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ABSTRACT

Restrictive Cardiomyopathy (RCM) is a form of cardiomyopathy,
which having improper blood filling by different restricted etiologies.
RCM can be clinically challenging and often result of a poor
prognosis. With the early and precise intervention, expectancy
outcomes are better. In this article, we reviewed an updated of
restrictive cardiomyopathy which are published and provide an
overview diagnosis and treatment advancement of the disease.
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INTRODUCTION

According to the different physiology change, cardiomyopathy can
be divided into different forms. Hypertrophic cardiomyopathy (HCM)
is defined by the presence of increased left ventricular (LV) wall
thickness that is not solely explained by abnormal loading conditions.
Dilated cardiomyopathy (DCM) is a progressive ventricular wall
thinning and dilatation accompanied with gradual functional impair-
ment. Restrictive cardiomyopathy (RCM) is a heterogenous group of
myocardial diseases which usually result from increased myocardial
stiffness leads to impaired ventricular filling by variety of causes.

Restrictive physiology could also occur in HCM and DCM, cor-
rect differentiate the disease are needed. Among 1,226 patients with
familial HCM (688 families), 1.5% had phenotypes diagnostic of
RCM!'. Consequently, the variety of etiopathogenesis and the dif-
ficulty of diagnosis lead to poor prognosis of patients with RCMP*1.

Studies showed up to 10%-15% of patients in heart failure pre-
served ejection fraction (HFpEF) were caused by RCM™., In a pedi-
atric single center study, the morbidity of RCM in children accounted
for 4.8% of all cardiomyopathy. High incidence of sudden death was
observed: 2-year survival rate was 50%, and the 5-year survival rate
dropped to only 25%V. Therefore, to investigate the causes of re-
stricted cardiomyopathy and establish the precise diagnosis and treat-
ment are crucial for improving the prognosis.

CLASSIFICATION

RCM is divided into primary and secondary, in which genetic
inheritance could exist in both types.

Primary RCM is usually inherited and a number of mutations have
been identified. Most of which are autosomal dominant (AD)l.

According to the location of the lesion, secondary RCM is divided
into myocardial diseases and endocardial diseases.

Myocardial diseases are subclassified as infiltrative, noninfiltrative,
and storage disorders. In infiltrative disorders, abnormal deposits
occur in the interstitial space, among cardiac amyloidosis (CA) is
the most common type of infiltrative disorder. Whereas in storage
disorder, deposits accumulated within the cell, such as glycogen
storage disorder, hemochromatosis, etc.
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Endocardial diseases include drug-induced restrictive
cardiomyopathy, hematologic diseases (eq. Sickle cell anemia,),
carcinoid, medication-induced (serotonin, ergotamine), and
chemotherapy-induced (anthracyclines).

Other rare causes, such as post viral myocarditis'”, diabetic
cardiomyopathy mainly describe a restrictive phenotype with
concentric LV remodeling and diastolic LV dysfunction’®. Types of
muscular dystrophies with cardiac involvement comprises can also
behaved as RCM!.,

PATHOPHYSIOLOGY

1. Primary RCM

The pathogenesis of primary RCM is mainly due to the increased
sensitivity of muscle filament to calcium and the accumulation of
desmin and type III collagen®'). Familial cases are commonly
manifested AD inheritance with incomplete penetrance.

There are over 20 reported genes were shown to be associated
with RCM, but familial RCM caused by single gene defect is the
least common. Genes have been discovered to be associated with the
primary RCM including troponin (¢Tnl and ¢TnT), myosin binding
protein C (MyBP-C), myosin light chain 3 (MYL2, MYL3), desmin
(DES), myopalladin (MYPN), etc!'),

For the mutation of the genes which encoding sarcomeric proteins
and cytoskeletal protein gene leaded to RCM, it could also cause
hypertrophic cardiomyopathy (HCM) or dilated cardiomyopathy
(DCM). RCM was often considered as an extreme form of HCM!".
Previous studies have found that confirmed gene mutation rate was
only 30% in RCM. In two other smaller scale studies showed the
incidence of familial inheritance idiopathic RCM was up to 75%!",
confirmed gene rate was about 54% ~ 60%!"). Specific pathogenic
genes are shown in table 1.

2. Secondary RCM

2.1. Cardiac amyloidosis (CA)

Cardiac amyloidosis is often caused by a group of diseases resulting
by the misfolded protein. The misfolded soluble extracellular proteins
and insoluble fibrils deposited in the myocardial tissues, leading
to both structural and functional disruptions. Based on the nature
of the fibril precursor protein and associated clinical features, CA
is divided into 5 different types (Table 2)!'%, in which AL and ATTR
are closely related to cardiac disorders.

