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ABSTRACT

Amyloidosis is a group of progressive and devastating disorders resulting from misfolded proteins extracellular deposition into
tissues. When deposition of fibrils occurs in cardiac tissues, this systemic disease can lead to a very poor prognosis. In this review,
we focused on the most common types of cardiac amyloidosis and their treatments. Early diagnosis remains critically important,
and here we reviewed the diagnostic methods adopted starting from the non-invasive imaging techniques to more invasive ap-
proaches, and the typing of precursor proteins. Typing the different misfolding proteins is mandatory since therapy differs accord-
ingly and thus guiding therapy. We highlighted the most updated and recent treatment strategies to cure amyloidosis.

Definition and general mechanism

Amyloidosis is a wide group of protein folding dis-
orders, discovered more than 150 years ago by the
German pathologist Rudolf Virchow.!? They share a
common, multiple-factorial pathogenesis character-
ized by the deposition of insoluble proteinaceous
amorphous material mainly in parenchymal organs.
Amyloid is deposited as rigid, insoluble, non-branch-
ing fibrils, also referred to as a B-pleated sheet.?

Fibrils bind the Congo red dye and exhibit green,
yellow or orange birefringence when the stained de-
posits are viewed by polarization microscopy. When
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isolated from tissues and analyzed by X-ray diffraction,
fibrils exhibit a characteristic cross f diffraction pattern.

In 1959 electron microscopy was applied for the
first time in the evaluation of the disease and showed
the characteristics of non-branching -pleated sheets*
with fibrillar diameter ranging between 7-12 nm, al-
lowing a clear and reliable differentiation from colla-
gen fibril deposition. In the last ten years, the
introduction of mass spectrometry in the amyloid di-
agnosis and characterization increased progressively
the number of recognized precursor proteins involved.
Many proteins might form amyloid-like structures
and, until now, about 36 proteins have been shown to
form amyloid deposits in vivo in humans, according
to the Nomenclature Committee of the International
Society of Amyloidosis (ISA).>¢ In Table 1 we re-
ported all types of precursor proteins that can produce
amyloid deposition in the parenchymal organs.”!! The
main types of amyloidosis are represented by amyloid
light chain (AL) or amyloid heavy chain, in the setting
of plasma cell disease producing an increased number
of circulating light and heavy chain fragments.

AA amyloidosis is usually secondary to chronic
processes such as autoimmune diseases or chronic in-
fections. The amyloid deposition may affect the human
body in a systemic or localized manner, impairing pro-
gressively the physiological functions in different ways.

Systemic amyloidosis is characterized by the pro-
duction of amyloidotic precursor proteins remotely
from precursor organs in which deposition occurs,
while in localized amyloidosis the production of the ab-
normal precursor proteins occurs in the same site where
deposition occurs. Systemic amyloidosis can be ac-
quired (AL amyloidosis), or hereditary (ATTR).
WTATTR is also termed senile systemic amyloidosis.
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AL amyloidosis can also manifest itself as a localized
disease, as the tumor-like nodule localized in the larynx,
tongue, skin, bladder, bowel, and lung and may affect
patients with thyroid tumors, diabetes or advanced age
as the only risk factor for localized amyloidosis.*

Table 1 showed mainly diseases that were associ-
ated with the systemic form.**

Several types of amyloidosis are hereditary and
have been linked to familiar forms. The most common
genetic alteration is missense mutation of the precur-
sors of proteins, transthyretin (ATTR) is the most im-
portant, cysteine, Apo Al, gelsolin, lysosome,
fibrinogen Aa, ApoAlIL'>!3

The chemical diversity makes the clinical presen-
tation heterogeneous; in fact, different types of amy-
loid-fibrils demonstrate different tissue affinities and
correlate with a variety of symptoms.'* Furthermore,
individual differences exist for the same type of amy-
loid. For all these reasons, amyloidosis represents a
diagnostic challenge for clinicians. Virtually, every
organ system can be affected by amyloid deposition.

A lot of diseases may cause and hide amyloido-
sis®"> (Figures 1 and 2).

Cardiac amyloidosis

Cardiac involvement in amyloidosis is usually part
of a systemic disease. The cardiac involvement has a
major impact on adverse prognosis and unfortunately,
the diagnosis is often delayed. It is initially suspected
in a patient presenting with unexplained heart failure
symptoms, thus in an advanced disease status.
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It is interesting to note that there are some geo-
graphic differences in cardiac amyloidosis around the
world:

- Developed world: 1) AL amyloidosis; ii) senile sys-
temic amyloidosis (SSA); iii) familial amyloidosis
(it most commonly results from a mutation in
transthyretin).

- Developing world: AA is more prevalent, due to
chronic infections and inadequately treated inflam-
matory conditions.

- Occurring worldwide and later in life: a further
amyloid type to affect the heart is isolated atrial
amyloid.

- Much less common: non-transthyretin variants
(mutations of fibrinogen, apoprotein, and gelsolin:
these rarer types can cause significant cardiac
compromise).

