a nearly 4-fold higher risk (odds ratio, 4.18; 95%CI:
2.15-8.15) of AF.
Adamsson Eryd et al [26] carried out a large prospective study including 27124
subjects free from AF at enrollment, who were followed-up for a mean period of 13.6
years. Subjects in the highest quartile of RDW had a 33% enhanced risk (hazard ratio,
1.33; 95%CI: 1.16-1.53) of developing AF on follow-up compared to those in the lowest
quartile. Moreover, each 1 SD increase of RDW value was associated with a 8% higher
risk (hazard ratio, 1.08; 95%CI: 1.04-1.12) of incident AF.
Sarikaya et al[27] studied 126 patients with hypertension (63 with AF and 63 without)
and reported that RDW values were significantly higher in patients with AF than in
those without (15.1% ± 1.6% vs 14.0% ± 1.1%; P = 0.001). In multivariate logistic
regression analysis, a RDW value > 14.2% was found to be independently associated
with 1.8-fold higher risk (odds ratio, 1.85; 95%CI: 1.22-2.79) of AF.
Gurses et al[28] measured RDW in 299 patients with paroxysmal or persistent AF
undergoing cryoballoon-based ablation, and who were then followed-up for a mean
period of 24 mo. A RDW value > 13.75% was independently associated with both
early (hazard ratio, 6.39; 95%CI: 3.41-11.97) and late (hazard ratio, 1.88; 95%CI: 1.412.50) recurrence of AF, enhanced left atrial diameter (hazard ratio, 3.09; 95%CI: 1.815.27), as well as with duration of AF (hazard ratio, 1.04; 95%CI: 1.01-1.07).
Korantzopoulos et al[29] studied 109 patients undergoing elective cardiac surgery,
who were then prospectively followed-up throughout hospitalization. In multivariate
logistic regression analysis, a RDW > 13.35% was independently associated with a
46% higher risk (odds ratio, 1.46; 95%CI: 1.08-1.99) of developing postoperative AF
during hospital stay.
Wan et al[30] carried out a prospective study including 300 patients with AF who
were followed-up at a median period of 3.2 years. Patients in the fourth quartile of
RDW values had a 2.7-fold higher risk (hazard ratio, 2.70; 95%CI: 1.35-5.83) of major
adverse events (all-cause mortality, ACS, stroke and major hemorrhage) and a 3.8-fold
higher risk (hazard ratio, 3.83; 95%CI: 1.53-9.58) of death during follow-up.
Lee et al [ 3 1 ] measured RDW values in 567 patients with newly diagnosed
paroxysmal AF, who were followed-up for a median period of 4.8 years. In
multivariate analysis, an increased RDW value (no indications provided on the cut-off
used) was independently associated with 47% higher risk (hazard ratio, 1.47; 95%CI:
1.05-2.05) of new-onset stroke, 26% higher risk (hazard ratio, 1.26; 95%CI: 1.02-1.54) of
composite outcome (mortality, new-onset stroke and hospitalization for heart failure),
and 74% enhanced risk of bleeding (hazard ratio, 1.74; 95%CI: 1.28-2.36) throughout
follow-up.
Zhao et al [32] retrospectively analyzed a local echocardiology database for
identifying all AF patients who underwent transesophageal echocardiography before
catheter ablation or electrical cardioversion. The final study population consisted of 90
AF patients, 24 of whom had evidence of left atrial thrombus (n = 11) or left atrial
spontaneous echo contrast (n = 13). The mean RDW value was found to be
significantly higher in patients with these two complications than in those without
(13.0% ± 0.9% vs 12.6% ± 0.8%; P = 0.039).
Aksu et al[33] studied 49 patients with symptomatic paroxysmal AF who underwent
cryoballoon ablation and were then followed-up for a mean period of 10 mo. Patients
with AF recurrence on follow-up had significantly higher RDW values than those
without (16.1% ± 1.4% vs 14.9% ± 0.5%; P = 0.033). Interestingly, the post-ablation
RDW value remained almost unchanged in patents without recurrence of AF, but in
those with AF recurrence the RDW significantly increased from 16.1% ± 1.4% to 16.3%
± 2.4% (P < 0.05).
In another study, Korantzopoulos et al[34] measured RDW in 101 patients with sick
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Figure 1

Figure 1 Search strategy and search results.

