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Preface

Cardiomyopathies are diseases that affect the cardiac muscle of many etiologies 
related to genetics or from acquired causes and that present a challenge in clinical 
practice—the frequent late diagnosis. The framework of precision medicine has 
been applied in cardiomyopathies and is changing the noninvasive diagnosis (bio-
markers, advanced methods of cardiovascular imaging, and genetic tests) and the 
use of disease-modifying drugs. Therefore, early recognition has become possible, 
and the treatment in early stages has changed the morbimortality by reducing com-
plications about the cardiovascular system and other organs. Basic research and 
clinical trials represent the basis of advances obtained in the last decade in cardiac 
disease in both amyloidosis and Fabry disease. The education of health profession-
als and researchers about these advances, in order to improve the quality of patient 
care, was the basis of the construction and legacy of this book.

The editors were trained and acted as researchers associated with the Cardiology 
Department and Postgraduate Degree in Cardiology Sciences at Universidade 
Federal Fluminense (UFF), a center dedicated to the study, teaching, and assistance 
of cardiomyopathies with 5 years of experience. Our founder, the Professor Emeritus 
Raul Carlos Pareto Júnior, investigated cardiomyopathies with emphasis on the 
search for the etiology to understand the pathophysiological findings and clinicals 
so that we could finally develop a personalized therapy strategy. In the 1980s, he 
came all this way studying alcoholic cardiomyopathy from electron microscopy/
endomyocardial biopsy to the study of different phenotypes through the evaluation 
combining phonomecanocardiography and Doppler echocardiography.

I would like to thank the General Heart Diseases and Cardiomyopathies Service 
of the Instituto do Coração—InCor, where I had the opportunity to do my PhD with 
Professor Charles Mady and to know, in addition, to reinforce the importance of 
translational cardiology for better compression of cardiomyopathies, which has cer-
tainly contributed a lot with the development of graduate studies at the UFF.
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In conclusion, this book was born due to a collaborative spirit from different 
leaders who study and act with their multidisciplinary teams, connecting patient 
needs to teaching and research, which represents a scientific reference not only for 
Brazilian cardiology but also for the entire American continent.

� Evandro Tinoco Mesquita   
Cardiology, Complexo Hospitalar de Niterói–DASA  

Rio de Janeiro, Brazil
Cardiology Division, Federal Fluminense University  

Niterói, Rio de Janeiro, Brazil
Interamerican Society of Cardiology (SIAC), Cuidad de México  

Mexico PROCEPI, Niterói, RJ, Brazil
Cardiomyopathies Study Group DEIC/GEMIC  

Rio de Janeiro, RJ, Brazil
Sixth ward Cardiology, Santa Casa de Misericórdia  

Rio de Janeiro, RJ, Brazil
Cardiovascular Sciences, Federal Fluminense University  

Niterói, RJ, Brazil

Preface
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Chapter 1
Introduction

Diane Xavier de Ávila and Humberto Villacorta Junior

As cardiologists, since the beginning of our training, we learned that most restric-
tive cardiomyopathies were rare and had a poor prognosis. Cardiac amyloidosis fits 
into this concept. In the past, we observed a few cases of amyloidosis. However, in 
the last decade, we have seen an increase in the number of cases, probably related 
to a higher awareness of the disease. Cardiac amyloidosis still has a poor prognosis. 
However, there is now an approved treatment for this condition, which contributes 
to increased survival. In addition, other specific treatments are being studied in 
ongoing clinical trials [1–12].

Fabry disease is another rare disease that is probably underdiagnosed. The dis-
ease usually manifests in childhood and adolescence, and the heart and kidneys may 
be affected in the course of the disease. When these organs are involved, the prog-
nosis is poor, hence the importance of early diagnosis. Prior to 2001, there was no 
treatment for Fabry disease. However, as mentioned above about amyloidosis, spe-
cific treatment is now available [13, 14].

What do these diseases have in common? As said before, both are rare but prob-
ably underdiagnosed. Both are systemic diseases and may present to almost any 
specialty. Both may affect the kidney and the heart. From a cardiologic point of 
view, both may present with cardiac hypertrophy. Finally, both now have specific 
treatments, which, if used early, may contribute to better outcomes.

For the reasons mentioned above, we decided to put together an update on these 
two conditions in a medical book that has multispecialities with a multidisciplinary 
approach. The objective is to provide the clinician with practical information for the 
diagnosis, follow-up, and treatment of these diseases.
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Chapter 2
Neurological Manifestations in ATTRv 
Amyloidosis

Osvaldo J. M. Nascimento, Wilson Marques Jr, Pedro Tomaselli, 
and Carolina Lavigne-Moreira

2.1 � Introduction

Hereditary amyloidosis is an autosomal disease. The most common presentation is 
transthyretin amyloidosis (ATTRv), which results from a misfolding of a tetrameric 
protein called transthyretin (TTR). Particularly in elderly individuals, there is 
another type known as wild-type TTR (ATTRw), where the native TTR protein 
destabilizes and reaggregates, resulting in nonfamilial cases of TTR amyloidosis. In 
addition, other types of mutated proteins, such as gelsolin and α-chain, compose the 
hereditary amyloidosis group. A new nomenclature criterion was proposed in 2018 
for these disorders because of TTR gene mutations: ATTRv (A for amyloidosis, 
TTR for transthyretin, and v for variant/mutant). The clinical presentation of ATTRv 
includes peripheral neuropathy (ATTRv-PN) and cardiomyopathy (ATTRv-CA), 
among other symptoms [1, 2]. ATTRv is a rare multisystem disease; peripheral neu-
ropathy is the most frequent clinical manifestation and usually involves the auto-
nomic compartment.

Over 140 mutations have been described in the TTR gene [3]. The mutated car-
rier protein has an unstable tetrameric structure, resulting in compromised transport 
of vitamin A and thyroxin. The unstable mutated TTR tetramers disaggregate into 
monomers that are transformed into amyloid fibrils. These fibrils are deposited in 
different tissues, mostly in the endoneurium of somatic and autonomic nerves, caus-
ing progressive functional and structural damage.

The most common ATTRv-PN clinical presentation is length-dependent senso-
rimotor neuropathy, commonly associated with mild or severe autonomic 
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symptoms. The clinical course is progressive, with increased disability over time 
leading to death in approximately 10 years [4], mostly due to severe cardiac involve-
ment. Delays in the diagnosis of this neuropathy are common, especially in nonen-
demic areas, where the recognition of the disease can occur 3–4  years after the 
beginning of the symptoms.

Alternative options for treatment are now available, with a possible reduction in 
multisystemic involvement, especially in neuropathy. In 1990, orthotopic liver 
transplantation (OLT) appeared to be the first efficacious alternative for treatment, 
although with a high rate of morbidity and mortality. Tafamidis was the first drug 
introduced for ATTRv-PN treatment, a TTR tetramer stabilizer, resulting in a reduc-
tion in disease progression. More recently, gene therapy was introduced, showing 
unequivocal efficacy.

The objective of this chapter is to broadly review the clinical aspects of 
ATTRv-PN.

2.2 � Historical Notes

ATTRv-PN was first identified in a patient from a fishing village named Povoa do 
Varzim in Northern Portugal and was recently reported by the Portuguese neurolo-
gist Mario Corino da Costa Andrade in 1952. A short communication of the clinical 
characteristics of this new neuropathy was previously reported in 1951. During 
1939 and the 40th decade, Andrade followed a 37-year-old woman (Fig. 2.1) with a 
clinical presentation of numbness associated with painful and tactile anesthesia 
mainly in the lower limbs, marked amyotrophy of the extremities, steppage gait, 
diarrhea, and weight loss. She also reported the same symptoms in other members 

RED FLAGS FOR AMYLOID
NEUROPATHY

PHENOTYPE

- SMALL FIBRE NEUROPATHY
- SENSORY OR SENSORIMOTOR
AXONAL NEUROPATHY
- AUTONOMIC NEUROPATHY

+/- cardiomyopathy, pacemaker
+/- tenosynovial-bilateral CTS
+/- ocular disease
+/- renal disease
+/- gastrointestinal disease

+

Family history

CONFIRM NEUROPATHY

- Neurophysiology: axonal sensory or
sensorimotor neuropathy
- Postural Blood Pressure
- Autonomic function including
sudomotor tests
- Quantitative sensory testing

+
EXCLUDE OTHER CAUSES

    Monoclonal Gammopathy screen
MUST include:
1- Serum Immuno-electrophoresis
2- Urine Immuno-electrophoresis
3- Serum free light chains

+
Blood screens to exclude other causes

Low threshold for early TTR GENE
TESTING

Negative

Positive

Tissue biopsy

Fibril typing with IHC
and/or LD-MS

Atypical neuropathy

Incidental Findings of
amyloid on biopsy

ATTRv-PN confirmed

Monoclonal Gammopathy of
undetermined signiicance

TTR mutation classified as VUS
Atypical presentation

NO

YES

Bone scintigraphy grade 2 or 3 and
positive cardiac MRI or  echcardiogram YES

NO

Modified from Carroll et al, 2022

Fig. 2.1  Proprosed algorithm for diagnosis and follow-up of ATTRv-PN
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of her family. Some of her neighbors presented similar clinical complaints. The 
disease was popularly called “mal dos pezinhos” (small feet disease).

After excluding other possible differential diagnoses, such as leprosy neuritis, 
syringomyelia, hypovitaminoses, unclassified gastrointestinal disorders, tabes dor-
salis, and psychoneuroses, and other causes of sensorimotor and autonomic neu-
ropathies, Dr. Corino de Andrade, who was 33 years of age, started a meticulous 
study of this new condition. In 1952, he published “A Peculiar Form of Peripheral 
Neuropathy”, describing the clinical and histopathological findings of 74 cases. In 
this case series, an unknown amyloid deposit damaging mainly the sensory periph-
eral nerves with a strong familial characteristic called the attention for the necessity 
of genetic research for this condition. The disease was promptly named “Corino de 
Andrade’s Disease”. His constant interest in the knowledge of the disease’s physio-
pathology resulted in the foundation, in 1975, of the Abel Salazar Biomedical 
Sciences Institute of Porto University and, subsequently, in 1989, the Paramyloidosis 
Study Center of Porto (PSCP). Neurologists and neuroscientists worldwide with a 
special interest in amyloid genesis and its consequences had this center as a refer-
ence, mainly in clinical and translational research of ATTRv. In 1978, Dr. Pedro 
Pinho Costa identified prealbumin (later named transthyretin) as the amyloid deposit 
precursor in different tissues and organs. In 1984, in PSCP, Dr. Maria João Saraiva 
identified a mutation in the TTR molecule: the substitution of methionine for valine 
at position 30 (Val30Met). Thus, the abnormal deposits of amyloid responsible for 
this devastating disease were clarified. Currently, the disease is identified all over 
the world, but appears endemic in some areas of Brazil, Japan, and Sweden. Brazil 
has the second highest incidence of ATTRv-PN, with a high concentration of cases 
in some areas in the north, northeast, and southeast of the country.

Antonio Rodrigues de Mello, in an article published in 1959, denominated the 
term “Familial Amyloidotic Polyneuropathy”, accepted and referred to by Corino-
Andrade e col., in 1969, after discussing the first and largest cohort genetic study of 
ATTRv-PN. In this study, Andrade et al. referred to the study of Juliao and Mignone 
entitled “Primary Amyloidosis with Meningoradiculoneuritic Involvement” in two 
Portuguese immigrants, one from Povoa do Varzim and the other from Coimbra; the 
second patient had a previous erroneous diagnosis of leprosy. The interest of Prof. 
Mello on ATTRv-PN at the Institute of Neurology of Brazil’s University in Rio de 
Janeiro resulted in the development, in 1984, of the first referral center for 
ATTRv-PN, the Antonio Rodrigues de Mello’s Paramyloidosis 
Center—CEPARM.

Historically, it has been considered that the TTR-Val30Met mutation appeared in 
the XV century around the Middle Age when naval navigation from Portugal to dif-
ferent ports was imperative, contributing to the dissemination of this gene mutation. 
In the last 38 years, after the first TTR mutation was revealed, almost a hundred and 
a half TTR mutations have been identified. During those years, as ATTRv is a mul-
tisystem disorder, a great number of health specialties (neurology, cardiology, gas-
troenterology, liver transplant surgery, nuclear medicine, neuroradiology, 
ophthalmology, nephrology, dermatology, orthopedics, psychology, physiotherapy, 
and others) were involved in the identification and treatment of the disease. In 

2  Neurological Manifestations in ATTRv Amyloidosis
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addition to neurological compromise, the severity of cardiac involvement caught the 
attention of Corino de Andrade in a manuscript published in 1965.

In 1990, considering that most TTR is produced in the liver, OLT arose as a pos-
sible alternative treatment for ATTRv-PN, as performed by Holmgren et  al. [5]. 
Since then, 2.294 OLTs were performed worldwide (results from the Familial World 
Transplant Registry, in 2019). The highest number of OLTs occurred in Portugal in 
1025 patients, mostly in the cities of Lisbon and Porto.

Possible therapeutic processes in the production and stabilization of TTR mole-
cules, avoiding the deposit of fragmented amyloid fibrils elsewhere in the body, 
target proteostasis (protein homeostasis), which includes the misfolding and aggre-
gation of proteins. Dr. Jeffery W Kelly’s group has studied such mechanisms since 
the 90s. This group developed the drug Tafamidis, which acts in the stabilization of 
the mutated TTR, therefore, preventing the formation of amyloid deposits in the 
tissues, with a consequent reduction in the progression of the disease. In 2006, 
Coelho et al. published the results of a multicenter randomized, double-blind con-
trolled trial (eight sites in seven countries: Argentina, Brazil, France, Germany, 
Portugal, Spain, and Sweden) with Tafamidis 20 mg QD or placebo. This random-
ized controlled trial revealed as a secondary outcome a significant delay in polyneu-
ropathy progression, with good tolerance in patients in the early stage of 
ATTRv-PN. In this study, 128 patients were randomized into two groups: an inter-
vention group that received Tafamidis (n = 65) and a control group that received 
placebo (n = 63); from this group, 88 (69%) patients were waiting for an OLT. The 
authors observed a significant dropout rate in OLT in the group that received the 
intervention. This is dramatically being observed in recent years due to the new 
disease-modifying therapies for ATTRv. In November 2011, Tafamidis was 
approved as the first drug for ATTRv-PN.

In 2006, a new era urged therapeutic modalities for the treatment of ATTRv-PN: 
the intravenous injection of a gene silencing molecule of the faulty TTR, an inter-
ference RNA (RNAi), named patisiran. This mechanism was the result of studies 
performed by the groups of Dr. Craig Mello from the University of Massachusetts 
(U Mass) Medical School in Worcester and Dr. Andrew Fire from Stanford 
University in California, winners of the Medicine/Physiology 2006 Nobel Prize. 
Their first study, named “Potent and specific genetic interference by double-
stranded RNA in Caenorhabditis elegans”, was published in February 1998 (Fire 
et al.) as a letter to Nature. A multicenter clinical trial named APOLLO was com-
pleted in 2017 [6] and demonstrated the efficacy and safety of patisiran in 
ATTRv-PN treatment.

From this moment, gene therapy became the spotlight. Inotersen, an antisense 
oligonucleotide (ASO), also appeared as a possible treatment; the drug interacts 
with RNA messengers and prevents abnormal TTR synthesis. Benson et al. [2] have 
already demonstrated the potential of this ASO in the treatment of transthyretin-
associated polyneuropathy.

O. J. M. Nascimento et al.
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2.3 � ATTRv-PN Genetic Aspects of Neural Damage

TTR protein is a stable homotramer molecule that is mainly present in the blood, 
functioning as a transporter to retinol binding protein and thyroxine (T4). It is a 
55 kDa protein produced by the liver and the choroid plexus with a 48-h half-life in 
the human body. It is not naturally expressed in the peripheral nervous system of 
normal people. However, in patients with pathogenic variants, abnormal deposits of 
amyloid are found in the extracellular space of the peripheral nerve [7]. TTR plays 
an important role in motor and sensory nerve function; it enhances and accelerates 
peripheral nerve regeneration. TTR protein has neuritogenic activity mediated by 
the megalin receptor and an important role in retrograde axonal transport [8]. TTR 
knockout mice subjected to sciatic nerve injury present with a significant recovery 
delay and a decreased number of myelinated and unmyelinated axons on nerve 
pathology during the regeneration process [9]. To date, there is no homozygous 
individual with a loss-of-function variant in the TTR gene registered in the gno-
mAD database, suggesting that TTR is an essential protein-coding gene in humans.

Single nucleotide variations are the most common DNA abnormality found in 
affected patients. The clinical picture may vary across different patients. The main 
phenotype could be a pure neuropathy or a pure cardiac disease. However, some 
variants affect both the cardiac and peripheral nervous systems. These symptoms 
may be present in patients carrying different TTR variants, and the clinical pheno-
type of patients carrying the same variant may vary significantly, as it may be 
observed even within the same family [10]. This clinical variability may be partially 
explained by the high aforementioned genetic heterogeneity [11]. Some mutations 
are particularly associated with neuropathy, while others lead predominantly to car-
diomyopathy, even though both clinical displays could be featured simultaneously 
to different extents. In the presence of a mutation, the homotramer structure becomes 
unstable and dissociates, and the variant monomers misfold, aggregate, and deposit 
in the extracellular space of several organs, mainly the peripheral nerves, cardiac 
system, kidney, and eyes [12, 13], leading to the multisystemic manifestations char-
acteristic of this disease. In this sequence of events, dissociation into monomers is a 
key step in the aggregation of amyloid fibrils.

The pathophysiology of ATTRv seems to be complex. It is a gain-of-toxic-func-
tion disease. The direct effect of amyloid fibrils damages neighboring tissues, while 
nonfibrillar TTR (oligomeric TTR) induces neurodegeneration by toxicity. 
Microangiopathy seems to be important in the early phases, increasing the leakage 
of circulating TTR. Specifically, by addressing neuropathy, Schwann cells seem to 
be particularly affected, becoming atrophic and dysfunctional. Apparently, the 
mechanical effect seems to be more important in the early onset TTRv-PN Val30Met, 
while the direct toxic effect seems to be more important in the late-onset forms. At 
least partially, this is explained by the different constitutions of neurofilaments, 
which are thicker and longer in early onset patients [14].

2  Neurological Manifestations in ATTRv Amyloidosis
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2.4 � Clinical Findings

ATTRv-PN may affect individuals over a wide age range (from the second to the 
ninth decade of life). Initial symptoms appear after a period of amyloid spread and 
deposits in tissues; the diagnosis is usually late, especially in nonendemic regions. 
Depending on ATTRv clinical presentation, patients can be divided into two groups: 
those with early onset (less than 50 years) or late onset (more than 50 years), with a 
prevalence of the second group in nonendemic countries. Most cases have no family 
background, with a Val30Met mutation.

2.4.1 � Early Onset ATTRv

The usual clinical pattern of ATTRv-PN is length-dependent small-fiber polyneu-
ropathy with thermalgesic sensory dissociation and autonomic dysfunction. At the 
beginning, pain and paresthesia in the distal legs are common complaints associated 
with progressive pinprick and thermal sensory loss, followed by light touch sensory 
loss. Hypo/arreflexia of ankle jerks is common. Autonomic symptoms, including 
diarrhea with or without alternate constipation, orthostatic hypotension, impotence, 
dry eyes, and mouth, are frequent at the beginning with consequent severe weight 
loss. In some cases, gastrointestinal symptoms may be present even before the onset 
of peripheral neuropathy, such as prolonged diarrhea, fecal incontinence, vomiting, 
and severe malnutrition. In others, autonomic manifestations may be the first symp-
toms of ATTRv-PN, such as the failure of sudomotor function. A bilateral carpal 
tunnel syndrome (CTS) can be observed at the beginning due to amyloid deposits in 
the wrist. Motor symptoms arise about 2 years after sensory/autonomic compro-
mise, with an exception when the symptoms appear first in the hands, when the 
motor involvement can start in a period of 4–5 years. With the progression of the 
disease, gait disturbances become prominent with cachexia and limb ulceration, 
mainly in the feet. It is important to consider that the same genetic mutation may 
have different phenotypes, even within the same family. Death usually occurs 
approximately 10 years after the beginning of the disease [4].

ATTRv-FAP is a multisystemic condition, so despite the main symptoms being 
associated with peripheral neuropathy, health professionals should be alert to car-
diac, ophthalmic, and renal manifestations. In addition, ATTRv-PN should be con-
sidered a multidisciplinary disease. Almost 50% of patients have cardiac subclinical 
involvement that, when clinically diagnosed, can represent heart failure in progres-
sion. Heart imaging and biomarkers during follow-up can help in a precocious and 
precise diagnosis. Cardiovascular compromise is seen in 38% of ATTRv-PN patients 
and is related to a strong risk for sudden death [4].
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2.4.2 � Late-Onset ATTRv

The late-onset phenotype includes severe sensory loss that involves small and large 
fibers, with a possible association with painful symptoms, early motor compromise, 
mild autonomic manifestations, and severe cardiac involvement. Family history 
may not be present. Late-onset cases are more frequent in nonendemic regions [3, 
15–20]. Uncommon presentations, including ataxic neuropathy, motor predominant 
neuropathy, and upper-limb predominant multiple mononeuropathies, have also 
been reported [15].

2.4.3 � Other Clinical Manifestations Associated with ATTRv

Several other neurological manifestations may be seen in ATTRv patients in addi-
tion to polyneuropathies [4]. Bilateral CTS is a frequent finding and may be the first 
manifestation of the disease. The clues to investigate ATTRv in patients with iso-
lated bilateral CTS still need to be identified. The remaining neurological manifes-
tations seem to be rare, although the longer survival time associated with the newly 
introduced treatments may change the usual natural history of the disease, as none 
of these treatments decrease the nonhepatic production of TTR. As an example, it 
seems that cognitive impairment is becoming more frequent, although no definite 
conclusion exists [21]. Meningeal infiltration may cause spinal stenosis or radicu-
lopathies. Amyloid cerebral angiopathy may cause stroke and TIA-like episodes, 
hemorrhagic disease, and aura-like and epileptic seizures [4].

Cardiomyopathy is a clinical condition frequently observed in patients with early 
onset Val30Met. When ATTRv presents almost exclusively with a cardiac compro-
mise, it is called ATTRv-CA [22, 23]. The ATTRv-CA phenotype includes atrioven-
tricular and/or sinoatrial blocks, bundle branch, and thickness of ventricular walls, 
mainly of the interventricular septum [24]. A severe accumulation of amyloid in the 
heart progressively results in cardiac failure due to restrictive cardiomyopathy. 
Electrocardiograms can present alterations, such as disproportionately low QRS 
voltage and early conduction block [25]. Scintigraphy with pyrophosphate (PYP) 
and diphosphono-1,2-propanodicarboxylic acid (DPD) tracers is very helpful for 
the diagnosis of cardiomyopathy (ATTRv-CA) and for the diagnosis of polyneu-
ropathy in the absence of a monoclonal gammopathy [26].

ATTRv-PN may also involve renal complications, usually subclinical in the first 
years, with proteinuria as the first laboratory finding. Cases with nephrotic or 
nephritic syndrome can progress to renal failure. This severe complication is seen in 
approximately one-third of Portuguese ATTRv-PN cases [27]. It is very important 
to follow up renal functioning of the kidney in ATTRv-PN patients.

Eye involvement is very common in the multisystemic pattern of ATTRv-PN; the 
clinical presentation is related to dry eyes, vitreous opacity, glaucoma, and amyloid 
angiopathy [28].
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A myopathy with usually normal CK can rarely take place in the multisystem 
pattern of ATTRv. A classical myopathy pattern of symmetric weakness is referred. 
Mostly in the proximal lower limbs. Few patients can present distal and proximal 
weakness with sensory deficits from peripheral neuropathy and proximal weakness 
from myopathy, which mimics chronic inflammatory demyelinating polyradiculo-
neuropathy (CIDP). [29, 30].

Central nervous system (CNS) symptoms can be commonly seen in the evolution 
of Val30Met ATTRv-PN due to the deposition of amyloid in the meningeal vessels 
of the brain and brainstem. Clinical symptoms include transient focal neurologic 
episodes (visual hallucinations, tingling, motor activity, hemiparesis aphasia, and 
visual loss), intracerebral hemorrhage, ischemic strokes, and cognitive deficits [31]. 
As these amyloid fibrils are formed mostly in the choroid plexus in the CNS, there 
is currently no available treatment with new disease-modifying therapies [32]. 
Oculoleptomeningeal amyloidosis (OLMA) is a rare condition characterized by 
early deposition of amyloid in cranial and spinal leptomeninges associated with 
ocular involvement. OLMA is a non-VAL30Met ATTRv with several different 
mutations, 14 at moment [32], including a Tyr69His ATTRv reported in Brazil [33].

2.5 � ATTRv-PN Diagnosis

As a consequence of the variety in presentation, 32–74% of patients with ATTRv 
have received a misdiagnosis. The most common misdiagnosis is idiopathic axonal 
polyneuropathy, CIDP, lumbar stenosis, and, infrequently, motor neuron disease 
[34]. ATTRv should be suspected in patients with small fiber neuropathy and sen-
sory or sensorimotor axonal neuropathy in the presence of red flags, such as (1) 
rapid progression; (2) family history of ATTRv; (3) bilateral CTS ; (4) autonomic 
involvement; (5) gastrointestinal symptoms; (6) unexplained weight loss; (7) car-
diac disease (cardiac hypertrophy or arrhythmia); (8) kidney disease; and (9) ocular 
changes [35]. Noninvasive tests are available for the assessment of autonomic and 
somatic small fiber neuropathy, including quantitative sensory thresholds, sympa-
thetic skin responses, electrochemical skin conductance, measurement of heart rate 
variability, and tilt tests [36]. Skin punch biopsy has become standardized and may 
be of utility in the early diagnosis of small fiber neuropathy, revealing reduced 
intraepidermal nerve fiber density and even amyloid deposits. It should be per-
formed in cases, where the clinical presentation is not convincing [35].

Large fiber neuropathy is evaluated with nerve condition studies, and the classi-
cal finding is axonal sensory-motor polyneuropathy. However, patients with late-
onset presentations, in particular, can have demyelinating neuropathy [36]. 
Electrophysiological red flags include prolonged distal motor latency of the median 
never, reduced sensory conduction velocity in the median and ulnar nerves, and 
motor axonal loss, most commonly in the median, ulnar, and tibial nerves. An ulnar 
never motor amplitude <5.4 mV and a sural nerve amplitude <3.95 mV were distin-
guishing characteristics of demyelinating ATTRv-PN [34].
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As ATTRv is a systemic disease, a multidisciplinary approach should be per-
formed in all patients. Screening for cardiac amyloidosis includes serum troponin 
and N-terminal-B-type natriuretic peptide (NT-proBNP), 12-lead electrocardio-
gram, Holter monitoring, echocardiography with global longitudinal strain, cardiac 
MRI, and nuclear scintigraphy using bone tracers, such as 99mTc-2,3-
dicarboxypropane-1-1-diphosphonate (DPD) and 99MTc pyrophosphate (PYP) 
(A). Detection of DPD or PYP uptake with cardiac scintigraphy (grade 2 or 3), 
associated with typical abnormalities in echocardiography/cardiac MRI, in the 
absence of a monoclonal gamopathy, is sensitive in the diagnosis of TTR cardiac 
amyloidosis and can be used as a substitute for cardiac biopsy [37]. Renal involve-
ment should be assessed by proteinuria and estimated glomerular filtration rate. 
Two other areas that should be monitored are the ophthalmologic involvement (ker-
atoconjunctivitis sicca, secondary glaucoma, vitreous opacities, and pupilaries 
abnormalities) and the nutritional status [modified BMI: kg/m2 × albumina(g/L)] 
[38, 39].

Across the last decade, ATTRv has been designed across its clinical spectrum, 
and new therapeutic strategies have been developed, making early diagnosis crucial 
to obtain a good prognosis. In this scenario, genetic testing gained even more impor-
tance, allowing prompt detection of specific amyloidogenic TTR mutations. A tar-
geted approach to detect a specific mutation can be used for cases belonging to 
families with previous diagnosis. TTR gene sequencing, by the Sanger method, is 
required for index cases without family history, allowing detection of both predicted 
and unknown variants [35]. Sequence analysis of TTR identifies 99% of pathogenic 
variants found in exons 2–4 [37]. In a patient with a typical clinical picture, even 
from nonendemic regions and without a family history, the identification of a known 
pathogenic TTR gene mutation is diagnostic ATTRv [35].

Genetic testing should be offered to at-risk family members older than 18 years 
after careful genetic counseling. Prenatal gene testing can be performed in accor-
dance with local ethical and political norms [34].

Biopsy has historically been required to confirm amyloid deposition. The most 
common tissue sites include the labial salivary gland, abdominal fat tissue, gastro-
intestinal tract, sural nerve, and other organs with evidence of involvement (e.g., 
heart, kidney). The patchy distribution of amyloid deposits limits its utility, as a 
negative result does not exclude the diagnosis of ATTRv. The sensitivity of a biopsy 
depends on the site of biopsy, age of the patient, pathogenic mutation, and skill of the 
pathologist. In some patients, multiple biopsy sites are needed to detect an amyloid 
deposit. Congo red-stained sections exhibit salmon-pink color under light micros-
copy and apple-green birefringence under polarized light. Immunohistochemistry 
with anti-TTR amyloids can identify TTR deposits, but does not differentiate 
between a variant and a wild-type transthyretin. Laser microdissection and mass 
spectrometry-based proteomic analysis can type the amyloid precursor protein, con-
firming ATTRv amyloidosis [37].

At this point, identification of amyloid deposits through tissue biopsy should be 
reserved to confirm ATTRv in atypical cases (mimicking CIDP, motor neuron dis-
ease) when a variant of unknown significance has been identified on gene 
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sequencing or when there is a comorbid condition that can cause a similar neuropa-
thy (e.g., diabetes, alcoholism, and monoclonal gammopathy).

2.6 � Neurophysiology (EMG) of ATTRV-PN

Through evaluations of sensory nerve action potentials (SNAP) and compound 
muscle action potentials (CMAP), nerve conduction studies (NCS) measure the 
function of the peripheral nerves. Speaking in a simplified way, SNAP and CMAP 
amplitude and area estimate the number of viable axons, while their conduction 
velocities reflect myelin anatomical and functional integrity. A huge limitation of 
the method is the lack of techniques to measure small fiber function in clinical labo-
ratories. Instead, special techniques should be used [40]. Needle examination evalu-
ates motor unit action potential number and integrity, allowing the detection of 
acute denervation and reinnervation [41].

EMG findings in ATTRv-pn are largely related to genotype, duration, and dis-
ease course. The most common form of ATTRv-pn (early onset TTRV30 M) is ini-
tially a small fiber neuropathy. Routine NCS is normal at this stage. Special 
techniques should be used for the early detection of nerve involvement. Sudoscan 
measures the electrochemical skin gradient and seems to be a promising technique 
[42]. Pain-related evoked potentials [43] have been evaluated as an alternative to 
laser-evoked action potentials and contact heat-evoked potentials, which are sophis-
ticated techniques restricted to a few centers [40]. A sympathetic skin response is a 
widely available option, but its utility is questionable [40]. Autonomic evaluation 
may be a useful option, but the gold standard for small nerve fiber evaluation is skin 
biopsy [44].

As the disease progresses, larger sensory nerve fibers of the sural and fibular 
superficial nerves are compromised, and the respective SNAP amplitude progres-
sively decreases, revealing distal axonal degeneration. Their conduction velocities 
are normal or mildly decreased. As the disease progressively worsens in a length-
dependent pattern, there is successive compromising of SNAP of median and ulnar 
nerves, following involvement of the superficial radial and then the cutaneous lat-
eral and medial nerves.

At some point of the disease, the motor nerve fibers also become involved, fol-
lowing the length-dependent pattern. Initially, the CMAP of the peroneal and poste-
rior tibial nerves become involved. Later, the median and the ulnar potentials also 
progressively lose amplitudes. Similar to SNAP, conduction velocity is usually pre-
served or mildly affected, characterizing length-dependent axonal polyneuropathy. 
In this context, needle examination shows a progressive decrease in the number of 
motor units, whose morphology progressively becomes neurogenic, with increased 
amplitude and duration, reflecting the process of reinnervation. When reinnervation 
is unable to compensate for denervation, fibrillation potentials and positive waves 
appear, reflecting the presence of muscle fibers not linked to their nerve fibers.
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In the late onset TTRV30Met and in most of the other variants, the disease is, 
since the beginning, an all-nerve fiber sensory and motor axonal length-dependent 
polyneuropathy.

Occasionally, patients with ATTRv may present a multifocal demyelinating pat-
tern simulating CIDP. These patients are usually treated as having an inflammatory 
neuropathy, but the response to treatment is not satisfactory [45]. There is now the 
concept that all CIDP that do not improve to adequate immunosuppression should 
be tested for TTR amyloidosis.

Even rarer is the motor neuron-like presentation, whose needle examination sim-
ulates a motor neuron disease [34]. On the other hand, bilateral slowing at the CTS 
is frequently seen in these patients, sometimes as the first abnormality [34]. It is now 
also mandatory to test all patients with bilateral CTS and cardiac manifestations.

In conclusion, a proper EMG examination is a useful tool in the process of diag-
nosing, staging, and monitoring ATTRv-associated neuropathies.
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Chapter 3
Neurological Manifestations in AL 
and Wild-Type ATTR Amyloidosis

Viviane Tavares Carvalho Crelier, Fábio de Souza, 
and Caroline Bittar Braune

3.1 � Introduction

The pathophysiological mechanisms underlying all amyloid precursor proteins 
include misfolding from the native α helical configuration to the proteolysis-
resistant β pleated sheet, with consequent tissue deposition. The extracellular depo-
sition of amyloid occurs due to the inability to degrade these insoluble fibrils. 
Clinical manifestations depend on which organ this deposit occurs, which explains 
why the disease is so complex and overgrown with different manifestations [1].

Amyloidogenic disorders can be localized or systemic and hereditary or acquired. 
Regarding hereditary systemic forms that are transthyretin (TTR), the most com-
mon variant worldwide, apolipoprotein A1, gelsolin, lysozyme, fibrinogen, 
amyloid-β, and cystatin C. Concerning acquired systemic forms, special attention is 
given to primary systemic amyloid-immunoglobulin light chain (AL), serum amy-
loid A protein in secondary amyloidosis (AA), and β2-microglobulin (β2 M) in 
dialysis-associated amyloidosis [2]. In addition, wild-type TTR amyloidosis 
(ATTRwt) has been increasingly highlighted in neurological aspects [3]. This form 
will also be discussed throughout this chapter.
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Amyloid disorders preferentially affect nerve fibers of small diameter, that is, 
thinly myelinated Aδ fibers and unmyelinated C fibers that are responsible for sen-
sory modalities of pain and temperature, and autonomic function. Accordingly, the 
classic neuropathy presentation is a diffuse, symmetrical, length-dependent small 
fiber neuropathy, involving in particular the unmyelinated C fibers of the autonomic 
nervous system [4].

3.2 � AL Amyloidosis

Immunoglobulin light chain (AL) amyloidosis constitutes a disease in which the 
protein subunit is an immunoglobulin light chain fragment that is deposited in 
organs, leading to organ dysfunction [1]. It is an acquired disease, and a clonal 
population of bone-marrow plasma cells produces a monoclonal light chain of 
kappa or lambda type as either an intact molecule or a fragment. In AL amyloidosis, 
misfolded AL (predominantly lambda isotype) deposits can affect any tissue, except 
the central nervous system [5].

Regarding the pathophysiology, amyloid fibril deposition occurs in a patchy 
fashion and leads to direct blood vessel damage, mechanical compression, and 
potentially toxic effects. All these mechanisms contribute to tissue damage. The 
histologic findings on nerve biopsy include axonal degeneration in small myelin-
ated and unmyelinated fibers with Wallerian degeneration. In addition, amyloid 
nodules can indent and compress myelinated fibers, so it is possible to visualize this 
process in the epineurium, perineurium, and endoneurium by light microscopy [2, 6].

This is the most common type of systemic amyloidosis that affects the neuro-
muscular system. The following frequencies of involvement are estimated: periph-
eral neuropathy in 15–35%, myopathy in 1.5%, heart in 75%, kidneys in 57%, and 
gastrointestinal tract in 17% of patients [5].

Although the classic presentation of length-dependent sensory predominant 
polyneuropathy with frequent autonomic involvement is the most common, it is 
important to remember the atypical presentations, principally because they often 
lead to delayed diagnosis. These presentations are predominantly upper limb neu-
ropathy, pure small fiber neuropathy, and carpal tunnel syndrome (CTS) [2].

In clinical practice, faced with a patient with neuropathy, it is important to be 
aware of suspected amyloidosis, particularly those who have a compatible personal 
or family history associated with monoclonal protein or autonomic dysfunction.

Treatment needs to be individualized and will be discussed further in later chap-
ters. However, it is interesting that patients who undergo autologous stem cell trans-
plant (ASCT) may halt peripheral neuropathy progression, whereas conventional 
chemotherapy does not stabilize or improve the neuropathy. Novel agents for the 
treatment of AL amyloidosis have shown promising results, especially in patients 
ineligible for ASCT, such as daratumumab, bortezomib, and pomalidomide [5].
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3.3 � ATTRwt

TTR, a protein produced primarily by the liver either in its wild-type (wt) or variant 
forms, can cause amyloidosis. ATTRwt is classically known to be a disease that 
affects older people and is therefore also known as the "senile amyloidosis". This 
type of amyloidosis does not occur due to TTR gene mutation. The mechanism of 
amyloidogenesis in ATTRwt is still not fully elucidated, but it is postulated that 
aging may increase TTR instability [5].

ATTRwt was thought to be associated with a more uniform cardiac presentation. 
In this context, the classic presentation is hypertrophic heart failure with relatively 
preserved systolic function. Over time, and with better knowledge of the disease, it 
is relatively common to observe noncardiac involvement. Among the neurological 
manifestations, special attention is given to bilateral CTS, lumbar spinal stenosis, 
peripheral neuropathy, and, most recently, skeletal myopathy [7]. In this regard, in 
recent studies [8, 3], Russell et  al. highlighted the neurological alterations of 
ATTRwt, and there are many prominent aspects. CTS is one of the most common 
extracardiac manifestations of ATTRwt [9]. Studies indicate that ATTR deposits can 
be identified years preceding the onset of cardiac amyloidosis [10, 11]. The preva-
lence of symptomatic CTS is thought to be higher in ATTRwt patients than in light 
chain (AL) amyloidosis patients. Russell and Nakagawa et al. reported that 68% of 
ATTRwt patients had symptomatic CTS [8, 9].

Considering the associated peripheral neuropathy, a case series of five ATTRwt 
patients with symptomatic polyneuropathy found that most had sensorimotor poly-
neuropathy, with a median PND score of 1 [3]. The retrospective cohort study by 
Russel et al. confirmed the high prevalence of CTS in this population (88%), with 
the majority consisting of symptomatic cases [9]. In addition, it also established a 
much higher frequency of other findings than previously recognized. Spinal stenosis 
was related in 37%, and approximately 50% of cases had polyneuropathy. This 
study also described the clinical and electrophysiologic features of ATTRwt neu-
ropathy, which is still poorly described in the literature. Among the 21 patients with 
polyneuropathy, 9 were asymptomatic, 12 had sensory findings, and 9 had senso-
rimotor findings.

Yungher et al. described neuropathy findings as predominantly symmetric, with 
loss of vibration and temperature sensation in distal extremities, distal weakness, 
and absent or diminished ankle reflexes. Some patients presented with a radiculopa-
thy pattern, and a minority of patients had neuropathic complaints [12].

The clinical aspects of polyneuropathy were analyzed by Russell et  al. Most 
ATTRwt patients had pure sensory polyneuropathy, followed by sensorimotor poly-
neuropathy. The most common symptom in patients diagnosed with polyneuropa-
thy was numbness, and the most common findings on physical examination were 
stocking/glove sensory loss and reduced or absent ankle reflexes [9].

Russell et al. suggested that peripheral neuropathy is more common than previ-
ously described among ATTRwt patients and that screening offered at the time of 
diagnosis results in important changes to patient management [9]. ATTRwt is 
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estimated to have a prevalence of 155–191 cases per million persons [1]. Therefore, 
ATTRwt-related polyneuropathy is probably still underestimated.

Electrophysiological studies performed by Yungher et al. in 12 ATTRwt patients 
evidenced sensorimotor neuropathy with axonal loss. No demyelinating findings 
were observed. The majority of patients (n = 11) also presented with median mono-
neuropathy at the wrists, as seen with CTS. Five patients (41.7%) had ulnar neu-
ropathy. Half of the patients had electrophysiological evidence of lumbosacral 
radiculopathy [12].

Russel et al. also highlighted ulnar neuropathy as a potential neurological com-
plication of ATTRwt, as it was present in 34% of patients. Many of them were 
asymptomatic, and the incidence in patients with ATTRwt was higher than expected 
in the general population of compatible age, suggesting that ATTRwt may be a risk 
factor for this condition [9].

TTRwt deposits have been found in the tendons, ligaments, and joints of elderly 
patients, but the clinical repercussions of this finding are still unclear [10]. Spinal 
stenosis is a degenerative condition that primarily affects people older than 60 years. 
ATTRwt in the ligamentum flavum has been reported in 33–45% of patients under-
going surgery that involves the excision of the ligamentum flavum. The prevalence 
of ATTRwt in the ligamentum flavum has been associated with increased age and 
increased thickness of this structure, suggesting a pathologic role in this pro-
cess [10].

The association of CTS and spinal stenosis with ATTRwt is now better estab-
lished. Although there are reports of polyneuropathy, as mentioned above, data are 
still incipient. Regarding the autonomic component, this is even less described. To 
contribute, in general, the research of dysautonomia requires more specific tests, 
and most of these methods to assess autonomic fibers are not easily available. In 
general, they are time-consuming and require highly specialized and expensive 
equipment, most only available in tertiary services and research centers [4].