2.1.1 Amyloid light-chain (AL) amyloidosis

AL amyloidosis, also named as primary amyloidosis, is associated
with monoclonal gammopathy of undetermined significance or
plasma cell dyscrasias, most common in multiple myeloma. Cardiac
involvement usually indicated poor prognosis, over half of the

Table 3 Other Common Associated Diseases and Genes of Secondary RCM.

patients developed heart failure in early stage. Even with early
chemotherapy, the median survival time of AL amyloidosis patients
with HF was less than 6 months!'".

2.1.2 Cardiac Transthyretin Amyloidosis (ATTR)

ATTR is caused by extracellular deposition of amyloid fibrils from
liver-derived transthyretin (TTR), including mutant (m-TTR) and
wild type (wt-TTR).

Table 1 Possible pathogenic gene of RCM.

Abbr. Name Gene ID
TNNI3 Troponin I3 7137
TNNT2 Troponin T2 7139
TNNC1 Troponin C1 7134
TPM1 Tropomyosin 1 7168
MYL2 Myosin Light Chain 2 4633
MYL3 Myosin Light Chain3 4634
ACTC1 Alpha-cardiac Actin 70
MYBPC3 Myosin Binding Protein C, cardiac 4607
TTN Titin 7273
DES Desmin 1674
MYPN Myopalladin 84665
CryAB Crystallin Alpha B 1410
BAG3 Bcl-2-Associated Athanogene3 9531
FLNC Filamin-C 2318
TNN Tenascin N 63923
SMAD SMAD Family Member 4 4089
MYH7 Myosin Heavy Chain 7 4625
SYNE2 Spectrin Repeat. Containing Nuclear 23004
Envelope Protein 2
JUP Junction Plakoglobin 3728
ACTN2 Actinin Alpha 2 88
Table 2 Types of Cardiac Amyloidosis.
Type Precursor Protein |Producing Area |Involved tissue
AL Light Chain . Liver, Kidney,
e e o — one Marrow Heart, Nervou.s
System, Soft Tissue
M-TTR Mutated Liver Heart, Nervous
Amyloidosis |Transthyretin System,
‘Xrtrl;z;filisis glalrc:s_:l}gfe tin Liver Heart
(Senile CA)
j:r?lyloidosis ls’if)ltl:ningfg Stress Reactants Iljiizrrt’ e
fiz;tlicildﬁ;;al Iétria} Natriuretic Atrium Atrium
(IAA) eptide (ANP)

Diseases Mode of Inheritance Genes

Systemic sclerosis Multifactorial PTPN22, MCP-1, IL-1a, IL-10, IL-13, FAS, AIF1, IL13RA2, SPARC, FBN1, TOPOI

Pseudoxanthoma Elasticum AR ABCCo6

Sarcoidosis Multifactorial BTNL2, ANXA11

Gaucher disease AR GBA

Hurler disease AR IDUA

il S dhes Usually AR G6PC, SLC37A4, NPT4, GAA, AGL, GBE, PYGM, PYGL, PFKV, PBK, PBKPHKA?2,
PBKPHKB, PHKG?2, PBK, PBKPHKA1, PHKA1, PHKGI1, GYS2, GYS1

Fabry disease XR GLA

Hemochromatosis AD / AR HFE, HFE2, HAMP, TFR2 SCL40A1

Hereditary amyloidosis AD TTR, CST3, GSN, LYZ, APOA1, APOA2, FGA
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(1) Mutant TTR Amyloidosis (m-TTR): m-TTR is a systemic
autosomal dominant disorder due to tissue deposition of various
proteins, including apolipoproteins A-I and A-II, and TTR. It is
often associated with peripheral or autonomic neuropathy. Cardiac
involvements are often less aggressive than AL amyloidosis!'®!.

(2) Wild Type TTR Amyloidosis (wt-TTR). Wild Type TTR
Amyloidosis was previously known as senile amyloidosis. Study
showed at the autopsy of individuals over 80 years old, about 8%
to 16% had cardiac amyloid deposition. Compared with primary
amyloidosis, the prognosis of wt-TTR is better, with a median
survival time of 6 years?.,

(3) Including AA amyloidosis, atrial associated amyloidosis and
apolipoproteins A-1/ A-II associated amyloidosis are lesscommon
types of CA. Cardiac amyloid deposition also can occur in isolated
atrial and dialysis-related (b2 microglobulin) amyloidosis. Although
isolated atrial amyloidosis is associated with development of atrial
fibrillation and/or other localized lesions presentation, HF is less
common in these types!'”.