sinus syndrome (32 with AF), and found that a RDW value > 14.0% was
independently associated with AF (odds ratio, 1.58; 95%CI: 1.06-2.85).
Karataş et al [35] studied 621 patients with ST-elevation myocardial infarction
undergoing primary percutaneous coronary intervention, and who were followed-up
throughout hospitalization. Patients with RDW > 13.4% had a 55% higher risk (odds
ratio, 1.55; 95%CI: 1.20-2.01) of developing new-onset AF until hospital discharge.
Yanagisawa et al[36] measured RDW in 757 patients undergoing radiofrequency
catheter ablation for AF, who were then followed-up for a mean period of 22 mo. In
multivariate linear regression analysis, a RDW value > 13.9% was associated with 20%
higher risk (hazard ratio, 1.20; 95%CI: 1.01-1.40) of recurrent AF in patients with heart
failure, whilst no significant association was found in those without heart failure. In
patients with heart failure, a RDW value > 14.8% was also associated with 83% higher
risk (hazard ratio, 1.83; 95%CI: 1.13-2.72) of developing major adverse events (allcause mortality, hospitalization for heart failure and cerebral ischemia) during followup.
Vizzardi et al[37] carried out a retrospective study including 232 patients with stable
heart failure, whose clinical outcome was assessed 1 year after enrolment. In
multivariate logistic regression analysis, a RDW value > 14.45% was independently
associated with 3.9-fold enhanced risk (odds ratio, 3.89; 95%CI: 1.04-14.55) of
cardiovascular death and/or hospitalization for heart failure in the first year after
enrolment.
Geçmen et al[38] carried out a prospective study including 94 patients undergoing
isolated on-pump CABG surgery, who were followed-up until discharge from the
cardiovascular intensive care unit. In univariate analysis, higher RDW values were
associated with a 41% higher risk (odds ratio, 1.41; 95%CI: 1.01-1.96) of postoperative
AF during cardiovascular intensive care unit stay. The cut-off value of RDW was
unavailable in the publication and the association between RDW and postoperative
AF was not tested in multivariate analysis.
Zhang et al[39] measured RDW in 172 patients diagnosed with nonvalvular AF, who
were followed up for 3 mo after catheter ablation. The overall number of bleeding
events was found to be higher in patients with RDW values > 12.8% than in those
with lower RDW values (11.8% vs 3.4%). Interestingly, the diagnostic efficiency (i.e.,
area under the receiver operating characteristics curve; AUC) for predicting bleeding
occurrence was higher for RDW than for activated partial thromboplastin time (0.737
vs 0.558; P < 0.01).
Al-Kindi et al [40] used a large commercial database including electronic health
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records of many participating hospitals, with the aim of identifying patients aged 18
years or older with a diagnosis of HIV and who had at least one available RDW
measurement. The search allowed the extraction of a total number of 46720 records
(mean or median follow-up period for development of cardiovascular complications
is unavailable in the article). In these HIV patients, a RDW value > 14.5% was
independently associated with a 96% higher risk (odds ratio, 1.96; 95%CI: 1.64-2.33) of
incident AF.
Liu et al[41] studied 99 patients with AF, divided into two groups according to their
CHADS2 and CHA2DS2-VASc scores. In multivariate logistic regression analysis, a
RDW value > 12.55% was found to be significantly associated with higher (≥ 2)
CHADS2 score (odds ratio, 2.18; 95CI%: 1.14-3.22), whilst a RDW value > 12.75% was
found to be significantly associated with higher (≥ 2) CHA2DS2-VASc score (odds
ratio, 5.75; 95%CI: 3.70-7.79).
Saliba et al [42] searched the electronic database for a large national health
maintenance for identifying all patients diagnosed with AF in whom at least two
RDW measurements were performed 1 year before study entry. Mortality data were
retrospectively reviewed for up to 2 years after patients inclusion in the database. The
electronic search identified a total of 69412 records. A RDW value > 14.5% was
independently associated with a 49% increased risk (hazard ratio, 1.49; 95%CI, 1.431.55) of all-cause mortality during the follow-up period. More importantly,
persistently increased RDW values at the two-time points were independently
associated with an even higher risk of death during the same follow-up period (HR,
1.70; 95%CI: 1.61-1.79).
Kaya et al[43] analyzed the data of 619 AF patients undergoing transesophageal
echocardiography examination before cardioversion or AF ablation. In multivariate
regression analysis, a RDW value > 13.7% was associated with a 67% increased risk of
left atrial stasis (odds ratio, 1.67; 95%CI: 1.44-1.94).
Cha et al[44] carried out a retrospective study including 5082 patients with nonvalvular AF, who were followed-up for a mean period of 5.2 years. The RDW was
measured several times during follow-up, allowing to identify nadir (i.e., the lowest),
peak (i.e., the highest) and mean RDW values. Among the various RDW measures, a
peak value ≥ 13.9% was independently associated with a 66% enhanced risk (odds
ratio, 1.66; 95%CI: 1.41-1.96) of thromboembolic events, including ischemic stroke and
systemic embolism.
Nam et al [45] carried out a cross-sectional study including 103 healthy control
subjects and 117 patients with AF, 65 of whom with paroxysmal AF and 52 with
persistent AF. Overall, no significant difference was found in mean RDW values
between controls and AF cases (13.4% ± 1.6% vs 13.5% ± 0.8%; P = 0.343), whilst
patients with persistent AF exhibited significantly higher mean RDW values than
those with paroxysmal AF (13.9% ± 0.9% vs 13.3% ± 0.6%; P < 0.05).
Wasilewski et al[46] performed a sub-analysis of the COMMIT-HF (COnteMporary
Modalities In Treatment of Heart Failure) registry, including 1734 patients with left
ventricular ejection fraction ≤ 35% and without ACS at baseline, who were
retrospectively investigated for a median period of 660 d. Patients in the highest RDW
tertile had a more than double risk of developing AF on follow-up compared to those
in the lowest tertile (44.1% vs 20.2%; P < 0.01).
Cerşit et al[47] investigated the association between RDW and AF in 50 patients with
and without AF after an ACS. RDW was significantly higher in patients with AF than
the control group (14.5% ± 2% vs 12.6% ± 1%, P < 0.001). A RDW of > 11.7% also
predicted AF (sensitivity 56% and specificity of 64%; AUC = 0.637, P < 0.001).
Kılıcgedik et al[48] evaluated the RDW values in 358 patients who underwent CABG
surgery [57 with post-surgery AF (PSAF) and 301 patients with non-PSAF].
Interestingly, RDW values were significantly higher in PSAF group. In multivariate
analysis, RDW [OR:1.16 (95%CI: 1.0-1.36), P = 0.05] was found to be predictive for
PSAF (68.4% sensitivity and 51.2% specificity; P = 0.001). Likewise, Ozsin et al[49]
analyzed the RDW levels in 93 patients who underwent off-pump CABG surgery. 24
patients developed PSAF while 69 did not. RDW was significantly correlated with
PSAF and was also found to be predictive for PSAF (79.2% sensitivity and 65.2%
specificity; P = 0.001).
Pilling et al[50] analyzed the RDW levels in 240477 healthy volunteers (40 ± 70 at
baseline) during a follow-up period of ≤ 9 years. Higher RDW levels (≥ 15% variation,
n = 6050) was associated with AF (sHR 1.37: 1.21 to 1.55). RDW was also predictive of
new-onset AF.
Han et al[51] investigated the effects of low altitude (3.5 m above the sea level) and
high altitude (2260 m above the sea level) on RDW levels of 303 patients with
nonvalvular AF. RDW levels were higher in AF than control individuals (P < 0.05)
and higher in persistent AF than paroxysmal AF (P < 0.05) in both low and high
altitudes. Moreover, RDW, was independently associated with AF in low altitude
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(RDW, OR: 1.687, 95%CI: 1.021–2.789; P < 0.05), whereas it was an independent
predictor for AF (RDW, OR: 1.755, 95%CI: 1.179–2.613; P < 0.05) in high altitude.
Jurin et al[52] recruited 579 patients with AF, 412 with non-permanent AF and 167
with permanent AF, and followed-up the patients with non-permanent AF during a
median time of 21 mo. The main endpoint was progression of non-permanent AF to
permanent AF. 109 patients (26.6%) progressed to permanent AF. Moreover,
increased RDW levels showed a significant independent association with the
progression to permanent AF (HR 1.19, 95%CI: 1.03–1.39, P = 0.022).
Finally, Li et al[53] recently examined the relationship between RDW and AF in a
general Chinese population (106998 subjects). The authors concluded that RDW was
significantly related to a higher prevalence of AF; the OR (95%CI) of AF for increasing
tertiles of RDW were 1.00 (reference), 1.08 (0.69, 1.67), and 2.65 (1.75, 4.07) (P for trend
< 0.0001), respectively.
Taken together, the results of these epidemiological studies, as well as results from
two systematic reviews and meta-analysis recently published[54,55], are all virtually
concordant to emphasize that an enhanced RDW value not only is a predictive factor
and a marker of AF but its measurement may also be helpful for predicting the risk of
developing many adverse complications in patients with AF, such as recurrence and
duration of AF, hospitalization for heart failure, bleeding, left atrial thrombosis and
stasis, thromboembolic events (including new-onset stroke) and mortality.