To overcome these barriers, the Sudoscan® device allows rapid and objective 
evaluation of sweat gland innervation at the extremities. This tool acts by measuring 
electrochemical skin conductance (ESC) according to a chronoamperometric 
method [4]. Sixty-two patients with ATTRwt-cardiomyopathy (ATTRwt-CA) were 
compared with a control group of healthy elderly subjects by Kharoubi et al. Almost 
half of the patients with ATTRwt-CA (48.4%) presented autonomic neuropathy 
(AN). This confirms that the prevalence of distal neuropathy, specifically involving 
autonomic nerve fibers, is significantly increased in the context of ATTRwt-CA. Feet 
ESC reduction was associated with poor cardiac prognosis, highlighting the func-
tional interest of this measure in daily practice [4].

The recent data suggest that routine neurologic evaluation may facilitate early 
detection and direct appropriate ATTRwt management. There is a higher prevalence 
of polyneuropathy and ulnar neuropathy than previously reported, along with an 
anticipated high prevalence of CTS and spinal stenosis [9].

In addition to the above findings, a pattern of myopathy is also seen in some 
patients. Hut et al. showed increased skeletal muscle uptake on bone scintigraphy in 
patients with ATTRwt cardiomyopathy [13, 14]. Most likely, due to the high 
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prevalence of ATTRwt, the frequency of ATTRwt myopathy could be underesti-
mated [5, 14]. Muscle biopsy could be useful for patients with monoclonal gam-
mopathy and cardiac uptake on bone scintigraphy. It is less invasive than cardiac 
biopsy when amyloid subtyping is necessary [5].

3.4 � Conclusions

Neurological involvement, especially ATTRv neuropathy, has been known and 
studied for many years. It was reported by the Portuguese neurologist Mario Corino 
da Costa Andrade in 1952, and details of its presentation have been studied ever 
since. Whereas ATTRv polyneuropathy is better established, it is also imperative to 
know the neurological manifestations of AL and ATTRwt amyloidosis.

Screening for neurologic complications as part of the routine assessment for 
newly diagnosed ATTRwt patients should be considered. In addition, patients with 
polyneuropathy, bilateral CTS, lumbar spinal stenosis, and, most recently, skeletal 
myopathy should be evaluated for suspicion of ATTRwt.

Earlier diagnosis and consequently monitoring of these patients can change the 
long-term outcome, both in quality of life and mortality.
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Chapter 4
Amyloidosis and Dysautonomia

Ana Inês da Costa Bronchtein, Joelma Dominato Rocha Carvalho, 
and Juliana Grael Jorge

4.1 � Introduction

4.1.1 � The Autonomic Nervous System—Basic Physiology

The autonomic nervous system (ANS) is a complex neural organization involving 
the brain, spinal cord, and peripheral and somatic nervous systems. It is responsible 
for innervating every organ in our body and carrying out automatic and involuntary 
organic actions and reactions [1, 2]. One of its central functions is the regulation of 
homeostasis both during daily activity, physical activity, mental stress, and postural 
changes, controlled and integrated with the central nervous system (CNS) [3]. ANS 
is usually analyzed for its anatomical, neurochemical, and functional aspects. The 
basic organization involves two neuronal groups, arranged in series and connected 
by a chemical synapse. The second neuron is located in the autonomic ganglia, from 
which axon projection begins, which will innervate the target organs, called post-
ganglionic neurons. The neurons that send axonal projections from the CNS to the 
ganglia, synapsing with the cell bodies present in these structures, are called pregan-
glionic neurons [2]. Sympathetic preganglionic neurons are located in the thoracic 
and lumbar spinal cord segments; parasympathetic neurons are located in the brain-
stem and sacral spinal cord segment [1, 3]. The ANS is anatomically divided into 
three major arms: the enteric nervous system, the sympathetic system (cholinergic 
and noradrenergic arms), and the parasympathetic (cholinergic) system (Fig. 4.1). 
These systems allow rapid adjustments of blood pressure (BP), heart rate (HR), 

A. I. da Costa Bronchtein (*) · J. G. Jorge 
Clinical Arrhytmia, Rede D’or São Luiz, Rio de Janeiro, RJ, Brazil 

J. D. R. Carvalho 
Universidade Federal Fluminense—Complexo Hospitalar de Niterói, Niterói, Brazil

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
D. Xavier de Ávila, H. Villacorta Junior (eds.), Amyloidosis and Fabry Disease, 
https://doi.org/10.1007/978-3-031-17759-0_4

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-17759-0_4&domain=pdf
https://doi.org/10.1007/978-3-031-17759-0_4


26

Fig. 4.1  Anatomical distribution of the autonomic nervous system

vascular reactivity, bowel, bladder, and sexual organ functions, pupils, sweating, 
and thermoregulation. In addition, the ANS is closely linked to many behaviors, 
emotions, and the immune system [3, 4].

Cardiovascular autonomic failures are primary or secondary disorders that are 
characterized by the disconnection of the interactive regulation of HR and BP 
between the CNS and the ANS, manifesting by baroreflex failure and causing fail-
ure in maintaining homeostasis [3]. This process may be paroxysmal or chronic, 
inducing alterations in both the sympathetic and parasympathetic systems and 
resulting in failure of action of one in response to the other (closed-loop system) [1].

The ANS cardiovascular arm constantly regulates HR and heart contractility, as 
well as arterial and venous vascular tone, aiming to maintain perfusion of oxygen-
ated blood to the organs and ensure venous return. The cerebral circulation is pro-
tected by high-pressure baroreceptors that are reflexively mediated by sensors in the 
carotid sinus and aortic arch, promoting cerebral autoregulation [1, 3]. This system 
is called the baroreflex, and it is a key in the autonomic control of BP and HR and 
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has a strong predictive value in the clinical outcome of a number of cardiovascular 
conditions. BP is determined by HR, systolic volume, and peripheral vascular resis-
tance, and its regulation is highly dependent on the sympathetic reflex, mediated by 
the baroreflex. The afferent activity triggered by high- and low-pressure baroreflex 
receptors determines the sympathetic action interfering with peripheral vascular 
resistance. These receptors, therefore, influence sympathetic flow through the affer-
ent loop to the brain and through the efferent loop, increasing vascular tone through 
sympathetic stimulation. The result will be an increase in HR, vasoconstriction, 
venous return, and sodium and water retention by the kidneys [2] (Fig. 4.2).

Baroreflex sensitivity can be reduced by aging, hypertension, obesity, myocar-
dial infarction, heart and kidney failure, and diseases, such as diabetes and amyloi-
dosis. These conditions are associated with higher cardiac mortality and sudden 
death [1, 3, 5].

Fig. 4.2  Autonomic nervous system and interaction with the cardiovascular system
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4.1.2 � Autonomic Failure and Changes in Amyloidosis

Amyloidosis was first described in 1842 by Karl von Rokitansky (1804–1878) and 
named by Rudolph Virchow in 1853, with the first cases being secondary forms of 
amyloid disease associated with chronic infections, such as tuberculosis and osteo-
myelitis [6]. The first clinical description of peripheral nervous system involvement 
was by Königstein in 1925. Navasquez and Treble reported, in 1938, a case of poly-
neuropathy secondary to amyloidosis with associated autonomic changes. The diag-
nosis of the disease is often only made at autopsies, with postmortem studies 
showing that cardiac amyloidosis was present in 25% of people aged >85 years [3].

Cardiovascular dysautonomia encompasses other conditions, such as postural 
orthostatic tachycardia syndrome, inappropriate sinus tachycardia, classic or neuro-
genic orthostatic hypotension (nOH), chronic fatigue syndrome, carotid sinus 
hypersensitivity syndrome, and reflex syncope [1, 2]. The different types of cardio-
vascular dysautonomia may overlap and may also coexist with primary cardiac dis-
eases such as nOH accompanying HF and ischemic disease, worsening the prognosis 
of the underlying diseases [1].

The term cardiovascular autonomic neuropathy (CAN) is the most commonly 
used to define dysautonomia with impaired cardiovascular sympathetic and/or para-
sympathetic ANS. CAN typically manifests with OH, reduced HR variability, sinus 
tachycardia at rest, and exercise intolerance [1]. It can be idiopathic, such as multi-
system atrophy or pure autonomic failure, or secondary to systemic pathologies, 
such as diabetes mellitus, neurodegenerative diseases, Parkinson’s disease, demen-
tia syndromes, chronic renal failure, and amyloidosis. OH and nOH are the main 
manifestations of autonomic failure in amyloidosis [3].

It is essential to differentiate between nOH and non-nOH because of the worse 
prognosis of nOH, with higher all-cause morbidity and mortality. In nOH, the 
impaired vasoconstriction is due to permanent damage to sympathetic efferent 
activity. In nOH, it includes a variety of causes, such as the use of medications, 
antihypertensives, antidepressants, alpha-blocking agents, volume depletion , and 
chronic diseases leading to physical deconditioning [1, 3, 4].

4.2 � Clinical Manifestations of Dysautonomia in Amyloidosis

Cardiac amyloidosis has a poor prognosis, usually worsened by the delay in diagno-
sis, since early stages of clinical presentation often go unnoticed or are underesti-
mated in the clinical evaluation.

The presence of OH may be the initial sign of autonomic failure, and patients 
have significant baroreflex alterations, with inappropriate responses of increased 
HR to various stimuli due to sympathetic failure associated with parasympathetic 
failure [6]. The major challenge in these patients is to maintain blood flow above the 
level of the heart [3]. Failure in this compensation with consequent reduced venous 
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return to the heart produces inadequate cerebral perfusion, resulting in symptoms of 
syncope or presyncope [5].

Amyloid neuropathy may be complicated by autonomic dysfunction that mani-
fests predominantly by the presence of amyloid substance in the autonomic nerves 
and ganglia, generating a chronic autonomic neuropathy. Amyloid neuropathy typi-
cal manifestations include sensory-motor neuropathy, autonomic dysfunction, car-
diac, ocular and less common manifestations, such as renal involvement, and 
without treatment may lead to a progressive disabling neuropathy due to gastroin-
testinal (GI) dysautonomia [6]. Autonomic symptoms are key components of hered-
itary transthyretin (TTR) amyloidosis, contribute strongly to the burden of the 
disease, and usually occur early in the natural history of TTR amyloidosis. Similar 
to peripheral neuropathy, the progression of autonomic symptoms is unrelenting 
and closely related to the progression of somatic neuropathy. These symptoms can 
worsen non-neurological manifestations, such as dizziness, fatigue, and pain [7].

In a recent review [8], autonomic manifestations were present in 50–80% of the 
patients. The most common findings were OH, diarrhea, constipation, alternative 
diarrhea and constipation, erectile dysfunction, urinary incontinence, and xerosto-
mia [9]. In addition, different autonomic manifestations may occur at different 
times. In studies involving patients with early onset disease, GI dysfunction and OH 
emerged in the early phase of the disease, whereas urinary manifestations appear 
halfway through the course of the disease. Heart rate variability (HRV) and OH are 
reliable markers of autonomic alterations and have been shown to be impaired very 
early in the disease, although it is difficult to estimate the exact timing of the onset 
of autonomic symptoms [10].

4.3 � Diagnosis of Dysautonomia in Amyloidosis

Early diagnosis can bring important therapeutic and prognostic implications, as 
well as improvements in quality of life. Autonomic testing is imperative, as it 
enables diagnosis before disabling symptomatology [10].

The initial clinical assessment can be through questionnaires, such as the auto-
nomic symptom profile [11], which contains 73 questions, and the Composite 
Autonomic Symptom Scale-31 [12], which uses the previous scale and quantifies 
the severity of the changes. More recently, a new Survey of Autonomic Symptoms 
Score [13] has been developed and validated, with a better sensitivity in detecting 
mild autonomic neuropathies, not requiring complementary methods, and might be 
a crucial clinical tool for the early detection of autonomic neuropathy (Table 4.1) 
[2]. Patients with questionnaire responses suggesting dysautonomia have a higher 
risk of nOH than the general population and should be routinely investigated.

Adapted of Rocha et al. [2]. The presence of three or more symptoms conferred 
95% sensitivity and 65% specificity, while the presence of seven or more points 
determined 60% sensitivity and 90% specificity. Gastrointestinal symptoms were 
less correlated with other indices.
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Table 4.1  Survey of autonomic symptoms—evaluate various organs and systems affected in 
dysautonomia

Symptom/health problem

Have you had any of the 
following health 
symptoms during the past 
6 months? (1, yes; 2, no)

If you answered you have 
symptoms, how much would you 
say it bothers you? (1, not at all; 2, 
a little; 3, some; 4, moderate 
amount; 5, a lot)

1. � Do you have 
lightheadedness?

1 or 2 1–5

2. � Do you have a dry mouth 
or dry eyes?

3. � Are your feet pale or blue?
4. � Are your feet colder that 

the rest of your body?
5. � Is sweating in your feet 

decreased compared to the 
rest of your body?

6. � Is sweating in your feet 
decreased or absent (after 
exercise or during hot 
weather)?

7. � Is sweating in your hands 
in creased compared to the 
rest of your body?

8. � Do you have nausea, 
vomiting, or bloating after 
eating a small meal?

9. � Do you have persistent 
diarrhea (more than 3 
loose bowl movements per 
day)?

10. � Do you have persistent 
constipation (less than 1 
bowl movement every 
other day)?

11. � Do you have leaking of 
urine?

12. � Do you have difficulty 
obtaining an erection 
(men)?

After identifying the patient at risk of OH, it is important to measure BP and HR 
in the supine position (after 15–20 min of lying down) and in the first and third 
minutes after standing up, which is considered the gold standard for diagnosing 
OH. These values should also be measured after 5 min of orthostasis.

OH may be subdivided into:
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–– Classic OH: sustained reduction of at least 20 mmHg of systolic BP (SBP) and/
or 10 mmHg of diastolic BP (DBP) within 3 min in the standing position.

–– Initial OH: fall in SBP >40 mmHg and/or at least 20 mmHg of DBP within 15 s 
of orthostasis, with a rapid and spontaneous return with a short period of hypo-
tension (<40 s), may cause syncope.

–– Late OH: beyond 3 min of active orthostasis. Slow, progressive drop in BP. The 
absence of bradycardia helps differentiate it from reflex syncope [2].

Many of these patients have supine hypertension (SBP ≥140 mmHg and/or DBP 
≥90 mmHg). In this situation, OH should be considered if there is a decrease in SBP 
≥30 mmHg and/or DBP ≥10 mmHg.

In OH patients, a compensatory HR elevation of at least 15  bpm is expected 
within 3 min in the standing position. If this does not occur, it suggests nOH (pro-
vided that there is no concomitant use of negative chronotropic drug or conduction 
system disease, or the patient has a pacemaker) [1].

It is important to review the patient’s medication list to avoid effects on the baro-
reflex response, especially alpha- and beta-adrenergic blockers and centrally acting 
alpha-2 agonists.

Standard tests to assess autonomic function should be considered in patients with 
signs of autonomic dysfunction, such as a drop in BP in an orthostatic position, with 
chronotropic failure, or in the presence of autonomic symptoms, such as decreased 
sweating, constipation, neurogenic bladder, and/or erectile dysfunction [4].

Autonomic tests require continuous monitoring of BP and HR and can be 
obtained by digital plethysmography monitoring. The purpose of these tests is to 
assess the integrity of the sympathetic and parasympathetic nervous systems and 
correlate their alteration with the patient’s symptoms. However, it is essential to 
emphasize that no single test can provide a global view of autonomic function; we 
will need to analyze the tests together according to the patient’s clinical presenta-
tion [2].

4.3.1 � Autonomic Assessment May Include 
the Following Methods

4.3.1.1 � Tilt Table Test

The head up tilt test (HUTT) should be considered to confirm a diagnosis of reflex 
syncope in patients in whom this diagnosis was suspected but not confirmed by 
initial evaluation for the assessment of autonomic failure, especially for the repro-
duction of delayed OH (which could not be detected by active standing because of 
its delayed onset) [14].
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The HUTT evaluates the orthostatic effects on BP and HR during a nonpotenti-
ated phase and during the orthostatic and pharmacological stress that is usually 
performed with a vasodilator drug, such as nitroglycerin or isosorbide dinitrate. It 
consists of a table with a platform for foot support, safety belts, electrocardiographic 
monitoring of HR, and BP monitoring through beat-to-beat digital plethysmogra-
phy. The patient initially remains lying down for 10–20 min (rest or passive phase), 
and then, the bed is tilted to 60 or 70 degrees. The tilting phase lasted from 20 to 
45 min based on the protocol used.

Noninvasive and continuous monitoring systems of BP and ECG, associated 
with bioimpedance measurements, allow the evaluation of systolic volume, periph-
eral vascular resistance, and cardiac output, enabling the identification of the type of 
hemodynamic disorder presented. Thus, HUTT with hemodynamic parameters 
allows the identification of subclinical alterations in the integrity of the ANS, even 
without an evident pressure drop, which increases the sensitivity of the method [2].

Patients with dysautonomia and autonomic neuropathy related to amyloid dis-
ease may show patterns of classic OH with progressive and maintained hypotension 
during the tilt period, associated with depressed chronotropic response unrespon-
sive to BP drop demonstrating a significant failure of the baroreflex response 
(Fig. 4.3).

4.3.1.2 � 24-h Ambulatory Blood Pressure Monitor

Daytime and nighttime autonomic balances affect not only HR but also BP. Typically, 
BP fluctuates, with higher levels during wakefulness and falling at night (nocturnal 
descent). The attenuated or reversed response demonstrates exacerbated sympa-
thetic activity and may be present in patients with dysautonomia and has been asso-
ciated with increased mortality.

More specifically, ABPM is useful in detecting nocturnal hypertension (predictor 
of cardiovascular events) and forms of early or postprandial OH, usually not discov-
ered with the usual BP measurements. In addition, the presence of nocturnal hyper-
tension may increase the risk of daytime hypotension [2].

Fig. 4.3  Tilt table test showing classic nOH—progressive hypotension during orthostatic period 
and depressed chronotropic response after blood pressure drop
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Fig. 4.4  Presence of supine hypertension during the night and orthostatic hypotension during 
the daytime

The presence of supine hypertension and a nondipper or negative dipper pattern 
on 24-h ABPM in patients with amyloidosis might be a sign of dysautonomia 
(Fig. 4.4).

4.3.1.3 � Valsalva Maneuvere

The Valsalva maneuvere (VM) tests the integrity of both the cardiovagal parasym-
pathetic response by analyzing HR and the sympathetic response by analyzing the 
behavior of BP [2]. The ratio is measured between the largest RR cycle in the relax-
ation phase divided by the largest RR cycle during the VM phase. It allows the 
evaluation of the parasympathetic and sympathetic systems when associated with 
continuous BP measurements.

There is strong evidence that the absence of a BP overshoot and an absence of an 
HR increase during the Valsalva is pathognomonic for neurogenic OH, occurring in 
primary and secondary autonomic failure, and the degree of hypotension and/or 
lack of compensation during forced expiration usually correlate with the degree of 
autonomic dysfunction [14].

Patients with nOH will not generate alpha-adrenergic sympathetic receptor-
mediated vasoconstriction to compensate for hypotension during phase II of VM 
and will not be able to normalize venous return to produce the sudden BP elevation 
in phase IV (Fig. 4.5). When the afferent and efferent baroreflex vagal components 
are intact, HR increases while BP falls.
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Fig. 4.5  Failure of hemodynamic sympathetic compensation with hypotension during phase II 
and lack of overshoot of phase IV. From Jain and Goldstein [15]

4.3.1.4 � Isometric Exercise (Handgrip)

Faced with a pressure stimulus (handgrip), healthy subjects have an increase in BP 
and HR due to stimulation of sympathetic efferent pathways by activation of periph-
eral receptors. The maneuver is performed with a dynamometer or a partially 
inflated sphygmomanometer cuff, maintaining the pressure sustained for 3 min. In 
patients with efferent or central sympathetic lesions, these responses will be altered 
or absent.

4.3.1.5 � Respiratory Maneuveres

Respiratory changes result in rapid responses in HR and usually reproduce car-
diovagal activity. Physiologically, during deep inspiration, there will be a rise in HR 
and a fall in HR during expiration. This behavior is the basis of respiratory sinus 
arrhythmia. Hyperventilation will cause vagal withdrawal and HR increase, which 
may or may not be associated with a drop in BP. These responses might be reduced 
with aging. Usually, we calculate the average of the respiratory amplitudes in six 
cycles. The test evaluates the parasympathetic response to a respiratory stimulus [2].

Patients with dysautonomia related to amyloid disease may have reduced or 
absent HR oscillation during deep breathing. HR variation greater than 15 bpm is 
considered normal. Variations between 11 and 14 bpm were classified as borderline, 
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and those below 10 bpm were classified as pathological. The E:I ratio (maximum 
HR, measured in milliseconds, during expiration divided by the maximum HR dur-
ing inspiration) in normal individuals should be greater than 1.2. These values 
should be adjusted according to age and sex.

4.3.1.6 � Exercise Test

A significant drop in BP associated with a marked drop in systemic vascular resis-
tance secondary to vasodilation in the skeletal muscles may occur during exercise in 
patients with autonomic failure. In physiological states, vasodilation is compen-
sated by a cardiac output boost through increased sympathetic muscle traffic and 
sympathoadrenal activity. However, it does not occur in patients with autonomic 
failure, and BP usually falls during or immediately after the end of physical activity.

4.3.1.7 � Carotid Sinus Compression

Carotid sinus compression should be performed in elderly individuals with syn-
cope, presyncope, and/or a history of unexplained falls [2]. CSM should be per-
formed with the patient in the supine and upright positions and with continuous 
beat-to-beat BP. A ventricular pause lasting >3 s and/or a fall in SBP >50 mmHg 
associated with symptoms of syncope or presyncope is known as carotid sinus syn-
drome, which is different from carotid sinus hypersensitivity present in 40% of the 
older population without any symptoms [14].

4.3.1.8 � Heart Rate Variability/Spectral Analysis

HRV analysis is a noninvasive method to assess the autonomic influence on the 
heart. The 24  h Holter monitor allowed us to analyze cardiac cycles and HR 
variability.

Sympathetic and parasympathetic efferent reflexes acting on the sinus node pro-
duce constant modifications of the PP cycles in the electrocardiogram. The para-
sympathetic system (vagal) is the major system responsible for the variability of the 
normal PP cycles.

These cycle fluctuation evaluations will give us the indirect expression of the 
cardiac autonomic profile, and the greater the vagal action on the heart, the greater 
the fluctuations will be.

Low HRV indicates depression of vagal activity and/or exacerbation of sympa-
thetic activity. Increased sympathetic activity displays an arrhythmogenic effect, 
while parasympathetic activity exerts a protective effect.

In healthy patients, increased RR variability represents a measure of autonomic 
integrity, while reduced HR variability is an early sign of autonomic imbalance [2].

HRV can be analyzed in the time domain or in the HR domain (spectral analysis).
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Time Domain

The indices commonly used for HRV assessment in the time domain are:

–– NN: average of normal sinus cycles evaluated, representing the average HR in 
the recording period (ms). To transform the cycle into HR, 60,000 is divided by 
the cycle average value, resulting in the average HR.

–– SDNN: standard deviation of NN intervals measured during recording (ms). The 
SDNN is the “gold standard” for medical stratification of cardiac risk when 
recorded over a 24 h period. SDNN values predict both morbidity and mortality. 
Patients with SDNN values below 50 ms are classified as unhealthy (higher car-
diovascular risk), 50–100 ms have compromised health, and above 100 ms are 
healthy.

–– SDANN: standard deviation of the average NN intervals for each 5 min segment 
of a 24 h HRV recording. Increased risk cardiovascular risk if values <40 ms.

–– pNN50: percentage of successive RR intervals that differ by more than 50 ms 
during recording. pNN50 is closely correlated with parasympathetic nervous 
system activity. Normal value 9 ± 7. Increased risk if <0.75.

–– RMSSD: root mean square of successive RR interval differences (ms). The 
RMSSD is more influenced by the parasympathetic nervous system. Normal 
value 27 ± 12 ms. Increased risk if <15 ms.

The SDANN is the main index for post-MI risk stratification. RMSSD and 
pNN50 adequately define fluctuations in vagal activity.

Spectral Analysis

When the fluctuations of the electrocardiographic signal are periodically unfolded 
in their respective waves through the Fourier transform, we are facing frequency 
domain analysis or spectral analysis [2]. The analyzed curves will be distributed in 
different components, namely:

–– Very low-frequency component: frequency responses between 0.001 and 
0.04  Hz. This likely correlates with thermoregulation and renin-angiotensin 
mechanisms.

–– Low-frequency (LF) component: encompassing the frequency responses between 
0.05 and 0.15 Hz. Sympathetic activity is modulated by parasympathetic and 
vasoconstriction.

–– High-frequency (HF) component: encompassing the responses between 0.15 and 
0.40 Hz. Represents vagal modulation and sinus arrhythmymia.

–– LH/HF ratio: vagal sympathetic balance.

Dysautonomic conditions promote alterations in the HF and LF components 
when faced with orthostatic stress. Spectral analysis is most sensitive in the early 
stages of CAN. The expected nocturnal increase in the high-frequency band of RR 
variability, which represents the vagal modulation of the heart, seems to be the 
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earliest abnormality detected. During the advanced stages of CAN, all components 
are eliminated.

4.3.1.9 � Biochemical Tests

Epinephrine, norepinephrine, and dopamine are the most important plasma cate-
cholamines in humans, reflecting sympathetic activity. Patients with autonomic fail-
ure, secondary to postganglionic neuron sympathetic dysfunction, may have reduced 
norepinephrine concentrations in the supine position.

On the other hand, individuals with autonomic failure from any cause often fail 
to raise their plasma norepinephrine levels when standing or being tilted in 
the HUTT.

In nOH, caused by various autonomic disorders, including CAN, the orthostatic 
increment of norepinephrine is attenuated (Fig. 4.6). Therefore, a plasma norepi-
nephrine increment of less than 60% after 5 min of orthostasis supports the diagno-
sis of nOH.

4.3.1.10 � Imaging Techniques Used to Assess Autonomic Innervation

Metaiodobenzylguanidine (123I-MIBG) single photon emission computed tomog-
raphy (SPECT) and positron emission tomography (PET) have been used to assess 
ANS activity [4]. MIBG is an NE analog with a similar molecular structure. The 
role of 123I-MIBG has been well-studied in several clinical conditions, with prog-
nostic value in heart failure, ischemic heart disease, ventricular arrhythmias, and 
cardiomyopathies.

Fig. 4.6  Plasma levels of catecholamines showing absence of the orthostatic increment of norepi-
nephrine and epinephrine during the head up tilt test
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PET imaging offers several advantages over SPECT, including superior image 
resolution, allowing for a more specific regional analysis of cardiac neuron function 
[4]. PET examination facilitates the combined assessment of myocardial viability 
and perfusion together with innervation. It also offers the potential for imaging 
using autonomic receptors, as well as the global quantification of cardiac sympa-
thetic and parasympathetic activity.

The most studied radiotracer for neuronal evaluation conducted with the PET 
technique in humans is carbon-11 (11C)-labeled meta-hydroxyephedrine (11C-
HED), an analog to NE and 123I-MIBG, which is transported by the uptake-1 
mechanism.

Other agents have been researched for their role in the direct visualization of 
adrenergic receptors. However, the main current limitations for assessing innerva-
tion by PET technology are the higher costs when compared to SPECT and shorter 
half-lives of radioisotopes. Consequently, very few centers perform cardiac sympa-
thetic neuroimaging using PET scans.

4.4 � Treatment

The standard treatment of cardiac amyloidosis involves the use of diuretics; how-
ever, diuretics must be prescribed with caution in patients who progress with associ-
ated nOH, and the hypovolemia induced by the action of the diuretic may be 
deleterious.

There is no available evidence in the setting of cardiac amyloidosis that demon-
strates the benefits of drugs established for heart failure (HF) treatment, such as 
beta-blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor 
blockers, and angiotensin receptor–neprilysin inhibitors. Indeed, a retrospective 
study conducted on patients with ATTR showed decreased survival in this popula-
tion [6]. These drugs have low tolerability, as their use might lead to hypotension 
and affect the autonomous nervous system.

Therefore, in the setting of cardiac amyloidosis, drugs established for HF treat-
ment should be avoided whenever possible. In patients with HF with reduced ejec-
tion fraction, neurohumoral treatment can be considered if the abovementioned 
limitations are taken into account.

If HR control is necessary, amiodarone and beta-blockers should be preferred 
over digitalis derivatives and calcium channel blockers.

Dysautonomia treatment, particularly OH, should follow a progressive approach, 
including both nonpharmacological and drug treatment. The goal is to improve 
debilitating symptoms (particularly the risk of falls) and quality of life by increasing 
tolerance to longer periods of orthostasis and physical capacity.

Those involved in dysautonomic patient treatment should always be reminded 
that it is critical in clinical treatment to educate patients, family members, and 
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caregivers about the mechanisms involved in nOH genesis and daily activity situa-
tions that may favor a drop in BP. Examples include staying in high-temperature 
environments, hot baths, type and intensity of physical exertion, prolonged or rap-
idly reached orthostatic posture, ingestion of alcoholic beverages or large meals, 
particularly with carbohydrates, which may precipitate or worsen the symptoms [6].

Regardless of the etiology of dysautonomia, whenever possible, the interruption 
of use or the adjustment of the dosage of medications that potentiate OH should be 
considered. In cases with a definite indication, antihypertensives with a shorter half-
life should be chosen, preferably with a single nighttime dosage. Drugs, such as 
nitrates and diuretics, which decrease preload, should be suspended or avoided. 
Other drugs that also worsen or contribute to OH are dopaminergic drugs, anticho-
linergics, tricyclic antidepressants, alpha-1-blockers, and other antihypertensives.

4.4.1 � Pharmacological Interventions

–– Review all pharmacological treatments, avoiding drugs that potentiate OH.
–– Increase intravascular volume: fludrocortisone (0.1–0.3 mg/day—1× day)/eritro-

poetin (25–75 U/kg—3× week).
–– Increased vascular resistance: Midodrine (2.5–10  mg, 3× day)/droxydopa 

(100–600 mg, 3× day)/atomoxetine (18–40 mg × day)/pyridostigmine (30–60 mg, 
2–3× day)/pseudoephedrine (30  mg, 3× day)/ergotamine/caffeine 
(1 mg/100 mg/day).

–– Octreotide (12.5–25 mcg, subcutaneous), 30 min to 1 h before a meal and acar-
bose 100 mg for postprandial OH.

–– Combination therapy: fludrocortisone (0.1–0.3  mg/day, VO) and midodrine 
(2.5–10 mg, VO—3× day).

4.4.2 � Physical Maneuveres

Patients with OH should be informed about simple physical maneuvers that can be 
used to raise BP during daily activities. Physical countermaneuvers include crossing 
legs, squatting, and tensing the muscles of the legs, arms, abdomen, buttocks, or the 
whole body. These maneuvers generate increases in cardiac preload and, conse-
quently, in cardiac output, BP, and cerebral perfusion. The most basic maneuver is 
the activation of the calf muscle pump (“antigravitational” muscles). If the venous 
valves are competent, muscle activation increases cardiac venous and cardiac filling 
pressure. Small increases in BP can alter autoregulation and prevent presyncope and 
syncope.
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4.4.3 � Prevention and Treatment of Supine Hypertension

–– Sleep with the head of the bed elevated (tilt head up training)
–– Consume a carbohydrate-rich meal at bedtime
–– Avoid drinking fluids before bedtime
–– Avoid supine decubitus during the day

It is important to avoid the use of diuretics and long-acting antihypertensives, 
even if they control supine hypertension.

4.5 � Conclusions

Dealing with cardiac amyloidosis with neuropathic involvement (CAN) and dysau-
tonomia is a huge challenge, with many investigation steps. Physicians must be 
aware of all symptoms and presentations and the diversity of this complex condi-
tion. A detailed history and physical examination seeking supine hypertension and 
symptomatic OH are the primary steps to diagnosis. As a chronic condition, the 
patient should be seen frequently and continuously in the office and often needs a 
multidisciplinary approach to control symptoms.
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Chapter 5
Cardiologic Manifestation in Amyloidosis

Aristóteles Comte de Alencar Neto, Caio Rebouças Fonseca Cafezeiro, 
Bruno Vaz Kerges Bueno, Cristiane de Carvalho Singulane, 
and Fabio Fernandes

5.1 � Introduction

Cardiac amyloidosis (CA) is a relatively common cause of heart failure (HF) with 
preserved ejection fraction (HFpEF). Recently, emerging therapies have been shown 
to change the course of the disease and prolong survival. Therefore, it is crucial to 
know, understand, and recognize the clinical manifestations of the disease, its red 
flags, and the markers of cardiac involvement in amyloidosis [1–3].

There are 36 known amyloidogenic proteins, some of which are prone to devel-
oping CA. However, ATTR and AL amyloidosis are responsible for approximately 
95% of all cases of CA. Therefore, this chapter will consider both types when dis-
cussing CA. While these two types of CA must be recognized as different entities 
with different clinical presentations, diagnostic pathways, and therapeutic options, 
they share some phenotypic similarities [2].

CA results from the progressive deposition of amyloid fibrils in the extracellular 
space, leading to a progressive increase in ventricular wall thickness and chamber 
stiffness. Amyloidosis involves several cardiac components, leading to both 
mechanical alterations, such as restrictive cardiomyopathy and aortic stenosis, as 
well as electrical alterations, such as cardiac conduction system disease and arrhyth-
mias [1, 4, 5].

It is important to note that extracardiac changes, including bilateral carpal tunnel 
syndrome and spontaneous rupture of the biceps, may precede CA by a few years 
(Fig. 5.1). It is essential to recognize these findings as part of the constellation of 
clinical findings in a patient with CA [1, 4, 6].
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Fig. 5.1  Spontaneous 
biceps tendon rupture in a 
patient with 
ATTRW-CA. Authors’ 
personal archive

5.2 � Clinical Presentation

The natural history of CA includes progressive HF, complicated by arrhythmias and 
conduction system disease. Age, age of onset, phenotype, and clinical course vary 
with mutation type, fibril type (full length vs. fragments), and within families [2]. 
The most common clinical presentation of CA is HFpEF, although in late-stage 
cases, systolic dysfunction may occur. Dyspnea on exertion, which progresses rela-
tively quickly, is the most common early manifestation. Due to the restrictive pat-
tern of cardiomyopathy, right HF is also observed, resulting in lower extremity 
edema, jugular venous distention, hepatomegaly, and ascites (Figs. 5.2 and 5.3). In 
the face of advanced disease, signs and symptoms of low cardiac output are 
observed [1, 7].

On physical examination, jugular venous pressure frequently reveals an inspira-
tory rise (Kussmaul sign), which can also be present in patients with constrictive 
pericarditis. Unlike severe HF caused by most other etiologies, a third heart sound 
is uncommon in CA, as is a fourth heart sound. The Rivero-Carvallo maneuver is 
important to distinguish murmurs from right cameras, as valvular dysfunction due 
to amyloidosis is rarely severe, except for occasional tricuspid regurgitation.
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Fig. 5.2  Ascites in a 
patient with CA restrictive 
physiology. Authors’ 
personal archive

Fig. 5.3  Elevated jugular 
venous pressure in a 
patient with CA restrictive 
physiology. Authors’ 
personal archive

Syncope or presyncope is frequently reported in CA due to orthostatic hypoten-
sion, dysautonomia, bradyarrhythmias, advanced atrioventricular blocks, and, less 
frequently, ventricular arrythmias. Recurrent syncope can be a diagnostic clue in 
CA, especially when there is no clear cause for the episodes [8]. Importantly, 
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patients with long-standing arterial hypertension are unable to tolerate their previ-
ous doses of antihypertensive medications. The need for a gradual drug reduction in 
these patients raises suspicion of CA (Table 5.1). In advanced disease, exertional 
syncope may occur, probably due to a low and fixed cardiac output. This is associ-
ated with a worse prognosis [7].

Sinus node dysfunction (SND) can manifest as sinus bradycardia, sinus pauses, 
or sinus arrest, presenting as dyspnea on exertion, asthenia, and syncope. Despite 
the high prevalence of conduction disease in CA and the predisposition for amyloid 
deposition in the atria, SND in CA appears to be less common. On the other hand, 
AV conduction disease is common in CA and is the main cause of indication for a 
cardiac pacemaker [9].

Amyloid fibrils are known to deposit in the left atrium, which may in part explain 
the intrinsic LA atriopathy. Abnormalities in left atrial size and function can also be 
explained by the decrease in LV compliance, leading to an increase in atrial pressure 
and restrictive cardiomyopathy patterns, creating an environment prone to the 
development of atrial arrhythmias.

Atrial fibrillation is the most common rhythm disturbance in CA, followed by 
premature atrial contractions and atrial tachycardia [10]. Palpitations can be the first 
manifestation and warrant further clinical investigation. Patients are at higher risk of 
thrombus formation, even in sinus rhythm; thus, early anticoagulation strategies 
aiming to reduce cardioembolic stroke, which is common in this population, are 
key. Importantly, concerns have been raised about the applicability of the 
CHADSVASC score in CA patients. Furthermore, such potential benefits of antico-
agulation must be balanced against the potential risk of bleeding, which is also 
common in CA patients due to vascular fragility related to concomitant amyloid 
angiopathy [11].

Table 5.1  Cardiologic clues to amyloidosis

Cardiologic clues to amyloidosis

HFpEF, particularly in men >65 years of age
Intolerance to ACEi/ARB/ARNi and/or beta-blockers
Unexplained LV block with prior pacemaker implantation
Family history of cardiomyopathy
Infiltrative phenotype on echocardiogram (IVS ≥12 mm), biventricular hypertrophy, myocardial 
hyperefringence, valve thickening, thickening of the interatrial septum, biatrial enlargement
Concentric thickening of the LV walls with reduced or normal QRS amplitude in proportion to 
the increase in LV wall thickness
Low voltage complexes in ECG, pseudoinfarct pattern
Low flow/low gradient aortic stenosis in patients >60 years of age
Clinical presentation of late-onset hypertrophic cardiomyopathy in patients >60 years of age
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Extracardiac symptoms provide important clinical clues in CA, as it is a hetero-
geneous disease that presents a different clinical spectrum depending on its subtype. 
In hereditary transthyretin (vATTR) amyloidosis, the Val142Ile variant causes car-
diomyopathy in virtually all patients, with approximately 30% also experiencing 
both cardiac symptoms as well as mild peripheral neuropathy. Among those with 
the Val50Met variant, 43% have cardiomyopathy, and 95% have peripheral neu-
ropathy [12].

Amyloid neuropathy is classically a symmetric, distal, ascending, and senso-
rimotor polyneuropathy. Neuropathy typically begins in the lower limbs, progresses 
to the upper limbs, and affects all functional classes of nerve fibers. The symptoms 
are characterized by numbness, paresthesia, and dysesthesia. There is a high inci-
dence of carpal tunnel syndrome and autonomic neuropathy manifesting as ortho-
static hypotension, hyperhidrosis, urinary incontinence, erectile dysfunction, 
alternating diarrhea and constipation, and orthostatic syncope [13].

Intestinal amyloidosis usually manifests as unexplained diarrhea, weight loss, 
malabsorption, or protein loss. Diarrhea is often prolonged and postprandial and 
may be accompanied by fecal incontinence or malnutrition. Amyloid deposition 
probably contributes to weight loss through increased metabolism due to increased 
inflammatory reactions and oxidative stress. Intestinal dysmotility manifests as con-
stipation, abdominal pain, and progressive abdominal pain [14].

Hepatomegaly is a common exam finding and usually reflects hepatic conges-
tion. An enlarged liver may also be due to direct amyloid infiltration in patients with 
AL amyloidosis. To differentiate the etiology of hepatomegaly, abdominal palpation 
including liver palpations is an important step. When hepatic infiltration occurs, the 
liver is hard, not pulsatile, massive, and irregular, which is quite distinct from the 
congested liver of HF [15].

AL amyloidosis patients, compared to ATTR patients with similar degrees of 
cardiac involvement, usually manifest more severe HF signs and symptoms. This 
presents a well-described paradox in that patients with ATTR are observed to have 
greater impairment in cardiac structure and function despite experiencing a more 
favorable prognosis compared to AL. One potential explanation is that direct light 
chain toxicity may accelerate cardiac disease progression in AL [7, 16]. Half of AL 
amyloidosis patients have renal involvement, 16% have liver disease, and 10% have 
neuropathy [17]. The signs in AL amyloidosis can be highly specific and include 
enlargement of the tongue and periorbital purpura. These do not occur in ATTR, but 
are only present in 15% of patients with AL and are not sensitive 19.

Nephrotic syndrome is a common manifestation of AL amyloidosis. Massive 
proteinuria with profound edema and hypoalbuminemia can occur with normal 
serum creatinine and blood–urea–nitrogen concentrations; however, evidence of 
mild renal dysfunction is frequently found [15].
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Chapter 6
Syncope, Arrhythmia, and Cardiac  
Devices in Amyloidosis

Nágela Simão Vinhosa Nunes, Erivelton Alessandro do Nascimento, 
Katia Luz, and Wolney de Andrade Martins

6.1 � Introduction

CA has been increasingly seen as a curable or halted disease due to the new thera-
peutic options that have emerged recently, which have changed the natural history 
of this catastrophic disease that englobes the heart. Current data demonstrate an 
incidence of CA of 18/100,000 people/year [1]. Advances in imaging methods have 
provided earlier noninvasive diagnosis, making the early initiation of treatment 
possible.

Traditionally, CA is a silent disease that progresses slowly as a consequence of 
amyloid fibril deposits that change the architecture of the heart, leading to diastolic 
impairment of the ventricles and atria followed by systolic function compromise 
and clinical signs of worsening HF and proper functioning of other organs related to 
the heart, such as the kidney and liver [2]. More than 30 types of amyloid proteins 
have been described, five of which can be deposited in cardiac tissue. They are (a) 
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immunoglobulin light chain proteins; (b) immunoglobulin heavy chain proteins; (c) 
transthyretin; (d) apolipoprotein 1, and (e) amyloid A [2]. Nonetheless, 95% of 
amyloid cardiac involvement is due to transthyretin (ATTR) in its hereditary 
(hATTR) or acquired form (wtATTR) and immunoglobulin light chain (AL) [3].