Amyloid types affecting the heart

There are 11 types of amyloidosis, of these only
the atrial form occurs exclusively in the heart.!® The
three main types involved are acquired monoclonal
AL amyloidosis, hereditary TTR amyloidosis and wild
type amyloidosis (SSA).!6-20

Light chain amyloidosis

Immunoglobulin light chain amyloidoses are rare,
monoclonal plasma cell proliferative disorders char-
acterized by tissue deposits of light chain and more
rarely, heavy or heavy/light chain fragments, leading
to organ dysfunction.

e  Familial Mediterranean fever
o  TNF receptor-associated

Tumors
Autoimmune diseases: Inflammatory bowel diseases:
[ Rheumatoid arthritis . Crohn’s disease
e  Ankylosing spondylitis e  Ulcerative Colitis
e  Chronic juvenile arthritis
. Psoriasis
Hereditary inflammatory diseases: AMYLOIDOSIS

periodic syndrome
. Muckle-Wells syndrome

\ B-cells dyscrasia:
e MGUS

e  Multiple myeloma

Chronic infections

Figure 1. Diseases causing amyloidosis. Chronic systemic diseases could be associated with amyloid deposits in the
parenchymal organs, some localized in the target diseased organ or involved multiple parenchymal organs. TNF, tumor
necrosis factor; MGUS, monoclonal gammopathy of undetermined significance.

[page 74]

[Italian Journal of Medicine 2019; 13:1149]

OPEN aACCESS



a review

2
(7]
(=]

=

S
=
£
«©
o

S

=
-
(3]

(&)

\“!press

o3ed 1xou UO PaNUIIUOd 9q O],

Aydone waysAs odnny

SOIPOq M M BIUSWA(] SND v 1
BIUSWAP 1M 9SBISIP UOSUTIR]
OSBASIP UOSUDIB] SND H 1 uro[onuAS-e JueLeA 0smoaid urejord qy ukgey
SISOPIOJAWE 1M 9T yLIOWaY [81q10d AIeJIPAIdH
ISBISIP JOWIAYZ[Y SND A 8| ad& prim “rosmoaid urejord qy qQv
BHUSWOp ystue( [eljiwe] SND H 1 sjueLIeA ‘dJueqy xUedVv
EHUSWOP YshLig [erie.| SND H S sjueLeA JJHEV ugyv
od4y orpuerao]
‘SISOPIO[AUE Y3IM 9SBYLIOWOY [21qaId0 ATeJIPAIOH unys ‘SNd H S SJUBLIRA ) UIRISAD) SKOV
(Teuar Ajurewr) sIsoprojAure udgouLIqry Aqurewrnad ‘Aoupry| H S SJUBLIEA ‘B UOSOULIqL] quIiy
SISOPIO[AWIE [RUDY Anrewnad ‘Aaupryy A S 7-10)9€] O1}9LJOWAYD A0 [ATe 80"
(Je100s1A AJurewr) sIsoprojAwe SWAZOSA] Kaupry| H S SJUBLIBA ‘OWAZOSA SATV
ad£y ystuurq ‘sisoprojAwe [erjrure BOUIOD ‘SNJ H S SJUBLIBA ‘UI[OS[O0) POV
(reuoar Ajurew) sisoprojAwe [[Dody Kaupry| H S syueLreA ‘[[1 O urejordodijody noodyy
(1euar Ajurewr) sisoprojAwe [[Hody Koupry| H S syuerreA ‘I O urdjordodrjody 1oodyy
(sueS10 Auewr) sisoprojAwe AJyody JIW)SAS pue e[[Npawr AUPTY| A S adKy pyim ‘A1 v uroyoxdodijody AlVodyy
(1euar Ajurewr) sisoprojAwe [[yody Kaupry| H S syueLreA ‘[] v urojordodijody nvodyy
(SIUBLIBA [RUIWIN)-D))
unys ‘(SJUBLIBA [RUIULIDI-)))
(sueSio Auewr) sisoprojAwe [yody XuAre] ‘s1sd) ‘SN ‘AOUpIDY “IOAI] UBOH H S sjueLiea ‘1 y urjordodijody vodyy
SISOPIOJAWIE [BIOISIA AIR)IPAIOH SNV H S JuBLIBA ‘UINQO[SOIIIN-7q
SISOPIOJAWE PIJe[I-SISA[RI(] WOISAS [BIQ[SONISNA A S 2d&) prim ‘urnqo30IoIN-7q NZAV
sisoprojAwe [eaguruowoldo|
AyyedoAworpred projAwe [erjrue, soguruowo)do] H S
Ayyedonoukjod onoprojAwe [erjrwe, 9K9 Uy ‘SNV ‘SNd WNIAOUASOUD)
SISOPIOJAWE OTWO)SAS J[IUIS ‘spuoweSI| ‘sofew ul AJurewr JedH A S syueLIeA ‘unolAysuel] odA) prim ‘unaikyjsuel] MLLY
SISOPIOJAWE VY SND 1daoxo suedio [y A S vV projAwre wnidg (ody) Vv
(Teuar Ajurewr) SISOpIOJAWE UIRYI-AABOH SND 1dooxa suesio [y A 1°S ureyo Aaeoy uryngojSounuuuuy HY
SISoprojAwe ureyd 3y31| SN 1dooxa Ajjensn ‘suedio [y HYV 1°S ureyd 31| urnqo[3ounurury v
Areypaiay pazifedo|
ISBISIP PIABIDOSSY suedio Ja8ae], 10 paamboy  1o/pue d1ud)sAS urdoad dosandaag  urjoad [iqig

o ULIOJ JTUIA)SAS YY) YIIM PIJEId0sse sIsedsi(] *[ [qeL

[page 75]

13:1149]

s

[Italian Journal of Medicine 2019

ACCESS

3

OPEN



press

-
o
@
=
>

(i}
=
<

=

—_—
=

-
o

<<
)

=
=

e
=)
@

=
<]

pact

(7]

"u10joxd s10s1921d Pajye[ox A1) 298 “UOTRIAIQQE UINJOId [LIQT JOJ “4ps “ss %

9SBISIP uo)UNUNE
I90UBD 918)S0I]