ANISOCYTOSIS IN ATRIAL FIBRILLATION: ACTIVE PLAYER
OR BYSTANDER?
There are at least two biological explanations which can be brought for justifying the
strong epidemiological association observed between anisocytosis and AF, either of
which is plausible (Figure 2).
The first and rather predictable scenario is that the same causative factors for AF
may also impair erythropoiesis, and thereby the observation of an increased RDW
value may only be a coincident epiphenomenon in AF[56]. For example, a high RDW
value is commonplace in patients with recent blood transfusions or severe anemia[13],
and both RBC transfusion[57] and anemia[58] are associated with an excess incidence of
AF, as consequence of onset of heart failure and impairment of renal function.
Inflammation is probably the most frequent cause of anisocytosis [59] , but its
contribution to the pathogenesis of AF is now almost unquestionable, since many
inflammatory cytokines are known to impair atrial electrophysiology and structure[60].
Oxidative stress is another important inducer of anisocytosis[61], whilst the oxidation
of myofibrillar protein and cardiomyocyte membrane lipids is also a well-recognized
mechanism leading to AF [62] . Finally, it is now clearly acknowledged that renal
diseases may generate a kaleidoscope of inflammatory, neurohumoral, metabolic and
hemodynamic stresses to the heart[63], whilst impaired erythropoiesis and anisocytosis
are also commonplace in patients with impaired renal function, mainly due to
impaired erythropoietin production[13] (Figure 2).
On the other hand, a support to the thesis that anisocytosis not only may be an
innocent bystander in AF, but may also trigger, or contribute to worsening, AF has
emerged from a discrete number of studies. Hirayama et al showed that the onset of
arrhythmias is strongly associated with reduced erythrocyte deformability[64], which is
a conventional hallmark of anisocytic erythrocytes[65]. A large variation of erythrocytes
volume is also associated with a greater cholesterol content in the RBC membrane,
which can then be directly transferred to atherosclerotic plaques enriched in
erythrocytes[66,67], thus finally promoting atherogenesis and ultimately predisposing to
cardiac arrhythmias, since AF atherosclerosis and AF are now considered two strictly
intertwined disorders[68]. Finally, the presence of anisocytic erythrocytes has also been
involved in the mechanisms underlying adverse cardiac remodeling[69], thus leading to
atrial fibrosis and predisposing the patients to a higher risk of developing AF[70].

CONCLUSION
The value of the RDW can be automatically generated, along with the other
parameters of the complete blood cell count, by the majority of modern hematological
analyzers. It can therefore be considered an easier, faster and less expensive test
compared to other potentially useful biomarkers in AF[1]. Regardless of the fact that
anisocytosis may be a simple bystander or an active player in the pathogenesis of AF
and of its life-threatening complications, the current epidemiological evidence
convincingly suggests that routine measurement of RDW may provide valuable
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Figure 2

Figure 2 The interplay between atrial fibrillation and anisocytosis.

clinical information for diagnosis and management of AF, alone or combined with
traditional risk scores such as CHADS2 and CHA2DS2-VASc[71]. In particular, the
strong and often independent association observed between high RDW values and
unfavorable outcomes (e.g., recurrence of AF, heart failure, bleeding, thromboembolic
events and death) (Table 1), would lead us to conclude that AF patients with RDW
values exceeding the local reference range may be more aggressively investigated and
managed, in order to identify and reduce the impact of possible underlying disorders
causing both anisocytosis and AF (Figure 2), and also for preventing the possible risk
of adverse events potentially attributable to anisocytosis. Additional studies are then
advised to define whether the inclusion of RDW within conventional risks scores may
be effective in providing more accurate risk stratification in AF.
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Abstract
Acute coronary syndromes constitute a variety of myocardial injury
presentations that include a subset of patients presenting with myocardial
infarction with non-obstructive coronary arteries (MINOCA). This acute coronary
syndrome differs from type 1 myocardial infarction (MI) regarding patient
characteristics, presentation, physiopathology, management, treatment, and
prognosis. Two-thirds of MINOCA subjects present ST-segment elevation;
MINOCA patients are younger, are more often female and tend to have fewer
cardiovascular risk factors. Moreover, MINOCA is a working diagnosis, and
defining the aetiologic mechanism is relevant because it affects patient care and
prognosis. In the absence of relevant coronary artery disease, myocardial
ischaemia might be triggered by an acute event in epicardial coronary arteries,
coronary microcirculation, or both. Epicardial causes of MINOCA include
coronary plaque disruption, coronary dissection, and coronary spasm.
Microvascular MINOCA mechanisms involve microvascular coronary spasm,
takotsubo syndrome (TTS), myocarditis, and coronary thromboembolism.
Coronary angiography with non-significant coronary stenosis and left
ventriculography are first-line tests in the differential study of MINOCA patients.
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The diagnostic arsenal includes invasive and non-invasive techniques. Medical
history and echocardiography can help indicate vasospasm or thrombosis, if one
finite coronary territory is affected, or specify TTS if apical ballooning is present.
Intravascular ultrasound, optical coherence tomography, and provocative testing
are encouraged. Cardiac magnetic resonance is a cornerstone in myocarditis
diagnosis. MINOCA is not a benign diagnosis, and its polymorphic forms differ
in prognosis. MINOCA care varies across centres, and future multi-centre clinical
trials with standardized criteria may have a positive impact on defining optimal
cardiovascular care for MINOCA patients.
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Core tip: Myocardial infarction with non-obstructive coronary arteries (MINOCA) differs
from type 1 myocardial infarction regarding patient characteristics, presentation,
physiopathology, management, treatment, and prognosis. In the absence of relevant
coronary artery disease, myocardial ischaemia might be triggered by an acute event in
epicardial coronary arteries, coronary microcirculation, or both. Epicardial causes of
MINOCA include coronary plaque disruption, coronary dissection, and coronary spasm.
Diagnostic strategies include invasive and non-invasive techniques recently embracing
intravascular ultrasound and cardiac magnetic resonance. MINOCA is not a benign
diagnosis, and its polymorphic forms differ in prognosis.

Citation: Vidal-Perez R, Abou Jokh Casas C, Agra-Bermejo RM, Alvarez-Alvarez B, Grapsa
J, Fontes-Carvalho R, Rigueiro Veloso P, Garcia Acuña JM, Gonzalez-Juanatey JR.
Myocardial infarction with non-obstructive coronary arteries: A comprehensive review and
future research directions. World J Cardiol 2019; 11(12): 305-315
URL: https://www.wjgnet.com/1949-8462/full/v11/i12/305.htm
DOI: https://dx.doi.org/10.4330/wjc.v11.i12.305