Heart failure with preserved ejection fraction (HFpEF) is the most frequent initial 
phenotype of CA, and whenever the diagnosis of HFpEF is made in the presence of 
red flags, CA should be considered [2, 4, 5]. They are as follows: presence of hyper-
trophy in echocardiogram without justifiable cause for that, electrocardiogram with 
low voltage QRS at frontal leads and absence of R growing at septal precordial leads 
(especially in the presence of hypertrophy), presence of peripheral sensitive and 
motor neuropathy, tunnel carpal syndrome, complaints related to lumbar spinal cord 
stenosis, tendinopathies leading to rupture and family history that englobe epide-
miological and clinical findings compatible with the presence of a hereditary disease.

Syncope and arrythmias are common features in CA [6]. The kind of arrhythmia 
is influenced by the type of amyloid deposition, and the facilitating mechanism is 
multifactorial [7].

It is important to keep in mind that in transthyretin amyloidosis (ATTR), both the 
wild type (wtATTR) or hereditary one (hATTR), and in light chain amyloidosis 
(AL), syncope and rhythm disturbances may present as initial signs or symptoms 
and can also appear during the course of the disease. Therefore, these common fea-
tures of this disease should be equally recognized as red flags, along with others, for 
the diagnosis of CA.

6.2 � Syncope

6.2.1 � Definition

Syncope is defined as transient loss of consciousness due to cerebral hypoperfusion, 
characterized by a rapid onset, short duration, and spontaneous complete recovery. 
It is accompanied by loss of postural tone leading to falls and sometimes traumas, 
accompanied by amnesia about the event [8]. The symptoms immediately before 
syncope occurs are called prodromes and represent the beginning of the process of 
fainting when arterial pressure and consequently cerebral perfusion begin to drop. 
The duration of the prodrome is correlated with the nature of the event, as the shorter 
the prodrome is, the greater the chance of a sudden drop in arterial pressure, such as 
paroxysmal arrythmias, severe dysautonomia, abrupt loss of blood, traumatic car-
diac tamponade, and massive pulmonary embolism.

6.2.2 � Pathophysiology

The physiopathological mechanism of syncope is explained by global cerebral 
hypoperfusion, so for the occurrence of syncope, the arterial pressure should 
drop abruptly or progressively for some reason. There are three main 
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mechanisms that can result in syncope. They are (a) reflex, (b) orthostatic hypo-
tension (OH), and (c) cardiac syncope. All these mechanisms are related to the 
impairment of two hemodynamic parameters: vascular peripheral resistance and/
or cardiac output [9].

Reflex syncope, also known as vasovagal syncope, is the most common cause 
of syncope in all ages. The mechanism is related to vagal hyperstimulation lead-
ing to a sudden drop in heart rate and/or arterial pressure preceded by a trigger. 
The most common one is orthostatic stress, which evolves a lowering in venous 
return to the heart, which frequently occurs in hot places, when people persist a 
lot of time upstanding, that can be potentiated by hypovolemia or hypotensive 
drugs. In this specific situation, the lower blood volume that arrives in the heart 
provokes stimulation of mechanoreceptors of the ventricular wall through vigor-
ous contraction of an “empty” heart that can trigger vagal response. There are 
other triggers, such as emotional (fear, pain, and phobia) and situational (micturi-
tion, gastrointestinal stimulation, such as swallow and defecation, cough, 
sneeze, after exertion, and less common ones, such as laughing and brass instru-
ment playing). Prodromes are compatible with autonomic activation (pallor, 
sweating, and/or nausea), and this mechanism can also be present in patients 
affected by amyloidosis [8].

Syncope provoked by OH is common in Amyloidosis and seems to be multi-
factorial. The definition of OH is a drop of more than 20  mmHg in systolic 
arterial pressure (SAP) or more than 10  mmHg in diastolic arterial pressure 
(DAP) when patients adopt an orthostatic position compared with supine arte-
rial pressure measures. When there is supine hypertension (>150/90 mmHg), 
the drop should be more than 30 mmHg in SAP and 15 mmHg in DAP. If the 
patient cannot adopt an orthostatic position, the diagnosis of OH is made if 
there is a drop of more than 15 mmHg in SAP or 7 mmHg in DAP in the sitting 
position [10].

Classically, OH can be caused by exacerbated venous pooling and can be pro-
voked by prolonged bed rest and deconditioning, after exertion and carbohydrate-
rich meals. Other important causes are polypharmacy, volume depletion, primary 
autonomic failure (that occurs in pure autonomic failure, multiple system atrophy, 
Parkinson’s disease, and dementia with Lewy bodies) and secondary autonomic 
failure (resulting in diseases, such as diabetes, amyloidosis, spinal cord injuries, 
autoimmune autonomic neuropathy, paraneoplastic autonomic neuropathy, and kid-
ney failure). The classical prodromes are dizziness, light-headedness, fatigue, weak-
ness, visual and hearing disturbances, low back pain, neck and shoulder pain 
(“coat-hanger pain”), or precordial pain. According to the time of occurrence, HO 
is subdivided into a) initial OH, when it occurs within 15 s of orthostatism with a 
drop of 40 mmHg in SAP or 20 mmHg in DAP. It seems to be secondary to a tran-
sient mismatch between cardiac output and total peripheral resistance; b) classical 
OH, when it occurs between 15 s and 3 min of orthostatism due to impaired increase 
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in total peripheral resistance and HR in autonomic failure, resulting in pooling of 
blood, but can also be secondary to severe volume depletion; and c) delayed OH, 
when it occurs after 3 min of orthostatism, where the progressive fall in venous 
return and low cardiac output seems to be best explanation for it, and almost always 
it is caused by autonomic neuropathies, being classified as neurogenic OH (nOH) 
[9–12]. The changes in heart rate upon standing help to determine whether OH is 
neurogenic in origin. In patients with nOH, reduced sympathetic innervation causes 
the heart rate to increase much less than expected considering the magnitude of the 
BP decrease. Therefore, a blunted heart rate increase during hypotension suggests a 
neurogenic cause. A ratio between the increase in heart rate and fall in systolic BP 
upon standing or head-up tilt (ΔHR/ΔSBP ratio) <0.5 bpm/mmHg is higly sugges-
tive of nOH. Conversely, a ΔHR/ΔSBP ratio ≥0.5 rule out a nonneurogenic cause 
[13]. Sometimes, it is necessary to perform a tilt table test to diagnose nOH, since 
the fall in blood pressure can occur several minutes after orthostatism, mainly in 
early disease. Other noninvasive autonomic tests, such as the heart rate variability, 
Valsalva test, respiratory test, and quotient 30:15 with orthostasis, may be equally 
useful in the evaluation of patients with dysautonomia [14].

Cardiac syncope encompasses all syncope events that can be caused by heart 
malfunctioning, either by pump deficit or by rhythm disorders resulting from con-
duction system disease or arrhythmogenic substrates present in heart muscle. 
Frequently, the prodromes are short or nonexistent and may be preceded by palpita-
tions (when syncope is caused by tachyarrhythmias). Patients with cardiac syncope 
have been reported to have an increased risk for death from any cause, nonfatal 
myocardial infarction or death from coronary heart disease, and fatal or nonfatal 
stroke compared with controls. Several prognostic markers have been identified, 
and some risk calculators were developed to stratify this sudden death risk in 
patients with syncope, such as the OESIL Score, San Francisco Score, EGYS Score 
and Rose Score, among others [15–18].

The basic tools for thinking about cardiac syncope are based on two initial 
exams: electrocardiogram (ECG) and echocardiogram (ECHO). They are easy to 
perform in all medical centers and are essential in the stratification of sudden death 
risk in a patient with syncope. Therefore, the initial red flags for cardiac syncope are 
abnormal ECG and/or ECHO.

In amyloidosis, as in other scenarios, all these mechanisms are possible and not 
infrequently more than one of that contribute to the manifestation of syncope, but 
cardiac syncope should always be considered.

6.2.3 � Syncope in Amyloidosis

CA initially presents as HFpEF with reduced left ventricular end diastolic volume 
and impaired diastolic functioning, resulting in diminished stroke volume and car-
diac output. Dilatation of both atria develops as a consequence of raised left ven-
tricular filling pressures due to interstitial amyloid deposition, which causes 
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restrictive cardiomyopathy. Because of this, arrythmias are common in CA, and the 
most common one is atrial fibrillation (AF), although complex ventricular arrhyth-
mias are also seen. First degree, second degree, or advanced heart block has also 
been described, as well as sudden cardiac death. All these rhythm disturbances can 
cause syncope, as they can contribute to an additional decrease in cardiac output [2].

In AL, infiltration of cardiac structures, which is a consequence of plasma cell 
dyscrasia, can damage the tissues in two ways: first, AL deposits in the extracellular 
space of the myocardium and coronary blood vessels, which results in cardiomyo-
cyte necrosis and interstitial fibrosis (as is the case in other varieties of amyloido-
sis). Second, it is thought that oxidative stress due to circulating light chain toxicity 
is directly myotoxic, which is unique to AL. In addition to diastolic dysfunction, AL 
can also manifest as a rhythm disturbance due to amyloid deposits in the conduction 
system [with sinoatrial fibrosis or atrioventricular (AV) fibrosis] [19].

ATTR is a condition in which transthyretin, a physiological protein primarily 
synthesized by the liver, misfolds into insoluble B-pleated sheets and deposits as 
amyloid in the extracellular space of the myocardium. Transthyretin (TTR) is 
always present in serum, and its physiological role is the transportation of retinol 
and thyroxine. The inherent propensity of TTR to fold and aggregate to form insol-
uble amyloid fibers can be increased by a single point mutation, as is the case in 
hereditary hATTR. The wtATTR is similar to hATTR, except that it is nonhereditary 
(sporadic) and the precursor protein is structurally normal TTR.  It is known as 
“senile systemic amyloidosis” and almost exclusively affects men over the age of 
60 years [20].

The hATTR’s phenotype varies according to the causative genetic mutation. For 
example, those with the Val30Met transthyretin mutation commonly have conduc-
tion issues requiring pacemaker placement, while other variants, such as Val122Ile 
and Thr60Ala, commonly affect the cardiovascular system, but less frequently pri-
marily affect the conduction system. Importantly, those with wtATTR are more 
likely to have rhythm disturbances (typically AF) than those with hATTR. A useful 
flag for suspecting ATTR is hypertension that resolves over time and an intolerance 
of angiotensin receptor blockers, angiotensin converting enzyme inhibitors or beta-
blockers, which not infrequently leads to presyncope, syncope, and worsening 
fatigue on exertion [20–22].

The phenotype of hATTR tends to be either cardiac-predominant or neuropathy-
predominant. This is determined by the site of an amino acid substitution on the 
TTR gene. The typical pattern of hATTR amyloid neuropathy is an ascending sym-
metrical length-dependent sensorimotor axonal polyneuropathy. Interestingly, those 
with the Val122Ile mutation have more severe neurological symptoms and walking 
disability than those with wtATTR. As in AL, hATTR is also associated with auto-
nomic neuropathy, which primarily presents with gastrointestinal symptoms. 
Furthermore, carpal tunnel syndrome, tendon rupture, and lumbar spinal stenosis 
are all associated with hATTR and are red flags for the diagnosis. Occasionally, 
patients have ophthalmological involvement in the form of vitreous deposition. 
Unlike in AL amyloidosis, macroglossia does not commonly occur in hATTR, and 
renal involvement is less common. In wtATTR, the heart is usually the only 
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Fig. 6.1  The multifactorial cause of syncope in CA. LV left ventricle

clinically affected organ, but signs of HF may be preceded by lumbar spinal stenosis 
or bilateral carpal tunnel syndrome by 10–15 years [23].

Literature data show that syncope is an uncommon finding in ATTR (8%) and 
more frequent AL (20%) [24], and when it occurs during exertion, it represents the 
inability to increase cardiac output, which leads to high mortality. In addition, sen-
sitivity to intravascular fluid depletion combined with autonomic neuropathy, 
depressed myocardial reserve, atrial dysfunction and rigidity, and the presence of 
arrhythmias contribute to the occurrence of syncope (Fig. 6.1). All these possibili-
ties make syncope a multifactorial presentation in CA [25].

nOH (Fig. 6.2) is a prominent and disabling manifestation of autonomic dys-
function in patients with hTTR affecting an estimated 40–60% of patients and 
reducing their quality of life. As mentioned above, OH in patients with hTTR can be 
a consequence of HF due to amyloid cardiomyopathy or volume depletion due to 
diarrhea or drug effects, but when none of these circumstances are apparent, OH is 
usually neurogenic, i.e., caused by impaired norepinephrine release from 
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Fig. 6.2  Example of delayed orthostatic hypotension (nOH) in tilt-table-test. HR heart rate; SAP 
systolic arterial pressure; DAP diastolic arterial pressure. Authors’ personal archive

sympathetic postganglionic neurons because of neuronal amyloid fibril deposition. 
It is frequent, early, and severe in patients with the early onset Val30Met mutation 
disease, but appears to be less severe in Val30Met cases with late-onset disease [26, 
27]. OH is also prevalent and severe in patients with some non-Val30Met mutations. 
For instance, up to 100% of patients with the Ala97Ser mutation have OH, with 
71% having frequent syncope, particularly in late stages of the disease. Conversely, 
OH appears to be infrequent in patients with TTR mutations with high prevalence in 
Scandinavian countries (e.g., Ala45Ser, Tyr69His, and Leu111Met) and in patients 
with the Val122Ile mutation, the most common TTR mutation in African Americans 
[28–30]. In a recent study involving >3000 subjects enrolled in the multinational, 
longitudinal, observational Transthyretin Amyloidosis Outcomes Survey, 58.7% 
had symptomatic OH. Moreover, the severity of the decrease in BP when standing 
appeared to worsen at annual follow-ups, reflecting the progressive nature of auto-
nomic failure. More pronounced orthostatic BP reductions were associated with 
increasing age, worse polyneuropathy disability stage, and diarrhea.

Autopsy studies in patients with hTTR and severe OH showed amyloid-related 
degeneration of the peripheral autonomic nervous system, namely, anterior and pos-
terior roots of the spinal cord, sympathetic ganglia, postganglionic sympathetic 
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nerves, and the vagus nerve. Neuronal density in the intermediolateral column of 
the spinal cord was reduced, and there was degeneration of sympathetic postgangli-
onic cholinergic fibers. The plasma levels of norepinephrine, the main sympathetic 
neurotransmitter, are severely reduced and fail to increase when standing in patients 
with hTTR. Moreover, administration of norepinephrine elicits noteworthy increases 
in heart rate and blood pressure, indicating sympathetic denervation supersenstivity. 
The mechanisms of nOH in hTTR are similar to those of peripheral neurodegenera-
tive synucleinopathies, i.e., Parkinson disease, dementia with Lewy bodies, and 
pure autonomic failure, in which dysfunction of the sympathetic nerves is mediated 
by accumulation of another misfolded protein, α-synuclein, highlighting the high 
affinity that both misfolded transthyretin and α-synuclein have for the autonomic 
nervous system. Furthermore, studies with 123I-metaiodobenzyiguanidine cardiac 
neuroimaging showed reduced cardiac sympathetic innervation, which can be pres-
ent before any abnormal echocardiographic sign. Moreover, cardiac sympathetic 
denervation predicts worse prognosis [13].

6.2.4 � Treatment

Treatment of syncope in CA, as in all other scenarios, involves, at first, the recogni-
tion of red flags of the disease, the diagnosis of certainly that the event was indeed 
syncope, the stratification of risk of death, ruling out rhythm disturbances and pay-
ing attention to the prescription so as not to add harm.

Drugs that reduce intravascular volume (diuretics), induce vasodilatation (silde-
nafil, nitrates) or block norepinephrine release/activity at the neurovascular junction 
(α-blockers, centrally acting α2-agonists, tricyclic antidepressants) worsen nOH 
and symptoms. Anemia can worsen nOH and should be investigated and treated. 
Correction of anemia with erythropoietin (25–50  units/kg, subcutaneous, three 
times a week) and iron supplements may be beneficial in patients with nOH, and it 
is crucial to make sure that there is no blood loss as a cause of hypovolemia [13]. 
Furthermore, anemia is a major high-risk feature in patients with syncope at initial 
evaluation in the emergency department when there is a suggestion of gastrointesti-
nal bleeding [8].

Many drugs that are commonly prescribed to treat HF have been proven to be 
unhelpful in amyloidosis-induced HF. Angiotensin-converting-enzyme inhibitors 
(ACE inhibitors), angiotensin II receptor blockers (ARBs), and beta blockers all 
decrease mortality in most patients with HF; however, in patients with amyloidosis-
induced HF, these drugs are detrimental. ACE inhibitors and ARBs promote hypo-
tension due to autonomic dysfunction and can only be tolerated in low doses in 
patients with a predominant cardiac phenotype. Similarly, beta blockers have been 
shown to provoke bradyarrhythmias in these patients. Calcium channel blockers 
(CCBs) are ineffective due to strong binding of the drug to amyloid fibrils, leading 
to worsening HF, hypotension, and syncope. Strong binding to amyloid fibrils can 
also occur with the use of digoxin, leading to digitalis toxicity, which includes 
yellow-tinted vision, cholinergic agonism, and arrhythmias [2].
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When OH is the cause of syncope, it is important that patients should be aware 
of the diuretic effects of alcohol and avoid sugary beverages (e.g., bottled juices and 
sodas) because of the hypotensive effects of high-glycemic index carbohydrates. 
Fluid intake should be 2–2.5 L/day. Patients should be encouraged to increase salt 
intake by adding 1–2 teaspoons of salt to a healthy diet. In patients with nOH, drink-
ing 0.5 L of water produces a marked increase in BP, and this can be used as a rescue 
measure, since the pressor effect is quick (peaks in approximately 30 min), although 
short-lived [13]. Cardiomyopathy and HF are present in many patients, complicat-
ing the management of nOH, as treatment of HF typically involves reducing the 
cardiac preload with diuretics causing intravascular volume depletion, which wors-
ens nOH.  Similarly, diarrhea, a manifestation of gastrointestinal involvement in 
hTTR, causes volume depletion, which aggravates nOH. The challenge is to avoid 
both hypovolemia and hypervolemia in patients with mixed phenotypes of cardio-
myopathy and neuropathy [11].

Daytime hypertensive episodes are of somewhat lesser importance, whereas 
sleep-time hypertension should be treated if BP is consistently higher than 
160/90 mmHg in uncomplicated cases (i.e., symptomatic OH without concomitant 
target-organ damage) and preferably lower than 140/90 mmHg in patients with a 
history of cerebrocardiovascular disease, diabetes, or renal failure. A reverse dip-
ping pattern in combination with OH is particularly detrimental and indicates a 
more than doubled risk of incident cardiovascular disease. Consequently, both the 
absolute reduction of nighttime BP and restoration of normal sleep-time dipping are 
crucial (preferentially with drugs of short action, such as losartan, captopril, and 
hydralazine) and can be easily monitored using repeated 24-h ambulatory BP moni-
toring and patient diaries [8]. However, in the most severe cases, discontinuation of 
antihypertensive treatment may be the only solution if the patient remains symp-
tomatic despite treatment modification. Other educational methods are avoidance of 
immobilization, prolonged diurnal recumbence and physical deconditioning, grad-
ual rising from supine and sitting positions, especially in the morning, after meals, 
and after urination/defecation, small and frequent meals, physical countermaneu-
vers (e.g., leg crossing, muscle tensing, and squatting) during standing and prodro-
mal symptoms and head elevation 10°–30° during sleep [11].

Pharmacological treatment begins with drugs that avoid amyloid deposition act-
ing as TTR stabilizers (diflunizal and tafamidis) and RNA interference agents (pati-
siran and inotersen) in ATTR (both hereditary and wild type) [31–33]. The AL type 
is preferentially treated with stem cell transplants, chemotherapy, and proteasome 
inhibitors. The goal of treatment for AL is to reduce the production of light chains, 
remove light chain amyloid deposits, and inhibit amyloid fibril formation. The cur-
rent standard of care for AL patients is chemotherapy using cyclophosphamide, 
bortezomib, and dexamethasone (CyBorD). In a phase 3 ANDROMEDA study 
[34], daratumumab (DARA-SC), a drug used in the treatment of multiple myeloma, 
was studied in conjunction with CyBorD. This demonstrated robust hematologic 
and organ responses. In patients with cardiac involvement of amyloidosis, the 
median time to response was 114 days.

Even after nonpharmacologic methods have been properly implemented, many 
patients still require pharmacologic treatment to improve symptomatic nOH. Two 
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complementary strategies are commonly used: (1) expanding intravascular volume 
with fludrocortisone and (2) increasing peripheral vascular resistance with mido-
drine or droxidopa. Selection of one or the other or both depends on the specific 
features and needs of each patient as well as the degree of peripheral sympathetic 
denervation and degree of heart disease [13].

As in OH, treatment of reflex syncope evolves to avoid triggers, treat hypovole-
mia, stop polypharmacy, augment salt and water ingestion, and, sometimes, phar-
macologic treatment with the same drugs mentioned above, i.e., midodrine and 
droxidopa (in the low blood pressure phenotype) if the nonpharmacological 
approach fails. Regarding the type of vagal response, if it has dominant cardioinhi-
bition, cardiac pacing should be recommended predominantly in older patients, the 
specific population who is committed by CA. In the same group, if the prodomes are 
short or nonexistent, and the syncope causes remain unexplained,  loop recorder 
implantation is recommended, as arrhythmias are the most likely occurrence [8].

Cardiac syncope in CA caused by rhythm disturbance will need a specific 
approach for each specific finding, as will be addressed next.

6.3 � Arrhythmias

6.3.1 � Pathophysiological Mechanisms of Cardiac 
Arrhythmias in CA

The mechanism involved in the genesis of cardiac arrhythmias in amyloidosis is not 
unique but multifactorial. The pathophysiology of CA with deposition of fibrillar 
proteins in the myocardial extracellular environment leads to increased filling pres-
sures of cardiac cavities, which will culminate in electromechanical remodeling as 
a final pathway [7]. Amyloid deposits in the perivascular site, especially in the AL 
form, lead to microvascular dysfunction, and these inflammatory microregional 
changes can act as an arrhythmogenic substrate or even determine direct aggression 
with an increase in intracellular reactive oxygen species [35, 36]. The characteristic 
of infiltrative cardiomyopathy, associated with secondary inflammatory damage, or 
even the occupation of the extracellular space by polarized proteins, can directly 
damage the conduction system, leading to the emergence of conduction disorders, 
such as intraventricular conduction delay, AV node conduction disorders, or even 
sinus dysfunction [7].

6.3.2 � Heart Conduction System Diseases

Cardiac involvement in amyloidosis can lead to conduction disturbances, with elec-
trocardiographic manifestations (Fig. 6.3). These manifestations range from changes 
in QRS duration, intraventricular bundle branch blocks, fascicular blocks, or even 
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Sinusal dysfunction
Interatrial blocks
Intra atrial conduction disorders

Atrial fibrillation
Atrial tachycardia
Intracavitary thrombus
Cardioembolic events

Atrioventricular block
Branch blocking
His-Purkinge dysfunction

Ventricular premature beats
Non-sustained ventricular tachycardia
Ventricular tachycardia
Ventricular fibrillation

Fig. 6.3  Different disturbances of cardiac rhythm and conduction caused by amyloid deposits

AV blocks. At the atrial level, we can find sinus node dysfunction. However, the 
main form of conduction system involvement is His-Purkinje system dysfunction, 
manifested by the prolongation of the HV interval in the invasive electrophysiologi-
cal study, an interval that extends from the beginning of the bundle of His potential 
to the beginning of intracavitary ventricular activation [37]. Spontaneous episodes 
of sinus dysfunction or even during an anesthetic act mediated by autonomic 
changes have been described [38]. These findings demonstrate the predilection for 
amyloid infiltration in the basal portion of the septum, leading to impairment of the 
His-Purkinje system [39].

The incidence of AV block is higher in the ATTR subtype, probably owing to the 
longer survival of these patients, which culminates in the progression of nodal dys-
function [7].

Small cohorts of patients with the AL type with advanced heart disease and rou-
tine looper recorder implantation showed that all deaths were preceded by bradycar-
dia (mostly by total AV block) [6, 40].

Eoin et al. found a high prevalence of high-grade AV block requiring definitive 
pacemaker implantation in a cohort of 369 patients with ATTR.  Approximately 
9.5% had a diagnosis of ATTR at the time of definitive pacemaker indication, and at 
28-month follow-up, 10% of patients with hATTR and 12% of patients with 
wtATTR had high-grade AV block with indication of pacemaker. The most evident 
conduction abnormalities on baseline ECG were increased QRS duration (present in 
51% of wtATTR patients and 48% of hATTR patients), followed by first-degree AV 
block (present in 39% of wtATTR patients and 43% of patients with hATTR), but 
only increased QRS duration was associated with the development of subsequent 
high-grade AV block in this study [41].

Another remarkable finding in CA is the possibility of an HV interval prolonga-
tion with normal QRS duration (<120 ms) (Fig. 6.4), which is probably due to dif-
fuse infiltration involving both left and right branches, leading to a balanced delay 
in intraventricular conduction, with a disproportionately narrow QRS [37].
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Fig. 6.4  His bundle potential during ablation procedure in patients with amyloidosis, normal QRS 
duration and His dysfunction - HV: 88 ms, AH: 83 ms. Authors’ personal archive

6.3.3 � Atrial Arrhytmias

The infiltrative deposit leading to restrictive cardiomyopathy also leads to increased 
intracavitary filling pressures and evolutionarily to the emergence of atrial and 
mechanical remodeling, both atrial and ventricular. In this context, the manifesta-
tion of atrial arrhythmias is not infrequent. AF represents the most frequent arrhyth-
mia in CA [42].

Patients with the wtATTR form have a higher incidence of atrial arrhythmias, 
mainly atrial fibrillation, probably owing to the age at presentation, which already 
carries a higher incidence of AF [7]. Previous data show an incidence of approxi-
mately 62% AF in the ATTR form [43].

The emergence of both atrial tachycardia and  AF leads to significant clinical 
intolerability, both due to the irregularity of the rhythm and the absence of effective 
atrial contractility, compromising ventricular filling. Patients with CA at the time of 
diagnosis usually present significant atrial remodeling, which, associated with the 
presence of AF, should be fully anticoagulated independent of the CHA2DS2-Vasc 
score. Despite the advances in radiofrequency ablation techniques, the rate of recur-
rence of AF after ablation is high, reaching 83%, while in patients with AF without 
CA, it reaches 23% [7].

Isolated atrial amyloidosis is frequently seen in elderly patients, and it is more 
prevalent in women and can be found in more than one-third of patients with persis-
tent AF undergoing valve surgery, not being considered an atrial arrhythmia in the 
generalized form of CA [7].
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Regarding the use of antiarrhythmic drugs, amiodarone represents a good option 
for rhythm control, and the use of beta-blockers, CCBs and digitalis should be done 
with caution, carefully evaluating the QT interval [7, 44].

6.3.4 � Ventricular Arrhythmias

Advanced stages of heart failure are the main cause of death in patients with CA, 
and the emergence of ventricular arrhythmias is part of this scenario. AL has a 
higher incidence of ventricular arrhythmias than the ATTR type [7].

Electrophysiological data from patients with CA show an intraventricular con-
duction delay, a smaller and fractional epicardial potential, as well as a longer 
repolarization and more dispersed [45]. This favors the emergence of ventricular 
arrhythmias. Ventricular arrhythmias in CA are common. The presence of ven-
tricular ectopic beats, nonsustained and sustained ventricular tachycardia, has been 
related to sudden cardiac death events [46]. A study that evaluated arrythmias with 
holter monitoring showed 72% of ventricular ectopic beats and 18% of nonsustained 
ventricular tachycardia in patients with AL-type amyloidosis [47]. Monomorphic 
ventricular tachycardia can be induced during an electrophysiological study or even 
documented in an implanted cardioverter–defibrillator, but it is infrequent in CA 
when compared with other cardiomyopathies [48].

In a previous study, Varr et al. (2014) suggested that the presence of nonsustained 
ventricular tachycardia in patients with CA should be considered a risk factor in 
decision making for cardioverter–defibrillator implantation [49].

Ventricular fibrillation can be caused by premature ventricular beats originating 
in the His-Purkinje system, especially in patients with ischemic cardiomyopathy; 
however, the cause of ventricular fibrillation in patients with CA is not well-
understood [39].

6.3.5 � Sudden Cardiac Death and Cardioverter 
Defibrillator in CA

Several studies have shown that half of patients with CA die suddenly; however, the 
implantation of a cardioverter defibrillator, both in primary and secondary preven-
tion, is not a consensus [46]. The main factors that corroborate this scenario are the 
poor prognosis of these diseases, as they usually have low survival after diagnosis, 
and the need for high defibrillation thresholds in patients with CA. In addition, pre-
viously published data show that the main cause of sudden death in this population 
is related to electromechanical dissociation, culminating in pulseless electrical 
activity, and not due to malignant ventricular arrhythmias [50].
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Implantation of a cardioverter defibrillator in CA is even more controversial, 
considering the stage of HF, as it is necessary 1-year survival to be eligible, and the 
presence of noncardiac factors that may influence short-term mortality.

Most studies evaluating cardioverter–defibrillator implantation have a small 
number of participants; in a series that evaluated 19 patients who had implanted an 
ICD, 11% received appropriate device therapy [51]. Another study found 28% of 
appropriate device therapy in 1 year [52].

6.3.6 � Definitive Pacemaker in CA

Conduction disorders are markedly present in CA.  Markedly, the infiltration of 
fibrillar proteins in the basal septal region influences the dysfunction of the His-
Purkinje system, which may lead to the need for permanent pacemaker implantation.

Permanent pacemaker implantation is commonly required in patients with CA 
and severe conduction system disorders, especially in wtATTR patients [53].

Right ventricular (RV) cardiac pacing is a globally established technique capable 
of correcting bradyarrhythmia; however, RV pacing can lead to electrical dyssyn-
chrony and, consequently, to mechanical dyssynchrony, with the possibility of 
worsening HF symptoms [54].

Regarding the best mode of cardiac pacing, the literature is still scarce about the 
indication of cardiac resynchronization therapy (CRT) preferential to single RV 
pacing in these patients, since the population of HF patients, where CRT is more 
effective, are those with left bundle branch block (LBBB) morphology, aiming to 
reduce symptoms and left ventricular size and increase left ventricular ejection frac-
tion (LVEF). In contrast, patients with CA have a small LV cavity, ECG with vari-
ous manifestations of non-LBBB conduction disturbances, and often develop AF, 
which makes these patients less eligible for CRT [6]. On the other hand, some case 
reports have demonstrated clinical and echocardiographic improvement in patients 
with advanced CA and HF.  In a recent retrospective study with 78 patients with 
ATTR, CRT led to improvement in LVEF and functional class, reduction of mitral 
regurgitation, and stabilization of NT-ProBNP levels compared with those with 
exclusive RV pacing >40% [55]. Taking this into account, PM implantation in 
patients with ATTR can precipitate worsening of ventricular function with RV 
exclusive pacing >40%, since due to the high incidence of first-degree AV block and 
high-grade AV block in this population, it is not always possible to avoid a high 
percentage of RV pacing [41]. In addition, observational studies have shown that 
mechanical and electrical resynchronization seems to be more effective with His or 
left bundle branch stimulation (deep transseptal) [56], which may also be one of the 
options of choice soon. While randomized studies to answer these questions have 
not been published, the decision regarding the type of stimulation of patients with 
CA should be made after a multidisciplinary discussion, weighing the severity of 
symptoms and the risks combined with the expected benefit.
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Thus, the type of ventricular stimulation should be discussed by a Heart Team, 
where His pacing in these patients can provide a more physiological stimulation 
[54, 57].

Application of multimodality imaging to identify areas of amyloid infiltration 
can optimize left ventricular pacing.
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Chapter 7
Urological and Kidney Involvements 
in Amyloidosis

Valkercyo Araújo Feitosa, Luiz Fernando Onuchic, 
and Irene de Lourdes Noronha

7.1 � Introduction

Amyloidosis is a disease caused by extracellular deposition of amyloid material, an 
insoluble fibrillary compound formed by misfolded proteins that acquire a self-
aggregation capacity; ultimately, this process leads to tissue damage [1]. The diam-
eter of these fibrils varies from 7 to 12 nm, and such structures have high affinity for 
the Congo red dye, displaying positive birefringence when viewed under polarized 
light [2].

The formation of amyloid fibrils involves a combination of factors, including 
sustained increase in protein concentration, a triggering factor for protein misfold-
ing, such as a genetic variant, and/or proteolytic remodeling of a protein into an 
amyloidogenic fragment [3]. Notably, amyloid deposits are formed by the interac-
tion of these fibrils with the amyloid P component, apolipoprotein E, and glycos-
aminoglycans, which are essential to assemble and maintain amyloid deposits in 
tissues. More than 30 amyloidogenic proteins have been identified in humans to 
date. Their corresponding clinical manifestations depend on the affected organ as 
well as on genetic and environmental factors. Approximately 12 of them can be 
deposited as amyloid in the kidney [3].

V. A. Feitosa (*) · I. de L. Noronha 
Division of Nephrology, University of São Paulo School of Medicine, São Paulo, Brazil
e-mail: irenenor@usp.br 

L. F. Onuchic 
Division of Nephrology, University of São Paulo School of Medicine, São Paulo, Brazil 

Division of Molecular Medicine, University of São Paulo School of Medicine,  
São Paulo, Brazil
e-mail: lonuchic@usp.br

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
D. Xavier de Ávila, H. Villacorta Junior (eds.), Amyloidosis and Fabry Disease, 
https://doi.org/10.1007/978-3-031-17759-0_7

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-17759-0_7&domain=pdf
mailto:irenenor@usp.br
mailto:lonuchic@usp.br
https://doi.org/10.1007/978-3-031-17759-0_7


68

Kidney disease is a frequent manifestation of systemic amyloidosis and is often 
the major source of morbidity for individuals with these disorders. Without treat-
ment, kidney disease usually progresses to end-stage renal disease (ESKD). 
Amyloidosis is responsible for ~1% of ESKD cases [4]. Urological dysfunction is 
often observed in familial amyloidotic polyneuropathy (FAP) in the early stage of 
the disease as a consequence of autonomic dysfunction. Primary localized amyloi-
dosis of the genitourinary tract, in turn, is a rare entity characterized by limited 
deposition in renal pelvis, ureters, or bladder. Early therapeutic intervention in these 
patients is essential to avoid secondary injuries.

7.2 � Renal Amyloidosis

Systemic amyloidosis is characterized by amyloid deposition in virtually any organ, 
while clinical manifestations are not specific to the amyloidosis subtypes. The 
organs/systems most often affected are the heart, kidneys, peripheral nerves, and 
gastrointestinal tract. The preferential involvement of a given organ, in turn, may 
suggest the pathogenic type of fibril. Of note, the kidney is the most frequently 
involved organ in AL, AA, ALECT2, AFib, and AApoA1 amyloidoses [5].

AL amyloidosis is the most common subtype of renal amyloidosis worldwide; 
however, epidemiological differences are observed among different countries. AL 
amyloidosis is more prevalent in developed countries, while AA amyloidosis pre-
vails in developing countries due to the high prevalence of infectious diseases [6]. 
Along this line, a Mayo Clinic series comprising 474 patients with histologically 
proven renal amyloidosis revealed Ig-related amyloidosis in the vast majority of the 
cases (86%), followed by 7% of AA, 3% of ALECT2, and 1% of AFib [7]. Notably, 
however, AFib is the leading cause of hereditary renal amyloidosis in Europe and 
the United States [8, 9].

It is unclear what factors confer the propensity for amyloidogenic proteins to 
deposit in specific organs. Interestingly, mild differences in the amino acid sequence 
of such proteins can modify their tissue tropism [10]. Renal amyloidosis is associ-
ated with two main mechanisms of organ dysfunction: (a) as traditionally proposed, 
amyloid fibrils accumulate in the extracellular space, potentially causing physical 
disruption and malfunction of the surrounding tissue, and (b) direct cellular toxicity 
caused by amyloidogenic precursor proteins, folding intermediates, aggregates, or 
fibrils, a mechanism mediated through interaction with cell surface receptors or via 
entry into cells [10, 11]. Amyloid deposition begins in the mesangium, the main 
support for the glomerulus, and is accompanied by mesangial matrix destruction, 
which is replaced by fibrils. As more fibrils deposit, mesangial damage increases, 
apoptosis of mesangial cells progresses, and glomerular damage becomes cumula-
tive [12].
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Amyloidosis usually affects individuals from the fifth decade of life onward, 
with rare exceptions. Renal amyloidosis of any type is more common in male 
patients. Its most common clinical presentation is proteinuria, mainly composed of 
albumin, which can vary from a subnephrotic range to a massive (>20  g/day). 
Nephrotic syndrome is typical, while renal dysfunction may remain asymptomatic 
until it becomes significantly advanced. Isolated hematuria, on the other hand, is 
uncommon [10, 13, 14]. Hypoalbuminemia can be profound, and edema is often 
severe and refractory to diuretics. Hypotension is common, usually asymptomatic, 
and is characterized by postural hypotension that can be preceded by improvement 
of preexisting hypertension [10, 15].

AL amyloidosis is associated with the highest levels of proteinuria, lowest levels 
of serum albumin, and highest frequency of presentation with full nephrotic syn-
drome compared to other types of amyloidosis [16]. Treating edema is often chal-
lenging, particularly in AL amyloidosis, since the involvement of the heart, vessels, 
and autonomic nervous system leads to difficult-to-manage fluid retention and 
hypotension [10]. Unlike AL amyloidosis, which typically presents with nephrotic 
syndrome, several non-AL amyloidosis—including ALECT2, AApoAI and 
AApoAIV—may present with gradually worsening renal function not associated 
with significant proteinuria [16].

Renal impairment tends to progress less rapidly when tubulointerstitial rather 
than glomerular deposition predominates. Vascular involvement, in turn, may be 
accompanied by hypertension, an uncommon feature of amyloidosis [10]. Deposits 
confined to the tubulointerstitial or vascular compartments are observed in certain 
types of renal amyloidosis, leading to progressive renal dysfunction with mild or 
absent proteinuria. This clinical expression is observed in AApoAI, AApoAIV, and 
ALECT2 amyloidosis. Although rare, presentations of diabetes insipidus and 
Fanconi’s syndrome have been described as a result of amyloid deposits in the col-
lecting ducts and proximal convoluted tubules, respectively [14, 16, 17].

7.2.1 � Types of Renal Amyloidosis

7.2.1.1 � Immunoglobulin Amyloidosis

Immunoglobulin amyloidosis results from anomalous immunoglobulin fragments 
with amyloidogenic properties produced by monoclonal plasma cell disorders. 
Since the immunoglobulin structure comprises light chains and heavy chains, 
immunoglobulin-related amyloidosis is classified as light chain amyloidosis (AL), 
responsible for approximately 94% of the cases; heavy and light chain amyloidosis 
(AHL), including 5% of the patients; and heavy chain amyloidosis (AH), encom-
passing 1% of them [7, 18].
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Misfolded immunoglobulins are generated by amyloidogenic clones, whereas 
the variable organ tropism can be determined by the light chain variable region gene 
and the family of the clone-associated gene in AL amyloidosis. The germline gene 
LV6–57 is common in AL amyloidosis and is associated with renal involvement [15].

According to different case series, AL clinically affects the kidneys in 50–80% 
of patients [10, 19]. Other studies report proteinuria in approximately 75% of AL 
cases, nephrotic syndrome in almost half of the cases and renal dysfunction in ~20% 
of them at diagnosis [19]. Hypertension is uncommon in AL amyloidosis; in fact, 
there is a tendency for hypotension and the development of symptomatic orthostatic 
hypotension. The diagnosis is often established based on a renal biopsy or following 
the development of proteinuria (>0.5 g/24 h) in a patient with a previous diagnosis 
of AL [15]. A study including more than 400 renal biopsies from patients with AL 
amyloidosis identified amyloid deposits in glomeruli (97%), vessels (56%), intersti-
tium (58%), and tubular basement membrane (8%), findings that support protein-
uria as an almost universal feature of this disease [7].

The investigation of AL requires the identification of monoclonal Ig: serum and 
urine protein electrophoresis, serum and urine protein immunofixation, and dosage 
of serum-free light chain (sFLC) are sensitive techniques to identify a monoclonal 
Ig component. The main route of clearance of the light chain is through the kidneys; 
therefore, as kidney function declines, an increase in the serum levels of both iso-
types occurs. In parallel, the κ/λ serum ratio increases, since κ FLC serum concen-
tration is more affected by renal function than λ FLC concentration. In this context, 
the κ/λ ratio shifts from 0.26–1.65 to 0.37–3.1 [14, 20].

7.2.1.2 � Amyloid Protein A Amyloidosis

AA amyloidosis results from a persistently high production of serum amyloid A 
(SAA), an acute-phase reactant produced by hepatocytes in response to chronic 
inflammatory conditions. Such settings include chronic infections, such as tubercu-
losis, osteomyelitis, schistosomiasis, or bronchiectasis, and chronic inflammatory 
diseases, such as rheumatoid arthritis, Crohn’s disease, or periodic febrile syn-
dromes (e.g., familial Mediterranean fever, FFM) [21]. Idiopathic forms represent a 
significant and increasing proportion (~15%) of all diagnosed cases of AA 
amyloidosis.