(1xgnH) 1 uoxe unsununy
6V/8V00IS suraold

SISOpIOJAUIER PAZI[ed0][-uonduf sagone| v 1 opnaiAnjug Jugy

SISOPIOJAWIE J[JISIA [RUIWAS SI[RUIIIOS B[NOISOA v 1 [ urjeSouswog JwSY

stouwny oruagojuopo [erpaypde Surkyoe) siown} d1uAg0uOpO v 1 urajoid pajeroosse-Jse[qoawe J1ua30IUOpPO dVVOV

AydonsAp [eau109 ay1[-doip snoureon BIUIOD) A 1 ULLIDJ01oR ] Ry
odAy ourfjoay ‘AydonsAp [eauroo oo1je]
V¢ 9d& ‘AydonsAp eausoo oomye]

1 2dA) ‘AydonsAp [eauroo 201 A18)1p2I19Y ‘BAUI0)) A 8| urjoyida-oje1oy] IV

SISOPIOJAUIR [RIPAW O1}I0Y BIPUI ‘O1}I0L J[IUAS v 1 ULIYpPeIORT PNV

djeas ayy Jo xapdwis sisoyornodAH s9[o1]]0J Irey ‘erpoyiide parjiuio) A 8| UISOWISapPoAUI0)) 10DV
SISOpIO[AWE JR[NORIA

SISOPIO[AUIE UAYI'] us v 1 L unosreH LIEDV

sisourojoid IejooA[e Areuowng Sung A 8| urojoid juejoeyins Sun| sw5x0dSV

SISOPIOJAWE PIZI[BO0]-U0nda Uy uonoa(ur [eoo] ‘orussoney A 8| urnsuy suly

ewounoe[old Areymig Kreymyd SuiSe ‘sewounoejold Areymig A 8| unoe[oid 01dvy

SISOpIOJAUIE [RLI}Y BLIE ORIpIE) v 1 1008} ONRINLIRU [BLI)Y ANVY
BUWIOUT[NSUT

sajoqerp I odAL, sewournsur ‘suey1ogue] Jo SI9S| A 8| w«sxopndadAjod projAwe jo1s] ddVIv

P10IAY) 9y} JO BUIOUIOIRD AIR[[NPIA s1own} proIAy} [[99-) A 8| uruoyoed(o1d) BV
Ayyedonau orwiouoine pue A10Suds AIe}IpaIoy
NN 9SBISIP qONB[-IP[AJZINAIY) JUBLIBA MIN]
sainyedy orperydAsdornau ypm Ayjedoreydaous uojiduodg
[ 9Y1[-9sBasIp uojsununy

9SBASIP JONUIDYOS-I9[SSNEI)S-UUBU)SION) SNd H S juerre urdjoxd uotg
BIUIOSUT [B)B] BIUWOSUI [BJB] ‘QWOIPUAS SSO ‘AfD H 1 sjueLIeA urdjod uorig

9SBASIP qONB[-IP[AJZINAID) BIuwosur [ejey ‘drd v 1 od£y piim ‘urajord uotrg Jdv
sisourosnjodi|
9seasIp Z1edS-UdPIOAIS[[BH SISOIAIS SNoIdqNL
Aypedoreydoous peoT
spjeydoousued Sursoroos aynoeqng
SIS0JBWOISUBOISUIUDN
ewor3or3uen
Ayyedoreydoous onewnen oruoiy)
uoneIoua3ap Ieqoj [erodwolouor]
X9[dwI0d BNUAWAP UOSUTIEJ Wenon)
enuawap jueurwopald ojSue],
oseasip urers o11ydoiL3ry
LTI 0} PXUI] WSTUOSUTIRJ (M BHUSWAP [eI0dwa)ojuo,|
UONBIUITIP [BSBOIIII0D)
Asred responuerdns oarssarSo1d

9SBISIp Yold SND v 1 nej, nery

Areypaay pazifedo|

ISBIASIP PIJLIIOSSY

suegio Ja3ae],

10 paamboy  ao/pue d1w)SAg

urdjoad dosandaag  urdjoad [riqiy

*33ed snoradad woay panunuo) ‘| d[qeL

ACCESS

3

OPEN

1149]

13:

s

[Italian Journal of Medicine 2019

[page 76]



\‘J’“’s Cardiac amyloidosis: a review

Immunofluorescence techniques reveal the pres-
ence of monoclonal plasma cell population in more
than 80% of AL patients.

Among the systemic amyloidoses, the Im-
munoglobulin light chain ones are the most common
with an incidence of 10 patients per million per year.
They are also the most severe targeting the heart.

They occur approximately equally in men and
women, usually older than 50 years of age.

They could arise as an isolated entity or coexist or
be related to a plasma cell dyscrasia status (i.e. multi-
ple myeloma, monoclonal gammopathy of undeter-
mined significance, leukemia).

Less than 1% of patients with isolated AL amy-
loidosis at diagnosis will develop multiple myeloma.
It is estimated that myeloma may coexist with AL

amyloid in around 10-15% of cases. In fact, at the
time of diagnosis, approximately 10 percent of pa-
tients with AL amyloidosis will meet diagnostic cri-
teria for myeloma as defined by CRAB
(hypercalcemia, renal insufficiency, anemia or bone
marrow disease) criteria; nearly another 40 percent of
patients with AL amyloidosis do not meet these cri-
teria but have 10% or more bone marrow plasmacy-
tosis at diagnosis. The incidence is approximately
one-fifth that of multiple myeloma. The clinical
course and treatment of these patients is dependent
on which of the two diseases is dominant in terms of
end-organ damage and symptoms.