2.1.3 Other types of secondary RCM

Most are gene related. The mode of inheritance depends on the
disease and mutant genes?”. The discovered associated genes are
shown below on Table 312!,

DIAGNOSIS

For patients whose clinical history and physical examination
indicating a suspected RCM, ECG and echocardiogram are routine
for the evaluation and differential diagnosis. The suspicion of RCM
could be supported by various tests of the usual causes; such as the
free light chain in serum and urine indicating the diagnosis of CA,
hemochromatosis, hypereosinophilia syndrome, etc. Also Cardiac
MRI (CMR), biopsy, and genetic screening contribute to the precision
diagnosis of RCM, which are particularly important to exclude the
secondary causes and establish to optimal regimen. At present stage,
genetic diagnosis and treatment of RCM are continuously expanding
according to novel mutations. Following paragraphs focused on the
preliminary diagnosis and precise diagnosis of RCM. The flow chart
is illustrated in figure 1.

1. Preliminary Diagnosis

1.1. ECG & UCG

Electrocardiogram (ECG) of RCM patients commonly present with
low voltage of limb and left chest leads (V5, V6), pseudo infarction,
and poor R wave progression in chest leads.

Echocardiography (UCG) as a routine examination has a great
significance, when any of the following manifestations occurred in
the absence of other plausible causes, the diagnosis of RCM a highly
possible. (1) End-diastolic LV wall thickness greater than 12 mm,;
(2) Granular sparkling appearance of the myocardium; (3) Increased
thickness of atrioventricular valves, right ventricular free wall, or
interatrial septum; (4) Pericardial effusion.

In addition, there are different characteristic could be observed
in corresponding etiology. Constrictive pericarditis can be seen
an atrioventricular septal incisure and a reduce coordination of
ventricular movement. In hypertrophic cardiomyopathy, ventricular
diastolic compliance decreased and the lesions mainly involving
the interventricular septum. Mural thrombi often observe in
hypereosinophilia syndrome. However, for patients with ultrasound
features suggesting a constricted cardiac disease, results should be
combined with other test to investigate etiology and diagnosis.
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1.2. Cardiac magnetic resonance (CMR)

CMR, with late gadolinium enhancement (LGE) and T1 mapping, is
emerging as a reference standard for diagnosis and characterization
of cardiac amyloidosis®??, and providing transparent view of disease
evaluation and morphological characteristics.

The cardiac structure of RCM is characterized by normal or
reduced ventricular volume, normal or slight thickening of ventricular
wall thickness, enlarged double chamber and normal pericardium in
T1W1 and T2W1 sequences. In sub-endocardial and mid-myocardial,
LGE as a characteristic manifestation are indicated the existence
of myocardial fibrosis. In typical CA, CMR can show diffuse
endocardial LGE, simultaneously involving the all four chambers
but the mid-layer does not involve, and intuitively display the CA
infiltration area. Study by Ana Martinez-Naharro, et al®! support
the view that using CMR as typical LGE imaging for cardiac ATTR.
Moreover, CMR with extracellular volume fraction (ECV) correlated
with amyloid burden was found to be an independent prognostic
factor for survival in patients with ATTR.

1.3. Others

Radionuclide myocardial imaging (ECT) contributes to diagnose
RCM. It has been suggested that the preferential binding to ATTR
might be a result of higher calcium content and could be considered a
diagnostic standard for ATTR™.

Cardiac catheterization is not only for the differential and
functional diagnosis; the value of evaluating both pre-operative
indications and post-operative condition for heart transplantation
is major either. By measuring LVEDP as well as other parameters
in assessing pulmonary vascular resistance is considered the gold
standard for determination of diastolic parameters®*.

[ High Voltage

Thickened ventricular walls ":'| HCw?
Narmal Ventricular Chamber I 4 radionuclide
" Low ‘altage ) ’ - imaging
Mormal Ventricular Walls =»  DCMT
| Large Ventricular Chamber |
| Low voltage f )
+ Narmal Ventricular Walls ¥ RCM?
|_Mormal Ventricular Chamber | ’
Labaratory A K light biore v rrow I
tests - chains | biopsy
l l {+) -}
| Flnd_ primary | AL Cardiac MRI
disease || [multiple my=loma )
v I
Chemotherapy l ]
Tumer, radiation, ] Endecardial ring . DCM,
chemical drug injury | enhancement myocarditis etc.
\ J
| RCMI? " Constrictive |
| Sickle cell anemia J ; s
Endomyocardial | 4+ Floating
biopsy catheter
Treat primary affection
r | | ] Surgery
[ Storage | | Endomyocardial || || Genetic |
ATTR CA
(o} fibrosis L . BCM
Mlass + Gene
spectrametry SCREENINg
¥
Targeted Hormone Targeted
Regulation