The kidney is the main affected organ, leading more than 95% of patients to 
manifest proteinuria and approximately 75% of them to develop nephrotic syn-
drome [21]. Up to 10% of patients have reached ESKD at the time of diagnosis, 
while progressive renal dysfunction will occur if the underlying disease remains 
uncontrolled [21, 22]. Renal biopsy revealed moderate-to-severe glomerular 
involvement in all cases, most often including mesangial nodular amyloid deposits. 
Vascular involvement is seen in ~95% of biopsies, in addition to interstitial and 
tubular basement membrane involvement. Interstitial inflammation surrounding 
amyloid deposits is not uncommon and may be observed adjacent to vessels or 
tubules. Juxtaglomerular arterioles are frequently involved [16].
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7.2.1.3 � Leukocyte Chemotactic Factor 2 Amyloidosis

Amyloidosis caused by leukocyte chemotactic factor 2 (ALECT2) was recently 
described, representing the third cause of renal amyloidosis in the United States and 
accounting for approximately 2.5% of the cases of renal amyloidosis [23, 24]. It 
preferentially affects Hispanic, Egyptian, Indian, and Pakistani individuals and 
manifests as chronic renal dysfunction of no apparent etiology. Despite the ethnic 
preponderance, no pathogenic variants have been described to date. ALECT2 amy-
loidosis mainly affects the cortical interstitium, displaying a diffuse pattern and 
leading to interstitial inflammation, while medullary involvement is minimal or 
absent. This lesion is sometimes confused with interstitial fibrosis, suggesting that 
the disease is likely underdiagnosed. Glomerular involvement tends to be mild, so 
proteinuria is variable and rarely reaches nephrotic levels.

Hereditary Amyloidosis

Hereditary amyloidoses account for ~10% of systemic amyloidosis cases and result 
from variants in several genes, whose corresponding protein products assume amy-
loidogenic features [10, 25]. While AL is the most common subtype of amyloidosis, 
underdiagnosis of hereditary subtypes is frequent [26–28]. Among 350 cases with a 
preemptive diagnosis of AL amyloidosis evaluated in the United Kingdom, genetic 
and specific IHC analyses revealed that 34 (9.7%) had hereditary amyloidosis, and 
eight of whom (24%) had evidence of monoclonal gammopathy [26]. It is important 
to highlight that these diseases display autosomal dominant inheritance with vari-
able penetrance, and their differential diagnosis should include hereditary amyloi-
dosis even in the absence of a family history of amyloidosis [25].

7.2.1.4 � Fibrinogen A-α Chain Amyloidosis

Fibrinogen α-chain amyloidosis is the most common hereditary renal amyloidosis 
in Europe and the United States. To date, 15 amyloidogenic FGA gene variants have 
been described. Among them, the most commonly reported is Glu545Val (E545 
V) [29].

This disorder manifests after the third decade of life (mean age of 55 years) and 
presents with hypertension, proteinuria, and/or nephrotic syndrome with rapid pro-
gression to ESKD, which occurs approximately 5 years after the diagnosis. Despite 
its autosomal dominant inheritance, a family history of amyloidosis and/or CKD 
has been found in only 64% of cases [9]. Renal biopsy shows massive deposition of 
amyloid material in glomeruli, causing distortion and collapse of capillary loops. In 
contrast to this intense glomerular involvement, the interstitium and vessels display 
little or no amyloid deposition. The renal medulla is not affected. IF is negative for 
light chains, while IF or IHC analyses specific for fibrinogen can be used for diag-
nostic confirmation.
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There is no specific treatment, and the Glu545Val variant is usually associated 
with late-onset disease, slow progression to ESKD, low penetrance, and a good 
outcome after kidney transplantation (KT). FGA frameshift variants, on the other 
hand, are associated with early onset disease, fast progression, and fast amyloid 
recurrence after KT [8–10, 30].

7.2.1.5 � Transthyretin Amyloidosis

Two forms of transthyretin amyloidosis (ATTR) result from amyloidogenic trans-
thyretin (TTR) proteins: (a) wild-type ATTR (ATTRwt) amyloidosis, formerly 
known as senile systemic amyloidosis, associated with aging and with a dominant 
cardiac phenotype, and (b) hereditary ATTR amyloidosis, also known as ATTRv, 
caused by mutations in the TTR gene. ATTRv is characterized by peripheral neu-
ropathy and autonomic dysfunction and was previously called FAP.  Although 
ATTRv is the most common form of hereditary amyloidosis, it usually does not 
involve the kidney.

Renal involvement in ATTRv is observed in only 15–20% of cases [31] and, 
based on IHC assessment, comprises less than 2% of the cases of renal amyloidosis 
[32]. Renal dysfunction or proteinuria does not seem to correlate with age, disease 
duration, or severity of neuropathic involvement. It must be noted that amyloid 
deposition has been described in glomeruli, vessels, and interstitium even in patients 
without evidence of renal involvement. Microalbuminuria represents the first stage 
of renal involvement. Up to half of the patients with microalbuminuria may progress 
to renal dysfunction within 2 years [33]. Among 403 patients with ATTR, up to one-
third presented with proteinuria, and only 10% progressed to ESKD within 
5–10 years of albuminuria onset [34].

7.2.1.6 � Lysozyme Amyloidosis

Lysozyme amyloidosis is rare and usually presents with renal, hepatic, and/or intes-
tinal involvement. Kidney involvement includes progressive renal dysfunction and 
nephrotic proteinuria [35]. Renal biopsy shows extensive amyloid deposition in the 
mesangium, capillary loops, and blood vessels. Medullary amyloid deposition can 
also be seen along the basement membrane of the collecting ducts and vasa recta. 
IHC can be used to confirm the diagnosis [16, 36]. Renal progression varies among 
patients. In a retrospective evaluation, the median time from discovery of renal dys-
function to ESKD was 11 years [37].

7.2.1.7 � Apolipoprotein Amyloidosis

Mutated apolipoproteins AI, AII, CII and CIII, as well as wild-type apolipoprotein 
AIV, can serve as amyloidogenic precursors. AApoAI and AApoAIV amyloidoses 
manifest around the sixth decade of life with slow and progressive loss of renal 
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function, associated with mild or absent proteinuria [3, 10]. To date, pathogenic 
variants in the APOA4 gene have not been detected. Renal biopsy shows marked 
amyloid deposition in the renal medulla along with tubulointerstitial nephritis, 
while glomeruli are spared [38].

In contrast, patients with ApoAII and ApoCII renal amyloidoses present with 
renal dysfunction and proteinuria, which may reach a nephrotic range [39, 40]. 
These amyloidoses can also affect the liver, skin, heart, and adrenals. Renal biopsy 
shows extensive deposition of amyloid material in the mesangium and capillary 
loops in AApoAII and predominantly glomerular involvement with mesangial 
expansion and asymmetrical nodules in AApoCII.  The interstitium is typically 
spared, but larger vessels may be involved [41].

AApoCIII amyloidosis is a recently described form of renal amyloidosis [42]. Its 
manifestations include tubulointerstitial kidney disease, Sjögren’s syndrome at the 
age of 20 years, and progressive renal insufficiency. Amyloid deposition was identi-
fied in the renal cortex, glomerul, with major mesangial distribution, peritubular 
basement membranes and interstitium. Deposition of amyloid fibrils affected mostly 
the vascular compartment wtih abundant amyloid deposits in the walls of arterioles 
leading to lumen obliteration [43].

7.2.1.8 � Gelsolin Amyloidosis

The most common clinical signs of AGel (gelsolin amyloidosis), a rare type of amy-
loidosis, are progressive corneal lattice amyloidosis, cranial and peripheral neu-
ropathy, and cutis laxa lesions, typically manifested in the fourth or fifth decades 
[44]. Proteinuria and renal failure are detected in 13% and 5% of patients, respec-
tively [44]. Renal involvement is usually expressed as mild and intermittent protein-
uria in heterozygotes for pathogenic GSN variants, while homozygous patients for 
such variants present proteinuria and may develop nephrotic syndrome as early as 
in the early twenties [45].

7.2.2 � Histological Diagnosis in Renal Amyloidosis

The overall prevalence of renal amyloidosis in native kidney biopsies is 1.6% [32]. 
The finding of positive birefringence (green apple) in tissue samples stained with 
Congo red under polarized light is the gold standard for the diagnosis of amyloido-
sis; however, it is not specific for the subtype of amyloid regardless of the affected 
organ. Histological evaluation of the affected tissue is the most sensitive method for 
diagnosis.

Renal biopsy is often used for diagnosis and to identify amyloid precursors. 
Amyloid deposition occurs mainly in the glomeruli. It is characterized morphologi-
cally as an amorphous eosinophilic material in hematoxylin and eosin sections and 
is generically referred to as hyaline material. This deposit is mainly observed in 
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mesangium and capillary loops and takes on a salmon color when stained with 
Congo red.

There were no significant differences in the intensity of Congo red staining 
according to the type of amyloid [16]. While the nodular aspect can make a differ-
ential diagnosis of diabetic kidney disease and light chain deposition disease, the 
amyloid protein predominates in the affected tissues, with reduced collagen deposi-
tion in the extracellular matrix evinced by weak staining with periodic acid-Schiff 
[7, 46]. Tubulointerstitial deposits of amyloid, in contrast, produce tubular atrophy 
and interstitial fibrosis.

AFib, AApo AI/AII/AIV, and ALECT2 amyloidoses are associated with differ-
ent distributions in the renal compartments compared with AL and AA. ALECT2 
has a predominantly interstitial distribution and a variable degree of proteinuria 
[16]. This type of amyloidosis is likely underdiagnosed histologically unless Congo 
red stain is routinely performed on all native biopsies, which is not the current prac-
tice in most laboratories. AFib has a massive obliterative glomerular involvement 
that should strongly suggest the diagnosis [47]. AApo AI/AII/AIV also have a dis-
tinctive distribution: diffuse involvement of medullary interstitium (without involve-
ment of cortical interstitium) with or without glomerular or vascular involvement 
[16]. Medullary-limited disease can elude pathologic diagnosis if the biopsy speci-
men consists only of the renal cortex [10]. The reasons for the heterogeneity of 
amyloid deposit distribution within the kidneys of different types of amyloidosis are 
not well-understood.

Under electron microscopy, the amyloid material appears as randomly deposited 
unbranched fibrils without specific orientation in the mesangium, vessels, and/or 
interstitium. The ultrastructural appearance of all types of amyloid is the same. The 
fibril size helps to differentiate between amyloidosis and other renal deposit dis-
eases, such as fibrillar glomerulonephritis and immunotactoid glomerulonephritis. 
In these diseases, the fibrils present a diameter of 15–20 nm and 30–90 nm, respec-
tively. Furthermore, the electronic micrographic appearance of amyloid fibrils is 
characteristic, enabling the establishment of the diagnosis even when Congo red 
staining is negative, which may occur in up to 5–13% of cases [10, 16, 46].

Many clinical implications depend on the type of amyloid detected. Therefore, 
once amyloidosis is diagnosed in a renal specimen, amyloid typing is imperative 
(Table  7.1). Commercially, immunofluorescence antibodies used in routine renal 
pathology practice are directed against epitopes on the constant domains of λ, κ, IgG 
(γ), IgM (μ), and IgA (α) and on fibrinogen. However, not all cases of AL amyloi-
dosis can be detected with commercially available antibodies. This is because some 
of the amyloidogenic precursors are fragmented or misfolded, so they cannot be 
detected with the existing antibodies, as they lack the antigenic epitopes detected by 
these commercial antibodies [46, 48].

IHC can be used to aid in typing amyloid in renal AL and non-AL amyloidosis. 
The use of other antibodies against SAA, transthyretin, fibrinogen Aα-chain, lyso-
zyme, apolipoprotein AI and LECT2 are also available by IHC, so they can be 
employed to confirm the diagnosis linked to the different subtypes of amyloid pro-
teins. However, up to 20% of AA cases cannot be unequivocally diagnosed [16]. In 
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ALECT2, analysis by IHC can be diagnostic; nonetheless, this method may not be 
sufficient to make the diagnosis in cases with weakly positive staining [7, 49].

Laser microdissection/mass spectrometry (LMD/MS) is a relatively new tech-
nique used to diagnose and type amyloidosis. This methodology typically analyzes 
the protein profile of Congo red-positive areas dissected from a kidney biopsy. 
LMD is initially used to capture pure amyloid plaques (glomerulus, vessels, and/or 
interstitium) from routine formalin-fixed and paraffin-embedded tissues. The diag-
nosis and typing of amyloidosis by MS are based on finding the signature amyloid 
peptides, apolipoprotein E, and serum amyloid-P component [16]. This approach 
has been employed for diagnosis in cases initially classified as indeterminate.

A recent study compared the sensitivity and specificity of IF to LDM/MS in 170 
cases of renal biopsies from patients with amyloidosis [50]. One hundred and four 
cases were identified as Ig amyloidosis, and 66 were identified as non-Ig amyloido-
sis. Compared to LDM/MS, the sensitivity and specificity of IF were 84.6% and 
92.4%, respectively. IF failed to identify the amyloid protein in 12.3% of the cases 
with renal amyloidosis, revealing lower sensitivity and specificity than LMD/MS 
[50]. Although immunodetection methods can be helpful, LDM/MS is the tech-
nique of choice to confirm the diagnosis and accurately type amyloidosis [16]. 
However, currently, this method has limited availability and high cost and is most 
often reserved for negative IF/IHC or inconclusive cases. With the advent of LMD/
MS for amyloid typing, the type of renal amyloidosis can be determined in >97% of 
cases [16].

7.2.3 � Course and Prognosis of Renal Amyloidoses

Progressive deterioration in renal function is expected to occur in most forms of 
renal amyloidosis. Disease course and prognosis, however, vary according to the 
type of amyloid and treatment response [51]. Overall, renal deterioration tends to be 
faster in AL amyloidosis. Patients with renal amyloidosis who progress to ESKD 
can be treated with dialysis or kidney transplantation [51]. Selected individuals 
requiring dialysis due to AA or AL amyloidosis achieve comparable outcomes with 
renal transplantation to diabetic nephropathy [52]. However, amyloidosis is associ-
ated with poor patient survival, and an appreciable proportion of amyloid ESKD 
patients die of amyloidosis complications [51].

In AL amyloidosis, proteinuria >5 g/24 h and eGFR <50 mL/min at diagnosis 
have been associated with progression to dialysis in 60% and 85% of AL patients at 
3  years, respectively [53–56]. Of note, renal failure limits therapeutic options. 
Whereas the hematologic response assessed by the rate of sFLC reduction is associ-
ated with overall and renal survival, progression to ESRD can occur despite patient 
survival. The renal response to therapy correlates with the hematological response. 
Therapy involves the administration of chemotherapy and/or autologous stem cell 
transplantation. Recently, the ANDROMEDA trial demonstrated that the addition of 
daratumumab to the regimen with bortezomib, cyclophosphamide, and 
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dexamethasone (CyBorD) was associated with higher frequencies of complete 
hematologic response and survival free from major organ deterioration or hemato-
logic progression. At 6 months, renal responses were more frequently observed in 
the daratumumab group than in the control group (53.0% vs. 23.9%, respec-
tively) [57].

In AA amyloidosis, renal dysfunction is an important predictor of patient out-
come. Risk factors for ESKD include large amyloid deposition, longer duration of 
inflammatory disease, and elevated baseline serum creatinine at diagnosis. Adequate 
control of the underlying inflammatory disease has been shown to improve protein-
uria and renal function [6, 13].

The short-term prognosis of ALECT2 amyloidosis is variable, with approxi-
mately one-third of patients developing ESKD 2 years after diagnosis [24]. A recent 
study reported a median estimated time from diagnosis to ESKD of 8.2 years [58].

In hereditary renal amyloidoses, renal transplantation seems to be a reasonable 
therapeutic option for patients who reach ESKD; however, the disease may recur 
[24]. Liver–KT may be a curative option in fibrinogen A-α and TTR amyloidosis; 
however, it is not appropriate for lysozyme or apoAI amyloidosis, since these pre-
cursor proteins are synthesized by the intestine and polymorphonuclear cells, 
respectively.

7.3 � Urinary and Sexual Dysfunction in Hereditary 
TTR Amyloidosis

Overall, amyloidosis is a relatively rare cause of peripheral neuropathy, comprising 
only 3% of the cases detected by the Mayo Clinic peripheral nerve laboratory. 
However, hereditary amyloidosis derived from ATTRv is the most common amyloi-
dosis associated with polyneuropathy worldwide. Therefore, urinary and sexual 
dysfunction secondary to neuropathy are not unusual.

The pathogenesis of lower urinary tract and sexual dysfunction in ATTR–FAP is 
complex and involves neurogenic, vasculogenic, and myogenic mechanisms. 
Mainly, the small fibers responsible for autonomic regulation and conduction of 
thermoalgic sensitivity are initially involved. Later, the disease affects motor fibers. 
The amyloid deposits in the endoneurium result in loss of sensory somatic long 
fibers and small myelinated Aδ fibers, both of which explain the findings of reduced 
bladder sensation. Sympathetic dysfunction explains decreased proximal urethra 
resistance. The effect of somatic innervation may be a key determinant of intrinsic 
sphincter deficiency [59].

Vesico-sphincter dysfunction in FAP occurs at an early stage of the disease, even 
in asymptomatic patients. The prevalence of lower urinary tract symptoms (LUTS) 
in ATTR-FAP patients is greater than 80%. In half of the patients, urinary symptoms 
appeared during the first 3 years of the disease [60]. LUTS is seen mostly in patients 
with early onset ATTR-FAP from endemic areas and is less prominent in late-onset 
sporadic cases from nonendemic areas [61].
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The urinary symptoms follow a pattern, starting with difficulty in voiding (hesi-
tancy and/or straining and/or intermittence) and stress incontinence, symptoms that 
become almost continuous as the disease progresses. Underactive bladder is sugges-
tive of detrusor underactivity, a manifestation characterized by prolonged urination 
time with or without a sensation of incomplete bladder emptying, usually with hesi-
tancy, reduced sensation of filling, and a slow stream. Approximately 50% of 
patients have symptomatic or asymptomatic urinary infections in the course of dis-
ease, with a higher incidence in females [60]. High postvoid residuals also carry a 
risk of upper urinary tract damage. Similar to LUTS, sexual dysfunction may be an 
early occurrence in disease progression. The prevalence and severity of LUTS and 
sexual dysfunction, in fact, seem to strongly correlate with the overall autonomic 
dysfunction [59, 60].

Urinary tract abnormalities can be evaluated by ultrasound, especially in cases of 
chronic urinary retention. Urodynamic studies can be used for the diagnosis and 
follow-up of patients with neurogenic bladder. A multidisciplinary approach with a 
neurologist, nephrologist, and urologist is essential for adequate support. Recent 
pharmacological advances have expanded the approach to ATTR–FAP. Disease-
modifying agents focusing on the amyloidogenic process have been identified, 
including the use of RNA-targeted therapies that interfere with hepatic TTR synthe-
sis (e.g., patisiran) and TTR-stabilizing agents (e.g., tafamidis and diflunisal). These 
drugs prevent the release of amyloidogenic monomers. Tafamidis is approved for 
the treatment of stage 1 ATTR–FAP in Europe, Asia, and some countries in South 
America. Liver transplantation has been considered a therapeutic choice to cure 
ATTRv, particularly in early onset cases [61].

7.4 � Localized Amyloidosis of the Genitourinary Tract

Localized amyloidosis accounts for 10–20% of cases of amyloidosis. It can be 
detected in many organs, including the skin, soft tissues, genitourinary system, 
respiratory system, and gastrointestinal tract [62]. Primary localized amyloidosis of 
the genitourinary tract is a rare entity characterized by small pseudotumors located 
in the renal pelvis, ureters, or bladder [63]. It more commonly affects the seminal 
vesicles, which represent the second most common urinary organ involved in amy-
loidosis (after the kidneys), and constitutes an incidental finding in prostatectomy 
specimens [63].

The main symptom is gross hematuria, isolated or associated with low back pain 
[63]. It is not uncommon for localized amyloidosis to present as a neoplastic pro-
cess with a mass effect mimicking malignancy. Urologic investigations, such as 
pelvic ultrasonography, computed tomography, cystoscopy, and ureteroscopy, can 
be initially performed, and a high level of awareness of this entity is required by 
pathologists and clinicians for accurate diagnosis and patient management [62, 63]. 
The clinical and radiologic features mimic urinary tract cancer, and local treatment 
is indicated.
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7.5 � Conclusion

Amyloidosis is a multisystem disease that frequently affects the kidneys and mani-
fests as nephrotic syndrome. Renal biopsy is often used for diagnosis and to identify 
amyloid precursors, providing a useful guide for the management and treatment of 
patients with this disease. Urinary dysfunction is highly prevalent in ATTR patients. 
Early diagnosis and multidisciplinary management are key to improving quality of 
life and preventing damage to the upper urinary tract. Localized amyloidosis of the 
genitourinary tract is a rare disorder, requiring prompt differential diagnosis with a 
neoplastic process.
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Chapter 8
Ophthalmological Manifestations 
in ATTRv Amyloidosis

Anelise Dias, Giovanna Provenzano, and Raul N. G. Vianna

Amyloidosis describes an assorted group of diseases. Each amyloid precursor pro-
tein is responsible for a specific disease entity. The most common types are primary, 
secondary, familial, and senile. Hereditary transthyretin (TTR) amyloidosis, tradi-
tionally known as familial amyloid polyneuropathy (FAP), is a progressive autoso-
mal dominant neurodegenerative disease with variable expressivity [1]. In this 
disease, a normal soluble protein undergoes a mutation and forms deposits of insol-
uble fibrillar aggregates in extracellular tissue, causing obstruction, with local blood 
circulation failure and increased oxidative stress [2]. The TTR, which is synthesized 
by the liver, choroid plexus, and retinal pigment epithelium (RPE), is responsible 
for one of the most common forms of systemic and ocular amyloidosis [3].

The TTR amyloidosis associated with FAP (TTR–FAP) incidence shows consid-
erable geographic differences, sometimes with pronounced regional groupings, as 
in northern Portugal, northwestern Ireland, and northern Sweden [4]. The disease is 
also frequently observed in the rest of Portugal and Sweden, Japan, Spain, Finland, 
France, and Brazil [5].

The most common mutation worldwide, especially in endemic regions, is 
Val30Met [6]. The onset of TTR–FAP varies from the second to the ninth decade of 
life, with a variable age of onset in different populations. The mutation prevalence 
in northern Sweden is 4%, with a penetrance of only 11% by 50 years of age [7], in 
Portugal (80% at 50 years) [8] and Brazil (83% at 63 years) [9].
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The TTR–FAP is thought to affect men and women equally; however, women 
were significantly more likely to have eye involvement [10]. Another study shows 
that men get sick earlier than women, and the disease is more severe in maternal 
than in paternal inheritance [4].

Ocular involvement among TTR–FAP patients occurs in approximately 10% of 
patients, most often occurring later [11]. Some TTR variants are more correlated 
with ocular manifestations and are listed in Table 8.1. Despite being mostly a local-
ized disorder, systemic associations may occur, being mandatory for a systemic 
evaluation [12–14]. Dammaco et al. analyzed ocular involvement in amyloidosis 
and described a localized ocular amyoloidois prevalence of 78.6%, followed by 
16.2% for systemic amyloidosis. In addition, Demirci et al. described an association 
with systemic amyloidosis in 17% of the cases, while a localized conjunctival amy-
loidosis was seen in 83% of the patients. Furthermore, some authors described ocu-
lar involvement as the first manifestation of a systemic amyloidosis [14–16].

Intraocular synthesis of mutant TTR by RPE was shown to be mainly responsible 
for vitreous amyloid. Even after liver transplantation, patients continue to develop 
vitreous opacities and glaucoma [18]. There is evidence that after liver transplanta-
tion, eye disease may progress more quickly. In addition, patients may remain 
asymptomatic at disease onset. As a result, it is extremely important to carry out 
regular ophthalmological follow-ups, at least every 2 years, performing measure-
ments of visual acuity, biomicroscopy with pupil examination, corneal confocal 
microscopy (CCM), anterior chamber and funduscopic examinations, tonometry, 
and visual field tests as needed [19, 20].

The TTR retinal deposits were found in the inner layers of the retina and not 
close to the RPE [21], as well as in the corneal endothelium, lens capsule, iris epi-
thelium, ciliary pigment epithelium, vitreous body, conjunctiva, trabecular mesh-
work, lacrimal glands, and retinal nerve fibers [19]. As mutant TTR deposition can 
occur in different ocular tissues, the ophthalmologic manifestations are also varied, 
such as vitreous opacities, chronic open-angle glaucoma, abnormal conjunctival 
vessels, keratoconjunctivitis sicca and corneal neuropathy, accommodation defects, 
chorioretinal vascular changes, and pupillary abnormalities. Among the reviewed 
studies, the ocular involvement prevalence varied according to genetic composition, 
as well as the region of the population analyzed. Notably, Haraoka et al. described 

Table 8.1  Some mutations were associated with ocular involvement according to www.
amyloidosismutations.com [11, 17]

Ocular mutations

Cys10Arg Lys35Thr Leu55Gln Val71Ala
Ser23Asn Ala36Pro Leu55Arg Gly83Arg
Val30Met Trp41Leu Leu55Pro Ile84Asn
Val30Gly Thr49Ala Leu58Arg Ile84Ser
Phe33Cys Gly53Ala Phe64Ser Ala97Ser
Phe33Ile Glu54Gly Tyr69His Tyr114Cys
Arg34Gly Glu54Lys Lys70Asn Val122Ala
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that the frequency of amyloid deposition was 85.7% in extraocular muscles and 
100% in orbital adipose tissue. Moreover, according to Ando et al. and Mora-Horna 
et al., conjunctival alterations were the most common manifestation, while Banerjee 
et al. and Kang et al. pointed to the eyelids as the most frequent ocular site.

8.1 � Retinal and Vitreous Alterations

Vitreous opacity is a common ocular manifestation in TTR–FAP (Fig. 8.1), which 
may be associated with systemic manifestations or even appear as the first symptom 
[22]. In this case, the ophthalmologist should refer these patients for a sys-
temic workup.

Vitreous amyloidosis can be identified as bilateral sheet-like, cobweb-like, band-
like, film-like, cotton-like, glass wool-like veils or string of pearl white opacities 
[23]. Vitreous amyloidosis is highly asymmetric, occurring in approximately 
5.4–35% of cases [24]. In the vast majority of hereditary amyloidosis by TTR gene 
mutation cases, there are floaters associated with a progressive decrease in visual 
acuity, which can be severe, due to amyloid deposition in the vitreous [10]. However, 
we can find asymptomatic patients, who can be identified by indirect signs, such as 
glass wool appearance of vitreous, perivascular amyloid deposits in the retina and 
white opacities on the posterior lens capsule, called pseudopodis lentis [23].

The TTR have an affinity for basement membranes. As the vitreous matrix is 
composed predominantly of type 2 collagen, which is biochemically and structur-
ally similar to the normal basement membrane collagen, TTR amyloid aggregates 

Fig. 8.1  Vitreous opacities 
in the eye of a patient with 
TTR-FAP. Observe the 
vitreous tuff (arrow) 
adjacent to the temporal 
branch of the retinal artery.
(Courtesy of Anh-Danh 
Phan, MD)
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form in the vitreous [25]. In some types of mutations, such as Arg34Gly, Glu54Lys, 
Thr49Ala, and Tyr114Cys, vitreous involvement is more prevalent, and onset occurs 
earlier [22].

Pars plana vitrectomy (PPV) is the only treatment available for vitreous amyloi-
dosis to date to restore vision. This is a symptomatic treatment, as the continuous 
mutant TTR intraocular production by the RPE continues to occur; therefore, 
relapses can occur [26, 27]. The ideal to minimize chances of vitreous opacities 
recurrence is to perform an early and complete PPV. Early PPV performed before 
the appearance of pseudopodia lentis (points of adhesion of amyloid material in the 
posterior lens capsule) facilitates proper vitreous removal, decreasing intraoperative 
complications, for instance, early cataract development by touching the posterior 
capsule [26]. Extensive PPV with indentation-associated and retrolental vitrectomy 
is also important, as vitreous remnants may work as a support for amyloid material 
to redeposit into the vitreous cavity [26, 27]. During surgery, care must be taken to 
avoid retinal breaks, as there is strong vitreoretinal adhesion of these opacities to the 
perivascular regions, in the area behind the posterior lens capsule and along the 
vitreous base at the ora serrata [24].

Amyloid material can also deposit on the inner limiting membrane (ILM), which 
can cause recurrence of vitreous opacities, as well as wrinkling of the inner retinal 
surface. In this case, deposited amyloid material removal with ILM peeling should 
be performed [27].

8.2 � Chronic Open-Angle Glaucoma

Among FAP complications, glaucoma is one of the most serious due to irreversible 
vision loss in these patients and occurs mainly in a late phase [28]. Glaucoma inci-
dence differs in several studies, ranging from 5.4% [20] to 26% [29]. This differ-
ence in data occurs, because the glaucoma incidence varies according to the FAP 
genotype and the disease onset time [20, 23].

Pathophysiological mechanisms responsible for intraocular pressure (IOP) ele-
vation include conjunctival and episcleral perivascular amyloid deposition, intratra-
becular meshwork deposition, elevated episcleral venous pressure, and amyloid 
deposition on the pupillary border, which may precede glaucoma by months or 
years [23].

Erythropoietin (EPO) levels are elevated in the aqueous humor in glaucoma 
patients and are a protective factor for photoreceptors, RPE, and ganglion cells. 
However, this is not seen in patients with COAG and ATTRv amyloidosis, so more 
aggressive treatment is required in these cases to prevent rapid glaucoma progres-
sion [22].

Trabeculectomy with mitomycin C (antimetabolite) seems to be a promising 
treatment modality for glaucoma secondary to FAP in patients refractory to topical 
therapy, maintaining IOP equal to or less than 20 mmHg. Another possible treat-
ment strategy is EPO, as it has been shown to have a protective effect on ganglion 
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cells, as mentioned previously [22]. Despite trabeculectomy being understood as 
the gold standard in glaucoma surgery, the use of drainage devices has increasingly 
assumed a primary role in the management of complicated glaucoma cases, with 
difficult IOP control [30].

8.3 � Orbital and Adnexal Amyloidosis and Conjunctival  
Amyloidosis

Orbital and adnexal amyloidosis (OAA) and conjunctival amyloidosis are well-
known but uncommon disorders predominantly seen in middle-aged patients with 
mostly no gender predilection, even though some studies have described a female 
preponderance [10, 14, 15].

Signs and symptoms of OAA are characterized by heterogeneous presentations 
with slow progression (mean duration of 2 years) and vague complaints [15]. The 
most common alterations are visible or palpable periocular mass or tissue infiltra-
tion and ptosis. Moreover, middle-aged patients with eye dryness, photophobia, 
periodical visual impairment, proptosis, acquired ptosis, acquired squint, recurrent 
conjunctival hemorrhage or “recurrent pterygium” should be investigated for ocular 
amyloidosis [10, 16].

Orbital amyloidosis is more commonly seen in primary amyloidosis and can be 
classified according to its orbital location. Extraorbital muscle and adnexal tissues 
usually present as bilateral infiltration with proptosis and ocular movement limita-
tion. Other manifestations may be revealed according to the region of amyloid 
deposition. Importantly, middle-aged patients with progressive proptosis, acquired 
ptosis, accommodative paresis, muscular palsy and acquired adulthood squint 
should have ocular amyloidosis as a possible diagnosis [13, 15]. Eyelid infiltration 
may manifest as ptosis, eyelid thickening, echimosis, waxy eyelid papule with hem-
orrhagic appearance, and entropion. Unlike other periocular involvements, eyelid 
amyloidosis is more likely associated with secondary amyloidosis. Even though 
there is no consensus, some studies point out that periocular amyloidosis that spares 
the eyelid skin is probably localized [15].

Lacrimal gland involvement is a rare amyloid presentation, usually associated 
with eye dryness, slowly progressive swelling of the temporal upper eyelid, propto-
sis leading to lateral ptosis with an S-shaped deformity, and globe displacement 
with a superotemporal orbital mass. In extreme cases, keratoconjuntivitis sicca syn-
drome may be associated with the destruction of the lacrimal gland secondary to 
amyloid deposition [31]. Furthermore, the involvement of the lacrimal outflow sys-
tem has also been described to be usually associated with epiphora and swelling 
overlying the region of amyloid deposition [32].

Conjunctival amyloidosis can occur anywhere in the conjunctiva with a slight 
predilection to the fornix and tarsal conjunctiva [33]. Symptoms may simulate con-
junctival malignancies or inflammation, presenting as a conjunctival mass, 
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epiphora, blepharoptosis, or thickened palpebral conjunctiva [14]. In addition, 
abnormal conjunctival vessels characterized by segmental and fusiform dilation can 
be associated with recurrent subconjunctival hemorrhages [11]. The latter changes 
result from liver synthesis of TTR, and consequently, there is no progression after 
liver transplant [22]. The conjunctival lesions, sometimes misdiagnosed as recurrent 
pterygium, can be seen as a waxy confluent fusiform mass or polypoidal papules 
with a yellow or yellow–pink color associated with intrinsic vascularization [14]. 
Even though uncommon, chronic ocular inflammation, such as trachoma, rheuma-
toid arthritis, and recurrent bacterial conjunctivitis, may lead to secondary conjunc-
tival amyloidosis [14].

Conjunctival amyloidosis and OAA have a clinical diagnosis confirmed with 
biopsy and histopathological analyses of the ocular lesion [10, 16]. However, 
because of their infrequency and heterogeneous presentations, these disorders are 
often overlooked and misdiagnosed. Even though rare, systemic associations have 
been described as mandatory for systemic screening to rule out other disorders, such 
as lymphoma, leukemia, metastatic carcinoma, sarcoidosis, and other granulomas 
[34]. Imaging examinations, such as magnetic resonance imaging and computed 
tomography, are helpful to localize and determine the extension of the affected 
orbital structures [15].

The standard treatment is debulking or complete excision of the lesion associated 
with cryotherapy, as well as the use of symptoms [14, 15]. The therapeutic manage-
ment may depend on the extent of local involvement and systemic condition of the 
patient. The delay in recognizing such lesions may lead to a potentially complicated 
and extensive surgical procedure [14]. Once again, a systemic evaluation is manda-
tory for therapeutic optimization.

8.4 � d. Keratoconjunctivitis Sicca and Neurotrophic  
Kerathopathy

Small fiber neuropathy is a main feature of TTR–FAP, with corneal involvement as 
an important characteristic. Observed as an isolated manifestation or associated 
with other ocular manifestations, the keratoconjunctivitis sicca is secondary to amy-
loid deposition in the corneal layers, causing the destruction of sensory innervation 
and progressively reducing corneal sensitivity [11, 22]. Amyloid lacrimal gland 
involvement and autonomic neuropathy may exacerbate the development of neuro-
trophic keratopathy, resulting in extreme outcomes, such as corneal ulcers and per-
foration. Characterized by substantial eye dryness and corneal hypoesthesia, some 
patients are asymptomatic, while others may experience excessive tearing, photo-
phobia and foreign body sensation. Due to its vague symptoms, this disorder can be 
misdiagnosed. Other ocular locations may be concurrently involved, such as orbital 
and annexes amyloidosis, facilitating the clinical diagnosis [22]. In addition, 
Rousseau et al., using in vivo laser scanning CCM, observed corneal nerve damage 
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at a presymptomatic stage in patients with TTR–FAP and other small fiber neuropa-
thies, which is a useful tool to diagnose and monitor the progression of such disor-
ders [35].

Treatment for keratoconjunctivitis sicca mainly consists of preservative-free 
lubricating eye drops. Moreover, therapeutic contact lenses and topical antibiotics 
may be necessary. The main therapeutic goal is to relieve ocular discomfort and 
minimize corneal damage caused by corneal erosions. Penetrating keratoplasty may 
be an option for corneal haze secondary to amyloid deposition, even though new 
deposits will gradually accumulate in the graft [22, 35].

8.5 � Pupillary and Lens Abnormalities

Pupillary indentations, secondary to intraocular production with deposition at the 
inner pupillary margin, are considered a pathognomonic alteration of ocular amy-
loidosis. Moreover, amyloid deposition at the iris sphincter muscle or ciliary gan-
glion may lead to anisocoria and pupillary light-near dissociation [11, 22].

Lens amyloid deposition can often occur asymmetrically in the posterior lens 
capsule, called pseudopodis lentis, and at the anterior lens capsule. The anterior 
deposit may lead to contrast sensitivity dysfunction, early cataract and loss of lens 
elasticity. Lens elasticity deficiency concurrent with characteristic autonomic neu-
ropathy affecting ciliary muscle accommodation leads to early presbyopia [11, 22].
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Chapter 9
Ophthalmological Manifestations in AL 
and Wild-Type ATTR Amyloidosis

Kelma Macedo Pohlmann Simões and Mário Martins dos Santos Motta

9.1 � AL Amyloidosis

Immunoglobulin light chain (AL) amyloidosis is one of the most common types of 
systemic amyloidosis, with an incidence of 12 cases per million persons per year 
[1]. In AL amyloidosis, the insoluble protein subunit is an immunoglobulin light or 
heavy chain fragment that can deposit in any organ, with the exception of the central 
nervous system. AL amyloidosis occurs in patients with systemic disease, with mul-
tiple myeloma or as a localized amyloidosis [2]. Localized AL amyloidosis occurs 
because of the production of amyloidogenic light chains by clonal B cells in the 
affected tissue.

Ocular signs and symptoms usually appear after the clinical diagnosis of AL 
amyloidosis, but ocular manifestations can also be the initial feature. An ocular sign 
in AL amyloidosis that can be very specific is nontraumatic, bilateral periorbital 
purpura or ecchymosis, although it occurs in only 15% of cases [3]. In the most 
severe cases, it is recognized as “raccoon eyes”, but it is considered a late sign of the 
disease [4].

Many other ocular sites can be involved in AL amyloidosis (systemic and local-
ized forms), such as the eyelid, lymphatic gland, conjunctiva, ocular adnexa, orbit, 
extraocular muscles, and temporal artery [5, 6]. The symptoms will vary according 
to the site of amyloid deposition. Upper and lower eyelid swelling, tearing, foreign-
body sensation, hyperemia of the bulbar conjunctiva, recurrent subconjunctival 
hemorrhages, unilateral salmon-like plaques in the tarsal, and/or bulbar conjunctiva 
can be present at the ocular surface [2]. Diplopia and ophthalmoplegia can be pres-
ent in cases of extraocular muscle involvement, whereas ocular displacement and 
proptosis are present in cases of orbital mass involvement [2]. In cases of 
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involvement of the temporal artery, jaw claudication, headache, decreased visual 
acuity, and diplopia are present and resemble giant cell arteritis, and a biopsy of the 
temporal artery with Congo red staining may be necessary to confirm the diagnosis 
of amyloidosis [7]. The trabecular meshwork can also be infiltrated with amyloid, 
resulting in glaucoma [8].

In cases of conjunctival mass, the diagnosis is established through biopsy fol-
lowed by an immunohistochemical analysis. It is important to mention that excision 
should be followed by cryotherapy, but recurrences can occur if the lesion is not 
completely excised [9]. In cases of lachrymal gland involvement, ptosis and supe-
rior–temporal, nontender masses can be present, and the diagnosis can be confirmed 
with tissue biopsy [5]. The orbital mass can be biopsied, and if complete excision is 
not possible, adjuvant external beam radiotherapy reduces the risk of recur-
rence [10].

9.2 � Wild-Type Amyloidosis

Wild-type amyloidosis, previously known as senile cardiac amyloidosis, has been 
described mainly in older adult males and is rapidly increasing in recognition [11]. 
With the aging of the worldwide population, wild-type amyloidosis will be the most 
common type of cardiac amyloidosis. To date, there are no specific signs of ocular 
involvement described in this type of amyloidosis, but it is very important to try to 
find clinical clues at the physical examination to help with the early diagnosis and 
management of this subtype of the disease.
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Chapter 10
Dermatological Manifestations

Jade Cury-Martins and Jose Antonio Sanches

10.1 � Introduction

Cutaneous involvement by amyloidosis can occur as a skin-limited disorder, with 
no internal organ involvement or as a manifestation of systemic amyloidosis (SA) 
[1]. Of the many types of amyloid described, only some are associated with cutane-
ous manifestations (e.g., amyloid K, amyloid light chain, amyloid A, amyloid beta-2 
microglobulin, and amyloid transthyretin) [2]. Table 10.1 shows the main subtypes 
of amyloidosis with cutaneous involvement and their associated subtypes of amy-
loid deposits.

J. Cury-Martins (*) · J. A. Sanches 
Department of Dermatology, University of São Paulo, São Paulo, Brazil

Table 10.1  Main subtypes of amyloidosis with cutaneous involvement and associated subtypes of 
amyloid deposits

Type of amyloidosis Type of amyloid deposit

Localized cutaneous amyloidosis (LCA)
Pri
mary LCA
 �� –  Macular amyloidosis
 �� -  Lichen amyloidosis (papular)
 �� -  Nodular amyloidosis

Keratin derived (AK)
Keratin derived (AK)
Light immunoglobulin (AL)

Secondary LCA Keratin derived (AK)—predominantly
Systemic amyloidosis with cutaneous involvement
Immunoglobulin light chain amyloidosis Light immunoglobulin (AL)
Secondary amyloidosis Serum amyloid A (AA)
Dialysis-related amyloidosis A beta-2 microglobulin
Heredofamilial amyloidosis Transthyretin (ATTR)—most common

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
D. Xavier de Ávila, H. Villacorta Junior (eds.), Amyloidosis and Fabry Disease, 
https://doi.org/10.1007/978-3-031-17759-0_10

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-17759-0_10&domain=pdf
https://doi.org/10.1007/978-3-031-17759-0_10


98

10.2 � Localized Cutaneous Amyloidosis

10.2.1 � Primary Localized Cutaneous Amyloidosis

In primary localized cutaneous amyloidosis (PLCA), amyloid deposits occur in pre-
viously normal skin, and there is no evidence of internal organ involvement. The 
main subtypes include macular, papular (lichen amyloidosis), and nodular amyloi-
dosis [1–4].