INTRODUCTION
Remarkable progress in medicine regarding the pathogenesis of heart disease has
produced lifesaving and life-extending therapies impacting ischaemic patients
worldwide. The definition of angina pectoris is over two hundred years old, but the
controversy about the aetiologic role of coronary arteries has never ceased to hold
interest. Acute myocardial infarction (MI) without significant coronary artery disease
(CAD) was initially described almost 80 years ago by Gross and Sternberg, whereas
the term myocardial infarction with non-obstructive coronary arteries (MINOCA) is
recent[1,2].
The diagnosis of an acute coronary syndrome should be established according to
the fourth universal definition of MI, which is when there is evidence of acute
myocardial injury accompanied by clinical data suggesting acute myocardial
ischaemia such as relevant symptoms, new ischaemic electrocardiogram (ECG)
changes, loss of viable myocardium present in imaging, or identification of coronary
thrombus. Several diverse definitions of MI have been used, leading to unbalanced
criteria and confusion. Thus, a general universal definition of MI was agreed upon for
the first time over 50 years ago with the collaboration of multiple groups that were
initially created for epidemiological reasons. With the discovery of cardiac
biomarkers, the diagnosis of MI has been simplified, but because an increase in
cardiac biomarkers is an entity by itself, it is not pathognomonic of an acute coronary
syndrome in isolation. Elevation of cardiac biomarkers, such as cardiac troponin I and
T, represents injury to myocardial cells, but such increases do not reflect the
underlying pathophysiology because they can arise in a variety of situations,
including normal hearts. This variability highlights the need for a global uniform
definition of MI and myocardial injury[3-5].
There are multiple classifications of MI. Classically, for discrimination of immediate
or delayed treatment strategies, patients who develop new ST-segment elevation in
two contiguous leads or new bundle branch block with ischaemic alterations are
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designated ST-elevation myocardial infarction (STEMI) patients, whereas the
subgroup without ST-segment elevation is diagnosed as non-ST elevation MI
(NSTEMI). In addition to those two categories, MI can be classified pathophysiologically[4,5]. Evidence of an imbalance between myocardial oxygen supply and
demand unrelated to acute atherothrombosis corresponds to type 2 MI; by definition,
acute atherothrombotic plaque rupture excludes type 2 MI. Type 1 MI and MINOCA
are two separate entities with different underlying mechanisms, management, and
prognosis[5,6].
MINOCA is diagnosed in a patient with features of MI with non-obstructive
coronary arteries on angiography, is defined as no coronary artery stenosis ≥ 50% in
any potential infarct-related artery and is characterized by the absence of a clinically
specific cause of the acute presentation. Clinical criteria and biomarker behaviour of
MINOCA remain similar to other acute coronary events[3,6].

PREVALENCE AND CLINICAL FEATURES
MINOCA is not an uncommon presentation of acute coronary syndromes. Large MI
registries reflect the universal nature of MINOCA with the prevalence ranging
between 5% and 25% in different series, with 11% in a recent prospective
observational study[7-9]. Throughout the years, MINOCA has remained prevalent with
an increasing incidence, as was observed in a Spanish registry[10]. MINOCA patient
characteristics differ from those of other Myocardial Infarction and Coronary Artery
Disease (MI-CAD) patients because MINOCA subjects are younger, are more often
female, and tend to have fewer traditional cardiovascular risk factors. In the VIRGO
study, women had 5-fold higher odds of presenting with MINOCA than men; nonwhite patients also had increased rates of MINOCA than white patients. Pasupathy et
al [11] reported that MINOCA patients were less likely to have hyperlipidaemia,
whereas a similar distribution was observed regarding hypertension, diabetes
mellitus, smoking, and family history of premature coronary disease. Electrocardiographic patterns also differ, generally presenting as STEMI or NSTEMI,
with two-thirds of patients having the latter. It has also been suggested that hormonal
changes, such as the time of menarche and menopause, may also play a role in
MINOCA.

CLASSIFICATION ACCORDING TO PATHOPHYSIOLOGY
In the absence of relevant CAD, myocardial ischaemia may be triggered by a disorder
of epicardial coronary arteries and/or malfunction in the coronary microcirculation
(Table 1). Both have multiple presentations[7,8].

Epicardial causes of MINOCA
Coronary plaque disruption: Many atherosclerotic plaques are positively remodelled,
expand outward, and have a lipid-rich body and thin fibrous cap, making them
vulnerable to rupture. The transient and partial thrombosis in this type of plaque
causes distal thrombus embolization, with possible superimposed vasospasm, and
might be responsible for MINOCA; this mechanism resembles type 1 MI. MINOCA
represents 5%-20% of all type 1 MI. Since coronary angiography cannot evaluate the
vascular lumen, intracoronary imaging modalities such as intravascular ultrasound
(IVUS) might play a determinant role in evaluating the lesion. Ouldzein et al [12]
performed IVUS in MINOCA patients to evaluate the morphological and quantitative
characteristics of the culprit lesion and subsequently classified subjects according to
the presence or absence of plaque rupture; the frequency of ruptured plaques in MI
patients was estimated to be between 20% and 40%, and patients with plaque rupture
had increased plaque burden, plaque volume and positive arterial remodelling.
Coronary dissection: Coronary dissection without visible luminal obstruction and
coronary artery intramural haematomas constitute 25% of MI in women younger than
50 years of age. IVUS is a cornerstone in the assessment of coronary dissection. The
physiology of this entity is unclear; however, fibromuscular dysplasia is thought to be
related. This presentation has a high rate of recurrence[8,13].
Coronary artery spasm: Coronary artery spasm (CAS) represents between 3% and
95% of MINOCA cases depending on the registry. Positive provocative tests with
intracoronary, adenosine or ergonovine portend a worse prognosis. The diagnosis
does not require confirmation of epicardial coronary spasm, and these tests should
only be performed by experienced teams because they have a potential risk of
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Table 1 Myocardial infarction with non-obstructive coronary arteries classification, management overview, prevalence and suggested
therapy
Diagnosis

Prevalence in coronary
syndromes

Coronary artery disease

IVUS/OCT, FFR/iFR

5%-20% of MI

Antiplatelet therapy, statins,
ACEi/ARB, beta-blockers

Coronary dissection

IVUS/OCT

25% of MI in women under 50 yr of
age

Beta-blocker and simple antiplatelet
therapy

Coronary artery spasm

Intracoronary nitrates, intracoronary
Ach or ergonovine test by
experienced teams

3%–95% of MI depending on the
registry

Calcium antagonists, nitrates

Mechanism

Therapy

Epicardial causes

Microvascular causes
Microvascular coronary spasm

Objective evidence of ischaemia
As high as 25% depending on the
(ECG, LV wall motion abnormalities, registry
PET). Impaired microvascular
function (CFR, intracoronary Ach
test, abnormal CMR, slow coronary
flow)

Beta-blockers and nitrates, calcium
antagonist, possibly ranolazine

Takotsubo syndrome

Ventriculography, echocardiography, 1%-3% of general STEMI, 5%-6%
troponin, B-natriuretic peptide, CMR women with STEMI, concomitant
CAD 10%-29%

Heart failure treatment, mechanical
support in cardiogenic shock

Myocarditis

CMR, EMB, viral serologies, high creactive protein

33% of MINOCA when determined
by CMR

Heart failure treatment if
complication, autoimmune therapy in
autoimmune forms

Coronary embolism

History of potential thromboembolic
sources, thrombophilia screen, TTE,
TOE, bubble contrast echography

2.9% MI

Antiplatelet therapy, anticoagulation,
transcatheter closure or surgical
repair

MINOCA: Myocardial infarction with non-obstructive coronary arteries; MI: Myocardial infarction; CAD: Coronary artery disease; IVUS: Intravascular
ultrasound; OCT: Optical coherence tomography; CMR: Cardiac magnetic resonance; STEMI: ST segment elevation myocardial infarction; PET: Positron
emission tomography; FFR: Fractional flow reserve; ECG: Electrocardiogram; iFR: Instantaneous wave-free ratio; EMB: Endomyocardial biopsies; ACEi:
Angiotensin-converting-enzyme inhibitors.

arrhythmic complications. Positive testing has been associated with a higher
occurrence of death from any cause and cardiac death during follow up, a higher rate
of MI readmission and inferior control of angina symptoms; epicardial spasm also
showed worse clinical outcomes than microvascular spasm[14].