In AL amyloid, the plasma cell number, degree of
clonality, the quantity of light chain, and the light
chain isotype are related to survival.

&
@
g
P)
£
g .
g
@\
S
3
w

VROI (um)

Fluorescence intensity

ROI fum}-

Fluorescence intensity

RO {um)

Figure 2. Amyloid histological confirmation. Fat tissue and endomyocardial biopsy on confocal microscopy technique.
A-D) Representative images of a fat tissue positive for amyloidosis. Note as Congo-Red staining viewed under polarized
light (B) shows very few apple-green deposits. On the contrary the same slides viewed under confocal microscope using
Thioflavin T staining show fluorescence of amyloid deposits. A and B) Original magnification 20x; C) original magnifi-
cation 40x. In d confocal microscope fluorescence profile of ROI (region of interest, white line); E-H) Representative
images of fat tissue positive for amyloidosis. Note that Congo-Red staining viewed under polarized light results in apple-
green, orange and yellow colors defined as anomalous colors due to the amyloid fibers orientation. Congo-Red staining
viewed under confocal microscope instead, in G), shows red fluorescence for amyloid deposits, confirmed also by the
fluorescence profile, in H). E and F) Original magnification 20x; G) original magnification 40x; I-N) representative
images of an endomyocardial biopsy positive for amyloid. Note as Thioflavin-T viewed under confocal microscope, in
M) is better in terms of contrast than Congo-Red staining viewed under polarized light as showed in L). I and L) Original
magnification 20x; 20x in M). Confocal microscope both for Congo-Red fluorescence and Thioflavin-T staining is better
in terms of better contrast and absence of out-of-focus interference.
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In addition to clinical examination and serological
tests, the bone marrow biopsy is mandatory in order
to determine the percentage of plasma cells.

Usually, there is a predominance of lambda over
kappa light chains in a ratio of 3:1 in AL amyloidosis.

In the majority of patients (around 70%) more than
one organ is compromised.

Light chains mostly settle in kidneys (74%) and
heart (60-90%). Clinically isolated heart involvement
is seen in less than 5% of cases. 20% of patients have
dominant symptomatic cardiac amyloid at diagnosis.?!

When amyloid involves the vasculature, and par-
ticularly intramyocardial small vessels, patients may
present with classical exertional angina.

Amyloid deposition can be a very rapidly progres-
sive phenomenon. For instance, myocardial wall
thickening can progress at rates between 1.45 and 2.16
mm/month in patients with AL amyloid and death can
ensue within 6 months.?>%

Transthyretin amyloidosis

Two types of amyloidosis can arise from TTR, a
tetrameric protein synthetized primarily in the liver,
the wild type (formally known as SSA) which leads
more frequently to isolated cardiac amyloidosis and
the hereditary amyloidosis which is transmitted as an
autosomal dominant pattern and it is the result of mu-
tations of transthyretin gene. Autopsy studies have
proved that in a percentage between 22-36% of indi-
viduals older than 80 years demonstrable amyloid de-
posits in cardiac tissue can occur.

Even this form of amyloid has systemic distribu-
tion, but the deposition is predominantly in the heart
and impaired renal function may occur late in the dis-
ease, when cardiac output is very low.

The patient prototype is an elderly male (older than
65 years) with unexplained ventricular wall thickening
noted on echocardiography and clinical biventricular
heart failure, sometimes electrocardiogram voltage
may be normal, but atrial fibrillation or flutter com-
monly occur and conduction system disease requiring
a permanent pacemaker is a frequent finding.

Transthyretin is the most common protein in the
category of hereditary systemic amyloidosis of middle
or old age. Around 100 different mutations have now
been identified with variable penetrance. 50% of them
involve the heart to a greater or lesser degree.?*?’

Isolated atrial amyloid
(non-light chain and on-hereditary amyloidosis)

This type is very prevalent in the elderly population,
more common in older women. It is of little clinical sig-
nificance and it is found in patients with chronic heart
failure, except perhaps being associated with the devel-
opment of atrial fibrillation®® (Table 224).
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When to suspect amyloidosis

Timeliness in the diagnosis and accurate typing of
the amyloid deposits are of primary importance. As
already mentioned, making an early diagnosis of amy-
loidosis is very difficult, because its onset presents
multiple and often non-specific symptoms, very com-
mon, especially in the elderly.

Anyone can develop amyloidosis. Factors that in-
crease the risk include: age, sex, ethnicity, coexisting
diseases, family history, and kidney dialysis:**

- Age: most people diagnosed with AL amyloidosis,
the most common type, are between 60 and 70
years of age, although earlier onset occurs.

- Sex: nearly 70 percent of people with AL amyloi-
dosis are men.

- Other diseases: having a chronic infectious or in-
flammatory disease increases your risk of AA
amyloidosis.

- Family history: some types of amyloidosis are
hereditary.

- Kidney dialysis: dialysis cannot always remove
large proteins from the blood. If you are on dialysis,
abnormal proteins can build up in your blood and
eventually be deposited in tissue. This condition is
less common with modern dialysis techniques.

- Race: people of African descent appear to be at
higher risk of carrying a genetic mutation associated
with the type of amyloidosis that can harm the heart.
We can consider the diagnostic path leading to the

diagnosis of amyloidosis as a three-stage process:

1) suspicion; ii) diagnosis; and iii) characterization of

the type of amyloid.*®

Stage I: suspicion

This is the first and most difficult phase because
of the non-specificity of symptoms. A list of red flags
to suspect amyloidosis, is: impaired kidney function
and/or presence of protein in the urine; swollen ankle;
shortness of breath on exertion; fainting; heart failure
with poor response to standard treatments; tingling;
pain and altered sensation in the hands and feet - glove
and stocking neuropathy; changes in bowel habit (di-
arrhea or constipation)*’ (Table 34-7").