–– Macular and lichen (papular) amyloidosis: these are uncommon forms and 
can coexist on the same individual. They occur more often in Asian, South 
American, or Middle Eastern populations, arising in adulthood. It is usually spo-
radic, but might also be the manifestation of familial PLCA. Amyloid deposits 
are derived from keratin intermediate filament proteins, possibly related to 
degeneration of basal keratinocytes in the overlying epidermis, and therefore, 
some authors suggest the use of the term “keratinic” PLCA [1]. Chronic pruritus 
and rubbing/scratching might contribute to amyloid deposition.

10.2.1.1 � Clinical Features

Macular amyloidosis is characterized by hyperpigmented thin plaques, with a typi-
cally reticulate or ‘rippled’ pattern and a gray-tan coloration (Fig. 10.1). Mild-to-
moderate pruritus is usually present, but might be absent in a minority of cases. 
Lesions occur more often on the back (scapular region) and extensive surfaces of 
the extremities.

Fig. 10.1  Macular 
amyloidosis: 
hyperpigmented gray-tan 
plaques, with a ‘rippled’ 
pattern on the back. 
Courtesy from the 
Dermatology 
Department—University of 
São Paulo
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Fig. 10.2  Lichen 
amyloidosis: flesh-colored, 
scaly, hyperkeratotic, 
dome-shaped small 
papules coalescing into 
plaques on the shins. 
Courtesy from the 
Dermatology 
Department—University of 
São Paulo

Lichen amyloidosis manifests as pruritic, discrete, flesh-colored to hyperpig-
mented, scaly, hyperkeratotic, dome-shaped small papules (2–4  mm) that might 
coalesce into plaques with a rippled appearance (Fig. 10.2). Lesions occur more 
often on the shins, unilaterally, or progressing to symmetric bilateral involvement.

Some patients may have an overlap of both manifestations (macular and papu-
lar). Other common locations are the arms, back, calves, and dorsum of the feet. 
Unusual locations include the external auditory canal, upper lip, and nasolabial 
folds or the glans penis.

10.2.1.2 � Histopathology

In both forms, small globules of pink material (amyloid) are present in the superfi-
cial dermis, most often in dermal papillae. Degeneration of basal keratinocytes with 
cytoplasmic vacuolization might be present, sometimes with intraepidermal cytoid 
bodies. Other findings include pigment incontinence, with admixed melanophages.

The amyloid deposit is more subtle in macular amyloidosis but more obvious in 
lichen amyloidosis. Lichen amyloidosis also demonstrates hyperkeratosis and epi-
dermal acanthosis that may resemble lichen simplex chronicus.

Keratinocyte-derived amyloid stains with Congo red, crystal violet, and thiofla-
vin T and is positive for cytokeratins, such as CK5, on immunohistochemistry.

10.2.1.3 � Diagnosis

It is made based on the typical clinical aspects (type of lesion, location, and pruri-
tus) added to the detection of amyloid deposits on histology after a punch biopsy.

10  Dermatological Manifestations
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10.2.1.4 � Differential Diagnosis

For macular amyloidosis: notalgia paresthetica, confluent and reticulated papillo-
matosis, and tinea versicolor.

For lichen amyloidosis: lichen simplex chronicus, prurigo nodularis, hypertro-
phic lichen planus, and pretibial myxedema.

10.2.1.5 � Treatment

Both forms are limited to the skin, with no potential for visceral involvement; there-
fore, the aims of treatment are to relieve symptoms and cosmetic appearance. There 
is a lack of high-quality trials, and available treatments are usually disappointing.

Topical corticosteroids are the most commonly used, such as cream, ointment, 
occlusive dressings, and intralesional injections. Other options include topical cal-
cineurin inhibitors, phototherapy, emollients and keratolytic agents.

–– Nodular amyloidosis: it is even more rare than macular and lichen amyloidosis, 
also occurring in adults with no gender predilection. Although it is caused by the 
deposition of light immunoglobulin chains (AL-type amyloid), it is considered a 
skin-limited disease with rare reports of associated hematologic dyscrasia [3, 4]. 
The immunoglobulin chains in this type of amyloidosis are usually secreted by a 
plasma cell-rich lymphoid infiltrate and are considered localized plasma cell 
dyscrasia.

10.2.1.6 � Clinical Features

It usually manifests as asymptomatic, single or multiple waxy, yellow-to-brown 
nodules or plaques with a predilection for acral sites; the overlying epidermis might 
be normal or atrophic (Fig. 10.3).

Fig. 10.3  Nodular amyloidosis: waxy yellow nodules on the forearms. Courtesy from the 
Dermatology Department—University of São Paulo

J. Cury-Martins and J. A. Sanches



101

10.2.1.7 � Histopathology

In nodular amyloidosis, diffuse amyloid deposits are found in the dermis, subcutis, 
and blood vessel walls, with a perivascular infiltrate of plasma cells. 
Immunohistochemistry for kappa and lambda light chain or in situ hybridization 
might demonstrate plasma cell clonality in some cases, with negative staining for 
cytokeratin.

10.2.1.8 � Diagnosis

Based on clinical suspicion, diagnosis is confirmed by skin biopsy (punch or shave) 
showing amyloid deposits. Due to the rare but described risk of systemic disease, a 
review of symptoms and complementary exams to exclude systemic disease is sug-
gested, with some authors recommending at least annual reevaluation of possible 
systemic involvement.

10.2.1.9 � Differential Diagnosis

Cutaneous lymphomas, pseudolymphomas, leukemia cutis, and granulomatous 
nodules, such as sarcoidosis and granuloma annulare.

10.2.1.10 � Treatment

Treatment is indicated for cosmetic reasons and usually includes physical removal or 
destruction of the nodules (surgical excision, dermabrasion, and electrodessication).

10.2.2 � Secondary Localized Cutaneous Amyloidosis

It consists of the finding of small amounts of amyloid in nonhealthy/diseased skin. 
It might be found in cutaneous tumors (both benign and malignant, such as piloma-
trixomas, basal cell carcinomas, and nevus), but it was also described in other cuta-
neous inflammatory diseases or after phototherapy (PUVA) treatments. In such 
cases, amyloid deposits usually originate from keratinocytes with positive immu-
nostaining for cytokeratin [1].
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10.2.3 � Rare Variants of Primary Cutaneous Amyloidosis

Other very rare variants include poikiloderma-like cutaneous amyloidosis [5, 6] (in 
dermatology, poikilodermatous lesions are characterized by hypo-hyperpigmented 
macules, teleangiectasia, and atrophy) and amyloidosis cutis dyschromica, either 
sporadic or familial (characterized by asymptomatic, progressive, and diffuse hyper- 
and hypopigmentation) [7, 8].

10.3 � Systemic Amyloidosis with Cutaneous Involvement

Skin involvement is present in 25–40% of cases of SA, mainly in immunoglobulin 
light chain (AL) amyloidosis but also in secondary systemic (AA) amyloidosis, 
dialysis-associated SA, and some forms of hereditary amyloidosis [3, 9–12].

10.3.1 � Immunoglobulin Light Chain Amyloidosis 
(AL Amyloidosis)

Skin involvement is present in approximately 40% of patients and might provide an 
early clue to the existence of an underlying plasma-cell dyscrasia. In this group of 
patients, amyloid deposits consist of immunoglobulin light chain produced by 
plasma cells. Figures 10.4 and 10.5 illustrate some of the typical cutaneous findings 
of AL amyloidosis, as described below.

One of the most frequent sites of amyloid deposition is in the blood vessel wall 
of the dermis, resulting in wall fragility to minor traumas or even after an increase 
in hydrostatic pressure (Valsalva maneuver) and the development of purpuric 
lesions, petechiae, and ecchymoses, especially on areas of thin skin, such as the 
eyelids (Racoon eyes).

Other possible skin lesions are shiny or waxy, asymptomatic, dome-shaped pap-
ules that might appear translucent, resembling vesicles. These types of lesions are 
more frequent on the mucocutaneous junctions (such as the orbits, nares, lips, and 
genital) or flexural areas and are a result of amyloid deposition at the superficial 
dermis. Sometimes, lesions can form nodules or coalesce, forming plaques or larger 
tumefactions.

SA is the most common cause of macroglossia in adults and occurs in approxi-
mately 10% of patients. The tongue is usually diffusely enlarged and firm, with 
tooth indentations along the lateral borders.

Other less common skin findings include the following [11, 13]:
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Fig. 10.4  Skin 
manifestations of systemic 
AL amyloidosis: shiny or 
waxy, dome-shaped 
papules, with a translucent 
appearance, some are 
purpuric due to blood 
vessel wall fragility; 
macroglossia with tooth 
indentations along the 
lateral borders. Courtesy 
from the Dermatology 
Department—University of 
São Paulo

Fig. 10.5  Nail dystrophy 
associated with systemic 
AL amyloidosis. Courtesy 
from the Dermatology 
Department—University of 
São Paulo
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–– Milia on the hands.
–– Bullous lesions might eventually occur on skin and mucous membranes as a 

result of cleavage within dermal amyloid deposits.
–– Nail findings: brittleness, longitudinal ridging, crumbling, and nail dystrophy, 

usually due to amyloid infiltration of the nail matrix [11, 13].
–– Scalp findings: diffuse nonscarring alopecia might be a sign of SA. It occurs due 

to the infiltration of hair follicles by amyloid protein or due to deposition in the 
perifollicular area causing vascular impairment, resulting in hair thinning.

–– Scleroderma-like diffuse infiltration might rarely represent a manifestation of 
SA, with amyloid deposits found on skin biopsies of infiltrated skin [13, 14].

–– Acquired cutis laxa: on this type of cutaneous manifestation, skin becomes loose, 
redundant and has a wrinkled appearance. Rarely, it can be associated with an 
SA, and in such cases, in addition to the fragmented elastic fibers on histology, 
amyloid deposits are found [15].

10.3.2 � Secondary (AA) Amyloidosis

This group of SA occurs secondary to inflammatory and infectious conditions. 
Cutaneous involvement is rare, with reports of petechiae, purpura, and alopecia, but 
amyloid deposits may also be detected in clinically normal skin. Deposits are com-
posed of serum amyloid A [16].

10.3.3 � Dialysis-Related Amyloidosis (Beta-2 
Microglobulin Amyloid)

Cutaneous involvement in this group of patients is also rare and is reported as hyper-
pigmentation, lichenoid eruptions, or nodules, with deposits of beta 2 microglobulin-
derived amyloid, mainly in long-term hemodialysis patients [17].

10.3.4 � Heredofamilial Amyloidosis

The most common hereditary variant of SA is hereditary transthyretin amyloidosis, 
which is related to the deposition of transthyretin amyloid. Cutaneous lesions may 
occur as ulcers, atrophic scars, and petechiae, with amyloid deposits in the vessels 
and in the sweat glands.

Other hereditary systemic amyloidoses, such as Muckle–Wells syndrome and 
familial Mediterranean fever, may develop other types of cutaneous manifestations 
not related to amyloid deposits, such as cold urticaria and Henoch–Schoenlein pur-
pura, respectively [1].
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Chapter 11
Gastrointestinal Symptoms

Cibele Franz, Amanda Saavedra, Agueda Miranda, and Márcia Lyrio

11.1 � Introduction

A varied range of gastrointestinal (GI) symptoms may appear in amyloidosis, and 
the clinical presentation and disease course are not predictable solely from genotype 
[1, 2]. Some mutations are associated with a mixed phenotype and, consequently, 
GI manifestations (Thr60Ala, Glu89Gln and Glu54Gln) [3–5]. This kind of symp-
tom seems to depend on age (the phenotypic penetrance is age-dependent), environ-
mental factors, the degree of amyloid fragmentation, and the location and extent of 
amyloid deposition with subsequent damage [6]. The pathogenesis is not fully 
understood, but it is generally suggested that GI symptoms arise due to motility 
disturbances of the GI tract caused by autonomic neuropathy [7] or to mucosal infil-
tration by fragments and/or intact serum amyloid protein [2, 5, 8].

GI manifestations in amyloidosis are more common in reactive amyloidosis, but 
may occur in primary amyloidosis (prevalence approximately 1%) [9, 10]. Primary 
amyloidosis usually presents with constipation and mechanical obstruction, while 
reactive amyloidosis presents with diarrhea (more common) and malabsorption, 
although this is not a rule [8, 9, 11]. Gastric and duodenal involvement can cause 
upper symptoms, including nausea, abdominal pain, and hematemesis, and small 
intestinal involvement can result in symptoms, such as diarrhea, steatorrhea, small 
intestinal bacterial overgrowth, GI bleeding, and obstruction. These kinds of GI 
disturbances present even before the onset of polyneuropathy in some cases [5, 6, 9, 
12]. These symptoms vary in intensity and, depending on their severity, contribute 
to the worsening of the patient’s nutritional status.
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The course of amyloidosis includes highly variable systemic clinical signs and 
symptoms. The disease could initiate with numerous nonspecific GI symptoms, and 
it increases the risk of misdiagnosis. In addition, GI manifestations may also mean 
worsening of disease progression. Radiologic and endoscopic findings of GI amy-
loidosis are nonspecific, and the diagnosis requires biopsy to identify amyloid infil-
tration and, sometimes, in addition to genetic tests.

Gastrointestinal tract sites involved in amyloidosis

Localization Clinical Change Symptoms Most common in:

Oral cavity
 [13]

Macroglossia None described AL amyloidosis

Esophagus
 [14–16]

Mucosal infiltration
Denervation of the 
esophagus—Achalasia
Infiltration of the liver
Infiltration in the 
vessels—ischemia

Heartburn to dysphagia
Food impaction
Esophageal varices 
(±hematemesis)
Necrotizing esophagitis 
(±hematemesis)

AL amyloidosis
Or
AA amyloidosis

Stomacha

 [10, 12, 17–21]
Mucosal infiltration Nausea, vomiting, abdominal 

pain
Hematemesis
Gastric outlet obstruction
Gastroparesis
Early satiety
Unintentional weight loss

Primary 
amyloidosis
AL amyloidosis 
and multiple 
myeloma
Primary 
amyloidosis
Secondary 
amyloidosis 
(sometimes in 
primary 
amyloidosis)
ATTR 
amyloidosis
ATTR 
amyloidosis

Small intestine Direct amyloid 
infiltration of the small 
bowel mucosa or direct 
pressure damage to 
neural structures by 
amyloid deposits
Amyloid deposition into 
the myenteric plexus and 
vascular supply
Vascular infiltration
Increased capillary 
permeability

Dismotility → bacterial 
overgrowth
Malabsorption 
syndrome + dysautonomia 
(orthostatic hypotension).
pseudo-obstruction
Mucosal 
ischemia → hematochezia and 
malabsorption syndrome
Protein-losing enteropathy

Primary 
amyloidosis
or
Secondary 
amyloidosis
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Localization Clinical Change Symptoms Most common in:

Colon
 [9, 24, 27, 28]

Mucosal and vascular 
infiltration
Myenteric plexus can be 
replaced by other local 
enteric neurons
Infiltration is within 
smooth muscle
Mucosal infiltration

Diarrhea
Constipation
Bowel obstruction
Hematochezia
Perforations
Pseudo-obstruction (self 
limited)
Pseudo-obstruction (chronic 
course irreversible)
Alternating diarrhea/
constipation

All of them
AA amyloidosis
AL amyloidosis
ATTR 
amyloidosis

Liver
 [5, 15, 30–38]

Hepatic infiltration 
(sinusoidal)
Amyloid protein in the 
liver parenchyma and 
arteriolar membranes

Hepatomegaly (painless)
Cholestasis (elevated serum 
alkaline phosphatase levels)
Jaundice (rare)
Portal 
Hypertension → esophageal 
varices
Liver spontaneous bleeding

AL amyloidosis 
or
ATTR 
amyloidosis
AA amyloidosis

Pancreas
 [12, 22, 24]

Amyloid deposition in 
the pancreas is rare
Endocrine—the death of 
the islet cells from the 
accumulation and 
cytotoxic effects of 
human islet amyloid 
polypeptide.
Exocrine—pancreatic 
infiltration, dysmotility 
and lack of proper 
absorption of bile acids

Pancreatic head mass
Type 2 diabetes mellitus
Steatorrhea
Malabsorption syndrome

AL amyloidosis
Local 
amyloidosis
ATTR 
amyloidosis or 
AL amyloidosis

Retroperitoneal 
space [39]

Amyloid deposition in 
retroperitoneal space

Retroperitoneal mass AL amyloidosis

aGastric biopsies are essential for the diagnosis, since the endoscopic characteristics 
of lesions derived from amyloidosis are extremely similar to those of gastric pri-
mary malignant disease [20]

	1.	 Oral cavity—Macroglossia is described as the most common condition attrib-
uted to amyloidosis due to infiltration of amyloid derivatives [13].

	2.	 Esophagus—Symptoms range from heartburn to dysphagia and rarely hemateme-
sis and food impaction secondary to achalasia (by denervation of the esophagus) 
[14]. In these cases, the cause for hematemesis seems to be esophageal variceal 
rupture (amyloid infiltration of the liver) or necrotizing esophagitis (amyloid 
deposition in the vessels resulting in ischemia) [15, 16].
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	3.	 Stomach—Nausea, vomiting, abdominal pain (mild to intense), hematemesis, or 
gastric outlet obstruction are present in primary amyloidosis [12]. Gastroparesis 
is frequent in secondary amyloidosis but can also be seen in other forms of amy-
loidosis [17, 18]. In approximately one-third of hereditary systemic amyloidosis 
patients, unintentional weight loss and early satiety are related [19]. Gastric 
biopsies are essential for diagnosis, since the endoscopic characteristics of 
lesions derived from amyloidosis are extremely similar to those of gastric pri-
mary malignant disease [20]. However, it appears to be difficult because of the 
infiltrative characteristic of the mucosa that amyloidosis has [10]. Gastric 
involvement should be considered in patients with multiple myeloma and 
obscure GI bleeding [21].

	4.	 Small intestine—Symptoms come from direct amyloid infiltration of the small 
bowel mucosa or from direct pressure damage to neural structures by amyloid 
deposits [22].

Digestion is affected by autonomic neuropathy of the enteric nervous system 
and myopathy secondary to smooth muscle amyloid infiltration. These factors 
have consequences on GI motility, reducing it. Therefore, bacterial overgrowth 
occurs as a result of dysmotility. Vascular infiltration, when present, triggers 
mucosal ischemia. All of these events contribute to the malabsorption syndrome 
[23]. The diagnosis should be made when intestinal malabsorption is accompa-
nied by signs of dysautonomia (orthostatic hypotension). Amyloidosis may be 
responsible for pseudo-obstruction, including deposition into the myenteric 
plexus and vascular supply of the small intestine. These depositions seem to also 
be the cause of abdominal pain and intestinal bleeding [1, 25]. Protein-losing 
enteropathy is likely a result of increased capillary permeability with resultant 
loss of plasma proteins through the affected mucosa [22–26].

	5.	 Colon—Patients may become symptomatic from motility disorders. The most 
common manifestations described are diarrhea, constipation, bowel obstruction, 
hematochezia, and perforations [9, 24, 27, 28]. Sometimes, in computed tomog-
raphy (CT) scans, dilated bowel segments may be visualized. Similar to amyloi-
dosis in the small intestine, pseudo-obstruction could also be seen in the large 
intestine. However, the clinical condition is different between AA amyloidosis 
and AL amyloidosis. Patients with pseudo-obstruction in AA amyloidosis typi-
cally have a clinical presentation that is self-limited (myenteric plexus can 
potentially be replaced by other local enteric neurons), as opposed to AL amy-
loidosis, which has a chronic irreversible course (the infiltration is within smooth 
muscle) [29]. Although papers about survival are rare, the prognosis of GI amy-
loidosis with colonic involvement (AL amyloidosis) was poorer than those with-
out GI involvement [8]. In hereditary systemic amyloidosis, alternating diarrhea/
constipation could occur in one-third of patients [19]. The increase in the num-
ber of organs and systems involved is associated with a worse prognosis.

C. Franz et al.
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	6.	 Liver—Despite being the heart, kidney, and peripheral nerves most commonly 
affected by primary systemic amyloidosis, the liver is also a common site of 
amyloid deposition (70% of the patients had liver involvement) [30]. Deposition 
of amyloid in the liver rarely causes clinical manifestations, and it sometimes 
occurs with another cause involved [30, 31]. Hepatomegaly and elevated serum 
alkaline phosphatase levels are the most common specific clinical findings (81% 
and 86%, respectively) [32], with (rare) or without jaundice [33]. General symp-
toms associated with liver damage are involuntary weight loss and proteinuria 
[30]. Liver biopsy is a safe procedure, and some patients with the general symp-
toms cited before may benefit from it. Some studies have demonstrated that age, 
hepatic involvement, and heart involvement can significantly influence survival 
in these patients [30, 34]. In addition, portal hypertension (with or without asci-
tes) and esophageal variceal bleeding could be found in AL-type amyloid. These 
complications are a consequence of deposits within the space of Disse leading to 
decreased sinusoidal space, which subsequently causes portal hypertension 
secondary [5, 15, 34]. The increase in resistance to blood flow in the liver gener-
ates symptoms similar to cirrhotic patients [35]. More massive infiltration results 
in an enlarged liver with rubber elastic consistency [36]. Splenomegaly can be 
associated with hepatomegaly in patients with amyloidosis in the majority of 
cases. In less than 30% of patients, infiltration by amyloid fibrils can result in 
hyposplenism, which is defined by the presence of Howell–Jolly bodies [37]. 
The capacity of the spleen to protect against encapsulated bacterial decay, there-
fore, requires increased monitoring in this patient population [5]. Liver sponta-
neous bleeding is attributed to secondary amyloidosis for deposition of amyloid 
protein in the liver parenchyma, and arteriolar membranes lead to a waxy liver 
texture with increased fragility; this pathological fragility makes the liver vascu-
lature prone to hemorrhage and the liver parenchyma prone to spontaneous rup-
ture [38].

	7.	 Pancreas—Systemic amyloidosis can involve various organs; however, pancre-
atic involvement is rare. Amyloid deposition in the pancreas has been described 
in a limited number of case reports, and symptoms are derived from the exocrine 
or endocrine component [39]. Exocrine damage seems to contribute to weight 
loss and to worsening diarrhea. Type 2 diabetes mellitus could appear in second-
ary amyloidosis, and this is mainly in the setting of the death of islet cells from 
the accumulation and cytotoxic effects of human islet amyloid polypeptide [40]. 
This type of amyloid deposition is considered local amyloidosis and should not 
be mistaken for systemic disease. Moreover, a diagnosis of primary AL amyloi-
dosis was reported using endoscopic ultrasound-guided fine-needle aspiration in 
a pancreatic head mass seen on abdominal CT [41]. Systemic AL amyloidosis 
can involve multiple visceral organs, including the mesentery and retroperito-
neal space [39]. Pancreatic exocrine insufficiency should be excluded by normal 
blood amylase and lipase levels, normal fecal elastase levels and routine ultraso-
nography, and CT images of the pancreas [42].
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11.2 � Clinical Syndromes

	1.	 Systemic AL amyloidosis is the most common type, associated with plasma cell 
dyscrasia, which produces immunoglobulin light chain that is amyloidogenic. 
The clinical manifestations of GI involvement are determined by the location 
and quantity of protein deposition [8]. The muscularis mucosae, submucosa, and 
muscularis propria are common, leading to polypoid protrusions and thickening 
of the ileocecal valve. Macroglossia occurs in 10–20% of patients with systemic 
AL amyloidosis [13]. In a cohort, the prevalence of symptomatic gastric involve-
ment was only 1% among AL amyloidosis carriers [10]. Therefore, despite being 
rare, symptoms such as constipation, mechanical obstruction, or chronic intesti-
nal pseudo-obstruction appear. Despite these changes, diarrhea can also arise in 
this subtype of amyloidosis [11].

	2.	 Systemic AA amyloidosis is a disorder characterized by the extracellular tissue 
deposition of fibrils composed of fragments of and/or intact serum amyloid A 
(SAA) protein. Represent a potential complication of multiple chronic inflam-
matory conditions (rheumatoid arthritis, juvenile idiopathic arthritis, ankylosing 
spondylitis, inflammatory bowel disease (IBD), psoriatic arthritis, familial peri-
odic fever syndromes, chronic infections, and certain neoplasms). In general, in 
AA amyloidosis, the GI manifestations are derived from mucosal friability and 
erosions, resulting in diarrhea and malabsorption symptoms. When this friability 
is in the esophageal mucosa, there may even be necrotizing esophagitis [16].

	3.	 Hereditary systemic amyloidosis (ATTRv) sets with symptoms derived from 
damage to the peripheral nervous system and/or cardiovascular system. 
Nevertheless, GI symptoms could appear before or be associated with the 
remaining manifestations [12]. Despite the fact that GI involvement is uncom-
mon in other amyloidosis subtypes, it seems to be more frequent in ATTR 
patients. Wixner J et al. published recent data from a large international registry 
(1579 patients with hereditary transthyretin amyloidosis and 160 patients with 
wild-type transthyretin amyloidosis) and reported that 59% of all the patients 
had at least one GI symptom [unintentional weight loss (28.3%), early satiety 
(25%), and alternating diarrhea/constipation (22.9%)]. Constipation was often 
the first lower GI symptom reported, and fecal incontinence (5.6%) was rare. In 
addition, 69% of the Val30Met patients and 56% of the non-Val30Met patients 
reported GI symptoms after a median disease duration of 5 years [19]. On the 
other hand, in some specific variants with mainly cardiac manifestations (TTR 
L111 M and V122I mutations), the frequency of GI symptoms ranged from only 
10–27%, and symptomatic gastroparesis seems to be more frequent [19]. 
Colonoscopy is essential for differentiating ATTR amyloidosis from colon can-
cer, CD, colonic obstruction, proctitis, and diverticulosis [1, 19].

	4.	 β2-Microglobulin amyloidosis

Long-term dialysis for end-stage renal failure is the main factor in the develop-
ment of β2-microglobulin amyloidosis. Whereas this protein is large and unable to 
cross the dialysis filter, levels of β2  M are elevated in patients on dialysis. This 
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disease uniquely occurs after long-term hemodialysis (over 14 years) [43]. GI mani-
festations are rare, but occult bleeding is the most common GI presentation when 
amyloidosis arises [44].

11.3 � Special Situations

11.3.1 � Inflammatory Bowel Disease and AA Amyloidosis

IBD is a chronic idiopathic inflammatory disorder affecting the GI tract [45]. 
Extraintestinal manifestations are common in patients with IBD and occur in 6–47% 
of patients with Crohn’s disease (CD) or ulcerative colitis (UC) [46]. Renal and 
urinary involvement particularly occurs in 4–23% of patients with IBD. Among the 
renal complications of IBD, secondary amyloidosis (AA-type, AAA) is a rare but 
serious complication (nephritic proteinuria and uremia). A particular feature of 
renal AAA is maintenance of the regular size of the kidneys, together with the 
occurrence of hypotension instead of more common hypertension [47].

The literature is scarce about the prevalence of AAA in patients with 
IBD.  Cuquerella et  al., in a systematic review, estimated a frequency of 0.53% 
among cases of IBD (95% CI 0.32–0.75%) [48]. The prevalence of amyloidosis is 
higher in CD than in UC (1.05% vs. 0.08%). A clear predominance of men vs. 
women was consistently found among patients with IBD who developed amyloido-
sis (2:1). Usually, amyloidosis occurs in longstanding cases of IBD, and many years 
elapse between diagnosis and the presence of clinical amyloidosis. However, due to 
the diagnostic delay of intestinal disease, practically simultaneous diagnosis is not 
uncommon [48–50]. The analysis of the extension of IBD demonstrates that amy-
loidosis occurs frequently in the context of extensive bowel disease, mostly in cases 
of ileocolonic involvement (>50%) [48].

The gold standard for diagnosis is biopsies from the target organs (kidney, liver, 
and carpal tunnel), but endoscopic lesions suggesting amyloidosis may be observed 
in TGI. The positivity rates for amyloidosis histological deposits in TGI are as fol-
lows: duodenum 100%, stomach 83%, colon 67%, and rectum 67%. The duodenum 
also showed the highest amount of amyloid deposits [51].

The key treatment targets are to control the underlying IBD, to avoid the forma-
tion and tissue deposition of the SAA protein and to treat the affected organs by 
reducing the already established deposit. The best results have been reported with 
antitumor necrosis factor [TNF] drugs [52]. For many years, colchicine has been the 
only available drug to prevent amyloidosis. However, a reduction in amyloid depo-
sition was not observed. Combining anti-TNF, immunosuppressants, and colchicine 
could improve prognosis. Measuring SAA seems helpful in monitoring amyloidosis 
progression, because C-reactive protein can be normal, even though amyloidosis 
does not respond to treatment [52, 53].
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11.3.2 � - Celiac Disease and Secondary Amyloidosis

The diagnosis of celiac disease is based on a combination of serology and small 
bowel biopsy. Clinical manifestations are derived from enteropathy caused by a 
gluten-mediated inflammatory response among genetically predisposed individuals. 
Serum anti-tissue transglutaminase antibody (anti-tTG) has high specificity for 
celiac disease (96–100%) [54]. There are some clinical reports about the correlation 
between celiac disease and amyloidosis [55–57]. Amyloid protein is a derivative of 
SAA protein, which is transcriptionally regulated by inflammatory cytokines. SAA 
protein levels have also been correlated with disease activity and progression. 
Patients with higher SAA levels have a higher burden of AA deposition, which is 
estimated by whole-body serum amyloid P component scintigraphy [31]. 
Considering that some patients with amyloidosis develop diarrhea, this fact should 
be investigated, since this symptom may be due not only to autonomic disorder but 
also to the emergence of a new entity, such as celiac disease. It has a specific treat-
ment based on a gluten-free diet [54].

11.3.2.1 � Diagnosis

The options from diagnosis include collection of material for histopathological 
analysis (gold standard) and/or positron emission tomography/CT using 
18F-fluorodeoxyglucose (18F-FDG) and CT scan. The use of Congo red staining of 
the biopsy remains the most effective way to confirm this diagnosis, indicating the 
presence of amyloid in the affected organ or tissues. An abdominal fat pad aspirate, 
bone-marrow biopsy, and retal biopsy are the typical sites for biopsy (sensitivity 
80–90%). If clinical suspicion remains high for amyloidosis despite a negative fat 
pad aspirate or bone-marrow biopsy, the affected organ should be biopsied [7, 8, 
13, 58].

Cases of noninfectious chronic diarrhea that symptoms did not disappear with 
specific treatment of irritable bowel syndrome [associated with low fecal calprotec-
tin (<71  μg) and negative anti-tTG] must be subjected to tests for amyloidosis 
(Congo Red; genetics; cardiology, and neurology). However, these tests should be 
performed early if polyneuropathy and/or cardiomyopathy present with GI manifes-
tations. Colonoscopy is mandatory in cases with chronic constipation or chronic 
diarrhea [19].

11.3.2.2 � Treatment

The treatment is based on decreasing the supply of precursor proteins for the syn-
thesis of amyloid fibrils. Classification of severity as well as the staging of the 
patient in relation to the clinical condition are the best ways to choose the 
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medication. Low-risk patients (minimal organ involvement) are candidates for dif-
ferent doses and medications than moderate- or severe-risk patients. Regimens that 
were considered the standard of care for AL amyloidosis are based on the treatment 
of multiple myeloma. The management of AA amyloidosis is trying the underlying 
inflammatory disorder with a subsequent reduction in SAA protein production.

In general, GI symptoms respond during amyloidosis treatment. In AA amyloi-
dosis patients with protein-losing enteropathy and refractory diarrhea, the resolu-
tion of the symptoms was achieved with steroids and octreotide [59]. Surgery is not 
recommended in bowel pseudo-obstruction, as it can cause further complications 
without any significant benefit [60]. In the rare cases of only localized GI amyloido-
sis without systemic involvement, observation without initiating treatment has been 
the preferred modality [61].

In ATTRv amyloidosis patients submitted to orthotopic liver transplantation, the 
stabilization of GI symptoms is generally observed [12, 19, 62]. Other treatments 
are TTR stabilizers (Tafamidis and Diflunisal—this last, off label) and suppression 
of gene expression in the liver by RNA interference (Patisiran) or oligonucleotide 
antisense (Inotersen). None of these studies specifically provided data on the treat-
ment of GI symptoms [63]; however, the use of patisiran reduced autonomic dys-
function and stabilized nutritional status, suggesting an effect on GI autonomic 
function [64]. Symptoms such as early satiety, diarrhea, and constipation are treated 
with specific symptomatic medications.

Regardless of the amyloidosis treatment chosen, starting use in the early stages 
of the disease tends to dramatically reduce the development and chronicity of GI 
symptoms.

11.4 � Summary

Amyloidosis is a rare disease with the potential to affect multiple organ systems, 
including the GI tract. In addition to being a rare disease, the diagnosis of amyloi-
dosis is difficult due to the similarity of symptoms with other diseases. It is an 
important cause of unintentional weight loss. GI manifestations include dysmotility, 
malabsorption, diarrhea, bleeding, and rarely jaundice or portal hypertension. GI 
radiologic findings are typically nonspecific. The two pillars of treatment for amy-
loidosis consist of drugs to alleviate GI symptoms and drugs to reduce systemic 
disease progression. The patient’s nutritional status should always be a concern 
throughout the follow-up.
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Chapter 12
Hematological Associations in Amyloidosis

Jacques Kaufman, Roberto J. P. Magalhães, and Morie A. Gertz

12.1 � Introduction

In systemic immunoglobulin light chain (AL) amyloidosis, a small B-cell clone, 
most commonly a plasma cell clone, produces monoclonal light chains that exert 
organ toxicity and deposit in tissue in the form of amyloid fibrils. Organ involve-
ment determines the clinical manifestations, but symptoms are usually recog-
nized late.

Discriminating patients with other forms of amyloidosis is difficult but neces-
sary, and tissue typing with adequate technology available at referral centers is man-
datory to confirm AL amyloidosis [1].

The clinical presentation of AL amyloidosis can vary widely and depends on the 
extent and number of organs affected. Initial symptoms at onset are often nonspe-
cific (e.g., weight loss and fatigue). As the disease progresses, symptoms reflect the 
organs involved, most commonly the heart and the kidneys [2].
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12.2 � Epidemiology

The prevalence of the disease rises with increasing age. It doubles from age 35–54 
compared to 65+ with reported mean age of 63, and 55% of patients are men [3]. 
There are two known risk factors for AL amyloidosis. The first is a pre-existing 
monoclonal gammopathy. Among patients with MGUS, the relative risk was 8.8 
[4]. In one series of 1384 monoclonal gammopathy of undetermined significance 
(MGUS) patients followed for up to 50 years, 14 developed AL amyloidosis (1%). 
As many as 10–15% of patients with myeloma have overt, coexisting AL amyloido-
sis, and in another series, as many as 38% of myeloma patients were found to have 
covert coexisting AL amyloidosis [5]. Approximately 1% of 108 patients with pre-
existing myeloma who are not diagnosed with AL amyloidosis simultaneously will 
go onto to develop AL amyloidosis [6]. The other identified risk factor is the exis-
tence of particular single nucleotide polymorphisms (SNPs). Associations were 
found in a genome-wide association study of 1229 AL amyloidosis patients. These 
data provide evidence for common genetic susceptibility to AL amyloidosis [7].

12.3 � Incidence of AL Amyloidosis

The first study was carried out using the Olmsted County Project in Minnesota, 
USA, and reported an overall sex-adjusted and age-adjusted rate of 8.9 cases per 
million person-years between 1950 and 1989 and 10.5 cases of systemic AL amy-
loidosis per million person-years between 1970 and 1989 [8]. An update to this 
study that included patients from the same region between 1990 and 2015 demon-
strated an incidence of 12 cases per million per year, which did not significantly 
differ from that reported in the earlier study [9].

12.4 � Clinical Manifestations—Signs and Symptoms

Despite the etiological heterogeneity of systemic amyloidosis, the clinical manifes-
tations of the different forms of amyloidosis largely overlap and depend upon the 
affected organ (Table 12.1). The signs and symptoms that should raise suspicion for 
the potential diagnosis of amyloidosis are usually nonspecific; therefore, establish-
ing the diagnosis is difficult, and early diagnosis requires clinical suspicion [10]. 
For instance, recognition of the disease is delayed; in one report by Lousada et al., 
in 533 participants with AL amyloidosis, 37.1% of respondents, the diagnosis of 
amyloidosis was not established until 1 year after the onset of initial symptoms. 
Diagnosis was received after visits to 1, 2, 3, 4, or 5 physicians by 7.6%, 23.5%, 
20.3%, 16.8%, and 31.8% of respondents, respectively. A correct diagnosis was 
most often made by hematologists/oncologists (34.1%) [11].
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Table 12.1  Most common forms of systemic amyloidosis

Amyloid type Precursor protein

Major organ involvement
Heart (bone 
tracer uptake) Kidney Liver PNS ANS ST

AL 
amyloidosis(acquired)

Immunoglobulin 
light chain

+++ (usually 
absent, can be 
intense)

+++ ++ + + ++

ATTRv amyloidosis 
(hereditary)a

Mutated 
transthyretin

+++ (usually, 
intense can be 
absent in some 
variants)

− − +++ +++ −

ATTRwt 
amyloidosis(acquired)a

Wild-type 
transthyretin

+++ (usually, 
intense)

− − − − +

ApoAI 
amyloidosis(hereditary)

Mutated 
apolipoprotein AI

+ (present) + +++ − − −

AA amyloidosis 
(acquired)

Serum amyloid A 
protein

+ +++ + − + −

ALECT(acquired) Leucocyte 
chemotactic 
factor 2

− +++ + − − −

In AL amyloidosis, soft tissue involvement can manifest as macroglossia, shoulder pad sign, rac-
coon eyes, carpal tunnel syndrome, synovial enlargement, and firm, enlarged lymph nodes. In 
ATTRwt, carpal tunnel and lumbar stenosis are frequently reported. ANS, autonomic nervous sys-
tem; PNS, peripheral neuropathic involvement; ST, soft tissue; ATTRv, transthyretin amyloidosis 
variants; AA, serum amyloid A; ApoAI, apolipoprotein AI; ALECT2, leukocyte chemotactic factor 
2 amyloidosis
aBone tracers validated for the detection of cardiac amyloidosis are 99mTc-diphosphono-
propanodicarboxylic acid, 99mTc-pyrophosphate, and 99mTc-hydroxymethylene diphosphonate; 
+++, ≥50%; ++, 10%–30%; +, ≤10%; −, rare or not involved. Ref. [1]

Amyloidosis is particularly difficult to diagnose, because no single imaging, 
blood, or urine test is diagnostic for this disorder. The presenting symptoms often 
mimic those of more common disorders. The diagnosis of AL amyloidosis should 
be suspected in any patient with nondiabetic nephrotic syndrome, nonischemic car-
diomyopathy with “hypertrophy” on echocardiography, or hepatomegaly [12].

In one study with 445 patients with light chain amyloidosis, only one-quarter of 
the patients had involvement of a single organ at presentation; the remaining patients 
had involvement of two organs (36%) or three or more organs (39%), and the organ 
affected establishes the prognosis.

Localized deposition of proteins that are normally deposited systemically can 
also occur, such as in localized AL amyloidosis, an intriguing condition character-
ized by localized growth of monoclonal plasma cells and the restriction of amyloid 
deposits to sites adjacent to the synthesis of the precursor [13].

The precise molecular mechanisms underlying amyloid organ targeting remain 
elusive. Several investigators have shown that certain structural features related to 
the light chain variable region gene and gene family confer a higher risk of involve-
ment of specific organs, possibly through interactions with resident cells [15]. The 
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Fig. 12.1  Distribution of organ involvement in AL. Adapted from reference [15]

heart and the kidneys are the two most frequently affected organs in systemic AL 
amyloidosis, although all organs can be involved (Fig. 12.1).

Cardiac involvement is the critical determinant of survival of AL amyloidosis 
patients, and early diagnosis is correlated with better overall survival. Amyloid 
heart disease results in a restrictive cardiomyopathy that shares signs and symptoms 
with other etiologies of heart failure with preserved ejection fraction, such as 
fatigue, dyspnea, orthopnoea, paroxysmal nocturnal dyspnea, and peripheral edema. 
Dyspnea on exertion may be the most common early manifestation, since the atria 
are also abnormally stiff [16].

Electrocardiographic findings include low-voltage and pseudoinfarct patterns, 
which are present in approximately 45% of patients [17]. Normal voltage does not 
exclude the diagnosis, but the prevalence of low-voltage QRS complexes seems to 
be more common in AL amyloidosis than in ATTRm amyloidosis [18]. The echo-
cardiogram typically shows concentric left ventricular thickening, often with right 
ventricular thickening. The left ventricular wall may be more echogenic due to 
extensive amyloid deposits, but the classical granular sparkling of the myocardium 
is not sensitive. The ejection fraction global longitudinal strain characteristically 
sparing the apex has the best accuracy in detecting cardiac amyloidosis [19]. AL 
cardiac amyloid patients had more frequent intracardiac thrombi than the other 
types detected by echocardiography in one series, even in sinus rhythm [20]. Cardiac 
magnetic resonance is particularly helpful when the echocardiogram is 
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inconclusive, but does not distinguish amyloid type. Nuclear scintigraphy imaging 
with 99mTc-pyrophosphate (PYP) and 99m3,3diphosphono-1,2-propanodicarboxylic 
acid are useful for identifying ATTR amyloidosis, although, if a monoclonal protein 
is present, tissue confirmation of amyloid type is mandatory, because nuclear scin-
tigraphy may be mildly positive in AL amyloidosis [21].

NT-proBNP and cardiac troponin are sensitive biomarkers not only for prognosis 
but also for early detection of cardiac amyloidosis. The NT-proBNP threshold is a 
matter of debate, since some patients had cardiac involvement detected by magnetic 
resonance imaging with no cardiac involvement by consensus criteria (NT-proBNP 
>332 pg/mL in the absence of renal impairment or atrial fibrillation or both) [22].