Therapy Therapy
L )

Transplanting When Necessary
Figure 1 Flow Chart for Diagnosis of RCM.
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Table 4 Differential Diagnosis of Constrictive pericarditis vs restrictive cardiomyopathy

Diagnostic evaluation |Constrictive Pericarditis Restrictive Cardiomyopathy
Physical Findings Kussmaul sign, pericardial knock Regurgitant murmur, Kussmaul sign may be present, 53
(advanced).
. et Low voltages, pseudoinfarction, possible widening of QRS,
ECG Low voltages, non-specific ST/ T changes, atrial fibrillation. left-axis deviation, atrial fibrillation,
Chest X-ray Pericardial calcifications(1/3 of cases) No pericardial calcifications.
Small left ventricle with large atria, possible increased wall
Septal bounce. .
thickness.
Pericaidial thickening and calcifications. E/ A ratio >2, short DT.
g g e q g >9259,
Lghpemt gl Resp 1r'at0%'y variation.of the mitral peak E velocity of . 25% anc}) Significant respiratory variations of mitral inflow are absent.
variation in the pulmonary venous peak D flow velocity of >20%
Colour M-mode flow propagation velocity (Vp)>45 cm/sec. Colour M-mode flow propagation velocity (Vp) > 45 cm/sec.
Tissue Doppler: peak e' > 8.0 cm/s. Tissue Doppler: peak e' < 8.0 cm/s.
z 5 : (>
. “Dip and plateau” or “square root” sign, right ventricular diastolic, Marked right M entrla.llar SYStOhC hypertension ( 20 mmHg)
Cardiac . . . . and left ventricular diastolic pressure exceeds right ventricular
- and left ventricular diastolic pressures usually equal, ventricular . . . .
Catheterization e bypens e (P femaseml by s oyatalhe frin Ansleye 1) diastolic pressure (LVEDP >RVEDP) at rest or during exercise
P < yHhesy " |by 5 mmHg or more (RVEDP < 1/3 RVSP).
R 5 ——
perl'cz.ardl'al thickness 3.4mf pericardial . . Normal pericardial thickness (< 3.0 mm), myocardial
CT/CMR calcifications(CT),ventricular interdependence (real-time cine . .
CMR) involvement by morphology and functional study (CMR).

CMR - cardiac magnetic resonance; CT - computed tomography; DT - deceleration time; ECG - electrocardiogram; LVEDP - left ventricular end-diastolic
pressure; RVEDP - right ventricular end-diastolic pressure; RVSP - right ventricular systolic pressure;. Systolic Area Index - the ratio of the RV area (mmHg

x s) to the LV area (mmHg x s) in inspiration versus expiration.

2. Precise Diagnosis

2.1. Pathological Diagnosis

Including bone marrow biopsy and endomyocardial biopsy (EMB),
pathology evidences are considered the golden standard for the
diagnosis of RCM.

Endomyocardial biopsy can achieve nearly 100% sensitivity
if minimum of 4 or more samples are obtained during the biopsy
procedure!®!. It could provide a transparent view of the etiology,
therefore EMB should be considered when the pathogenesis of heart
failure cannot be determined by noninvasive testing. Especially,
when suspecting of infiltrative disease and rare cardiomyopathy,
such as suspected hypersensitivity myocarditis, anthracycline
cardiomyopathy, cardiac tumors, and arrhythmogenic right
ventricular cardiomyopathy (ARVC), etc.*®!

However, not all hospitals are eligible for myocardial biopsy. Bone
marrow biopsy could use to confirm the diagnosis of amyloidosis;
mass spectrometry analysis is further used to identify amyloid type.
Rectal, gastrocnemius, labial gland, and fat aspiration biopsy should
be used as the secondary choice when myocardial biopsy is not
available?’!.

2.2. Genetic diagnosis

The genetic diagnosis of RCM is recommended in European
guidelines (IIB)!®, with the rising consciousness of precise medicine.
In the clinical application, it recommends that the etiopathogenisis
and diagnosis depend on detected pathogenic mutations in the
proband; and for the proband that could not locate the pathogenic
mutations but cannot exclude the possibility of genetic disease, the
incidence of autosomal dominant pathogenicity was significantly
lower than those found in pathogenic mutations. Detection of these
8 target genes: JUP, DES, BAG3, ACTN2, MYH?7, TNNT2, TNNI3
and MYBPC3 are recommended'®*!.