Stage II: diagnosis
Serum biomarkers

Serum natriuretic peptides and troponin are classi-
cally biomarkers associated with the detection and eval-
uation of heart failure in patients with cardiac
amyloidosis; troponin T (cTnT) is a reliable marker of
cardiomyocyte damage and has proven to be a strong
negative prognostic factor for overall survival.”?
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New high-sensitivity assay for measuring cTnT, hs-
cTnT (high sensitivity ¢TnT to identify minimal car-
diac damage) could improve the staging of AL
amyloidosis.

The brain natriuretic peptide (BNP) and the pro-
tein that derived from N-terminal cleavage of BNP,
namely NT-pro BNP, have been consider reliable
prognostic markers for cardiac amyloidosis, regard-
less of the nature of amyloid (AL or ATTR). Accord-
ing to the Mayo staging system, which is widely used
for staging of AL amyloidosis, and according to
Transthyretin  Amyloidosis Outcomes Survey
(THAOS), patients with higher BNP and NT-proBNP
at the time of diagnosis, had a poor prognosis.” Re-
cently, Gillmore et al. described a novel diagnostic
and staging tool for both ATTR wild type and mutate
amyloidosis, they assessed estimated glomerular fil-
tration rate and NT-proBNP which correlated well
with overall survival.”* Very interestingly, the con-
centration of BNP/NT-proBNP in AL amyloidosis
may fall dramatically within weeks after chemother-
apy that substantially reduces the production of amy-
loidogenic light chains. An early transient increase
in BNP/NT-proBNP may occur after treatment with
the immunomodulatory drugs thalidomide and
lenalidomide, which are frequently used in the man-
agement of AL amyloidosis.”

Specific biomarkers for light chain amyloidosis

Serum and urine immunofixation electrophoresis
tighter with quantitative free light chain measurements
give high sensitivity in diagnosing of monoclonal
gammopathies and have become an important diag-
nostic tool in the diagnosis of AL amyloidosis. The
difference between the serum levels of k and A free
light chains is a major independent prognostic factor
in AL amyloidosis.”

Electrocardiogram

In about 90% of patients with cardiac amyloidosis
electrocardiogram is altered. The most common ab-
normalities include low QRS voltage (QRS amplitude
<1 mV in all precordial or <0.5 mV in all limb leads)
and pseudoinfarct pattern characterized by Q waves
in precordial or inferior leads.

Conduction disturbances due to amyloid infiltra-
tion are also frequent. The myocardial conduction sys-
tem involvement leads to complete or incomplete
bundle branch block and atrioventricular block that
could require pacemaker implantation.”

Other arrhythmias that may occur are atrial fibril-
lation and less frequently ventricular tachycardia.

Echocardiography

The echocardiogram represents a fundamental step
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in the diagnosis of cardiac amyloidosis. One of the
most frequent features found in patients with amyloi-
dosis is the presence of marked concentric biventric-
ular wall thickness associated with reduced
endocavitary size. The deposition of amyloid fibrils
can sometimes be shown at the 2D echocardiogram
with an aspect of granular sparkling pattern because
of increased myocardial echogenicity.

However, left ventricular wall thickness is not spe-
cific of amyloidosis and a large series of diseases such
as hypertrophic cardiomyopathy, hypertensive heart
disease, aortic stenosis, sarcoidosis and others could
manifest with cardiac hypertrophy. Anyway, the pres-
ence of increased thicknesses in addition to low volt-
ages at the electrocardiogram orients the suspicion
towards a storage disease.

Moreover, in some patients atrial septal thicken-
ing and valvular leaflet thickening could be found in
addition to increased ventricular wall thickness. Dep-
osition of amyloid in the left ventricle walls causes
diastolic dysfunction in the presence of a normal
pump function (FE >50%) in the early stages of the
disease. The assessment of ventricular filling using
transmitral Doppler can detect different degrees of
diastolic dysfunction. In the early stage echo-doppler
usually shows E/A ratio <1, on the contrary in the
late stage mitral filling pattern is usually restrictive
with E/A ratio >2 and increased filling pressures
(E/E’ increased).’®7”

Other common echocardiographic findings are bi-
atrial enlargement due to restrictive physiology, the
presence of atrial thrombi independently from sinus
rhythm and mild pericardial effusion.

As already mentioned above, amyloidosis shares
echocardiographic features with some diseases char-
acterized by cardiac hypertrophy and restrictive dias-
tolic dysfunction. Sometimes differentiating the
disorders could be a challenge, however the advent of
speckle tracking technique allowed to simplify the di-
agnosis. In particular, amyloidosis is characterized by
reduced left ventricular longitudinal strain with apical
sparing. Indeed, recent studies have shown that septal
longitudinal base-to-apex strain gradient >2.1 is able
to differentiate cardiac amyloidosis from hypertensive
heart disease and hypertrophic cardiomyopathy with
high accuracy.

The differential diagnosis covered all types of car-
diac conditions that mimic amyloid heart disease, or
hypertrophic conditions: genetically determined con-
ditions such as Fabry’s disease and glycogen storage
disease that manifested in pediatric patients; restrictive
cardiomyopathy that is determined genetically with
monogenic mutation or idiopathic with a clinical vari-
able onset, myxomatous cardiomyopathy, hyperten-
sive cardiomyopathy, hemochromatosis, aortic
stenosis, sarcoidosis, infiltrative malignant disease.
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Key messages

- Electrocardiogram: i) low QRS voltage; ii)
pseudoinfarct pattern (Q waves); iii) bundle branch
block; iv) atrioventricular block; v) atrial fibrilla-
tion; vi) ventricular tachycardia.