Microvascular causes of MINOCA
Microvascular coronary spasm: Microcoronary microvascular spasm, also referred to
as Syndrome X, can occur in up to 25% of MINOCA patients in some registries and is
the cause of persistent angina in up to 36% MINOCA subjects. Catecholamines and
endothelin exert transient vasoconstrictive effects primarily in the coronary
microvasculature, reducing microvascular blood flow in a transient manner. Objective
documentation of myocardial ischaemia should be sought. The presence of four
clinical criteria for microvascular angina accomplished a definitive diagnosis:
Symptoms of myocardial ischaemia, the absence of obstructive CAD [< 50% diameter
reduction in fractional flow reserve (FFR) > 0.80], objective evidence of ischaemia
(ECG ischaemic changes, wall motion or perfusion abnormalities), and evidence of
impaired coronary microvascular function. This last parameter includes having a
coronary flow reserve ≤ 2-2.5, coronary microvascular spasm (reproduction of
symptoms, ischaemic ECG shifts) without epicardial spasm in acetylcholine testing,
abnormal coronary microvascular resistance indices, or coronary slow flow
phenomenon. Diagnostic techniques for the evaluation of microvascular disease
include invasive and non-invasive measures. Positron emission tomography (PET) is
the most accurate non-invasive outlook of coronary vasomotor function; cardiac
magnetic resonance (CMR) can also be applied, although post-processing is
technically challenging. Invasive techniques include invasive coronary flow reserve,
more recent FFR, and instantaneous wave-free ratio with certain limitations[15]. Plaque
burden can be present or absent in MINOCA patients, and a broad spectrum of
subtypes have been described, but these usually overlap. The guarded prognosis of
these patients justifies an invasive approach[16].
Takotsubo syndrome: This stress cardiomyopathy represents 1%-3% of all STEMI,
with 5%-6% prevalence in female subgroups, and is characterized by apical
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ballooning of the left ventricle in the absence of occlusive CAD; although concomitant
CAD is described in 10%-29% of Takotsubo syndrome (TTS) cases. The proposed
Mayo clinical criteria include transient left ventricle mid-segment wall hypokinesis,
akinesis or dyskinesis that extends beyond one vascular territory, absence of
significant CAD, new electrocardiographic changes or modest elevation in cardiac
biomarkers, and exclusion of pheochromocytoma or myocarditis[17,18]. The more recent
international TTS diagnostic criteria (interTAK Diagnostic Criteria) vary from the
Mayo criteria by recognizing pheochromocytoma as a secondary cause of TTS by
stating that the presence of CAD should not be an exclusion and that cases with wall
motion abnormalities restricted to one vascular territory should not be excluded
(Table 2 and 3)[19]. The causes and aetiologic mechanisms of TTS are complex and still
in debate, but reversible coronary microvascular vasoconstriction is a common
mechanism in apical ballooning [20] . Diagnostic tools in TTS diagnosis include
ventriculography, transthoracic echocardiogram with adenosine and CMR. In the
absence of significant CAD, ballooning ventriculography allows a diagnosis. Contrast
echocardiography with adenosine may prove microvascular constriction. CMR
provides additional findings suggesting takotsubo; the hyperintense signal on T2
sequences, diffuse or transmural oedema, dysfunctional ventricular contraction
matching the TTS typical ballooning, and alterations not restricted to a particular
vascular territory in the absence of myocardial necrosis[8,21]. Strain echocardiography
and F-18 fluorodeoxyglucose positron emission have shown promising results in the
diagnosis of TTS and may play a role in the future[22].
Myocarditis: This polymorphic inflammatory disease can mimic many conditions and
can have a prevalence of approximately 33% among MINOCA patients when
determined by CMR imaging[24]. Young patients and high C-reactive protein findings
were associated with myocarditis, while male sex, previously treated hyperlipidaemia
and high troponin ratio were correlated with type 1 MI. Myocarditis also accounts for
5%-12% of young athlete sudden cardiovascular death [25] . The most common
pathogens identified in patients are human herpesvirus 6 and parvovirus B19.
Diagnosis of myocarditis is challenging; thus, given the poor yield of endomyocardial
biopsies (EMB) and viral serologies, standard criteria such as the European Society of
Cardiology 2013 Myocarditis Task Force criteria were established (Table 4)[7]. Certain
diagnoses and aetiologies of myocarditis require EMB (histology, immunohistology,
infectious agents by polymerase chain reaction). CMR imaging should be included in
the workup of myocarditis; it provides tissue characterization but does not identify
the underlying cause. Late gadolinium enhancement is observed in the majority of
patients and can have several phenotypes with different prognostic implications[26].
Coronary embolism: Coronary embolism (CE) can affect coronary microcirculation
and/or angiographically visible epicardial vessels. Coronary emboli can arise from
coronary or systemic arterial thrombi, and coronary thrombosis may be related to
thrombotic disorders. The prevalence of de novo CE MINOCA can be 2.9%. Atrial
fibrillation is the most common cause of CE. Case definition can be held according to
the National Cerebral and Cardiovascular Center criteria for the diagnosis of CE; the 3
major criteria include angiographic evidence of coronary artery embolism and
thrombosis without atherosclerotic components, concomitant multivessel CE and
concomitant systemic embolization. Minor criteria include CAD with stenosis < 25%,
evidence of embolic source detected by imaging, and coexistence of potential
thromboembolic disease. Paradoxical embolism due to right-left shunts is a rare cause
of MINOCA, and treatment includes trans-catheter device closure or surgical repair.
Transthoracic, transoesophageal, and contrast-enhanced echocardiography are the
cornerstone methods for uncovering cardiac sources of embolism[8,27].

MINOCA with uncertain etiology
CMR imaging is a cornerstone in determining underlying myocardial tissue
pathology. However, 8%-67% of MINOCA patients have no late gadolinium
enhancement, myocardial oedema, or wall motion alterations. Vasospastic angina,
coronary plaque disease or CE can have normal CMR findings; in these cases,
intracoronary imaging may help shed light on the underlying ischaemic trigger. IVUS
and CMR provide complementary mechanistic insights into MINOCA patients and
may be useful in identifying potential causes and therapies[28].