The kidneys are involved in 70% of patients with AL amyloidosis, often present-
ing as nonselective proteinuria or nephrotic syndrome. Patients with renal limited 
AL amyloidosis have lower involved serum FLC levels than patients with cardiac 
amyloidosis [23]. The median range of proteinuria was 5–6 g/24 h in a retrospective 
analysis of two cohorts of patients with renal involvement. Only 5% of patients 
were on dialysis at the time of diagnosis. Quantification of proteinuria is important 
to kidney involvement and, together with the estimated glomerular filtration ratio, 
discriminates patients with different probabilities of progression to renal failure 
[24]. The gold standard for proteinuria assessment is 24-h urine collection, and a 
movement toward replacing it with a spot urinary protein–creatinine ratio was 
unsuccessful, since there was a low correlation between the two modalities [25]. 
Enlarged kidneys are rarely seen in ultrasound or CT scans [10].

Peripheral neuropathy is not typically a prominent feature compared with signs 
of cardiac or renal dysfunction. It typically begins in the lower extremities as numb-
ness paresthesia and dysesthesia, but if the disease progresses, patients may develop 
impaired vibration and proprioception sense, as large fibers become involved [26]. 
Electroneuromyography is often not helpful, as early neurologic involvement is 
small fiber neuropathy. Autonomic failure may be present and impact patient quality 
of life, since it can present as severe orthostatic hypotension, gastrointestinal motil-
ity abnormalities, such as gastroparesis or diarrhea, abnormal sweating, sexual (dif-
ficulty with erection and ejaculation) and genitourinary dysfunction (urinary 
frequency and urgency, incontinence, or increased residual urinary retention) [27].

Amyloid neuropathy can mimic chronic inflammatory demyelinating polyradic-
uloneuropathy, and the absence of improvement with immunomodulatory treatment 
and/or the presence of autonomic failure are characteristics that can favor amyloid 
etiology [28].

Carpal tunnel syndrome, which is often bilateral, can precede other signs and 
symptoms of AL amyloidosis [29]. The hand surgeon can contribute to earlier dis-
ease recognition by incorporating a tenosynovial or fascial biopsy into the periop-
erative period for carpal tunnel release. A proposed diagnostic algorithm is proposed 
[30]. (Fig. 12.2).

Some physical signs are not always present at diagnosis, but when they are seen, 
it should prompt the suspicion of the internist. As an example, in one study, the 
frequencies of those signs were described: macroglossia (14%); periorbital purpura 
(11%); submandibular swelling (15%); shoulder pad sign (4%); alopecia (5%); 
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Fig. 12.2  Diagnostic 
algorithm proposed to 
patients presenting with 
bilateral carpal tunnel 
syndrome [30]

jugular vein distention (12%); and nail lesions (3%) [14]. Although not pathogno-
monic, if the diagnosis of amyloidosis is confirmed, macroglossia is only seen in 
AL amyloidosis [31]. (Fig. 12.3).

In a series of 816 patients with AL amyloidosis, 16% had hepatic involvement 
Hepatomegaly with no imaging abnormalities and an elevated alkaline phosphatase 
prompt suspicion of AL amyloidosis as the etiology of liver involvement. 
Predominant hepatic involvement is uncommon and is the most common clinical 
presentation of cholestasis associated with findings of sinusoidal portal hyperten-
sion that rapidly progress to terminal liver failure [32].

Bleeding diathesis is another manifestation of AL amyloidosis ranging from 
mild mucocutaneous bleeding, such as periorbital purpura, to a severe life-threaten-
ing disorder. Multiple mechanisms have been proposed to explain this, since vascu-
lar fragility to multiple clotting factor deficiencies. Factor X (FX) deficiency is the 
most widely recognized abnormality, and in a retrospective trial with 411 patients 
at Mayo Clinic, FX deficiency was found in 43% of patients. In the same trial, 
coagulation abnormalities were associated with advanced disease and inferior out-
comes, highlighting the importance of screening at the diagnosis of AL amyloido-
sis [33].
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a b

Fig. 12.3  (a) Macroglossia and (b) periorbital purpura in AL amyloidosis. Figures from the 
authors with consent of the patients

In addition, AL amyloidosis should be considered in patients with multiple 
myeloma (SMM) or MGUS with unusual features, such as weight loss, edema, and 
dyspnea in the absence of anemia [34]

12.5 � Diagnosis

Monoclonal immunoglobulin can be detected in 99% of patients with AL amyloido-
sis using the combination of serum-free light chain (sFLC) analysis, serum protein 
electrophoresis, serum immunofixation electrophoresis (IFE) and urine IFE.  The 
increase in sFLC can precede the development of AL amyloidosis for many years 
[35]. The high frequency of λ light chain proteinemia is a hallmark of AL amyloi-
dosis [12].

Once a clinical suspicion of AL amyloidosis develops, tissue biopsy is required 
to confirm the diagnosis. Biopsy of the clinically involved organ is generally unnec-
essary. The combination of subcutaneous abdominal fat aspiration and bone-marrow 
biopsy yields 85% sensitivity [36]. Abdominal skin punch biopsy of the fat provides 
more material for analysis with a high sensitivity if the depth is >10 mm [37]. Minor 
salivary gland and labial salivary gland (LSG) biopsies are another alternative. LSG 
had 89% sensitivity in a small retrospective series [38].
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The appropriate organ should only be biopsied if the suspicion is high because of 
the risk of postbiopsy hemorrhage, although in practice many patients underwent 
organ biopsy. It was more common with renal biopsies, which were performed in 
over half of patients with renal involvement [39].

12.6 � MGUS and ATTR Amyloidosis

MGUS demonstrated an increasing prevalence with age, with some reports of 7.5% 
in patients above 85 years. Because of this, it is important to not rely solely on the 
finding of a monoclonal gammopathy to establish a diagnosis of AL amyloidosis in 
a patient with biopsy-proven amyloidosis. Studies have demonstrated the high prev-
alence of MGUS in patients with cardiac ATTRwt, with a prevalence in one series 
of 23%, higher than anticipated from epidemiological studies [40].

A rare but clinically important phenomenon is the occurrence of two different 
types of amyloidosis in individual patients. This is uncommon and was observed in 
<1% of the patients; however, the main coexistence was ATTR and AL amyloido-
sis [41].
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Chapter 13
Orthopedic Care

Bernardo Couto Neto and Liszt Palmeira de Oliveira

13.1 � Carpal Tunnel Syndrome

Carpal tunnel syndrome (CTS) is the most common peripheral nerve compression 
syndrome and the most frequent neurologic disorder of the hand. It refers to com-
pression of the median nerve at the wrist. It is the earliest and most common non-
cardiac manifestation of systemic amyloidosis [1, 2]. The prevalence of CTS 
symptoms in patients with ATTR amyloidosis is as high as 68% [3, 4]. Onset of 
CTS symptoms typically precedes onset of cardiac symptoms and diagnosis in these 
patients by an average of 4–7 years [3–5].

Symptoms of CTS include paresthesia or numbness (or both) in the median 
nerve distribution (thumb, index finger, middle finger, and radial side of the ring 
finger). Nocturnal paresthesia in the radial three digits of the hand is nearly pathog-
nomonic for CTS. Paresthesia also occurs, characteristically in “fixed wrist activi-
ties”, such as reading a book, driving, or using a keyboard or mouse. With advanced 
nerve compression, weakness and atrophy of the abductor pollicis brevis and oppo-
nens pollicis may manifest. The surgical treatment (Fig. 13.1) consists of releasing 
the transverse carpal ligament. Immediately after release, the adjacent tenosy-
novium may be biopsied to establish the diagnosis of amyloidosis. Because CTS is 
the most prevalent upper extremity compressive neuropathy, an opportunity exists 
for early diagnosis and referral for initiation of treatment [6].
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a b

c d

Fig. 13.1  (a) Reference points marking carpal tunnel surgical access. (b) Incision for carpal tun-
nel release. (c, d) Tenosynovectomy of flexor tendons inside the carpal tunnel and tenosynovium 
to be biopsied

13.1.1 � Diagnosis

The hand surgeon can help with earlier disease identification by proceeding with a 
tenosynovial or transverse carpal ligament biopsy.

Sperry [7] (2018) proposed a diagnostic algorithm with two tiers:

•	 In Tier 1, the characteristics are as follows: male age ≥50  years, female age 
≥60 years and bilateral carpal tunnel symptoms or prior release surgery.

•	 In Tier 2, the characteristics are spinal stenosis, biceps tendon rupture, atrial 
fibrillation or flutter (active or previous history), pacemaker, congestive heart 
failure, and family history of amyloidosis.

When two characteristics from Tier 1 or when one characteristic from Tier 1 
plus one characteristic from Tier 2 are met, the biopsy is indicated.

It should be sent to pathology in standard formalin for Congo red staining, which 
allows identification of amyloid by its characteristic apple-green birefringence 
under polarized light microscopy, but does not provide any information on the amy-
loid type. Thioflavin staining for amyloid fibrils may also be used. If Congo Red or 
thioflavin staining is positive, then immunohistochemistry or mass spectrometry 
must be ordered to define the subtype [3].
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If AL or ATTR amyloid is detected, patients should promptly be referred to a 
specialist with experience in managing amyloidosis. This approach is suggested for 
some studies in the literature [7–15].

Early diagnosis is important, because the therapies available for both AL and 
ATTR are most effective in earlier stages of the disease. The hand surgeon who 
makes the connection between CTS and amyloidosis creates an opportunity for 
early treatment and can positively impact a patient’s life.

13.2 � Tendinopathy

Tendinopathy is a term used to encompass painful conditions affecting the tendons 
of the wrist and hand and is perhaps the most common reason for a visit to a hand 
surgeon. Tendinopathy includes conditions such as tendon entrapment and stenosis 
(trigger finger, de Quervain disease), as well as inflammatory conditions (tenosyno-
vitis). Tenosynovitis refers to inflammation of the synovial lining of a tendon sheath. 
Causes of inflammatory tenosynovitis are rheumatoid arthritis or other inflamma-
tory arthropathies and deposition diseases, such as amyloidosis, crystalline tendi-
nopathy (calcific tenosynovitis or gout) and septic tenosynovitis (bacterial, 
mycobacterial, and viral agents). Such proliferative tenosynovitis is relatively 
uncommon, is erosive, is not restricted to the retinacular thickenings of the tendon 
sheath, and may lead to tendon rupture [16]. A far more common condition than 
proliferative tenosynovitis is tendon entrapment caused by narrowing or stenosis of 
a tendon’s sheath. There is a paucity of inflammatory tissue associated with tendon 
entrapment. All the conditions described here cause hand pain and disability.

13.2.1 � Trigger Finger

This condition causes painful catching or popping of the involved flexor tendon as 
the patient flexes and extends the digit. The phenomenon of the trigger finger is due 
to mechanical impingement of the digital flexor tendons, as they pass through a nar-
rowed retinacular pulley at the level of the metacarpal head [16]. Amyloid deposits 
have been identified in connective tissue beneath the synovial lining of the flexor 
tendon sheath in patients with idiopathic trigger finger [8]. In the general popula-
tion, there seems to be a link between CTS and trigger finger, with concomitant 
occurrence in 16–61% of patients [17]. Most primary trigger digits in adults can be 
successfully treated nonsurgically with corticosteroid injection or splinting. Patients 
with trigger digits secondary to rheumatoid arthritis, other proliferative tenosynovi-
tis or diabetes are counseled about the reduced success rate with this form of treat-
ment and are not offered a second attempt at injection. Surgical treatment may be 
necessary in resistant trigger digits or chronic cases.
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13.3 � Distal Biceps Tendon Rupture

Geller et al. (2017) [18] revealed a high occurrence of distal biceps tendon rupture 
in patients diagnosed with ATTRwt cardiomyopathy. This condition occurs with an 
estimated incidence of 1.2 per 100,000 people per year. The mechanism of injury is 
typically a sudden load against a flexed biceps muscle. This injury is associated with 
sports, and the incidence is highest in men in the fourth decade of life. Spontaneous 
ruptures are lesions that occur with minimal or trivial trauma. A retrospective cross-
sectional study compared the frequency of distal biceps tendon ruptures in patients 
with heart failure secondary to ATTRwt cardiomyopathy with that of patients with 
heart failure of other causes. In total, 111 patients were present, 108 of whom were 
men, with a mean age of 75 years studied. The incidence of distal biceps tendon 
rupture was 33.3% in patients with ATTRwt cardiomyopathy compared with 2.5% 
in patients with other causes of heart failure. In the ATTRwt group, distal biceps 
tendon rupture preceded the diagnosis of heart failure by 5 years.

In the geriatric age group, these ruptures are treated nonoperatively with rest and 
gentle range of motion. Four–six weeks after the injury, strengthening exercises are 
initiated. Potential underlying amyloidosis should be suspected in cases of sponta-
neous rupture of the distal biceps, especially in elderly patients.

13.4 � Rotator Cuff Disease

Rotator cuff disease encompasses a broad spectrum of injury and pathology with an 
increasing incidence with age. Pain with overhead activity and loss of active range 
of motion of the shoulder are common symptoms. The glenohumeral joint is a com-
mon site of involvement of amyloidosis [19].

One-third to one-half of patients on long-term hemodialysis have pain and move-
ment limitation of the shoulder. With the progression of amyloid infiltration of the 
rotator cuff tendons, minimally traumatic tendon rupture may occur. In advanced 
disease, anterior shoulder enlargement due to amyloid deposition in the periarticu-
lar connective tissue can be observed and is termed “the shoulder-pad sign.” 
Ultrasonography images of amyloidosis of the gleno-humeral joint show thickening 
of the rotator cuff tendon, thickening of the synovial sheath around the long head of 
the biceps tendon and thickening of the subdeltoid bursa. Thickening of the supra-
spinatus tendon greater than 7 mm is considered diagnostic for amyloidosis of the 
shoulder [20, 21]. On magnetic resonance imaging (MRI), early amyloidosis of the 
shoulder manifests with obliteration of the rotator interval and thickening of the 
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Fig. 13.2  Bilateral 
proximal biceps rupture in 
a patient diagnosed 
with ATTR

rotator cuff tendons. Massive rotator cuff tearing may be seen with advanced dis-
ease. In the elderly age group, spontaneous ruptures (Fig. 13.2) can be associated 
with amyloid infiltration of the proximal biceps tendon. An MRI-based classifica-
tion system for amyloidosis of the shoulder, based on rotator cuff thickness and 
obliteration of the rotator interval findings, was proposed by Ando et  al. [22]. 
However, the definitive diagnosis of amyloidosis is established histologically. 
Treatment options are dependent on the extent of disease and patient symptoms and 
may range from physical therapy to surgical repair using a variety of possible 
techniques.

13.5 � Lumbar Spinal Stenosis

Lumbar spinal stenosis is a common source of back and leg pain. It can also cause 
neurogenic claudication and cauda equina syndrome. It refers to a narrowing in the 
vertebral area with compression of the neural elements in the neural foramen, lateral 
recess or central canal. It is a significant cause of disability in elderly individuals, 
and it is the most significant cause of spinal surgery in patients over 65 years of age 
[23]. Although a generalized understanding exists that amyloid can deposit in the 
ligamentum flavum, understanding is limited to a case series and sporadic case 
reports [24–26]. The utility of ligamentum flava biopsies for the early detection of 
amyloidosis has not been studied. Some authors have suggested biopsy or referral 
in the setting of abnormal nerve conduction studies or worsening symptoms despite 
surgical treatment [27]. These practices have not yet been proven beneficial.
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Early diagnosis for both AL and ATTR amyloidosis is important, because the 
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Chapter 14
Serum Amyloid A Amyloidosis

Leonardo Oliveira Mendonça and Roberta Shcolnik Szor

14.1 � Serum Amyloidosis (AA Amyloidosis): 
General Principles

Serum amyloid A (AA) amyloidosis results from the excessive production of serum 
amyloid A protein (SAA), an acute-phase protein produced by hepatocytes under 
inflammatory conditions. SAA acts in the immune regulation process as an opsonin 
for phagocytosis of bacteria and in the reverse transport of cholesterol in damaged 
tissues. Elevated levels of SAA occur in proinflammatory states under constant 
cytokine stimulation, such as tumor necrosis factor (TNF) and interleukins 1 and 6 
(IL-1 and IL-6).

As occurs in other subtypes of amyloidosis, the aggregation of SAA and its 
deposition in tissues in the form of amyloid material lead to multisystem organ 
damage. The disease is marked by dysfunction of vital organs, with progressive and 
potentially fatal evolution. AA amyloidosis is, therefore, an acquired and systemic 
disorder, evolving in the course of other underlying chronic inflammatory condi-
tions, such as infectious, autoimmune, autoinflammatory, and neoplastic diseases.

L. O. Mendonça (*) 
Division of Clinical Immunology and Allergy, Hospital das Clínicas, Universidade  
de São Paulo, São Paulo, SP, Brazil 

Department of Clinical Immunology and Allergy, Hospital 9 de Julho—Rede DASA,  
São Paulo, SP, Brazil 

Center for Rare and Immunological Disorders, Hospital 9 de Julho—Rede DASA,  
São Paulo, SP, Brazil
e-mail: lomendonca@h9j.com.br 

R. S. Szor  
Department of Hematology, Hospital 9 de Julho—Rede DASA, São Paulo, SP, Brazil

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
D. Xavier de Ávila, H. Villacorta Junior (eds.), Amyloidosis and Fabry Disease, 
https://doi.org/10.1007/978-3-031-17759-0_14

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-17759-0_14&domain=pdf
mailto:lomendonca@h9j.com.br
https://doi.org/10.1007/978-3-031-17759-0_14


138

It is slightly more predominant in men, with a median age at diagnosis of 
50 years. In children, it is the most common subtype of systemic amyloidosis. The 
estimated incidence of AA amyloidosis is 1–2 cases per million person-years. In 
low-income and middle-income countries, chronic infections are the most frequent 
causes of AA amyloidosis. On the other hand, immune-mediated conditions, such 
as autoimmune and autoinflammatory diseases, play an important role in the devel-
opment of AA amyloidosis in high-income countries. In recent decades, however, a 
reduction in the incidence of AA amyloid has been observed due to the better con-
trol of such underlying conditions. In the largest cohort on systemic amyloidosis to 
date, with approximately eleven thousand patients, the National Amyloidosis Centre 
of the United Kingdom reported an incidence of AA amyloidosis varying from 13% 
between 1987 and 2010 to 3% in the period from 2010 to 2019 [1, 2].

14.2 � Clinical Presentation

According to the organs involved, a constellation of clinical manifestations may be 
observed in AA amyloidosis. Often, nonspecific signs and symptoms can be found 
and include fatigue, weight loss, and peripheral edema. Frequently, there is a delay 
in diagnosis due to late suspicion leading patients to undergo many exams and sev-
eral specialist evaluations [3].

In AA amyloidosis, the main organ involved is the kidney, and in approximately 
25% of the cases, the liver can also be affected. Less commonly involved organs are 
the heart, nervous system, spleen, gastrointestinal tract, and soft tissues (including 
lymph nodes). The main clinical manifestation is proteinuria, which is present in 
95% of the cases and may reach the nephrotic range in 50% of patients. Renal dys-
function is not always associated, and approximately 10% of patients are already on 
renal replacement therapy at diagnosis. When hepatic involvement is present, hepa-
tomegaly and high levels of canalicular injury serum markers are commonly 
observed. Imaging methods do not always show clear morphological changes in 
addition to an enlarged liver [3].

Once amyloidosis has been diagnosed, a multiorgan screening should be per-
formed, including the kidney, liver, heart, somatic and autonomic peripheral ner-
vous system, digestive tract, and soft tissues. In patients with advanced age, findings 
of very high levels of SAA, renal dysfunction, and involvement of the liver and 
heart are compatible with worse prognosis. Figure 14.1 summarizes the main clini-
cal syndromes that should raise suspicion of systemic amyloidosis.
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1. Clinical suspicion 2. Demonstration of amyloid
deposits by Congo-red Strain

3. Subtyping amyloidosis and
genetic analysis

Serum amyloid A (SAA)

24 hour proteinuria

Screening for monoclonal gamopathy
(imunofixation and free light chain - serum

and 24 hour urine)

Mass spectrometry Genetic Sequencing

Kidney
Nephrotic syndrome

Heart
Heart failure with preserved
fuction

Perypheral Nervous System
Sensory predominant neuropathy
with autonomic nerve involvement

Bowels
Diarrhea and constipation

Fig. 14.1  Steps to be considered for the diagnosis of AA amyloidosis and main syndromic presen-
tations by each organ involved. (1–3) Steps from clinical recognition, demonstration of the amy-
loid deposits in human tissue to the search for the underlying condition and subtyping amyloidosis. 
Organ figures indicate the main syndromic presentation. (Figure was generated with Biorender 
and license was obtained) (Abbreviations: SAA Serum amyloid A)

14.3 � Diagnosis

Clinical suspicion is crucial in shortening the time to diagnosis, allowing early treat-
ment, and preventing the progression of multiorgan dysfunctions. The final diagno-
sis of AA amyloidosis requires the presence of a clinical syndrome, followed by 
histological evidence of the amyloid deposit and, finally, the demonstration that 
SAA is the precursor protein.

The most reliable way of proving the amyloid deposit is by biopsying an involved 
organ. When performed in reference centers, kidney and liver biopsies are associ-
ated with a low rate of complications. However, these procedures are not risk-free. 
Thus, performing a fat pad aspirate or biopsy, a salivary gland, or a lip biopsy may 
help in the diagnostic process. In our experience of AA amyloidosis screening in 
patients at high risk of developing systemic amyloidosis, fat pad biopsies demon-
strated 17% positivity. One may be aware that several factors may influence the 
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diagnostic yield with indirect biopsy sites. The proper sample collection, the quality 
of the Congo red dye, and the pathologist’s expertise in analyzing the affected tissue 
are critical factors in the interpretation of the results. Thus, if an initial biopsy does 
not confirm the diagnosis of amyloidosis, and if the clinical suspicion remains, a 
biopsy of the affected organ, or another biopsy, must be considered.

Currently, the gold standard for precursor protein identification is mass spec-
trometry. However, the technique is not yet widely available due to its high com-
plexity and cost. Other techniques to detect the precursor protein are based on 
immune-mediated methods, such as immunohistochemistry. Some complementary 
tests may indirectly help to define the amyloidosis subtype. Serum measurement of 
SAA should always be performed when AA amyloidosis is suspected, and screen-
ing for monoclonal gammopathy is important to rule out the light chain subtype. 
However, isolated finding of high levels of AA amyloid substance (SAA) does not 
confirm the diagnosis of SAA related amyloidosis [4].

Another point to be considered after the diagnosis of AA amyloidosis is made to 
understand the underlying condition of the diagnosis. In such a specific scenario, 
the genetic dissection of the inflammation unrevealed genes and disorders respon-
sible for AA systemic amyloidosis. Therefore, it is mandatory to look after genes 
involved in the autoinflammatory and immune dysregulatory pathways. In this spe-
cific subgroup of disorders, nonsyndromic forms of recurrent fevers must be taken 
into account for differential diagnosis: (1) familial Mediterranean fever (FMF); (2) 
TNF receptor-associated periodic syndrome (TRAPS); and (3) hyper-IgD. FMF-
affected individuals usually harbor pathogenic mutations in exon 10 of the MEFV 
gene in homozygous or compound heterozygous status, with the M694 V variant 
being a predictor of the development of AA amyloidosis. In TRAPS-affected 
patients harbor heterozygous pathogenic mutations in TNFRSF1A that are inherited 
in a autosomal dominant fashion, and no specific mutations are linked to the devel-
opment of amyloidosis. Finally, individuals with hyper-IgD syndrome harbor patho-
genic mutations in the MVK gene inherited in an autosomal recessive fashion, being 
the T237S associated with not severe phenotypes [5, 6].

14.4 � Treatment

The treatment of AA amyloidosis aims to normalize the levels of SAA and prevent 
the formation of amyloid fibrils, thus stopping the progression of organic damage 
and ideally reversing the dysfunctions already installed. Therefore, treatment is 
directed to the underlying inflammatory condition. In chronic infections, antimicro-
bial treatment helps control inflammation. In rheumatological and autoinflamma-
tory diseases, medications such as corticosteroids and immunosuppressive or 
immunobiological agents can be used (antagonists and monoclonal antibodies 
against TNF, IL-1, and IL-6). For FMF patients colchicine is effective in preventing 
both the disease attack and the development of AA amyloidosis. Blocking IL-1 
using anakinra, canakinumab, or rilonacept can be effective in the reversion of AA 
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amyloidosis in hereditary autoinflammatory syndromes. In advanced cases of 
organic involvement, solid organ transplantation can be considered, such as kidney, 
liver, and heart transplantation. Supportive treatment is another essential measure 
for patient care in AA amyloidosis. It should be carried out with all the different 
specialists, according to the organs affected, and with the physician responsible for 
treating the underlying inflammatory disease [4, 5].

Although there are no defined response criteria in AA amyloidosis, response 
evaluation should assess both the underlying inflammatory condition and organ dys-
function. Serial measurements of SAA or other inflammatory markers, such as 
C-reactive protein or erythrocyte sedimentation rate, can be used. In addition, labo-
ratory and imaging markers related to organ dysfunction should also be monitored, 
and their improvement and, ideally normalization denote the presence of an organic 
response [7].
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Chapter 15
Diagnostic Workflow of Cardiac 
Amyloidosis

Marcus Vinicius Simões and Edileide Barros Correa

15.1 � Question 1: Is Cardiac Amyloidosis a Rare Disease?

Recent evidence has suggested that cardiac amyloidosis, particularly the ATTR 
form, is a more prevalent condition than previously estimated. Thanks to the advance 
of noninvasive diagnostic methods, mainly the use of scintigraphy with bone-avid 
tracers, the rate of ATTR diagnosis, mainly the ATTRwt form, is steadily growing 
[1]. ATTRwt has been reported in up to 13% of male elderly patients with HFpEF 
phenotype and left ventricular wall thickness >12  mm [2], and in up to 25% of 
hearts in autopsies of very elderly people [3]. A recent study reported a progressive 
increase in the prevalence of cardiac amyloidosis as the cause of heart failure with 
preserved ejection fraction in patients hospitalized with acute heart failure in the 
USA medical care system when comparing the data between 2000 and 2012, from 
18 to 55.2/100,000 person-years [4].

It is also relevant to emphasize that AL amyloidosis was until recently the main 
cause of cardiac amyloidosis, albeit it is considered a rare disease with an estimated 
incidence of 6–10 cases/million person/year. This condition is associated with a 
poor prognosis, and an early diagnosis is critical for improving survival [5].
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15.2 � Question 2: Can Amyloidosis Masquerade as Other 
Cardiac Diseases?

Cardiac amyloidosis may also mimic other heart diseases, such as hypertrophic 
cardiomyopathy, nonamyloid HFpEF, and low-flow/low-gradient aortic stenosis 
[6]. Cardiac amyloidosis may also present as atrioventricular block demanding 
pacemaker implantation or atrial arrhythmias without other apparent cause.

Thus, cardiac amyloidosis may be frequently underdiagnosed or receive a late 
diagnosis. More than 50% of ATTRv patients and 39% of ATTRwt patients have an 
incorrect initial diagnosis, with consequent inadequate treatment being prescribed 
for most of those patients. The delay in the correct diagnosis leads to worsening of 
structural cardiac changes and clinical deterioration, with consequent worse 
prognosis.

These factors indicate that a high suspicion of the disease is needed in different 
clinical scenarios to trigger a rational diagnostic workflow in a timely manner [7]. 
In the clinical scenario of amyloidosis, the principle that we cannot diagnose a dis-
ease in what we do not believe is used.

Figure 15.1 shows a proposal for the diagnostic workflow of cardiac amyloidosis 
based on the Position Statement for Diagnosis and Treatment of Cardiac Amyloidosis 
of the Brazilian Society of Cardiology.

Fig. 15.1  Diagnosis work-up algorithm for cardiac amyloidosis, as proposed by the Brazilian 
Society of Cardiology
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15.3 � Question 3: What Are the Clinical Clues to Raise 
the Suspicion of Cardiac Amyloidosis?

The first and most fundamental step is setting the clinical suspicion, which is based 
on suggestive findings derived from clinical history, physical examination, EKG, 
and echocardiogram. Fundamentally, cardiac amyloidosis should be suspected in 
elderly patients with heart failure and unexplained increased left ventricular wall 
thickness (interventricular septum ≥12 mm) presenting ≥1 red flag, and a list of 
more relevant red flags is depicted in Fig. 15.2.

The warning signs, or red flags, that may herald the presence of amyloidosis, are 
based on the multisystemic manifestations of amyloidosis that may involve, mainly: 
(1) nervous system, which may manifest as sensitive-motor polyneuropathy and/or 
autonomic dysfunction; (2) conjunctive tissue and skeleton, including carpal tunnel 
syndrome, spontaneous biceps tendon rupture, and stenosis of the vertebral channel; 
and (3) specific changes in cardiac imaging exams, such as the EKG showing 
decreased QRS voltage to LV mass ratio, echocardiogram depicting reduced longi-
tudinal strain with apical sparing.

Left Ventricular
Wall Thickness

≥ 12 mm
≥1 of

Heart failure in ≥ 65 years

Aortic stenosis in ≥ 65 years

Hypotension or normatensive if previously hypertensive

Sensory involvement, autonomic dysfunction

Peripheral polyneuropathy

Proteinuria

Skin bruising

Bilateral carpal tunnel syndrome

Ruptured biceps tendon

Subendocardial/transmural LGE or increased ECV

Reduced longitudinal strain with apical sparing

Decreased QRS voltage to mass ratio

Pseudo Q waves on ECG

AV conduction disease

Possible family history

Fig. 15.2  Most important red flags to raise the suspicion of cardiac amyloidosis in patients with 
HFpEF exhibiting a potential phenotype of cardiac infiltration (interventricular septal thickness 
≥12 mm). Adapted from ref. Garcia-Pavia et al. Diagnosis and treatment of cardiac amyloidosis: a 
position statement of the ESC Working Group on Myocardial and Pericardial Diseases. Eur Heart 
J 2021; 21;42 (16):1554–1568
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In patients with suspicion at the intermediate level, cardiac magnetic resonance 
imaging may importantly contribute to indicating the presence of amyloidosis. The 
findings of an increased T1-mapping signal, increased ECV and a suggestive diffuse 
subendocardial or myocardial transmural pattern of gadolinium late enhancement 
are highly indicative of cardiac amyloidosis.

15.4 � Question 4: What Is the Next Step When Tests Are 
Suggestive of Cardiac Amyloidosis?

When the electrocardiogram and imaging tests are suggestive of cardiac amyloido-
sis, the next steps are toward confirming the diagnosis and identifying the type of 
precursor protein, noting that the diagnostic exams do not allow the differentiation 
between the types of amyloidosis.

We must initially and mainly rule out AL-CA, as this is considered a medical 
emergency, and the prognosis is better the faster the treatment is started. Thus, it is 
important to carry out immunofixation in blood and urine and the serum free light 
chain ratio, which detects an abnormal rate between kappa/lambda chains (>1.65 
or <0.26).

Protein electrophoresis is not an adequate screening test, since this method may 
not detect the monoclonal component in blood and/or urine. Adding the serum free 
light chain ratio to immunofixation in blood and urine increases the detection sensi-
tivity to >99% [8, 9].

Therefore, immunofixation in blood and urine associated with free light chain 
ratio analysis represents the best noninvasive method for detecting clonal light chains.

15.5 � Question 5: When Laboratorial Tests Are Positive What 
Should Be Done?

It is important to note that despite having 99% sensitivity for identifying underlying 
substrate for AL-CA, an abnormal immunofixation and/or free light chain ratio is 
not specific for AL amyloidosis. Abnormal tests can occur in monoclonal gammop-
athy of uncertain significance and in renal failure. Up to 5% of the population 
>65 years of age has a monoclonal gammopathy of undetermined significance [10].

In addition, free light chains are filtered by the glomeruli, and renal dysfunction 
results in increased serum concentrations and an abnormal ratio between them, as it 
affects the excretion of free light chains differently. As a result, reference values 
with greater variation have been proposed in patients with renal failure [11].

Therefore, other conditions can lead to changes in the kappa/lambda ratio, which 
justifies the indication of performing a tissue biopsy to confirm the deposit with 
subsequent identification of the precursor protein as well as a referral to a hematolo-
gist. (Fig. 15.1).
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15.6 � Question 6: When and How Should Tissue Biopsy 
Be Undertaken?

The diagnostic accuracy of an extracardiac biopsy depends on the type of amyloi-
dosis and on the examined tissue. In general, the yield of an extracardiac biopsy 
(abdominal fat pad, gingiva, skin, salivary gland, or gastrointestinal tract) is higher 
in AL-CA than in ATTRh, which is higher than ATTRwt. As light chain amyloidosis 
has multisystem involvement, i.e., affects numerous organs and tissues, an extracar-
diac biopsy, simple and safe, can be conclusive for the diagnosis and should be 
preferred initially. In AL-CA, the yield of a fat pad biopsy is >70% and is strongly 
associated with whole-body amyloid load. Congo red staining with birefringence 
under polarized light was used to determine the amyloid deposit. Therefore, in gen-
eral, there is a higher chance of positive extracardiac biopsy results when the site is 
abdominal fat and the amyloidosis is AL, followed by ATTRv and ATTRwt [12–14].

In a series of 131 patients whose ATTR-CA diagnosis was confirmed by endo-
myocardial biopsy, abdominal fat biopsy was positive in 67% of ATTRh patients but 
only in 14% of ATTRwt patients [15].

However, in cases of localized amyloidosis, i.e., restricted to one organ or tissue, 
a subcutaneous fat tissue biopsy is seldom positive [16].

Therefore, although abdominal fat is the preferred initial site for extracardiac 
biopsies, a negative result should not exclude the diagnosis, and an endomyocardial 
biopsy should be performed if the suspicion is high, following route 2B 
(Fig. 15.1) [14].

In these cases, biopsy of the affected organ has 100% sensitivity and specificity. 
If the degree of suspicion of amyloidosis is low, a negative extracardiac biopsy may 
end the diagnostic outflow.

15.7 � Question 7: What Is the Hematologist’s Participation?

In light-chain amyloidoses, the hematologist has a central role both in terms of 
diagnosis and especially in treatment. In the diagnostic phase, bone marrow biopsy 
indicated for the identification of the underlying plasma cell disorder contributes to 
the diagnosis of AL amyloidosis by increasing the yield of fat aspiration or fat 
biopsy by approximately 89–90%. Therefore, only 11% of patients should require 
an endomyocardial biopsy when AL amyloidosis is suspected [17].

15.8 � Question 8: After the Tissue Biopsy, Is the Diagnostic 
Work Done?

It should be pointed out that although Congo red staining can confirm amyloid infil-
tration in tissue, as typical apple-green birefringence using polarized light, it does 
not differentiate the type of amyloidosis. There is still this diagnostic stage left, the 
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identification of the type. Emphasizing the importance of this topic, one could be 
facing a patient with positive monoclonal light chain tests, a biopsy confirming 
amyloid deposits and not presenting light chain amyloidosis, but TTR amyloidosis 
with monoclonal gammopathy of uncertain significance, which can occur in 40% of 
cases [18].

In light of these aspects, since identifying the amyloid deposition type is funda-
mental for appropriate treatment, immunohistochemistry or, preferably, laser micro-
dissection, and mass spectrometry of the amyloid biopsy material must be performed. 
Immunohistochemistry remains the most widely available method for identifying 
the deposition type. However, when amyloidosis is light chain, the results are not 
always conclusive; they may be positive for more than one type of antiserum, usu-
ally TTR and kappa or lambda light chain. This happens by the binding of the anti-
body with circulating proteins present in the pathological specimen. In a series, 8 of 
15 patients with monoclonal gammopathy showed positive results in immunohisto-
chemistry for TTR, and mass spectrometry demonstrated light chain amyloidosis in 
5. Thus, mass spectrometry has become the new gold standard for identifying amy-
loid deposition type [7, 14, 19, 20].

Mass spectrometry involves laser microdissection and laser capture of amyloid. 
By mass spectrometry, one can separate atoms, isotopes, and fragments of mole-
cules based on their mass. For negative monoclonal light chain results, i.e., when 
ATTR is more likely, although other rare forms of CA may also be diagnosed, the 
investigation should follow the cardiological route, taking two subroutes according 
to the availability of scintigraphy with bone markers. (Fig. 15.1).

15.9 � Cardiological Route

When scintigraphy with bone tracers is available and monoclonal light chains are 
excluded, the diagnostic pathway should follow subroute 2A in the algorithm, 
which allows a noninvasive diagnosis route based on scintigraphy molecular images 
with bone avid tracers, without the need for endomyocardial biopsy (Fig. 15.1). In 
Brazil, the only available bone radiotracer is 99mTc-pyrophosphate. The images 
should include planar images of the anterior view of the chest, usually acquired 1 
and/or 3  h after the radiotracer injection. Cardiac uptake grading 2 or 3 by the 
Perugini classification (equivalent to or greater than that of the costal archs) is con-
sidered positive for ATTR cardiac amyloidosis once light chains are excluded, since 
the uptake on the cardiac area is confirmed to be located in the myocardial walls of 
the left ventricle by the analysis of the SPECT images. In addition, a semiquantita-
tive approach by calculation of the heart to contralateral regions of interest ratio (H/
CL ratio) can also be used. In this approach, an H/CL uptake ratio ≥1.5 at 1 h or 
≥1.3 at 3 h after tracer injection is considered positive for ATTR-CM (Fig. 15.3).

TTR gene sequencing should then be performed to determine whether the ATTR 
is hereditary or wild type. Differentiating between hereditary and wild-type ATTR 
has prognostic and therapeutic implications and is also important for family screen-
ing and genetic counseling.
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Fig. 15.3  Illustrative images of a patient with cardiac scintigraphy positive for ATTR-CM, with 
previous exclusion of immunoglobulin light chains. The planar images (left panel) show cardiac 
uptake superior to the rib uptake (Perugini grade 3) and a heart/contralateral ratio exceeding 1.5 at 1 h 
and 1.3 at 3 h after tracer injection. The SPECT images (right panel) show that cardiac uptake is 
located in the left and right ventricular walls (arrows), confirming the myocardial uptake of the bone 
seeking tracer 99mTc-pyrophosphate. Adapted from the ref. Position Statement on Diagnosis and 
Treatment of Cardiac Amyloidosis—2021. Simoes MV et  al. Arq Bras Cardiol. 2021 Sep;117 
(3):561–598
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When cardiac scintigraphy with bone tracers is negative and is associated with an 
absence of monoclonal light chains, CA is unlikely. However, when high clinical 
suspicion still persists, based mainly on the results of other imaging methods highly 
suggestive of amyloidosis, such as CMR, endomyocardial biopsy should be per-
formed. Such cases could indicate ATTRv involving mutations with amyloid depos-
its that do not uptake bone tracers, such as early-onset V30 M and P64 L, in addition 
to other unusual types of amyloidosis.

When bone scintigraphy is unavailable, an invasive route with indication of 
endomyocardial biopsy is recommended to clarify the diagnosis (subroute 2B).
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Chapter 16
The Echocardiogram in Amyloidosis

Marcelo Dantas Tavares de Melo and Alex dos Santos Félix

16.1 � Introduction

Cardiac amyloidosis (CA) is a systemic disease caused by the extracellular deposi-
tion of insoluble amyloid fibrils in the heart [1]. Echocardiography is a key diagnos-
tic method for the suspicion and diagnosis of amyloidosis and other cardiac 
infiltrative diseases. Most of the classic and more specific findings of the disease are 
not present until later stages of infiltrative burden [2], the reason why we must 
actively search for more sensitive echocardiographic markers that can detect it at an 
early stage and look for patterns that would indicate a higher probability of disease, 
allowing us to screen patients who would benefit from a more extensive investiga-
tion with other imaging modalities, such as cardiac MR and nuclear scintigraphy. 
The clinical outcome depends on the extent of tissue involvement and the type of 
deposited amyloid fibrils. CA should be suspected in cases of heart failure (HF) 
with preserved ejection fraction, unjustifiable left ventricular (LV) hypertrophy and 
systemic organ involvement, such as neuropathy, anemia, kidney dysfunction, 
bleeding and thrombosis, dysautonomia, and atrioventricular conduction 
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disturbances [3]. Predominant cardiac symptoms occur in only 20% of cases, and 
isolated cardiac involvement occurs in less than 5%, with the majority involving 
more than one organ [4].

Two main types of CA correspond to most cases: light chain (LC) and transthyre-
tin (ATTR) CA.  With the continuous development of effective pharmacological 
treatment options for this disease, it is also very important to have accurate quantita-
tive parameters, which may have the capability to detect subtle changes that would 
help to monitor treatment response, determine prognosis, and help guide adjust-
ments in therapy.

16.2 � Light Chain Cardiac Amyloidosis

Amyloid fibrils in the CA are composed of monoclonal immunoglobulin LCs and 
are generally associated with cellular plasma disorders. It is a rare and rapidly pro-
gressive disease in which cardiac involvement is common and is a crucial factor in 
determining the clinical prognosis [5]. Mortality is high when cardiac involvement 
is present, and the prognosis is poor [6].

16.3 � Transthyretin (ATTR) Cardiac Amyloidosis

In ATTR amyloidosis, the amyloid fibers come from the transthyretin protein pro-
duced in the liver. ATTR amyloidosis is more frequent from wild-type protein 
(ATTRwt) and less frequent from misfolding of variant TTR in patients with a 
mutation of the TTR gene (ATTRh) [7].