- Echocardiogram: i) left and right ventricular wall
thickness; ii) granular sparkling; iii) atrial septal
increased wall thickness; iv) biatrial enlargement;
v) atrial thrombi; vi) increased valve leaflet thick-
ness; vii) mitral flow restrictive pattern; viii) mild
pericardial effusion; ix) reduced left ventricular
longitudinal strain with apical sparing.

Scintigraphy

It is known that myocardial scintigraphy with bone
tracers is able to distinguish cardiac amyloidosis from
other diseases, which are characterized by myocardial
hypertrophy. Moreover, it has been widely demon-
strated that some radiotracers, such as (99m) Tc-3,3-
diphosphono-1,2-propanodicarboxylic acid (99mTc-
DPD), (99m) Tc-pyrophosphate (99mTc-PYP) and
99mTc-labeled hydroxymethylene diphosphonate may
be accurate to differentiate TTR-related amyloidosis
from AL amyloidosis.*

Perugini et al. demonstrated that the 99tm DPD ra-
diotracer uptake in myocardial tissue was present only
in patients with TTR amyloidosis and not in AL amy-
loidosis. Nevertheless, other studies showed that even
in AL forms uptake could occur in a small part. The
reason why it seems that there is a greater uptake in
patients with TTR amyloidosis has not been fully un-
derstood but it has been hypothesized that it could be
related to a major increase in calcium in TTR forms.

Thanks to the ability of this method to accurately
distinguish TTR amyloidosis from AL, it has been re-
cently proposed that the diagnosis of TTR amyloidosis
could be achieved without the need for histological
confirmation in subjects with heart failure, echocar-
diogram/cardiac magnetic resonance (CMR) sugges-
tive of cardiac amyloidosis, absence of monoclonal
proteins and grade 2-3 of visual score of Perugini on
myocardial scintigraphy.

Cardiac magnetic resonance

Magnetic resonance imaging is increasingly pro-
posed as an imaging method of extreme importance
in the diagnostic, prognostic and therapeutic setting of
patients with cardiac amyloidosis.

The main magnetic resonance imaging (MRI) signal
characteristics of this pathology include: i) diffuse and
mostly symmetrical diffusion of the walls of the left
ventricle, with frequent saving of the apical portion; ii)
biventricular diastolic dysfunction, with systolic func-
tion and ejection fraction generally preserved only in
the initial stages; iii) progressive increase of intraven-
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tricular pressures due to altered diastolic release with
subsequent atrial dilatation and valvular insufficiency;
iv) presence of pericardial impairment; v) widespread
increase in signal intensity, with predominantly suben-
docardial distribution in post-contrast T1 images.

There are no studies and data sufficient to demon-
strate superiority and a high predictive value of MRI
compared to endomyocardial biopsy, which remains
to date the gold standard for the definitive diagnosis
of cardiac amyloidosis.?! A specific post-processing
reconstruction technique recently introduced in MRI
is the tissue tracking, that is the measurement of radial
contractility of the myocardial portions (strain analy-
sis), parallel evolution of speckle-tracking technique
in echocardiography. Despite the few data still avail-
able, it seems that this analysis allows highlighting
early and with excellent sensitivity the alterations
compatible with cardiac amyloidosis.®

Histological identification

Once the disease is suspected, a precise diagnosis
is needed and must be established by tissue histologic
analysis. Biopsy tissue characterization is important
to guide the appropriate treatment since different types
of amyloidosis require different therapeutic ap-
proaches.®

When suspected, amyloidosis could be diagnosed
through the so-called screening biopsy of rectum, sali-
vary gland and fatty tissue.®* Among these sites for
biopsy, salivary glands and rectum have come into dis-
use and were substituted with fatty tissue biopsy or
fatty aspiration.

Congo red staining identifies amorphous reddish de-
posits at light microscopy, which exhibit apple-green
birefringence at examination under polarized mi-
croscopy. Using sophisticate technology as confocal mi-
croscopy the histological stain will be more sensitive.®

Timely characterization can be achieved by target-
ing fatty tissue or the organ involved or suspected to
be involved by taking a biopsy. Systemic forms of
amyloid deposition can occur in the periumbilical sub-
cutaneous fatty tissue, which can be sampled easily, it
is well tolerated by patients and is less invasive allow-
ing the identification and characterization of amyloid
deposits before performing a targeted biopsy of the
suspected involved organ. The organs of choice for
biopsy could be heart, kidney, and liver according to
symptoms.

Biopsy of subcutaneous fatty tissue (BSFT) is the
casiest way to get a tissue sample to test for amyloid.

It is a highly sensitive method with sensitivity of
73% and specificity of 90%. It can be used as a screen-
ing test in the early stage of the disease, also in asymp-
tomatic patients it is useful in the diagnosis of
amyloidosis AL and amyloidosis AA, however it has
an important limitation having low sensitivity in pa-
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tients with small amyloid burden, or those with ATTR
type of amyloidosis.®

The big advantage of the BSFT is the lack of con-
traindications and of risk of complications.’> Subcu-
taneous fatty tissue biopsy can be carried out also with
fat pad fine needle aspiration (FPFNA) which has the
same diagnostic sensitivity in cardiac AL amyloidosis,
particularly in patients with a large whole-body amy-
loid burden as BSFT. The choice between BSFT and
FPFNA is made according to the local experience.