MINOCA THERAPY ACCORDING TO PATHOPHYSIOLOGY
Epicardial causes of MINOCA
Coronary plaque disruption: Dual antiplatelet treatment for 12 mo is recommended if
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Table 2 International takotsubo syndrome diagnostic criteria
Diagnostic criteria
Left ventricular dysfunction usually extending beyond a single coronary territory.
Sometimes triggered by emotional, physical or combined stress.
Acute neurologic disorders, including pheochromocytoma, may become triggers.
New ECG abnormalities. Rare cases can present with without ECG shifts.
Moderate troponin elevation. Usually, significantly high brain natriuretic peptide.
Can have concomitant CAD.
No evidence of infectious myocarditis usually excluded by CMR.
Mostly present in postmenopausal women.

CAD: Coronary artery disease; CMR: Cardiac magnetic resonance; ECG: Electrocardiogram.

allowed by haemorrhage risk, followed by chronic single antiplatelet therapy and
statins[8]. Angiotensin-converting enzyme inhibitors/angiotensin receptor blockers
and beta-blocker treatment have the same indication as STEMI and NSTEMI
guidelines[4,5].
Coronary dissection: There is no effective treatment to reduce long-term risk. A
medical strategy is recommended for coronary interventions, and stenting may cause
propagation of the dissection. A conservative strategy along with beta-blockers and
single antiplatelet treatment is recommended[8,13].
CAS: Chronic medical treatment includes calcium channel blockers and nitrates.
Calcium antagonist dose reduction or discontinuation was associated with worse
prognosis regarding mortality, supporting the role of epicardial spasm in the
occurrence of adverse events[8].

Microvascular causes of MINOCA
Microvascular coronary spasm: There are no specific therapies for microvascular
dysfunction, and management of underlying cardiovascular risk factors is
recommended. Traditional anti-ischaemic drugs, such as beta-blockers and nitrates,
should be first-line therapy; calcium antagonists can be added to treat refractory
angina and are recommended when vasomotor tone is increased. The data on
ranolazine for angina relief are controversial in this subset[9,15].
TTS: There are no randomized trials to guide evidence-based treatment. Empiric
strategies include cardio-selective beta-blockers, avoidance of inotropes, angiotensinconverting enzyme inhibitors for persistent myocardial dysfunction, mechanical
support devices in cardiogenic shock, and antiplatelet treatment with statins if
associated with CAD[21].
Myocarditis: Myocarditis treatment differs from that of coronary disease because it
does not require anti-ischaemic therapies. Myocarditis generally has a favourable
prognosis resolving in 2 to 4 wk, while a minor subgroup develops cardiovascular
complications such as heart failure and should be treated correspondingly.
Autoimmune forms have negative infection findings on biopsy, and specific
autoimmune therapy is required in these cases[7].
CE: Standard treatment of thromboembolic events remains individualized. Multiple
factors play a role in this entity, such as the time of presentation and the presence or
absence of multiple embolic sites. Patients with paroxysmal embolism in the presence
of atrial septal defects require percutaneous or surgical closure. These patients have a
high rate of recurrence and major adverse cardiovascular events (MACEs) in the
follow-up[8,27].

DETERMINING THE CAUSE
MINOCA patients are a conundrum for clinicians; therefore, a systematic global
approach should be pursued, and an attempt must be made to determine the specific
aetiologic mechanism as prognosis and management vary. The diagnostic arsenal
includes invasive and non-invasive techniques. Medical history can suggest a
diagnosis of vasospasm angina if the patient has a chronic pattern of recurrent

WJC

https://www.wjgnet.com

310

December 26, 2019

Volume 11

Issue 12

Vidal-Perez R et al. MINOCA a comprehensive review

Table 3 International takotsubo syndrome diagnostic score
Criteria

Points

Diagnosis probability

Female sex

25 points

≤ 70 points

Emotional stress

24 points

Low/intermediate

Physical stress

13 points

TTS probability

No ST-segment depression

12 points

Psychiatric disorders

11 points

> 70 points

Neurologic disorders

9 points

High TTS probability

QTc prolongation

6 points

TTS: Takotsubo syndrome.

episodic angina. Regional LV motion alterations corresponding to a finite vascular
territory suggest vasospasm or thrombosis. Apical ballooning suggests TTS. A history
of atrial fibrillation, dilated cardiomyopathy, prosthetic heart valves, infective
endocarditis, atrial myxoma, and patent foramen oval suggest CE. IVUS or optical
coherence tomography are encouraged in non-severe coronary angiography findings
with less than 50% luminal reduction; if intracoronary imaging reveals normal
findings, provocative functional testing is recommended. Transthoracic or
transoesophageal echocardiography, LV ventriculography, and CMR are other welldocumented techniques. The test flow-chart does not have a specific order and should
be performed according to clinical suspicion[4,7,8]. In Figure 1, we summarize our
diagnostic and therapeutic workup for MINOCA management.

MINOCA PROGNOSIS
The prognosis of MINOCA patients is heterogeneous and not benign. Patients should
be carefully informed about their condition and must not be inaccurately reassured
about a favourable course. Because of the aetiological heterogeneity, the extent of MI
damage and different inclusion criteria, registries reporting MINOCA prognosis show
diverse data regarding major cardiac adverse events during hospitalization and
follow-up[10]. In the VIRGO study, similar proportions of cardiac arrest, reduced
ejection fraction, and heart failure were observed in patients with MINOCA and MICAD, whereas the mortality rates during follow-up were not significantly different.
According to a meta-analysis of eight studies that reported all-cause mortality in
patients with MINOCA, both in-hospital and 12-month mortality were comparable to
MI-CAD[9].
Moreover, different secondary prevention strategies at discharge have been
published with discrepancies regarding medical treatment with proven prognostic
value, thus possibly interfering with prognosis. In addition, it may be speculated that
within the vast spectrum of MINOCA patients, the multiple categories can have
dissimilar prognoses and may be under- or overestimated by grouping them together.
Nordenskjöld et al [29] conducted an observational study with 9092 MINOCA
subjects and found that 24% of the patients presented a new MACE and 14% died
during follow-up. Multiple predictors for MACEs and death among MINOCA
patients are similar to those previously shown to predict new events in MI-CAD
patients, some of which are older age, diabetes, hypertension, current smoking,
previous MI, previous stroke, and reduced LVEF. In this study, a cholesterol paradox
was observed, where low levels of total cholesterol were significantly associated with
the composite endpoint of MACEs and long-term mortality; this phenomenon was
primarily observed in the statin-naive group who received statin treatment after
MINOCA.
Nordenskjöld et al [30] also studied the possible mechanisms and prognosis for
reinfarction in MINOCA patients, describing an average time to readmission of 17
mo. With a median follow-up of 38 mo, mortality was similar whether the reinfarction
event was MINOCA or MI-CAD. A progression of coronary stenosis is described in
approximately half of the patients, and thus, the performance of another angiography
in the MI event following MINOCA was relevant; all-cause mortality and
cardiovascular mortality were higher among patients who did not undergo a new
coronary angiography than among those who did. Repeated episodes of MINOCA are
not harmless.
In a recent study of the Chinese population, MACEs in MINOCA patients at the 1-
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Table 4 European Society of Cardiology 2013 Myocarditis Task Force definition of clinically suspected myocarditis
Presence of ≥ 1 clinical presentation and ≥ 1 diagnostic criteria:
Clinical presentation:
Acute coronary-like syndrome
New onset or worsening unexplained heart failure
Chronic unexpected heart failure over 3 mo duration
Life-threatening unexplained conditions (including arrhythmias, aborted sudden death, cardiogenic shock)
Diagnostic criteria:
ECG/Holter/stress test shifts: Any degree atrioventricular block or bundle branch block, ST/T or Q wave changes, sinus arrest, cardiac arrest rhythms,
low voltage, frequent premature beat or supraventricular tachycardia
Elevated cardiac troponins
Functional and structural abnormalities on cardiac imaging
Oedema and/or late gadolinium enhancement of myocarditis pattern in CMR