16.4 � Echocardiography for the Diagnosis 
of Cardiac Amyloidosis

16.4.1 � General Findings

The echocardiogram is the first-line cardiac imaging method for the diagnosis of 
CA. Particularly in the early stages, it lacks specificity to precisely distinguish amy-
loid from nonamyloid infiltrative or hypertrophic heart diseases [8]. The classical 
findings are biatrial enlargement, valvular and interatrial septal thickening, pleural 
and pericardial effusion, biventricular hypertrophy with a bright and sparkling 
appearance with preserved LV ejection fraction associated with  diastolic 
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Fig. 16.1  1—Parasternal long axis showing valve thickening, pericardial effusion, left ventricular 
hypertrophy with a bright and sparkling appearance; 2—apical four-chamber presenting biatrial 
enlargement, right ventricular hypertrophy, interatrial septal thickening; 3—parasternal short axis 
with right ventricular enlargement, pericardial effusion and left ventricular hypertrophy; 4—lung 
ultrasound showing pleural effusion; 5—subcostal view with dilated inferior vena cava; 6—mitral 
flow disclosing irregular rhythm and mitral regurgitation. AO Aorta, IVC Inferior vena cava, LA 
Left atrium, LV Left ventricle, PE Pericardial effusion, PlE Pleural effusion, RA Right atrium, RV 
Right ventricle

dysfunction and restrictive pattern [9] (Fig. 16.1). However, most of these findings 
are usually found in an advanced stage of the disease and are also nonspecific to 
CA. The presence of a small A wave on mitral inflow Doppler, particularly in the 
absence of other features of restrictive LV filling, is a clue to identifying atrial dys-
function. Interestingly, left atrial thrombus is observed in up to 27% of patients, 
regardless of the presence of atrial fibrillation [10].

LC-CA is an urgent medical condition. The myocardial deposition is so rapid 
and consistent that we can see a monthly increase in myocardial thickness of 
1.45–2.16 mm, as well as the development of HF and death within 6 months [11]. 
Deposition velocity is not the only cause of worse prognosis in LC type, and amy-
loid fiber exerts a direct toxic effect on tissues, especially in the heart. Based on that, 
it is possible to deduce that ATTR has higher LV hypertrophy than LC; pleural and 
pericardial effusion is more common in LC than ATTR; and asymmetric hypertro-
phy in ATTR, you can see some clues to help differentiate between LC and ATTR 
in Table 16.1. However, amyloidosis is always a daily challenge, starting in its diag-
nosis until its treatment, the reason why the use of multimodality imaging is strongly 
recommended.

16  The Echocardiogram in Amyloidosis
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Table 16.1    Findings in CA, most prevalent (or more intense) depending on the amyloid type. 
ATTR Transthyretin, LC light chain

Prevalent features ATTR LC

Ventricular hypertrophy x
Pericardium and pleural effusion x
Pacemaker implantation x
Asymmetric left ventricular hypertrophy x
Reduced left ventricular ejection fraction x
Advanced Diastolic dysfunction x
Reduced left ventricular global longitudinal strain x

x
x

Atrial fibrilation x
Intracardiac Thrombus X

16.4.2 � Role of Myocardial Deformation Analysis 
for the Diagnosis of Amyloidosis

Echocardiography is of paramount importance for the early diagnosis of amyloido-
sis, but many findings such as LV wall thickness ≥12  mm, valvular thickening, 
biatrial dilatation and diastolic dysfunction are not specific to this disease, espe-
cially when we consider that many of these patients have also coexistent patholo-
gies, such as systemic hypertension and aortic stenosis, for example. For this matter, 
echocardiography, as any diagnostic method, has to be used in association with a 
comprehensive clinical evaluation, always balancing its findings to the estimated 
pretest probability of amyloidosis, which is elevated in the presence of any of the 
clinical, electrocardiographic and bio-humoral “red flags”, with special attention to 
extracardiac signs, as ruptured biceps tendon, peripheral neuropathy, autonomic 
dysfunction, and carpal tunnel syndrome [12].

Myocardial deformation imaging analysis with two-dimensional strain (2DS), 
obtained from speckle-tracking echocardiography (STE), has become a valuable 
clinical tool for the study of a great array of cardiomyopathies and has been progres-
sively incorporated into clinical practice because of its great feasibility, reproduc-
ibility, less angle dependency, and the ability to provide quantitative data that add 
incremental diagnostic capacity and relevant prognostic information. Despite some 
intervendor and intersoftware variability, successful efforts from the industry have 
achieved good results in reducing this problem, especially for global longitudinal 
strain (LS) [13, 14].

2DS can detect subclinical impairment of LV and right ventricular (RV) function 
in several cardiomyopathies and has been shown to be an early marker of myocar-
dial dysfunction in hypertensive [15], hypertrophic [16, 17], ischemic [18], dilated 
idiopathic [19], arrhythmogenic [20], LV noncompaction [21], sarcoidosis [22], and 
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Chagas’s disease [23, 24]. For infiltrative myocardial diseases, in particular, longi-
tudinal deformation abnormalities are very prominent and proportional to the degree 
of myocardial infiltration, as we can see in Fabry’s disease [25, 26], Friedreich 
ataxia [27], amyloidosis [2, 28], and other genetic infiltrative cardiomyopathies.

LS is consistently impaired in patients with CA and is directly correlated with 
grade of the amyloid burden on cardiac magnetic resonance (CMR) by late gado-
linium enhancement and extracellular volume calculated from CMR-T1 weighted 
images [2, 29]. A regional pattern of relative preservation of longitudinal deforma-
tion in the apical segments has been described, delineating a basal-to-apical gradi-
ent, known as relative “apical sparing” (RELAPS) (Fig. 16.2). In the original work 
by Phelan et al., RELAPS was calculated using the equation: average apical LS/
(average mid-walls LS + average basal-walls LS), and values >1.0 were described 
as sensitive and specific markers for the diagnosis of CA [29], with a sensitivity of 
93% and specificity of 82% for the differentiation of CA from control patients with 
LV hypertrophy caused by aortic stenosis or hypertrophic cardiomyopathy (HCM) 
(AUC: 0.94). This regional pattern of LS is indistinctly seen in light-chain amyloi-
dosis (AL), hereditary transthyretin (M-TTR), and wild-type transthyretin 
(WT-TTR) types of CA [28]. It is important to emphasize that the classic apical 
sparing pattern, although described as a hallmark of CA, may be absent, as exempli-
fied in the study of Ternacle et al., where 52% of patients with CA diagnosis had a 
“nondiagnostic” RELAPS of <1.0 [28]. This may be explained in some cases by a 
low grade of amyloid burden, as we can see in the early stages of the disease. Other 
parameters based on LS have also been described as accurate in differentiating CA 
from other LV hypertrophic phenotypes, as demonstrated in the work by Liu et al., 
where the association of mitral E wave deceleration time <200 ms plus a value of 
regional LS septal apical/septal basal >2.1 (SAB) had a sensitivity of 88% and spec-
ificity of 100% to differentiate CA from controls, Fabry disease, Friedreich’s ataxia, 

GS = -11.0%

a b

Fig. 16.2  AL Amyloidosis patient with markedly reduced bidimensional global longitudinal 
strain. In (a) the typical pattern on bulls-eye dysplay, with less reduced segmental strain on apical 
regions and more pronounced in basal and medial segments (relative apical sparing), resembling 
the so-called “cherry on top”. In (b) strain curves per apical window and each segment are dis-
played, showing importantly reduced deformation in basal and medial segments
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and arterial hypertension-related LV hypertrophy [30], and in the work of Pagourelias 
et al., where a ratio of LV ejection fraction (EF)/global LS >4.1 was the best param-
eter to differentiate CA from HCM, with superior performance than RELAPS or 
SAB, independent of CA type [31]. RV myocardial deformation is usually impaired 
in patients with CA [32] and may help to differentiate from other causes of hyper-
trophic phenotype (Fig.  16.3). A pattern of relative apical sparing was also 
described for the RV similar to what has been described in the LV in CA patients 
[33]. A study by Bellavia et  al. showed that RV alterations may occur early in 
patients with AL CA, even in patients with normal LV thickness [34].

In CA, as seen in other infiltrative cardiomyopathies, there is also a significant 
compromise of other components of myocardial deformation, such as circumferen-
tial [35] and radial strain [36], twist and torsion (Fig. 16.4). In patients with sys-
temic amyloidosis in the early stages of the disease, without any evidence of CA, 
twist and untwist can be enhanced [37], but deterioration of these parameters is 
progressive [38] and may lead in advanced cases to the rotation of LV base and apex 
in the same direction, creating a so-called rigid body rotation, losing the important 
contribution of torsional mechanics to cardiac performance.

LA strain is also severely impaired in CA patients as a result of both diastolic 
dysfunction and direct infiltration of the endocardial atrial wall (Fig.  16.5). In a 
recent study by Aimo et al. [39], only peak atrial LS (LA-PALS) displayed an inde-
pendent association with the diagnosis of CA or ATTR-CA beyond standard echo-
cardiographic variables and cardiac biomarkers. In the study of Harapoz et al. [40] 

Fig. 16.3  ATTR-wt Amyloidosis patient, transthoracic echocardiogram from an apical right ven-
tricular (RV) focused view. RV longitudinal strain markedly reduced due to infiltrative disease. 
Global RV longitudinal strain = −8.7%, RV free wall strain = −11.0%
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a b

Fig. 16.4  ATTR-wt Amyloidosis patient with (a) markedly reduced basal (mitral valve level) 
radial strain and relatively preserved apical radial strain (b), showing that the relative apical spar-
ing of deformation occurs not only with longitudinal deformation

Biplane LA strain - 11%

a b

Fig. 16.5  ATTR-wt Amyloidosis patient. Transesophageal echocardiogram (a) showing infiltra-
tion of left atrial wall with amyloid (arrow). In (b) from a transthoracic echocardiogram (apical 
biplane—4 chamber and 2 chamber) we can see markedly reduced bidimensional longitudinal left 
atrium strain, resulting from diastolic dysfunction and contribution of atrial myopathy

with 40 patients with ATTR CA, an association between 99mTc-DPD-scintigraphy 
LA uptake and functional LA parameters was observed, of note LA emptying frac-
tion (r = −0.68; p < 0.001) and LA reservoir strain (e) (r = 0.70; p < 0.001). LA 
minimal volumes (AUC = 0.83), LA maximal volumes (AUC = 0.84) and reservoir 
strain (AUC – 0.85) also demonstrated great accuracy in determining a subset of 
patients with atrial flutter and atrial fibrillation [40]. It has been recognized that 
advanced atrial infiltrative myopathy may cause severe dysfunction and loss of 
mechanical efficiency, leading to an “atrial electromechanical dissociation” 
(AEMD) [41]. In a large cohort of patients, Bandera et  al. [42] showed AEMD 
(determined by STE analysis) in 22.1% of patients with sinus rhythm and was asso-
ciated with a poorer prognosis. In a series of 156 patients with CA from the Mayo 
Clinic, intracardiac thrombi were detected by transesophageal echocardiography in 
27% [10], and they can occur even in patients in sinus rhythm [43, 44] (Fig. 16.6).

3D strain may be useful to demonstrate alterations in all components of myocar-
dial deformation in CA patients, with the advantage of using a single dataset for 
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c

a b

d

Fig. 16.6  AL cardiac amyloidosis patient in sinus rhythm. Transthoracic echocardiogram right 
atrial longitudinal strain (LS) analysis (a) showing reduced global LS (7%) because of markedly 
infiltration of right atrial wall with amyloid, leading to eletromechanical dissociation. In (b) from 
an apical RV focused view with zoom we can see a large thrombus inside the right atrium (RA). In 
(c) from a bicavam transesophageal view the large thrombus is attached to the right atrial 
(RA)  appendage, seen with more details in (d) with three-dimensional rendered images. TV 
Tricuspid valve, AO Aortic, SVC Superior-Vena cava, RA right atrium

analysis, with simultaneous information from all the ventricular walls, useful for 
the evaluation of myocardial dissynchrony and avoiding some technical issues such 
as arrhythmias and out-of-plane motion. In the study of Vitarelli et al., peak basal 
LV rotation, RV basal LS and LV basal LS were able to discriminate patients with 
CA with great accuracy from other patients with LV hypertrophy and controls [45]. 
In a study by Baccouche et al. [46], using 3DE-derived LS, they demonstrated the 
same pattern of apical relative sparing, with a characteristic basoapical gradient 
(Fig. 16.7). Urbano-Moral et al. [32] found not only LV longitudinal and circumfer-
ential strain reduction in patients with CA (predominantly in basal segments) but 
also impairment of RV longitudinal strain and radial displacement (−9 ± 3 CA vs 
−17 ± 3 non CA; P < 0.001, and 2.7 ± 0.8 CA vs 3.8 ± 0.3 non CA; P = 0.002) by 
3DE. Migrino et  al. [47] evaluated intraventricular dyssynchrony by 3DE in AL 
amyloid patients with preserved EF and found that a 16-segment dyssynchrony 
index was significantly higher in amyloid patients than in the control group. From 
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Fig. 16.7  ATTR cardiac amyloidosis. 3D Transthoracic echocardiogram longitudinal strain (LS) 
analysis. In the upper right corner we can see the strain curves for each segment. In the lower right 
corner a “bulls-eye” parametric representation of strain values, with the pattern of apical relative 
sparing, with characteristic basoapical gradient

the results of a subanalysis of the MAGYAR-Path study, it has been shown that 
patients with AL CA also had reduced right atrial global longitudinal (4.0 ± 5.2% 
vs. 8.2 ± 5.5%, p = 0.02) and area (7.8 ± 8.1% vs. 15.9 ± 10.3%, p = 0.03) strains [48].

Myocardial work (MW) is a new technique that evaluates myocardial energetics 
and mechanics, incorporating arterial blood pressure as an estimate of LV pressure 
(in cases where there are no obstructions to the LV outflow tract) and LS values for 
the construction of a “pressure × strain” loop, generated by specific software [49] 
(Fig. 16.7). In a study by Clemmensen et al. [50], patients with CA had a lower 
global LV myocardial work index (LVMWI) than the control group, with more pro-
nounced alterations in the basal segments, and when submitted to stress echocardio-
gram (SE), an increase in LVMWI from rest to peak exercise was 1974 mmHg% 
(95% CI 1699–2250 mmHg%; P < 0.0001) in control subjects and only 496 mmHg% 
(95% CI 156–835 mm Hg%; P < 0.01) in patients with CA. A paper from Henein 
et al. [40] did not find significant differences in LVMI, global constructive work or 
wasted work between patients with CA and HF with septal hypertrophy and nega-
tive DPD scintigraphy (non-CA).
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16.4.3 � Role of 3D Echocardiography for Volumetric Analysis 
in Amyloidosis

3D echocardiography (3DE) has been demonstrated to be a valuable tool to accu-
rately quantitate cardiac chamber volumes and function in normal patients and sev-
eral cardiac diseases. In the study by Pradel et al. [3, 51], they showed 3D-derived 
LV EF to be more accurate than 2D EF in the differentiation of patients with AL CA 
according to Mayo Clinic (MC) staging groups. Patients in MC group II had a sig-
nificantly lower global LS and radial strain obtained by 3DE than controls and MG 
group I patients. Left atrial (LA) volumes may also be a marker of more advanced 
disease in CA, and the study by Mohty et al. [3] showed that indexed LA volumes 
measured by 3DE are significantly higher in MCIII patients than in groups I and II, 
and there is also a clear deterioration in LA function, as shown by a reduced 3D-LA 
total emptying fraction (MCIII: 21 ± 13% vs. MCII: 31 ± 15% vs. MCI: 43 ± 7%, 
respectively, p < 0.0001) and worse 3D peak atrial LS (3D-PALS) (MCIII: 11 ± 9% 
vs. MCII: 18 ± 13% vs. MCIII: 20 ± 7%, respectively, p = 0.007).

16.4.4 � Use of Contrast Echocardiography in Amyloidosis

Even in the absence of epicardial coronary disease, microvascular disease has been 
described in patients with CA [52]. There are only a few studies using contrast 
echocardiography (CE) in CA [53, 54]. Abdelmoneim et al. [54] reported the use of 
CE for myocardial perfusion in a patient with primary CA and normal coronary 
arteries, showing reduced coronary flow reserve during stress echocardiography 
with adenosine vasodilation. Contrast enhancement may also be used for endocar-
dial border definition, with a more accurate estimation of LV volumes and EF.

16.4.5 � Cardiac Elastography in Amyloidosis

Due to progressive infiltration, there is a progressive increase in myocardial stiff-
ness and elevation of filling pressures. Intrinsic cardiac elastography (CE) has been 
described recently as a new tool that is able to noninvasively quantify myocardial 
elasticity [55]. It has been shown that patients with CA have markedly higher intrin-
sic velocity propagation of myocardial stretch (iVP) when compared to those with 
non-CA and normal subjects (3.2 ± 1.0 m/s, 1.8 ± 0.4 m/s, and 1.6 ± 0.2 m/s, respec-
tively; P < 0.0001) and correlated with chamber stiffness.
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16.5 � Potential Role of Echocardiography in the Evaluation 
of Therapeutic Responsiveness

16.5.1 � Conventional Parameters

The natural history of myocardial function in CA during its treatment is still a chal-
lenge. The standard parameters, such as LV wall thickness, cavity dimension, LV 
ejection fraction, or tissue Doppler, had low sensitivity and specificity to detect the 
progression of disease in untreated patients. Therefore, it is reasonable that these 
parameters are unsuitable for assessing therapeutic responsiveness. To date, we 
have few recommendations and more robust data on LC amyloidosis (Table 16.2) 
[56]. A publication by Tuzovic et  al. showed a significant association between 
hematologic response to chemotherapy in AL CA patients and improvement of dia-
stolic function parameters, such as E/e′ (r  = −0.43, p  =  0.01) and LA stiffness 
(r = −0.35, p = 0.05) [57]. Despite the significant advances in the use of new disease-
modifying drugs in ATTR, there are still no objective parameters to assess its thera-
peutic response in clinical practice, and there are also some important unanswered 
questions, such as which patients may have a better therapeutic response in the 
mid- and long-term. In the ATTR-ACT trial, ATTR patients with NYHA class 3, as 
a group, did not show a significant response to therapy with Tafamidis, considering 
all-cause mortality and the rate of cardiovascular-related hospitalizations, in the 
30-month follow-up period [58]. Considering the high subjectivity of estimating 
functional class, some NYHA 3 patients may also benefit from treatment, and imag-
ing parameters may serve as better and more robust prognosticators, predicting 
responsiveness to specific drugs and treatments. Identifying nonresponders among 
class two patients, for example, may also help to redirect to a different therapeutic 
approach, selection of a different drug class or even adjustment of doses.

Based on the available literature, it is common sense that ATTR patients must be 
treated as early as possible with disease-modifying drugs to achieve better clinical 
results. In patients with mutant forms of ATTR, it is very important to screen rela-
tives for the presence of asymptomatic cardiac disease. Thinking about early 

Table 16.2  Assessment of therapeutic response or disease progression during treatment of light 
chain cardiac amyloidosis

Therapeutic response

NT-proBNP reduction >30% and >300 ng/L in patients with baseline value greater than 
650 ng/L
Reduction of NYHA functional class greater than 2 classes with previous NYHA III or IV
Disease progression
NT-proBNP increase >30% or an increase of 300 ng/dL
Troponin increase >33%
Drop in left ventricular ejection fraction greater than 10%
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therapeutic intervention in these patients could also pose the question of which 
parameter of improvement can be used in this scenario, considering that functional 
class (NYHA), hospitalizations and other usual clinical endpoints are only suitable 
for more advanced disease.

16.5.2 � Advanced Techniques

Tridimensional echocardiography and STE are more accurate techniques, they may 
have a promising role in measuring treatment responsiveness in these patients in the 
near future. An interesting paper by Salinano et  al., analyzing AL CA patients 
treated with high-dose melphalan or bortezomib, found no difference between the 
hematologic complete response (CR) group and the no CR group with respect to 
wall thickness, EF and diastolic function, with significant improvement in the CR 
group of LS and apical-to-basal strain ratio (p < 0.05) [59]. In the study of Giblin 
et  al., retrospectively evaluating 45 ATTR-CM patients with a 1-year follow-up, 
values of LS and  MW were compared between groups of treated and untreated 
patients with tafamidis [60]. They reported a greater deterioration of global LS 
(p = 0.02), myocardial work index and work efficiency (p = 0.04) in the group of 
untreated patients, with no differences in EF, circumferential and radial strain, twist 
or torsion.

16.6 � Prognostic Value of Echocardiography in Amyloidosis

The main determinant in the prognosis of amyloidosis is the extent of cardiac 
involvement. The precise definition of cardiac involvement has evolved over the last 
three decades. Initially, cardiac involvement was defined by the presence of HF, 
pleural effusion, and cardiomegaly on chest radiography [61]. Later, imaging tech-
niques such as echocardiography and cardiac MR proved to be more robust tools for 
the diagnosis and prognostic stratification of these patients. We currently use bio-
markers such as BNP (or NT-proBNP) and troponin  for prognostic classification 
models and staging of LC amyloidosis [62, 63]. Regardless of many publications 
showing the role of noninvasive methods in prognostication of CA, we do not have 
a consensus on which parameters we should use and their cutoff. Myocardial defor-
mation parameters have become of great interest in this regard due to their quantita-
tive analysis capability, high sensitivity and reproducibility. The study by Ternacle 
et al. [28], with 79 CA patients (wild-type ATTR, mutant ATTR-CM and AL-CM 
types) during a median follow-up of 11 months, found to be independent predictors 
of MACE: apical LS (cutoff: −14.5%), elevated NT-pro-BNP and NYHA class III 
or IV.  Senapati et  al., analyzing 97 patients with AL and ATTR CA, found that 
RELAPS was independently associated with the composite outcome of death or 
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heart transplantation at 5 years (HR 2.45; p = 0.003), remaining predictive of this 
primary outcome even on multivariable analysis (p  =  0.018) [64]. A large study 
published by Buss et al., including 206 patients with AL CA, showed that Doppler-
derived LS and 2D global LS were strongly associated with NT-proBNP levels and 
survival [65]. The best cutoff value of 2D global LS for distinguishing survivors 
from nonsurvivors in this population during a median follow-up of 1207 days was 
−11.78%, and in a multivariable echocardiographic Cox model, only diastolic func-
tion and 2D global LS remained independent predictors of survival. In a recent 
paper, Liu et al. enrolled 40 multiple myeloma patients with preserved EF before 
starting treatment with bortezomib, measuring global LS and MW parameters at 
baseline [66]. They found that global work efficiency (GWE) had a significant asso-
ciation with cardiac adverse events after 6 months of chemotherapy, AUC = 0.896 
(95% CI: 0.758–0.970; p < 0.05). In a large study by Chacko et al., which studied 
1240 patients with ATTR-CM from 2000 to 2019, with 766 wt-ATTR-CM and 
474 m-ATTR-CM, stroke volume index, right atrial area index, global LS and E/e′ 
were all independently associated with mortality (p < 0.05 for all) [67]. Severe aor-
tic stenosis was also independently associated with prognosis, conferring a signifi-
cantly short survival (median survival 22 vs. 53 months; p = 0.001). Koyama et al. 
found systolic basal septal strain (Doppler based) to be a significant predictor of 
clinical outcome in patients with CA, superior to other Doppler flow measurements 
and diastolic tissue velocities and strain rate indexes [68]. There was additive prog-
nostic value even when HF was present. In a cohort of 5  years, including 249 
patients with AL CA, male sex (HR: 2.2; p  =  0.005), NT-proBNP (HR: 1.4; 
p  =  0.003), troponin T levels (HR: 1.6; p  =  0.01), pleural effusion (HR: 3.6; 
p = 0.001), E/A ratio (HR: 1.3; p = 0.006), RV systolic pressure (HR: 1.02; p = 0.01), 
and RV strain rate of the middle segment of the free wall (HR: 1.3; p = 0.02) were 
independent predictors of death [34]. RV LS has also been advocated as a prognos-
tic factor in CA. In a study by Huntjens et al. studying 136 patients with CA, strain 
values from all chambers were significantly associated with survival in a median 
follow-up of 5 years. Peak longitudinal LA strain and RV free wall strain remained 
independently associated with survival in multivariable analysis [69]. Peak LA 
strain had the strongest association with survival (p < 0.001), and LA strain com-
bined with global LV LS and RV free wall strain had the highest prognostic level 
(p < 0.001).

16.7 � Conclusion

The echocardiogram is essential in CA to help in its diagnosis, therapeutic responses 
and prognostic stratification (Fig. 16.8). Two factors have recently contributed to the 
rise of interest in this singular cardiomyopathy: first, it has already received disease-
modifying therapies, and second, there have been tremendous advances in cardiac 
imaging modalities, especially in echocardiography.
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Fig. 16.8  The progression of cardiac amyloidosis pathophysiology and its main clinical red flags
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Chapter 17
The Role of MRI in Amyloidosis

Ibraim Masciarelli F. Pinto and Marly Uellendhal

17.1 � Introduction

Cardiac magnetic resonance (CMR) is a noninvasive imaging technique based upon 
the interaction of potent magnets with protons inside the nucleus of hydrogen atoms 
within the human body. It presents spatial resolution high enough to properly depict 
the different cardiac chambers and allows for proper definition of normal and abnor-
mal cardiac anatomy, thus being useful in the evaluation of patients with different 
cardiac abnormalities [1, 2]. CMR also produces dynamic images with high contrast 
and spatial and temporal resolution to make this the gold-standard technique for the 
evaluation of systolic left and, particularly, right ventricular function, which makes 
CMR a very useful tool in the evaluation of patients with heart failure and suspected 
right or left ventricular dysfunction, providing useful diagnostic and prognostic 
information, as well as aiding in therapeutic decision making [3, 4]. In addition, 
CMR has a unique role in clinical practice, advancing data that can be effective in 
performing tissue characterization, which can be accomplished by two techniques. 
Delayed contrast enhancement (DE) has an established role in revealing areas that 
often present myocardial necrosis or fibrosis and is now a validated and key tool in 
the analysis of patients with different cardiac diseases [1, 3, 5]. More recently, the 
estimation of interstitial fibrosis and edema in earlier stages of myocardial disease, 
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which could be altered even in cases without DE, opened new perspectives for the 
use of CMR in patients with cardiomyopathies, making it even a choice to be con-
sidered to screen asymptomatic individuals at risk of developing myocardial dis-
ease, such as is the case of amyloidosis [1, 3, 5, 6].

Therefore, CMR characteristics make this imaging technique particularly useful 
in the investigation of the etiology of several myocardial diseases, including 
amyloidosis.

On one hand, CMR image quality heavily depends on cardiac rhythm and coop-
eration and could be harmed by long periods of scanning and in more advanced 
cases. DE and interstitial fibrosis detection are usually more robust and, thus, main-
tain the clinical relevance of CMR in such patients still very high, and it is possible 
to obtain relevant data on the etiology and prognosis of patients with myocardial 
disease [1, 3, 5, 6]. CMR still does not allow for the definitive confirmation of car-
diac amyloidosis, but it provides data that might raise diagnostic suspicion and 
important prognostic data [1, 3, 5–8].

The aim of this chapter is to review how different data obtained by CMR may be 
helpful in the evaluation and study of cardiac amyloidosis and to underscore the 
clinical scenarios where using CMR could be particularly useful.

17.2 � Evaluation of Cardiac Morphology

Cardiac amyloidosis implies changes in cardiac anatomy due to infiltration of 
abnormal proteins amid normal myocardial cells, which, in turn, takes on modifica-
tions in cardiac structure that may play a role in the diagnosis evaluation. There is 
usually atrial dilation, and the presence of atrial septum thickening (<4.0 mm) is 
highly associated with infiltrative processes [6, 9]. As the process progresses, there 
may be lentification of the blood flow and thrombi development, a phenomenon 
facilitated by the onset of arrhythmias, such as atrial fibrillation [6]. Most of these 
features may be assessed by other noninvasive techniques, but CMR presents good 
results and allows for flow quantification, especially after the introduction of 4D 
analysis, and grants superior anatomical evaluation [4, 6].

One of the anatomical hallmarks of cardiac amyloidosis is increased thickening 
(apparent hypertrophy) of the ventricular myocardium. Both ventricles may be 
involved, and the left ventricular walls may be thicker than what is observed in 
patients with high blood pressure and are commonly more marked in patients with 
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ATTR amyloidosis than in those with AL [6, 10]. CMR is attractive in this regard, 
because it grants detailed analysis of ventricular anatomy, particularly of the right 
ventricle, and may help to suspect infiltrative disease, particularly when there are 
coexisting conditions, such as aortic stenosis [4, 6, 11].

Pericardial effusion may also be present, and sometimes, it may represent a chal-
lenge to noninvasive imaging, such as Doppler-echocardiography, particularly in 
cases with poor acoustic windows, while CMR may easily evaluate the pericardium 
to detect and evaluate pericardial effusion [6, 10].

17.3 � Ventricular Function Analysis

Precise evaluation of ventricular function is a key point in the diagnostic workflow 
of patients with cardiac amyloidosis, because it is an important prognostic determi-
nant, as well as a relevant marker of patient response to therapy. CMR is considered 
the gold standard for the clinical evaluation of ventricular systolic function and may 
be very useful in this setting, particularly if Doppler-echocardiography is not 
unequivocal, if conflicting results are reported in consecutive echocardiographic 
evaluations, or if echocardiography results are inconsistent with the patient clinical 
presentation. CMR is more prone, although, to suffer interference from poor patient 
collaboration, severe cardiac arrhythmias and patient’s inability to maintain apnea 
during the time required to generate images, and thus the method to evaluate ven-
tricular function in clinical practice should be chosen after careful patient evaluation 
and discussing the case with the imaging team to avoid unnecessary costs and to 
optimize the diagnostic workflow [1, 7]. It is important to remember, although, that 
global systolic function could be preserved for long periods and evaluation of 
regional wall motion, especially if strain is available. This approach could be very 
useful in the early detection of patients with amyloidosis and should be used when 
screening family members of cases with confirmed cardiac amyloidosis, who might 
benefit from early diagnosis. At the same time, the contribution of CMR to the 
evaluation of diastolic function is somewhat limited, and the results may vary 
greatly from center to center depending on the available equipment and team exper-
tise [6, 7, 10].

Figures 17.1 and 17.2 show examples of cardiac morphological changes in 
patients with cardiac amyloidosis that were revealed by CMR.
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a b c
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Fig. 17.1  Cardiac amyloidosis may present several morphologies, depending on the type, time of 
evolution, extension, ventricular overload and existent comorbities. There usually is atrial enlarge-
ment (a–c). Atrial septum may show normal thickness, or, more typically, may be mildly or more 
severely thickened (a–c, black arrows). It is also customary to observe enlargement of intraven-
tricular septum (red arrows) in different degrees, just as it happens to the septal/left ventricle free 
wall ratio. Right ventricle, on the other hand, may show normal or enhanced thickness (normal—d 
yellow arrow, mild thickening—e yellow arrow, severe thickening—f yellow arrow). There often 
is pericardial effusion ($ at c and f). Pleural effusion (* at a and b) and ascites (** at d) may also 
be observed)
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a b

c d

Fig. 17.2  Morphological and functional evaluation alone are not sufficient to grant the diagnosis 
of cardiac amyloidosis. (a, b) show the three chamber and short axis views that closely mimic 
hypertrophic cardiomyopathy, while patients in c and d were undergoing investigation for sus-
pected dilated cardiomyopathy. Further investigation confirmed cardiac amyloidosis in both cases. 
This example highlights the fact that CMR investigation in patients with cardiomyopathy should 
be extensive and include myocardial characterization

17.4 � Myocardial Characterization—Delayed Enhancement

Cardiac amyloidosis is characterized by the infiltration of abnormal protein within 
the myocardium that results in an enlarged interstitial compartment that can be iden-
tified by DE. This is a robust, reliable technique to identify areas of myocardial 
lesions and is one of the most important contributions of CMR in clinical practice. 
It is based on the dynamics of a liquid paramagnetic metal, gadolinium, which 
marks areas of necrosis following acute injury (e.g., ischemic or inflammatory) and 
chronic fibrosis and conditions that result in a large interstitial space. In the first 
condition, gadolinium may enter myocardial cells undergoing apoptosis due to the 
increased membrane cell permeability. In the latter, gadolinium diffuses from the 
blood vessels into the zones of fibrosis (with larger interstitial spaces and larger 
intercellular spaces). In both situations, regions containing the paramagnetic metal 
may be easily depicted by imaging sequences that nullify the normal myocardial 
signal, rendering it dark and causing injury zones to appear bright. This 

17  The Role of MRI in Amyloidosis



176

phenomenon is called “delayed”, because it usually happens 7–15 min following 
gadolinium injection and was initially described to identify and quantify areas of 
myocardial infarction, but several papers have shown that it is also clinically rele-
vant in nearly every type of heart disease [1, 10]. Experience has also demonstrated 
that gadolinium DE trends to present particular distribution patterns in different 
cardiomyopathies, including cardiac amyloidosis, and this is currently considered 
to be a relevant diagnostic criterion, particularly for morphological changes in this 
condition, which may be quite similar to other diseases that lead to ventricular over-
load and increased myocardial thickness. DE myocardial characterization may be a 
decisive finding in the diagnostic confirmation and may expedite the realization of 
further tests, such as genotyping, to assess amyloidosis subtype and thus proceed to 
proper management (Fig. 17.3) [2, 5, 10]. Typically, patients with cardiac amyloi-
dosis present difficulty in programming the DE sequences because of the infiltra-
tive, diffuse nature of the process that, many times, makes it very difficult to nullify 
the signal of the myocardium and to differentiate it from the areas containing the 
amyloid. For the same reason, the DE pattern may be different in particular cases of 
cardiac amyloidosis, and even though diffuse, subendocardial or transmural myo-
cardial DE is more commonly related, the shape and location of the DE may vary 
among different patients. Sometimes it may be diffuse and mesocardial; other times, 
it is focal and endocardial or mesocardial or even diffuse and epicardial. The pre-
senting pattern is also influenced by factors, such as the time of evolution of the 

a b c d

e f g h

Fig. 17.3  DE patterns (arrow at Fig. 17.2a–d) are key information that may be obtained from 
CMR investigation of different cardiomyopathies and furnish prognostic data. Chagas disease 
shows apical DE, many times with intraventricular thrombi (2a). Patients with hypertrophic car-
diomyopathy usually show mesocardial DE in the most thickened areas, especially the right/left 
ventricle junction points (2b). Dilated cardiomyopathy often shows thin, mesocardial DE more 
frequently at the septal wall (2c). CAD patients (2d) present the characteristic ischemic pattern 
(wave front progression/distribution in areas clearly associated with the coronary artery anat-
omy—inferior wall AMI in this case). More common patterns of cardiac amyloidosis, on the other 
hand, include subendocardial distribution (2e and 2f), but more advanced cases have extensive 
transmural DE (2g and 2h). Studies show that cases with large areas of transmural DE (2h) have a 
worse prognosis (3)
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disease and the degree of established myocardial injury. Therefore, despite its great 
clinical contribution, DE should not be used as the only finding leading to the diag-
nosis of cardiac amyloidosis by CMR, but rather, it should be considered along with 
findings related to cardiac morphology and function, as discussed in the previous 
sections (Figs. 17.3 and 17.4). DE patterns, on the other hand, have limited utility in 
the differentiation of cardiac amyloidosis subtypes, despite the attempt by some 
groups to associate certain DE distribution characteristics with particular genetic 
mutations [2, 10].

Gadolinium can also be used to obtain prognostic information, and some authors 
have demonstrated that patients with large areas of DE are at higher risk of present-
ing adverse events. Fontana et al. evaluated 250 patients with cardiac amyloidosis 
and found that the quantified DE extension was an independent predictor of adverse 
events, even after several clinical and laboratory variables, including pro-BNP, ejec-
tion fraction, left and right ventricle indexed end systolic volumes, diastolic func-
tion and indexed ventricular mass, were included in the analysis. Findings such as 
this underscore the point that gadolinium DE is a fundamental step in the evaluation 
of patients with suspected confirmed cardiac amyloidosis, has an importance that 
cannot be overlooked and should be performed in all patients who do not present 
contraindications to the paramagnetic contrast media [5, 10].

a b c

d e f

Fig. 17.4  Adding DE to CMR evaluation adds great diagnostic value in the assessment of patients 
with cardiomyopathies. This figure presents the DE findings of the same patients shown in Fig. 17.2 
(a, b, d, and e). Diffuse subepicardial DE (c) and diffuse mesocardial DE (f) led to the suspicion 
that both patients presented cardiac amyloidosis as the cause of the morphological changes. 
Genetic tests confirmed the suspicion
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17.5 � Myocardial Characterization—T1 Mapping 
and Extracellular Volume

Although myocardial DE is a very useful technique that allows for obtaining diag-
nostic and prognostic data, a number of patients with advanced myocardial dysfunc-
tion do not show any degree of DE.  This could happen for different reasons, 
including the fact that, at times, fibrosis develops in the myocardial interstitium and 
does not affect an area large enough to characterize DE by standard CMR imaging. 
More recently, an image sequence was developed that can determine changes in the 
myocardial magnetic relaxation time known as T1 that could be sensitive enough to 
reflect the presence of interstitial fibrosis, even in conditions that do not present 
DE.  Such changes could indicate the presence of myocardial disease and have 
proven to be altered in many cardiomyopathies, including cardiac amyloidosis [6, 
10, 12].

Native T1 is evaluated without the use of contrast media, and thus it is a very safe 
procedure that can be repeated and used to evaluate every subtype of patients, 
including those with renal failure undergoing dialysis. The major concern regarding 
T1 mapping is that reference values may vary from center to center, and every team 
involved in using CMR to evaluate cardiomyopathies should collect normal refer-
ence values and present the results compared to them [6, 10, 12].

The T1 mapping approach can be even more useful when paramagnetic contrast 
media can be used. If myocardial T1 is quantified before and after gadolinium injec-
tion, the contrast dynamic more accurately reflects the conditions of the interstitium 
and may be used to create an index of the extracellular volume (component of the 
intercellular space of the myocardium), which is typically increased in patients pre-
senting infiltrative myocardial diseases, such as amyloidosis [6, 10, 12].

Pan et al. demonstrated that adding the extracellular volume to the CMR analysis 
of patients with suspected cardiac amyloidosis improved diagnostic accuracy when 
compared to the evaluation of DE alone (odds ratio 4.27; 95% CI 2.87–6.37 vs. odds 
ratio 2.60, 95% CI 1.90–3.56; p = 0.03). It should be noted, however, that in some 
cases, these new parameters were not sufficient to confirm the diagnosis and that 
patients who can receive contrast media should have DE sequences carefully per-
formed and analyzed [12]. Figure 17.5 shows an example of T1 mapping and extra-
cellular volume calculation in cardiac amyloidosis.
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Fig. 17.5  Male, 74 years old, history of recent onset of intense fatigue. CMR showed localized 
thickening of the atrial septum with aneurysm of the fossa ovalis (a, arrow) and mild thickening 
(13 mm) of the left ventricle wall (b, arrow). DE was mild, located at the lateral wall (c, arrow) and 
at the interventricular septum (d, arrow). Increased native T1 (e) along with extracellular volume 
increase (5f, ECV = 0.41) led to the suspicion of cardiac amyloidosis, which was confirmed by 
genetic tests

17.6 � Practical Contribution of CMR in Clinical Scenarios

17.6.1 � Screening of Family Members of Patients 
with Cardiac Amyloidosis

As presented in this chapter, CMR may reveal morphological and functional changes 
related to the onset of cardiac amyloidosis, but these, as well as DE, may be present 
only later in the clinical course of the disease. T1 mapping techniques, on the other 
hand, are useful and present high negative predictive value. It has been reported that 
screening subjects with normal T1 values allows for ruling out cardiac amyloidosis. 
Conversely, changes and abnormalities in this test may prompt early diagnosis and 
lead to timely initiation of better therapeutic regimens [6, 10, 12].

17.6.2 � Differential Diagnosis of Myocardial Hypertrophy

Different cardiac diseases may trigger myocardial hypertrophy, and this is a finding 
that may imply a challenging clinical situation. CMR plays a key role in such condi-
tions, allowing for the identification of hypertrophy secondary to hypertension, 
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hypertrophic cardiomyopathy, Fabry disease, hypertrophy secondary to aortic ste-
nosis and cardiac amyloidosis [1, 7, 8, 13]. To this end, it is fundamental that the 
imaging team perform a thorough scanning including the analysis of cardiac mor-
phology and function, DE (typical findings according to the case etiology—Fig. 
17.2), measuring native T1 and extracellular volume (both typically higher than 
reference values in cases of amyloidosis). Because of the quality of the results 
achieved, CMR is currently highly recommended in the evaluation of patients with 
thickened myocardium [1, 7, 8, 13].

17.6.3 � Heart Failure with Preserved Ejection Fraction

Patients with cardiac amyloidosis may have preserved systolic function and ejection 
fraction while showing reduction in diastolic function, at times even in the absence 
of marked myocardial hypertrophy. Thorough CMR evaluation may play an impor-
tant role in the analysis of such patients and raise the suspicion of cardiac amyloi-
dosis as a cause of the reduction of diastolic function and allow for the correct 
diagnosis [1, 7].

17.6.4 � Equivocal Results of Other Noninvasive Tests

One of the strengths of CMR is the low inter- and intraobserver variability in the 
evaluation of cardiac morphology and function, in addition to its unique capability 
of providing myocardial characterization. For such reasons, it should be the tech-
nique of choice whenever the need arises to eliminate uncertainties resulting from 
equivocal or conflicting results of other noninvasive techniques. CMR could, for 
example, confirm the precise myocardial thickness and provide detailed regional 
and global ventricular function analysis, along with tissue characterization. Such 
information may prove fundamental in confirming the diagnosis and identifying 
screened family members of patients with confirmed cardiac amyloidosis [7, 8, 14].

17.6.5 � Elderly Patients with Aortic Stenosis

Cardiac amyloidosis and aortic stenosis are conditions that have a higher incidence 
in elderly patients and may coexist in up to 13.9–16% of the cases of aortic stenosis 
that are referred to undergo percutaneous treatment of the aortic valve [15]. For 
reasons exposed in the other clinical conditions, CMR could reveal the presence of 
cardiac amyloidosis differing DE patterns secondary to valvular disease or due to 
the presence of amyloidosis, and if DE is not present, T1 mapping techniques could 
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Fig. 17.6  Patient with severe aortic stenosis and marked left ventricular hypertrophy confirmed by 
CMR (14 mm—a, arrow), which also showed pericardial effusion (b, arrow) and a reduced area of 
aortic valve opening (c, arrow). DE was difficult to program (d and e), was diffuse and was more 
noticeable at the subendocardial and mesocardial walls (d and e, arrow). Native T1 was very high 
(f), as was extracellular volume (0.37). Genetic testing confirmed ATTR cardiac amyloidosis. The 
patient underwent successful TVR and specific treatment, presenting a great increase in quality of 
life at 3.4 years of follow-up

aid in the diagnostic evaluation. Typically, extracellular volume is significantly 
increased in patients with amyloidosis and may be very useful in this setting [11].