Although the diagnostic sensitivity of FPFNA is
substantially lower in transthyretin (45% for ATTRm
and 15% for ATTRwt), particularly for ATTRwt, nev-
ertheless, sometimes it may overcome the need for en-
domyocardial biopsy. Biopsy of subcutaneous fatty
tissue is indicated especially in the systemic forms. If
the fatty tissue is negative, we cannot exclude the pres-
ence of amyloidosis. Biopsy of the organ involved is
mandatory to reach the correct diagnosis.

For cardiac amyloidosis, despite diagnostic im-
provements (CMR imaging, echocardiography with
speckle tracking and skeletal scintigraphy) endomy-
ocardial biopsy remains a gold standard in the diag-
nostic work-up of unexplained cardiac hypertrophy
and for diagnosing cardiac amyloidosis.

Endomyocardial biopsies are not required in pa-
tients with biopsy-proven amyloidosis in other
anatomical sites and having supportive echocardio-
graphic or other non-invasive studies to suggest car-
diac involvement.

Quantification of amyloid load at diagnosis is of
prognostic relevance, indicating survival benefit of pa-
tients with an amyloid load <20%.87-1

Stage II1: amyloid characterization

Once histologic tests document amyloid deposits
and justify the diagnosis of amyloidosis, unambiguous
amyloid typing is required to differentiate among the
different forms.

Accurate identification and typing of amyloid pro-
teins is crucial for determining appropriate treatment
strategies and prognosis.

This can be performed with various histologcal
thecniques and chemical approaches. Since 1996 the
immunohistochemistry showed diagnostic pitfalls, for
two or more antibodies for different fibril proteins.®
Many antobodies needed for characterization are not
commercially available and as a consequence not stan-
dardized.”> Immunohistochemistry, with commer-
cially-available antibodies has a lower diagnostic
performance and can lead to misdiagnoses.”*-°

Whole blood protein electrophoresis, with or without
immunofixation, is one of the old strategies but it can
only distinguish between AL and non AL-typing amy-
loid even though it is inexpensive and non-invasive.”’
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Electron microscopy is usually applied to kidney
biopsy in Italy, Europe and other Western countries. It
is extremly helpful in the diagnosis of amyloidosis be-
cause amiloid fibrils have unique ultrastructural char-
acteristrics. Amyloid fibrils have a tipical
non-branching pattern and solid fibrils have a diameter
between 7-12 nm which could differentiate them from
other fibrillary or immunotactoid structures. This tech-
nique has become a gold standard in the diagnosis of
amyloid fibrils. Moreover, immunogold electron mi-
croscopy is a technique that combines immunohisto-
chemistry with electron microscopy. The latter
technique ensures that the antibodies are reacting with
amyloid and not with other proteins in the surrounding
tissue, increasing the sensitivity and specificity of the
technique itself.* The limitation of this diagnostic tool
is strictly influenced by the antibody panel, and by the
availability of the electron microscope. In addition, it
is also important to keep in mind that genetic muta-
tions may make the target epitopes unavailable to an-
tibody and result into a false negative sample.’! In our
center and in the national amyloid referral center of
Pavia the electron and immunoelectron microscopy is
the gold standard adopted technique.

Proteomic analysis, both through mass spectrom-
etry and protein separation by gel electrophoresis (2D-
PAGE/Western blot), represents a new interesting
method both for discovering and typing protein amy-
loidotic fibrils, because they involve direct biochem-
ical analysis of the specific protein deposited.’®

Mass spectrometry could become a molecular
technique able to identify rare or novel amyloid pro-
teins even though the technique is complex and may
be beyond the capability of many clinical laboratories,
so it can be applied only in particular settings. One ex-
ample is represented by the Mayo Clinic Hospital in
the States, which is the referral center for all American
cases. Their strategy is to offer a definitive diagnosis
at a reasonable price in an short period of time, and to
be able to identify the several variant mutation in the
same protein. They apply routinely mass spectrometry
to characterize the amiloid deposits and they are de-
veloping the new gold standard.

Treatment

Currently, there is no specific therapy that can cure
amyloidosis and early diagnosis is essential to slow
down the development of the amyloid protein.

Specific treatment depends on which type of amy-
loidosis is diagnosed and how many organs are affected.

Heart and kidneys are the most commonly involved
organs in systemic amyloidosis. In particular, cardiac
involvement is associated with an increased morbidity,
treatment intolerance and poorer overall survival. Amy-
loid fibrils are considered responsible for the impair-
ment of cardiomyocytes metabolism, causing oxidative
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stress, and eventually cell death, via a p38 mitogen-ac-
tivated protein kinase signaling cascade.

Amyloid cardiomyopathy is better managed by a
multidisciplinary approach, which allows the choice,
through the contribution of various specialists, of a
therapeutic strategy based on etiology and the disease
timing. Focusing on the pathogenesis of the two main
types of amyloidosis that affect the heart, light chain
amyloidosis and transthyretin amyloidosis, we under-
stand how a precise therapeutic intervention is re-
quired for the different types and each phase of the
disease (Figure 3).

If the diagnosis of cardiac involvement is made
early, the goal will be to prevent cardiac impairment
while, to intervene with supportive care in the terminal
stages will be the only chance left.

Treatment of light chain amyloidosis

The treatment of AL amyloidosis must involve
suppression of the plasma cell clone responsible for
the production of the toxic immunoglobulin light
chain. Chemotherapy represents the first option im-
proving organ function, quality of life and prolonging
survival. As a first-line therapy in AL amyloidosis,
alkylator-based treatment in combination with a cor-
ticosteroid, as the combination of melphalan and pred-
nisone, is indicated.”