CMR: Cardiac magnetic resonance; ECG: Electrocardiogram.

year follow-up were lower than those in MI-CAD patients. Multi-factorial survival
analysis showed that older age (≥ 60 years old), female sex, atrial fibrillation, and
reduced LVEF are independent risk factors for MACEs in MINOCA patients within
one year [31] . The atherosclerotic burden in MINOCA patients may also have an
additional role in their prognosis and represents a promising research target in the
following years[23].
TTS is a special subset of MINOCA patients with regard to triggers that can be
identified in two-thirds of cases and should be exposed because they can influence
prognosis. Generally, long-term outcomes of TTS are comparable to those of age- and
sex-matched MI patients. TTS related to emotional stress have a favourable short- and
long-term prognosis, whereas those secondary to physical stress or medical
conditions such as neurological events are associated with higher mortality in follow
up; patients with neurological triggers tend to have higher mortality[23].

KNOWLEDGE GAPS AND FUTURE PERSPECTIVE
The present study shows a knowledge gap and heterogeneous management of
MINOCA patients that need attention. MINOCA is a polymorphic aggregate with
much more to be uncovered, with special emphasis on the pathophysiology. Standard
MI protocols do not apply systematically to all MINOCA patients. Variations in
revascularization strategies and the use of proven medical therapies exist[9]. The era of
eyeball angiographic quantification is evolving, and measuring only the degree of
stenosis is insufficient. The plaque burden is multi-faceted, and different plaque
content, volume, and distribution along with luminal stenosis can have a divergent
clinical impact and prognosis[29]. There is a demand for the use of standard criteria in
MINOCA research for effective worldwide communication, as such criteria may help
understand and compare international registries. Standardized criteria may provide
an investigative structure for mechanistic, diagnostic, prognostic and clinical trial
studies aimed at developing MINOCA evidence-based guidelines.

CONCLUSION
MINOCA should be considered a working diagnosis, and challenges must be
overcome to identify its underlying cause because its polymorphic nature has various
implications. MINOCA is a prevalent, not benign pathology, and misconceptions
regarding this condition must be reviewed. Variable practice patterns and disparities
in MINOCA care exist. Future multicentric clinical trials will have a strong impact
and refine the optimal cardiovascular care of MINOCA patients.
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Figure 1

Figure 1 Diagnostic and therapeutic workup for myocardial infarction with non-obstructive coronary arteries. STEMI: ST segment elevation myocardial
infarction; NSTEMI: Non-ST segment elevation myocardial infarction; Ach: Acetylcholine; CMR: Cardiac magnetic resonance; EMB: Endomyocardial biopsy; TTE:
Transthoracic echocardiography; TOE: Transoesophageal echocardiography; ACEi: Angiotensin-converting-enzyme inhibitors; ARB: Angiotensin II receptor blockers;
MINOCA: Myocardial infarction with non-obstructive coronary arteries; ECG: Electrocardiogram; iFR: Instantaneous wave-free ratio; OCT: Optical coherence
tomography; FFR: Fractional flow reserve; IVUS: Intravascular ultrasound; PET: Positron emission tomography.
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Abstract
BACKGROUND
Aortic arch stenting is continuously emerging as a safe and effective option to
alleviate aortic arch stenosis and arterial hypertension.
CASE SUMMARY
We present a 15-year-old girl with aortic arch hypoplasia who had undergone
implantation of an uncovered 22 mm Cheatham-Platinum stent due to severe
(native) aortic arch stenosis. On follow-up seven months later, she presented a
significant re-stenosis of the aortic arch. A second stent (LD Max 26 mm) was
implanted and both stents were dilated up to 16 mm. After an initially
unremarkable post-interventional course, the patient presented with hoarseness
five days after the intervention. MRI and CT scans ruled out an intracranial
pathology, as well as thoracic hematoma, arterial dissection, and aneurysm
around the intervention site. Laryngoscopy confirmed left vocal fold paresis
attributable to an injury to the left recurrent laryngeal nerve (LRLN) during aortic
arch stenting, as the nerve loops around the aortic arch in close proximity to the
area of the implanted stents. Following a non-invasive therapeutic approach
entailing regular speech therapy, the patient recovered and demonstrated no
residual clinical symptoms of LRLN palsy after six months.
CONCLUSION
Left recurrent laryngeal nerve palsy is a rare complication of aortic arch stenting
not previously reported.
Key words: Cardiac catheterization; Congenital heart defects; Hypoplastic aortic arch;
Endovascular procedure; Vocal cord paralysis; Case report
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INTRODUCTION
Hypoplasia of the aortic arch may induce arterial hypertension of the right upper
body. Alleviation of aortic arch stenosis is indicated to prevent hypertension-related
cardiovascular complications. Endovascular therapy including ballooning and
stenting has emerged over the last decade as a safe and effective alternative to surgical
reconstruction[1-4]. Acute complications of aortic arch stenting almost exclusively
involve aortic wall injury, while stent compression of adjacent structures is
uncommon[5,6].

CASE PRESENTATION
Chief complaints
We report a 15-year-old girl who presented with recurrent headaches, arterial
hypertension, and a systolic murmur.

History of present illness
Echocardiographic examination in a medical practice had revealed a potential
coarctation of the aorta.

History of past illness
The patient had no history of serious illness.

Personal and family history
There were no medically relevant aspects from the patient’s personal history. Other
than arterial hypertension and coronary artery disease in the patient’s grandfather,
there was no known cardiac disease within the family.