3 Antidiastole of Constrictive Pericarditis

Due to the similar clinical features of constrictive pericarditis
(CP) and RCM, there is high rate of clinical misdiagnosis and it is
important to differentiate them carefully. In developed countries, the
most common reported causes of CP respectively were idiopathic
or viral, post-radiation therapy, connective tissue disorder, and
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post-cardiac surgery*”. On the other hand in developing countries,
tuberculosis infection is a major cause besides the above. In addition
to the different etiology, other diagnostic evaluation including ECG,
echocardiography, cardiac imaging characteristics, and cardiac
catheterization could have different presentation which listed below
(Table 4, Modified from Imazio et al*").

TREATMENT

1. Primary RCM:

Up to now, heart transplantation is as the one and only effective
treatment for RCM. With the improvement of gene engineering
technology, the mutation of RCM would provide the basis for precise
treatment which needs further clinical trials.

Gene therapy improve the heart function of heart failure by
inhibiting the expression of G protein-coupled kinas2 (GRK2)
has been succeed™!; which provides new perspectives of the
cardiomyopathy treatments. By inhibiting the overexpression of
SERCAZ2a gene to regulate the calcium reserving of the heart, it
regulated and controlled the development of heart failure which also
might delay the progress of RCMP.

Gene repairmen or deletion to mutation of primary RCM with viral
vector are the future target of therapy, which need further clinical
trials to demonstrate it. The gene therapy using adeno-associated
virus (AAV) to transform through virus engineering as a carrier has
been recognized?!. Further exploration of the usage and mechanisms
are needed.

2. Secondary RCM:

The treatments of primary disease combine with the basis of the
clinical characteristics to build up the optimum therapy for different
types are considered in secondary RCM.

For endometrial fibrosis, the treatment is mainly to improve
the symptoms of heart failure. Spironolactone is the first choice
of diuretic, which can prevent further progression of fibrosis and
improve outcomes in addition to the pathophysiological role?.
Surgical resection and atrioventricular valve repair are feasible and
could increase survival rate®!.

Bortezomib-based regimens for light chain cardiac amyloidosis



(AL-CA) are now considered to be the preferred treatment option for
its near complete remission of plasma cell dyscrasiast®. With early
recognition and treatment with targeted plasma cell therapy, AL-CA
can be managed effectively. Gene-silencing therapy for amyloidosis
has also evolved, such as anti-serum amyloid P (SAP) component,
which has experienced preclinical and early clinical success in
amyloid deposits scavenging from affected organs™®'. For end stage
patient, cardiac transplantation combined with chemotherapy or
targeted drug therapy could reduce the recurrence.

Clinical trials from the various pathological pathways of reducing
amyloid protein production in m-TTR are currently in progress©,
including stabling four TTR dimer to interfere protein decomposition
to degrade amyloid fiber®”; doxycycline and tauroursodeoxycholic
acid; small interfering RNA (SiRNA) and monoclonal antibody
therapy, etc. Among the above SiRNA and ASOS gene suppressor
therapy in amyloidosis disease model has one of the most promising
aspects. Liver involvement suggests early orthotropic liver
transplantation; combined heart-liver transplantation if available,
which could reduce cardiac sudden death®l.

Such as eosinophilia, etiological treatment includes corticosteroids
and (or) with imatinib, anticoagulant therapy, the treatment of heart
failure and end-stage heart transplantationt™!.

PROGNOSIS

The complexity and diversity of RCM etiology make it has worst
prognosis of cardiomyopathy. Current staging systems for AL-CA are
based on serum levels of NT-pro-BNP, cardiac troponin T, and the
concentration of circulating free light chains. The combination of the
3 biomarkers constitutes the most powerful prognostic tool available
in AL-CA and is the basis for the staging systems elaborated by
the Mayo Clinic. The scoring system assigns 1 point for each of
the following: NT-pro-BNP > 1800 pg/mL, troponin T > 0.025 ng/
mL, and difference between the « and A free light chains > 18 mg/
dL. Median survival of stage III patients was only 3.5 to 4.1 months.
Patients with pronounced elevations of both NT-pro-BNP and
troponin have a particularly poor prognosis???.

CONCLUSION

For patients with RCM, the early and accurate diagnosis reflexes
a great clinical outcome. Preliminary diagnosis once confirmed
cardiomyopathy; for any suspicion of primary RCM patient, known
mutation carriers and their family members, genetic screening is
necessary. Genetic diagnosis and treatment technique of heart disease
are emerging and rising. The genetic diagnosis has a high clinical
value for early diagnosis, risk stratification, and prognostic evaluation
of RCM patients; while genetic treatment provides a new promising
way for RCM patients. Overall, both could provide a significant
improvement the prognosis of patients with RCM and needed a
further exploration in clinical practices.
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