Recently, other different approaches targeting the
amyloid deposits have been introduced.

For example, proteasome inhibitors and im-
munomodulators have an excellent activity in both
frontline and relapsed settings in AL amyloidosis.!%

Cyclophosphamide, bortezomib, and dexametha-
sone have shown deep responses. Autologous trans-
plantation of stem cells has surely to be considered as
an option, but it is also related to an unacceptable mor-
tality, because of the patient’s fragility.

For this reason, it is important to underline that the
treatment of AL amyloidosis should be risk-adapted
because not all patients are able to face aggressive
treatments. The individual risk depends on the stage
of illness, considering the biohumoral values, the eli-
gibility to bone marrow transplant and the New York
Heart Association (NYHA) class. These parameters
allow the clinician to identify a low-risk, an interme-
diate-risk, and a high-risk group of patients.!®!

As far as future non-chemotherapy approaches are
concerned, the anthracycline 4’-iodo-4’-deoxy-doxoru-
bicin and the antibiotic doxycycline, with a similar mo-
lecular structure, promote the reduction of the amyloid
load in vitro. In particular, doxycycline influences pro-
liferation, migration, apoptosis, and matrix remodeling
of mammalian cells. Polyphenols may be useful in
order to inhibit the fibrillogenesis, and heir utilization
is still under investigation. Another important class to
consider is the anti-amyloid-antibodies class. The mon-
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oclonal antibody called NEODO0O1 seems to accelerate
the regression of AL kappa amyloidomas in mice, with
high percentage of cardiac and renal responses.®

Treatment of transthyretin amyloidosis

Orthotopic liver transplantation has got the rationale
to suppress the production of mutant TTR, predomi-
nantly produced by the liver. It could be combined with
cardiac transplantation, demonstrating promising re-
sults. In particular, this combination seems to allow su-
perior survival outcomes. When transplantation cannot
be the therapeutic choice, as in the elderly, a pharma-
cologic approach is needed. Tafamidis and diflunisal,
which are stabilizers of TTR tetramers, are a valid op-
tion.!? Tolcapone, approved by the Food and Drug Ad-
ministration for Parkinson’s disease, is a TTR
aggregation inhibitor, which binds specifically to TTR
in human plasma and stabilizes the native tetramer in
vivo in mice and humans, also having an effect on the
TTR cytotoxicity. AG10, is another potent and selective
kinetic stabilizer of TTR, able to prevent dissociation
of V122I-TTR in serum samples obtained from patients
with familial amyloid cardiomyopathy.!'®

The development of gene therapies to suppress
TTR expression, as small interfering RNA and anti-
sense oligonucleotide, may prevent the progression of
the disease.

In the advanced pathogenesis stages, as for AL
amyloidosis, the anthracycline 4’-iodo-4’-deoxy-dox-
orubicin and the antibiotic doxycycline can be used.

A natural compound called tauroursodeoxycholic
acid, reducing cytotoxicity in many neurodegenerative
diseases, has been found to slow down the amount of
TTR toxic aggregates. To end this quick summary
about treatments, we cannot omit the immunothera-
pies. PRX004 is a synthetic antibody designed to bind
to non-native misfolded forms of TTR with the goal
of potentially preventing deposition and promoting
clearance of TTR aggregates.'®

Symptomatic and supportive therapy

In the terminal stages, both in AL and TTR amy-
loidosis, when the patient has developed cardiac in-
sufficiency often in the setting of nephrotic syndrome,
the only weapon in clinician’s hands is using sympto-
matic and palliative care.

The mainstay of heart-failure treatment are diuret-
ics, both oral and intravenous, salt restriction and other
nutritional supports. Attention must be paid on the fact
that cardiac function is preload-dependent and so the
reduction of intravascular volume must be avoided.
The efficacy of drugs, which are routinely used in pa-
tients with heart failure, is not tested specifically in
the treatment of cardiac amyloidosis.

For example, the angiotensin-converting enzymes
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inhibitors can lead to significant hypotension even at
low doses, due to the reduction in cardiac preload. In
addition, f-blockers may produce bradycardia and hy-
potension, and are poorly tolerated, furthermore, cal-
cium channel blockers should be avoided, due to their
negative inotropic effect. Digoxin can bind with amy-
loid fibrils, leading to locally high drug concentra-
tiOnS.104’105

Placement of a left ventricular assist device may
be useful in patients with recurrent arrhythmic syn-
cope and also as a bridge to heart transplantation. Car-
diac transplant is indicated in patients with
irreversible, end-stage organ dysfunction and in young
patients with isolated cardiac involvement and severe
heart failure followed by autologous stem-cell trans-
plantation, or combined with liver transplantation, as
we mentioned before.

Conclusions

Cardiac amyloidosis is a malignant disease and
when it manifests with signs and symptoms it is in
an advanced stage. Although it is classified as a rare
disease, invasive and non-invasive diagnostic tools
have improved our ability to identify the location of
amyloid deposits and increasing the number of af-
fected patients. Moreover, the aging of population
potentially increases the cases of TTR amyloidosis
and imposes the differentiation between ATTRwt and
ATTRm.

Early diagnosis is mandatory to stop the progres-
sion of the disease and improve the outcome. Many
pharmacological treatments are offered today to treat
efficaciously patients affected by amyloidosis.

New biohumoral markers together with new tissue
characterization tools (with proteomics or mass spec-
trometry) direct towards a personalized target therapy,
which is the best strategy to cure amyloidosis.
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