Physical examination upon admission
The patient presented in good general condition. Body weight was 61 kg and height
were 172 cm. Her blood pressure in the right arm with 144/86 [MAP (mean arterial
pressure) 110 mmHg] was significantly higher than that in the left arm [118/82 (MAP
96) mmHg] and of the right leg [118/72 (MAP 91) mmHg]. We consistently felt an
unequal pulse between the right and left radial arteries (right stronger than left). A
2/6 systolic murmur was identified ventrally in the second and third left intercostal
space, and, less prominently, dorsally between the shoulder blades. All other aspects
of the physical examination were normal.

Laboratory examinations
No laboratory examinations were done in the diagnostic work-up.

Imaging examinations
Echocardiography and cardiac MRI revealed a hypoplastic native aortic arch with a
bi-carotid trunk and a segment just proximal of the left subclavian artery which was
stenosed by 75% (Supplemental Figure 1A).
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Figure 1

Figure 1 Angiograms in lateral projection (all images, LAO 90°) demonstrating pre-, intra- and post-interventional findings. A: Left aortic arch with bi-carotid
trunc and transverse arch hypoplasia with severe native stenosis just proximal to origin of the left subclavian artery; B: Balloon interrogation using an 18 mm Tyshak II
that unmasks a relatively high compliance of the stenosis; C: After implantation of a 22 mm Cheatham-Platinum (CP) stent (indicated by black arrow) on 14 mm BiB;
D: Re-stenosis proximal of the previously implanted CP stent on follow-up; E: Positioning and implantation of a LD Max 26 mm stent (indicated by white arrow) over
the re-stenosis; F: Final result following redilation of both stents with 16 mm Atlas balloon, and proximal stent flaring with 20 mm Cristal balloon.

FINAL DIAGNOSIS
Our final diagnosis was a hypoplastic aortic arch with a bi-carotid trunc and severe
coarctation.

TREATMENT
Following discussion with the family and the cardiac surgeons, we opted against
surgical treatment in favor of an interventional approach to alleviate the aortic arch
stenosis. Cardiac catheterization showed a minimal diameter of 3.8 mm of the stenotic
segment (Figure 1A), with a relatively compliant stenosis up to 14 mm on sizing
balloon interrogation with a Tyshak II balloon (NuMed, Hopkinton, NY, United
States) (Figure 1B). We implanted a short 22-mm uncovered Cheatham-Platinum (CP)
stent (NuMed, Hopkinton, NY, United States), which effectively resolved the pressure
gradient while preserving good perfusion of the overstented left subclavian artery
(Figure 1C). On follow-up seven months later, the patient demonstrated renewed
blood-pressure difference between the arms. Re-catheterization revealed re-stenosis
with a diameter of 9.5 mm between the brachiocephalic artery’s origin and the
proximal end of the previously implanted CP stent and a systolic pressure gradient of
18 mmHg under conscious sedation, probably due to slight stent migration towards
distal (Figure 1D). The re-stenosis was relieved by implantation of a 26-mm IntraStent
LD Max (ev3 - Medtronic, Minneapolis, MN, United States) in telescope technique,
proximal flaring of the LD Max stent with a 20-mm Cristal balloon (Balt,
Montmorency, France), and (re-)dilation of both stents using a non-compliant 16-mm
Atlas balloon (Bard, Tempe, AZ, United States) (Figure 1E and F).

OUTCOME AND FOLLOW-UP
Our interventional result was satisfactory, with a minimum aortic arch diameter of
14.5 mm (Figure 1F) and no relevant residual gradient detectable. Her immediate
post-interventional course was unremarkable. However, five days after the
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intervention the patient presented with sudden hoarseness and a weakened voice.
MRI and CT scans ruled out an aortic aneurysm or dissection, haematoma, thoracic
tumour formation, and intracranial pathology such as stroke (Supplemental Figure 1B
and C). Otorhinolaryngological examination including laryngoscopy confirmed
paresis of the left vocal fold. Due to the anatomically proximity of the left recurrent
laryngeal nerve (LRLN) to the implanted stents’ region, we attributed the vocal fold
palsy to an injury to the LRLN during aortic arch stenting. After careful evaluation,
we decided against medical or surgical therapy of the LRLN palsy and took a
conservative approach involving regular speech therapy and close otorhinolaryngological monitoring. Fortunately, at follow-up six months later, our patient
demonstrated no residual clinical symptoms of LRLN palsy with normal voice sound
and speaking volume. For an overview of the time course of this case, see Figure 2.

DISCUSSION
We present a case of LRLN palsy following stent implantation in the transverse aortic
arch. Vocal cord paresis is a well-known complication of surgical ligation of patent
ductus arteriosus[7], and has also been described secondary to transcatheter closure of
patent ductus arteriosus and left pulmonary artery stenting[8-12]. Moreover, LRLN
palsy has also occurred after surgical aortic arch reconstruction during the Norwood
procedure[13]. However, to our knowledge, LRLN paralysis resulting from transverse
arch stenting has not been reported in the MEDLINE database so far. We suggest that,
due to the course of the LRLN as is passes underneath the aortic arch in close
proximity to the pulmonary artery and the ligamentum arteriosum, stent
implantation in a severely hypoplastic aortic arch may either stretch the LRLN as the
transverse aortic diameter increases, or compress it between the aortic arch and the
pulmonary artery, thereby leading to LRLN damage and left vocal cord paresis.
Moreover, after surgical aortic stent-graft placement, additional dilation of the graft is
a known independent predictor of LRLN palsy[14]. Therefore, (re-)dilation of the stents
in our patient may also have played a significant role in her having developed postintervention LRLN palsy.
Our patient recovered relatively quickly, most likely due to either nerve growth to
accommodate the larger aortic diameter, or due to cessation of an inflammatory
reaction or edema following either stretch or compression of the nerve. Contrary to
this positive clinical course in our patient, previous reports of LRLN after
endovascular therapy of patent ductus arteriosus or left pulmonary artery stenosis
have documented persistent vocal cord paralysis after six months in over 50% of
patients[8-12]. However, other than the case by Javois and colleagues, who described
coughing after their patient drank water [12] , there were no previously reported
symptoms of LRLN palsy other than hoarseness after transcatheter interventions[8-11].
Presumably due to these relatively mild clinical presentations neither medical therapy
nor surgical device removal was performed in any of the cases. Therefore, it remains
unclear whether in the case of acute LRLN palsy after aortic arch stent implantation,
the administration of medication or decompression of the nerve by surgical stent
removal would lead to LRLN recovery. Indeed, further (surgical) manipulation may
even aggravate symptoms. Finally, clinicians must carefully assess whether the
patient’s clinical symptoms justify invasive surgical therapy.

CONCLUSION
LRLN palsy is an extremely rare complication of transverse aortic arch stenting.
Interventionalists should be aware of this potential complication and inform their
patients accordingly.
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Figure 2

Figure 2 Time line of the case, with clinical findings highlighted in white, diagnostic work-up in blue, and therapeutic procedures in red.
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