Figure 17.6 shows an example of a patient with coexistent aortic stenosis and 
cardiac amyloidosis.

17.6.6 � Prognostic Evaluation and Treatment Monitoring

In addition to its diagnostic role, CMR may also be effective in adding prognostic 
information to patients with confirmed cardiac amyloidosis. Fontana et al. demon-
strated that patients with large areas of DE and those with transmural DE patterns 
show a higher incidence of adverse events than those with subendocardial DE [5]. 
Native T1 and extracellular volume have the potential to furnish prognostic data, but 
there are still no consolidated data confirming this.

On the other hand, native T1 and extracellular volume estimates show great 
promise as tools to monitor patient responses to treatment and to guide management 
strategies. Should larger trials confirm these findings and CMR may have an ever 
more significant role in the follow up of patients with cardiac amyloidosis [6, 
10, 12].
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17.7 � Conclusion

The low interobserver and intraobserver variability in CMR and its contribution to 
the evaluation of cardiac morphology and function makes it extremely useful in the 
analysis of patients with suspected or confirmed cardiac amyloidosis. It also pro-
duces images and data that reflect the presence and the degree of abnormal protein 
deposits in the myocardium even in early stages of the disease, using T1 mapping 
techniques, advancing diagnostic and prognostic information and being useful to 
monitor treatment response. These characteristics provide unique information and 
perspectives on the disease and may also help in the understanding of the process of 
cardiac injury, being a fundamental tool in both clinical management and research 
on this cardiomyopathy.
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Chapter 18
Proteomics by Mass Spectrometry 
in the Typing of Amyloidosis

Jussara Bianchi Castelli and Valdemir Melechco Carvalho

18.1 � Introduction

The diagnosis of amyloidosis is established with the histological finding of tissue 
deposition of an anomalous Congo red positive protein, with yellow orange to apple 
green dichroic refraction under polarized light [1] (Fig. 18.1), still considered the 
gold standard [2]. After that, accurate typing of amyloidosis is indispensable to 
identify which of the currently 36 described proteins [3] is responsible for the for-
mation of the amyloid deposit, although the three more common types are AL, 
ATTR, and AA [3, 4]. Thus, the underlying disease that produces such protein will 
be confirmed, and the appropriate treatment will be applied because the treatment 
approaches are quite different according to the type of amyloidosis. In other words, 
behind a similar physical, structural, optical appearance of the insoluble beta-sheet 
pleated arrangement of protein fibrils, responsible for the positivity to Congo red, 
there are proteins of different biochemical nature, secondary to different diseases. 
This causal disease is not always evident or its clinical manifestation overlaps with 
other clinical aspects, being necessary to do the reverse pathway, that is, to identify 
the protein composing the amyloid deposit to know which underlying disease is to 
be treated. In this context lies the importance of direct techniques for identifying the 
type of protein composing the amyloid through a direct analysis of the deposit in the 
tissue, such as proteomics by mass spectrometry. The latter has been considered 
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a b

Fig. 18.1  The microphotograph shows a histological section of an endomyocardial biopsy stained 
with Congo red in (a) and the same material observed under polarized light (b). Note the apple-
green or bottle-green refringence typical of the amyloid deposit. The mass spectrometry in this 
case resulted in ATTRv [Val122Ile]

currently the most specific and sensitive method for amyloid typing [4–6] for the 
identification of protein and demands the extraction of slight amyloid deposits, 
which demonstrates the power of this diagnostic resource, which will be the focus 
of this chapter.

18.2 � What Is Proteomics

Protein identification is usually mediated by antibody detection, such as ELISA, 
Western blotting [7], immune-electron microscopy [immunogold] [2, 8] or immu-
nofluorescence, and immunohistochemistry staining [7–9]. However, this approach 
is limited by antibody availability. Mass spectrometry (MS)-based assays have 
recently emerged as a powerful alternative able to directly identify proteins in tis-
sues. Among the vast universe of MS-based assays, bottom-up proteomics is espe-
cially suitable for protein typing in tissues. This technique consists of digesting 
proteins excised from tissues into peptides by specific proteases and analyzing the 
digestion mixture by chromatography coupled to sequential, or tandem, mass spec-
trometry. This sophisticated technique, until recently restricted to research laborato-
ries [7], has been gradually incorporated into clinical laboratories enabling amyloid 
fibril typing from fixed histological tissue sections [10] and rapidly became recog-
nized as the new gold standard method for typing amyloidosis [8, 10].

The Genome Project gave birth to “The omics era” when fundamental interest 
switched from structural only biology to functional biology. Briefly speaking, that 
is when the branches of science known as “omics” arise with various disciplines 
ending in this suffix, such as genomics, transcriptomics, proteomics, and metabolo-
mics. Proteomics is the study of the proteome, the set of all proteins expressed in a 
tissue, cell, or biological system at a given physiological moment.
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The basic strategy of proteomics is a combination of an array of different tech-
niques, including several approaches for sample preparation, protein or peptide 
separation, either by electrophoresis or chromatography, and analysis by diverse 
variants of MS. Finally, bioinformatics data processing, analysis, and interpretation 
are necessary to assess the results.

Unlike immunologically based techniques in which a single test will identify 
only a single amyloid fibril type, depending on the antibody being used, shotgun 
proteomics-based methods have the potential to unequivocally and efficiently iden-
tify all types of amyloid that may be present in a sample in a single assay [8].

The proteome profile found in amyloidosis is represented not only by the protein 
produced by the underlying disease or condition, but also by the so-called amyloid 
signature proteins. Signature proteins are integrated in all types of amyloidosis, and 
the most frequent are serum amyloid P component, apolipoprotein A-IV, and apoli-
poprotein E. Apolipoprotein A-I, heparan sulfate proteoglycan, vitronectin comple-
ment component C9, clusterin, fibulin-1, and three collagen proteins may also be 
detected [3, 4, 8, 11, 12]. Without the presence of these, we cannot recognize the 
proteome profile as amyloidosis.

The protein responsible for the amyloid deposit may also be inspected to detect 
anomalous peptide sequences and mirror the image of gene mutations. Protein 
genotyping is achievable by the analysis of the presence or absence of variant-
specific peptides. The most common transthyretin variants, for example, can be 
identified by this strategy (as in the case of ATTRv with the Val122Ile mutation 
shown in Fig. 18.1), which was later confirmed by gene sequencing.

18.3 � Technical Aspects of Proteomics by Mass 
Spectrometry—Specimen Preparation, Microdissection, 
Proteomic Analysis, and Results Interpretation

Conventional specimen preparation, e.g., formalin-fixed tissue from needle aspira-
tion, biopsy or autopsy followed by standard tissue processing and paraffin embed-
ding protocols, is compatible with proteomics-based amyloid typing protocols. 
Nevertheless, a few adjustments are necessary: conventional histological slides are 
prepared with an 8 μm paraffin tissue section stained by the Congo red histochemi-
cal technique to confirm the presence of amyloid deposits and recognize their distri-
bution pattern and amount. If positive, new 8-μm paraffin tissue sections were made 
and placed on special histological slides suitable for laser cuts and stained with 
Congo red. Under laser microdissection microscopy, the positive tissue regions are 
dissected by laser capture microdissection (area approximately 1  mm2) and pro-
cessed by proteolysis and peptide extraction. Then, the peptide extracts obtained are 
analyzed by liquid chromatography coupled to high resolution tandem MS. The MS 
raw data files are queried using different proteomics processing software (e.g., 
MaxQuant and FragPipe). The results are assigned to peptide and protein 
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probability scores, which support protein identification. Flowchart 18.1 shows the 
steps of the MS proteomics exam.

The interpretation of the results is complex and based on a combination of 
parameters to generate a ranking of the most intense proteins, often reflected by 
quantifiers such as ion intensities and spectral counts. Figures 18.2 and 18.3 are 
examples of spreadsheets with the results for analysis.

There is no restriction on the type of tissue that can be tested for amyloid protein 
typing through MS proteomics, including bone and bone marrow samples that are 
also subjected to decalcification during tissue processing. Figure  18.4 show the 
most frequent types of tissues submitted to the MS, in addition to the adipose tissue 
shown hereafter in this chapter.

Usually, the same sample used to confirm the diagnosis of amyloidosis by Congo 
red staining can be used for MS since the provided paraffin block still contains 
enough sample without depletion due to previous cuts. In the case of abdominal fat, 
the volume of adipose tissue must be generous, approximately 2  ×  2  ×  2  cm 
(Fig. 18.5) since the amyloid deposit in this tissue is usually multifocal and repre-
sents interstitial deposits spread between adipocytes [the amyloid “rings” or stellate-
like foci] (Fig. 18.6) rather than in solid masses of amyloid deposits.

Flowchart 18.1  This scheme explains the steps of mass spectrometric amyloid protein typing, 
from the entry of tissue embedded in paraffin to the identification of the protein
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Fig. 18.2  The result of this case was lambda light chain amyloidosis [AL—lambda]. Note the 
presence of amyloid signature proteins

Fig. 18.3  The result of this case was transthyretin amyloidosis [ATTR]. As shown at the anterior, 
there are also amyloid signature proteins
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Fig. 18.4  Microphotographs of tissues cuts frequently used for amyloid protein typing, with the 
amyloid deposit stained by the technique of Congo red, before (left side) and after (right side) laser 
microdissection, in which we try to remove the deposit with the lower possible contamination of 
adjacent tissues (a and b, myocardium; c and d, kidney; e and f, salivary gland; g and h, bone mar-
row vesseld; i and j, sural nerve)

a b

c d

e f
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Fig. 18.4  (continued)

Fig. 18.5  This is an 
example of an abdominal 
fat biopsy with adequate 
sampling. Since the 
epidermis without 
dermatological alterations 
is not useful for the 
examination, it is possible 
to perform a biopsy 
through an incision and 
remove only the fat in an 
adequate volume
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Fig. 18.6  The microphotograph shows adipose tissue with amyloid deposits marked by immuno-
histochemistry with an antibody to the lambda light chain. This case is an example of adipose tis-
sue compromised by amyloid deposits in low quantity and multifocal distribution. Therefore, the 
volume of adipose tissue recommended in the text aims to gather sufficient material for analysis
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Chapter 19
The Role of Nuclear Medicine in the 
Diagnosis of Amyloidosis

Claudio Tinoco Mesquita, Simone Cristina Soares Brandão, 
and Adriana Pereira Glavam

19.1 � Introduction

Amyloidosis is a systemic infiltrative disease and when cardiac involvement is pres-
ent, the prognosis is always poorer. Cardiac Amyloidosis (CA) is characterized by 
the extracellular deposition of misfolded proteins which aggregate as amyloid 
fibrils. The most predominant types of CA are amyloid immunoglobulin light chain 
(AL) and amyloid transthyretin (ATTR). The latter is further subtyped into heredi-
tary (ATTRv), which results from protein mutations, and wild type, in the past 
known as senile type (ATTRw) [1].

The diagnosis of CA remains challenging. Endomyocardial biopsy is still consid-
ered the gold standard for diagnosing CA. Nevertheless, significant improvements in 
noninvasive imaging methods have led to fewer cases where biopsies are required 
[2–6]. In this scenario, nuclear medicine has achieved a central role. Currently, myo-
cardial scintigraphy with bone-seeking tracers is the only noninvasive method 
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capable of differentiating ATTR CA from AL CA which represents a paradigm shift 
in diagnosis. It is important to highlight that although scintigraphy has become a 
cornerstone of ATTR CA diagnosis, it must be evaluated in concomitance to mono-
clonal gammopathies test results [7]. Positron emission tomography associated with 
computed tomography (PET/CT) has also emerged as a potential noninvasive 
method to assess amyloid burden and response to treatment [8].

In this chapter, the authors propose a review of the current role of nuclear medi-
cine in the diagnosis and prognosis of ATTR CA alongside a discussion about future 
directions in this promising field.

19.2 � Imaging Targets in Cardiac Amyloidosis

Amyloid deposits in the myocardium interstice are the imaging direct targets to 
diagnose, prognose, and type CA. It consists of insoluble b-pleated sheets of fibrils 
formed from misfolded precursor proteins, as well as non-fibrillar components of 
serum amyloid P (SAP), glycosaminoglycans, and calcium [4–9].

Nuclear medicine methods act on a molecular level and can directly (PET/CT) or 
indirectly (scintigraphy and PET/CT) identify amyloid deposits, even before struc-
tural and functional changes can be observed on echocardiography or Cardiac 
Magnetic Resonance (CMR). Early diagnosis impacts prognosis and nuclear medi-
cine can be a game-changer in this context [4–9].

Comprehending the pathophysiology encompassing CA is essential to explain-
ing imaging findings. Extracellular amyloid infiltration leads to remodeling of the 
extracellular matrix and expansion of extracellular volume, rarefaction of capillary 
density, edema, and changes in cardiomyocyte volume leading to thickening and 
stiffness of ventricular walls. In the process of time, high ventricular filling pressure 
causes ventricular dysfunction. Atrial wall infiltration may be present as well and 
induces functional and electrical changes [10].

Typically, echocardiography and CMR can detect CA in the late stages of the 
disease. Indirect targets for imaging findings are interstitial expansion (increased 
ventricular and atrial wall thickness, late gadolinium enhancement, and abnormal 
gadolinium kinetic), inflammation, and edema (increased T2 signal on CMR). 
However, CMR can also direct imaging of amyloid fibrils using T1 maps. Moreover, 
nuclear technics can image indirect targets as increased tissue calcium (scintigraphy 
with bone-seeking tracers and 18F sodium fluoride PET) as well as the amyloid 
fibrils themselves. Amyloid-binding PET tracers, such as C-11-PIB, F-18-
florbetapir, and F-18-florbetaben, are structurally like thioflavin-T and are supposed 
to bind to the b-pleated sheet structure of the amyloid fibril [4, 9, 10].

19.3 � Cardiac SPECT in the Diagnosis of Amyloidosis

The potential use of 99mTc-labeled bone-seeking tracers to diagnose CA has been 
investigated for many years. Initial studies revealed high-diagnostic accuracy for 

C. T. Mesquita et al.



195

CA. Even so, other authors described different results and the interest in this field of 
work had diminished [11, 12]. Just recently, Perugini et al. demonstrated greater 
binding avidity of 3.3-diphosphono-1,2-propanodicarboxylic acid (99mTc-DPD) to 
ATTR rather than AL which has renewed expectations regarding the noninvasive 
diagnosis of ATTR CA [13].

Lately, 99mTc-labeled myocardial bone-avid radiotracer has emerged as an essen-
tial tool for the diagnosis of ATTR CA.  Technetium-99m pyrophosphate (99mTc-
PYP), 99mTc-DPD, and hydroxymethylene diphosphonate (99mTc-HMPD) have all 
shown high accuracy for imaging cardiac TTR amyloid [7].

The precise molecular mechanism behind differential uptake in ATTR and AL 
CA is not well known, but has been postulated that it might be related to a higher 
calcium content, i.e., microcalcifications in TTR amyloid fibrils. The phosphate 
domains in those tracers are supposed to bind to calcium in transthyretin fibrils 
[14–16]. It is important to point out that in the past years those tracers were primar-
ily used to detect myocardial necrosis. Animal models experiments have revealed 
binding sites to bone-avid radiotracers such as microcalcifications, calcium depos-
its, and intracellular calcium PYP. Amyloid fibrils are mainly formed by the precur-
sor protein, heparan sulfate proteoglycan, and a calcium-dependent P-component 
that holds fibrils together. Pepys et al. [14] suggest that the P-component could bind 
to amyloid fibrils via a calcium-mediated mechanism elucidating the process under-
lying bone-seeking tracers uptake in CA as well. Afterward, Stats et al. [16] showed 
microcalcifications in endomyocardial biopsies samples. ATTR fibrils usually have 
a higher concentration of microcalcifications than AL, even so, in a few cases of AL 
CA the amount of microcalcifications is comparable. This finding suggests a patho-
physiological basis to explain why patients with AL CA may have positive scans 
and reassure the importance of always excluding plasma cell gammopathies.

99mTc-PYP is the only agent approved by the Food and Drug Administration 
(FDA) to be used in ATTR CA diagnosis in the USA and is the most used in Brazil 
as well. 9mTc-DPD and 99mTc-HMPD are currently the most used in Europe and 
other countries. On this basis, studies comparing the accuracy of those agents are 
scant in literature, but it seems they perform equally on ATTR CA diagnosis. As 
well, grading systems and imaging protocols may differ in different countries [17, 
18]. Of note, 99mTc methylene diphosphonate (99mTc-MDP) is currently used for 
bone scintigraphy, but not recommended for ATTR CA diagnosis because of its low 
sensitivity [13].

19.4 � Imaging Protocols

Nowadays, 99mTc-PYP and 99mTc-DPD are the most widely used radiotracers for the 
diagnosis and prognosis of ATTR CA. Still, data about technical aspects regarding 
how to image and interpret scans are not consistent in the published literature and 
consequently not in clinical practice as well. Lately, Practice Points and Consensus 
have been published in order to guide good practice [18–21].
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19.5 � 99mTc-DPD Imaging Protocol and Interpretation

The only formal contraindication to the test is pregnancy, which is very unlikely in 
daily practice since amyloidosis is a disease of older patients and no specific test 
preparation is required. These recommendations apply to all three radiotracers 
(99mTc-PYP, 99mTc-DPD, and 99mTc-HMPD).

An activity dose of 10–20 mCi (370–740 MBq) of 99mTc-DPD is administered 
intravenously. After 2 or 3 h of injection, a whole-body scan in the anterior and 
posterior views and chest anterior and lateral views are acquired followed by chest/ 
cardiac single photon emission computed tomography (SPECT) imaging. Whenever 
possible, a hybrid acquisition using SPECT/CT is advisable.

A visual or semiquantitative analysis can be done at 3  h of planar imaging. 
Radiotracer uptake into the bones (rib) is compared to heart uptake and scored as 
previously described by Perugini et al. [13]: grade 0 (no heart uptake and normal rib 
uptake), grade 1 (heart uptake is mild and less than rib uptake), grade 2 (heart uptake 
is moderate and equal to rib uptake), and grade 3 (heart uptake is high and greater 
than rib uptake with mild or absent rib uptake). Heart uptake must be confirmed in 
SPECT or SPECT/CT images. Scans showing visual scores of greater than or equal 
to 2, i.e., 2 or 3 on SPECT images, are classified as positive and suggestive of ATTR 
CA. The final diagnosis encompasses the exclusion of monoclonal gammopathy.

As the visual analysis is hugely dependent on observer proficiency, it performed 
poorly when estimating the degree of amyloid burden [22]. In order to increase the 
diagnostic accuracy of the test, Rapezzi et al. [23] described a quantitative analysis 
that is performed by calculating the ratio between radiotracer uptake in the heart and 
radiotracer uptake in the body: heart/whole-body ratio (H/WB). This method has 
the advantage of quantitation of radiotracer retention, but requires a long time, since 
a late whole-body imaging must be performed, and its value is not well-established 
with SPECT.  Interestingly, different from 99mTc-PYP scintigraphy, 99mTc-DPD 
might have a role in detecting extracardiac AL when no heart uptake is revealed [24].

19.6 � 99mTc-PYP Imaging Protocol and Interpretation

99mTc-PYP has been used for different purposes in clinical practice: bone scintigra-
phy, blood pool imaging for gastrointestinal bleeding, and radionuclide ventriculog-
raphy, and in the past for identification of myocardial infarction.

An activity dose of 10–20 mCi (370–740 MBq) of 99mTc-PYP is administered 
intravenously. After 2–3 h of injection, anterior and lateral chest planar imaging are 
acquired, followed by a Cardiac SPECT imaging. Whenever possible, a hybrid 
acquisition using SPECT/CT is advisable.

A visual or semiquantitative analysis can be obtained using planar imaging. 
Radiotracer uptake into the bones (rib) is compared to heart uptake and rated as 
previously described by Perugini et  al.: grade 0 (no heart uptake and normal rib 
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uptake), grade 1 (heart uptake less than rib uptake), grade 2 (heart uptake equal to 
rib uptake), and grade 3 (greater than rib uptake with mild/absent rib uptake). Heart 
uptake must be confirmed in SPECT or SPECT/CT images. Scans showing visual 
scores of greater than or equal to 2, i.e., 2 or 3 on planar and SPECT images, are 
classified as positive and suggestive of ATTR CA, in case of excluding monoclonal 
gammopathy.

99mTc-PYP also allows quantitative analysis. Bokhari et al. [25] defined a simpler 
technique based on drawing a circular region of interest (ROI) over the heart on the 
anterior chest planar imaging and mirroring this ROI over the contralateral chest to 
adjust for background and ribs. Heart -to-contralateral lung uptake ratio (H/CL) is 
calculated as a ratio-of-heart ROI mean counts to contralateral chest ROI mean 
counts. H/CL >1.5 at 1 h-imaging and H/CL >1.3 at 3-h imaging is highly accurate 
to diagnose ATTR CA. Hence, some caution is needed when drawing the ROI, such 
as size adjustment to maximize coverage of the heart without including adjacent 
lung and avoiding sternal, ribs, and right ventricle areas in order to obtain reliable 
ratios. Even so, H/CL may be falsely low or high in situations like prior myocardial 
infarction and pleural effusion.

Some technical and pathophysiological considerations regarding bone-seeking 
scintigraphy must be highlighted.

Planar imaging alone is limited in spatial resolution when compared to SPECT 
or SPECT/CT: myocardial uptake cannot be differentiated from blood pool uptake, 
overlying rib uptake may add counts to the region of the heart, and attenuation cor-
rection is not feasible. SPECT overcomes these limitations and should always be 
performed [26]. Indeed, Régis et  al. [27] showed that visual analysis on SPECT 
imaging has led to less scans interpreted as equivocal when compared to quantita-
tive analysis (H/CL).

Hutt et al. [28] have demonstrated that myocardial and bone uptake over time is 
distinct. As the peak of myocardial counts on planar images occurs after 1 of injec-
tion of 99mTc-DPD followed by a progressive decline over time, bone counts increase 
gradually and peak after 2–3 h. Therefore, 1-hour imaging is more sensitive, and 3-h 
imaging is more specific for ATTR CA diagnosis. Similar kinetics is observed with 
the other radiotracers. It is important to highlight that a 1-h imaging protocol is 
equivalent to 3-h protocol since SPECT/CT images are incorporated which impacts 
positively on patient comfort and laboratory outthought [29, 30].

19.7 � Critical Points Concerning 99mTechnetium-Labeled 
Cardiac Scintigraphy for Suspected Amyloidosis

The initial description of a semiquantitative visual assessment of planar images 
based on comparing uptake between the bone (rib) and myocardium was proposed 
by Perugini et al. [13]. The results showed that a grade 2 or 3 was 100% sensitive at 
detecting ATTR cardiac amyloidosis and 100% specificity at differentiating ATTR 
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from AL or unaffected controls. The utility of such a method to distinguish AL and 
ATTR is crucial in the workup of amyloidosis patients [31], but some critical aspects 
need to be highlighted to avoid mistakes:

	1.	 Cardiac uptake with bone tracers is not specific for ATTR-CA. In a large cohort 
of patients with AL CA, 99mTc-DPD scintigraphy showed cardiac uptake in 
40%, including grade 2–3  in 10% of all patients (25% of those with cardiac 
99mTc-DPD uptake) [32].

	2.	 The reason for cardiac DPD/PYP/HMDP preferentially in ATTR-CA is not 
determined. Despite some suggestions relating cardiac microcalcifications as a 
possible explanation [16], this does not explain why 18F-NaF PET have a rela-
tively low sensitivity with high specificity [33]. 18F-NaF PET/MRI may have a 
better diagnostic performance when semiquantification is used [34].

	3.	 To avoid falsely classifying patients with AL-CA as ATTR-CA, it is always 
required evaluation for AL amyloidosis by serum FLCs, serum, and urine immu-
nofixation in all patients undergoing 99mTc-PYP/DPD/HMDP scans for cardiac 
amyloidosis [18]. Incorrect diagnosis leads to inappropriate therapy and worse 
patient outcomes. The imaging physician must clearly communicate the need to 
correlate imaging and laboratory findings to achieve correct diagnosis.

	4.	 A negative scan does not exclude ATTR-CA. False negative is early disease with 
mild infiltration. Also important is that certain specific genetic variants such as 
Phe64Leu and Val30Met are not positive in bone tracer scans [35, 36]. Even 
patients with severe myocardial infiltration may demonstrate a false negative 
Tc-PYP scans as recently showed by Emory University group in patients with 
Val122Ile ATTR-CA [36]. This emphasizes the need for genetic testing and 
endomyocardial biopsy when there are inconsistent results in the clinical and 
laboratory evaluation.

	5.	 Planar imaging and H/CL ratio alone are insufficient for diagnosis of ATTR car-
diac amyloidosis. SPECT imaging is necessary to demonstrate myocardial 
uptake of 99mTc-PYP/DPD/HMDP [18]. False positive results are commonly 
derived from blood pool uptake. Recently, expert consensus recommendations 
for multimodality imaging in cardiac amyloidosis were revised and the recom-
mended time between injection of 99mTc-PYP and scan 2- or 3-h imaging with 
1-h imaging being optional.

	6.	 Another important revision is that SPECT imaging is required in all studies (irre-
spective of time between injection and scan) to directly visualize tracer uptake in 
the myocardium [18, 37].

	7.	 Recent data now suggest that the use of cadmium zinc telluride (CZT) SPECT 
for 99mTc-PYP/DPD/HMDP imaging is an alternative for planar imaging. New 
studies are needed to establish if better quantification can be achieved with CZT 
SPECT [37, 38].

	8.	 New methods to improve the amyloid burden quantification in the myocardial 
are crucially needed. Since the introduction of approved therapies for transthyre-
tin cardiac amyloidosis, there is a need to evaluate the direct effect of these 
agents in stopping or reversing the amyloid deposition. 99mTc-pyrophosphate 
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cardiac imaging using a CZT SPECT/CT scanner generated indexes such as 
SUVmax and SUVmean, which can provide absolute quantitation of 99mTc-
pyrophosphate uptake [39].

Illustrative Cases

 

Case 1: Male patient with 74  years presenting with severe right heart failure 
demonstrating moderate ascites without portal hypertension. Transthoracic echo-
cardiogram showed significant left ventricular hypertrophy (15 mm) and preserved 
ejection fraction. 99mTc-pyrophosphate planar imaging (right) demonstrated car-
diac uptake higher than observed in ribs (Periguni score 3+). SPECT demonstrating 
diffuse uptake in myocardium. This case is a true positive of cardiac amyloidosis. 
After the adequate exclusion of monoclonal gammopathy, a diagnosis of ATTR-
cardiac amyloidosis can be correctly made.
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Case 2: Female patient with 52  years presenting with dyspnea and fatigue. 
Transthoracic echocardiogram showed borderline left ventricular hypertrophy 
(12  mm) and preserved ejection fraction. 99mTc-pyrophosphate planar imaging 
(left) demonstrated cardiac uptake like the observed in ribs (Periguni score 2+). 
SPECT demonstrating blood pool uptake and no accumulation in the myocardium. 
This case is a false positive for cardiac amyloidosis.

19.8 � False-Positive and False-Negative Scenarios 
in Bone-Seeking Scintigraphy [2–4, 31]

As mentioned before, bone-seeking scintigraphy is a highly accurate method to 
diagnose ATTR CA. However, some peculiar scenarios should always be considered.

Listed below are the major causes of false-positive and false-negative results 
observed on bone-seeking cardiac scintigraphy.

Possible False-Positives of Scintigraphy for Detecting ATTR CA:
	1.	 AL CA is the most common and important cause of misdiagnosis. Most clini-

cians are not familiar with the fact that nearly 20% of scans can be positive in 
patients with AL CA or the screening to rule out is not or incompletely performed.

	2.	 Blood pool uptake in planar images. Despite being not recommended, some labs 
still use solely planar images to diagnose CA and a blood pool can be interpreted 
as a positive scan. Cardiac uptake on planar images must always be confirmed in 
SPECT or SPECT/CT images.

	3.	 Rib fractures, valvular, and annular calcifications. In this case, these structures 
may overlay the heart, thereby affecting H/CL results. Currently, H/CL alone is 
not recommended to diagnose CA.

	4.	 Myocardial infarction (acute or subacute). Focal uptake can be present, and scin-
tigraphy should not be used to diagnose CA in this early phase (<4 months).

	5.	 Hydroxychloroquine cardiotoxicity requires histological confirmation.
	6.	 Rare forms of CA like hereditary apolipoprotein A1.

Possible False Negatives of Scintigraphy for Detecting ATTR CA:
	1.	 Early-stage disease. The myocardial infiltration can be minimal and not 

detectable.
	2.	 Some pathogenic TTR mutations. Phe64Leu, Val30Met, Se77Tyr, Glu61Ala. 

Echocardiogram or CMR may show typical findings, but scintigraphy is nega-
tive. Endomyocardial biopsy, genetic testing, and sometimes PET/CT scans can 
be helpful.

	3.	 Myocardial infarction (chronic phase). Amyloid deposition and thus radiotracer 
uptake will be present only in viable tissue. In the context of an extensive cardiac 
scar, the degree of radiotracer uptake on planar imaging may be mild. However, 
this can be reconciled using SPECT imaging.

	4.	 Delayed or premature acquisition protocol. Labs should always perform scans 
according to guidelines.
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19.9 � Role of Cardiac SPECT in the Context 
of Multimodality Imaging for Cardiac 
Amyloidosis Diagnosis

Currently, the most applied noninvasive methods to diagnostic and prognostic pur-
poses in CA are echocardiography, CMR, and scintigraphy with bone-seeking trac-
ers [1, 9, 10, 18].

Echocardiography is the first-line method used to assess CA because it is widely 
available and of low cost. Typical echocardiographic findings in CA include biven-
tricular wall thickening, increased ventricular mass, normal to small ventricular 
size, bi-atrial enlargement, diastolic biventricular dysfunction, and preserved ejec-
tion fraction (EF). In CA, left ventricular (LV) EF (LVEF) is preserved until late to 
end-stage disease, but longitudinal LV contraction is impaired early in the disease 
[40]. A regional pattern of strain with severe impairment at the mid and basal seg-
ments and relative apical sparing of longitudinal strain is sensitive (93%) and spe-
cific (82%) to differentiate CA from other causes of LV hypertrophy [41] and 
abnormal global longitudinal strain is an independent predictor of poor survival in 
both forms of CA [40, 42, 43]. Right ventricular (RV) involvement is most com-
monly observed in ATTR CA [9]. Unexplained RV thickening and impaired longi-
tudinal strain can be a red flag for initial disease and worse prognosis [44, 45]. RV 
dilatation in end-stage disease also portends a worse prognosis [46].

CMR provides better spatial resolution than echocardiography, allowing 
improved morphological and functional analysis. Besides, it is exceptional in tissue 
characterization. Subendocardial or transmural late gadolinium enhancement (LGE) 
is the most typical pattern [47, 48]. Sensitivity and specificity are 86% and 92%, 
respectively [49]. LGE is highly prevalent (100% RV and 96% LV) and more exten-
sive in ATTR, but does not distinguish between CA forms. Nonetheless, it is a strong 
predictor of mortality in both forms of CA [50]. A limitation of LGE is that it is not 
simply quantifiable, which makes it inaccurate for tracking changes over time and 
monitoring treatment. The newer quantitative technique of T1 mapping can over-
come this limitation and potentially detect amyloid infiltration earlier in the disease 
process than LGE and follow changes over time as well monitoring treatment 
response [50–53].

The only imaging modality that can accurately diagnose ATTR CA without the 
need for invasive endomyocardial biopsy is nuclear scintigraphy using bone-seeking 
radiotracers [7, 17].

Perugini et al. [13] have first described that 99mTc-DPD scintigraphy is well accu-
rate for diagnosis and differentiates ATTR from AL in patients with documented 
CA (LV thickness >12 mm identified in echocardiography). The presently known as 
Perugini visual score was used to identify patients with ATTR CA. Some years later, 
Hutt et al. [54] confirmed Perugini’s findings and also demonstrated that stratifica-
tion by Perugini grade of positivity had no prognostic value. Later on, other authors 
have confirmed scintigraphy as an accurate diagnostic method even when other 
types of bone-seeking tracers were used [25, 55].
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Rapezzi et  al. [23] validated 99mTc-DPD scintigraphy as an early diagnostic 
method, even before the appearance of echocardiography abnormalities and estab-
lished 99Tc-DPD myocardial uptake (H/WB) as a prognostic determinant of cardiac 
outcomes either alone or in combination with LV wall thickness.

In a multicentric study, Castano et al. [56] pointed out that semiquantitative data 
obtained from 99mTc-PYP scintigraphy were associated with worse survival and 
consequently poor prognosis among patients with ATTR CA; and, that the test could 
be reproducibly performed at multiple sites with high accuracy. Sperry et al. [57] 
showed a pattern similar to apical sparing in scintigraphy too and also associated 
with prognosis. Furthermore, absolute quantification using SPECT/CT might be 
valuable for improving the diagnosis and prognosis of ATTR CA [58].

Quite a few studies have confirmed scintigraphy as an excellent method for early 
diagnosis [23, 59]. However, the scintigraphy role in following up is still uncertain 
[60]. In this context, data from CMR studies are very promising [61].

Gillmore et al. [7] have revolutionized clinical practice by proposing that ATTR 
CA could be noninvasively diagnosed using bone-seeking scintigraphy. In this mul-
ticenter study involving 1217 patients with suspected CA, any myocardial radio-
tracer uptake (grade 1, 2 or 3) was >99% sensitive and 86% specific for detecting 
ATTR CA, with false-positive cases being attributed to AL CA.  Indeed, 30% of 
patients with CA AL may have positive scans. Grades 2 or 3 of myocardial radio-
tracer uptake and the absence of monoclonal gammopathies in serum or urine had a 
specificity and positive predictive value of 100% to detect ATTR CA. Of note, these 
results were obtained in a population of patients with a high pretest probability of 
CA: symptoms of heart failure and echocardiogram or CMR consistent with 
CA. More studies are needed to confirm if these findings can be used in the general 
population without all these characteristics of this population.

19.10 � Myocardial Innervation Evaluation in CA

Cardiac dysautonomia is common in both types of CA (ATTR and AL types) [62]. 
This is due to amyloid infiltration into the myocardial and conduction tissue, result-
ing in conduction and rhythm disorders. Amyloid deposits impair the function of 
sympathetic nerve endings. Disturbance of myocardial sympathetic innervations 
may play an important role in the remodeling process. Imaging of myocardial inner-
vation in patients with amyloidosis has been mainly focused on visualizing the 
effects of amyloidosis on the sympathetic nerve system [62, 63].

Conventional nuclear imaging by means of 123-Iodine-metaiodobenzylguanidine 
(123I-mIBG) is the most widely used modality for this indication [62]. It is a chemi-
cal modified analogue of norepinephrine that can detect myocardial innervation 
changes [64]. 123I-mIBG cardiac scintigraphy is well-established in patients with 
heart failure [65] and plays an important role in evaluation of sympathetic innerva-
tion in CA [18, 62].
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123I-mIBG is stored in vesicles in the sympathetic nerve terminals and is not 
catabolized like norepinephrine [64]. Cardiac 123I-mIBG uptake can be evaluated 
using both planar and tomographic imaging, thereby providing insight into global 
and regional sympathetic innervation. Standardly assessed imaging parameters are 
the heart-to-mediastinum ratio (HMR) and washout rate (WR), usually derived 
from planar images. Decreased HMR 3–4 h after 123I-mIBG injection (late HMR) 
and increased WR indicate cardiac sympathetic denervation and are associated with 
poor prognosis [62, 64]. SPECT provides additional information and has advan-
tages for evaluating abnormalities in regional distribution in the myocardium [65]. 
123I-mIBG is mainly useful in patients with ATTRv CA and ATTRw CA, not in AA 
and AL amyloidosis [62]. The potential role of PET for cardiac sympathetic inner-
vation in amyloidosis has not yet been identified [62, 66].

In a review paper that included 16 studies on this subject [62], the results were 
summarized and divided into three main topics: the imaging of cardiac innervation 
itself, the implications of this imaging method, and the relation with other nuclear 
medicine imaging techniques in CA. In relation to the imaging of cardiac innerva-
tion, ATTRv type amyloidosis patients are studied most extensively, showing the 
most pronounced reduced late HMR. Also, AL type amyloidosis patients tend to 
have decreased late HMR compared to healthy control subjects; however, to a lesser 
extent compared to both ATTRv CA and ATTRw CA type patients [62, 67–69]. In 
a study with 61 CA patients (39 AL, 11 AA, 11 ATTR), late 123I-mIBG HMR was 
lower and WR was higher in patients with echocardiographic signs of amyloidosis. 
In ATTR CA patients without echocardiographic signs of amyloidosis, HMR was 
lower than in patients with the other CA types (2.0 ± 0.59 vs. 2.9 ± 0.50, p = 0.007). 
Then, 123I-mIBG scintigraphy could detect cardiac denervation in ATTR CA patients 
before signs of amyloidosis are evident on echocardiography [69]. However, due to 
the large overlap of late HMR ranges in ATTR and AL type amyloidosis patients, 
123I-mIBG scintigraphy is not capable of discriminating between these amyloidosis 
subtypes [69].

Mean late HMR differs substantially between the different publications [62]. 
This variability is mainly due to non-homogeneity in123I-mIBG imaging acquisition. 
HMR varies between different gamma camera systems (venders), but more impor-
tantly between the application of low energy and medium energy collimators [62, 
64]. Generally, HMR is higher on images acquired with medium energy collimators 
compared to images acquired with low energy collimator [70]. Based on these dif-
ferences in HMR, cutoff values for the different collimators are proposed, as well as 
conversion algorithms. Additional SPECT scanning may be of value in the evalua-
tion of regional cardiac sympathetic innervation abnormalities. Most patients (both 
AL and ATTR type amyloidosis) with low HMR show reduced tracer accumulation 
in the infero-postero-lateral segments [69]. Unfortunately, this may not be consid-
ered as a characteristic finding in amyloidosis patients, since a defect in 123I-mIBG 
accumulation in the inferior myocardial wall is also reported in healthy control sub-
jects [71]. This is considered because of physiological 123I-mIBG accumulation in 
the liver overprotecting the infero-posterior myocardial wall [18, 62, 64, 71].
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Concerning the clinical implications of this imaging technique, in patients with 
heart failure, the ADMIRE-HF demonstrated that reduced late HMR is associated 
with an increased risk of developing ventricular arrhythmia and is associated with 
poor survival [72]. In fact, reduced late HMR is a stronger prognostic factor than 
LVEF for developing severe adverse cardiac events in patients with ischemic heart 
disease [65]. In amyloidosis patients with impaired cardiac sympathetic innerva-
tion, decreased survival rates are also established [73]. Late HMR was identified as 
an independent prognostic factor for 5-year all-cause mortality, with a 42% mortal-
ity rate for those patients with late HMR <1.60, compared to only 7% in patients 
with late HMR ≥1.60 (hazard ratio 7.2, P < 0.001) [73].

In the AL type population, very little is known about the consequences of reduced 
late HMR. Follow-up of the available studies in this population is too limited to 
identify arrhythmogenic consequences of impaired cardiac sympathetic innervation 
[62, 69]. Data on the contribution of reduced late HMR to cardiovascular outcome 
measurements in patients with ATTR CA amyloidosis seem to be incomplete. 
Moreover, the actual incidence of ventricular arrhythmia, sudden cardiac death, or 
appropriate implantable cardioverter-defibrillator (ICD) shocks in amyloidosis 
patients with impaired cardiac sympathetic innervation is not fully elucidated. 
Therefore, the question whether amyloidosis patients will benefit from prophylactic 
ICD remains unanswered [62].

In comparison to other nuclear medicine imaging techniques, cardiac 123I-mIBG 
scintigraphy cannot discriminate between ATTR CA and AL CA as bone tracer 
scintigraphy does. Moreover, since both ATTRw and ATTRv patients show 
decreased late HMR, this exam alone could not differentiate between autonomic 
neuropathy and cardiomyopathy. Bone tracer accumulation predominantly occurs 
in ATTRw CA patients, probably as a result of the underlying cardiomyopathy. On 
the contrary, patients with ATTRv type amyloidosis without cardiomyopathy tend 
to show no myocardial bone tracer accumulation and normal biomarkers (N-terminus 
pro-brain natriuretic peptide, and troponin-T) [62]. Within these patients, late HMR 
is generally lower in the subgroup of patients with other symptoms of polyneuropa-
thy [74]. Future studies should focus on the possible additive value of bone scintig-
raphy in relation to 123I-mIBG scintigraphy in getting a better understanding of the 
complementary contribution of neuropathy and cardiomyopathy to each other in 
ATTR type amyloidosis patients [62].

19.11 � Diagnostic Algorithms of Cardiac Amyloidosis

Guidelines and consensus support a non-biopsy diagnosis of ATTR CA using 99mTc-
PYP/DPD/HMDP scintigraphy. Gillmore et  al. [7] showed that scintigraphy is 
highly sensitive, but not so specific for ATTR CA diagnosis and most false-positive 
scans were attributed to AL CA. Ruling out monoclonal gammopathies is essential. 
There is no consensus if laboratory tests to exclude AL should be done before or 
after scintigraphy is performed. It is important to point out that up to 40% of patients 
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with ATTR CA can have a monoclonal gammopathy of unknown significance 
(MGUS) and an endomyocardial biopsy is necessary to confirm ATTR CA [75]. 
After ATTR CA is confirmed, TTR gene sequencing and genetic counseling for 
relatives are advised.

Some diagnostic algorithms of CA have been proposed [3, 6, 18]. Indeed, they 
are quite similar. The most important difference is regarding when tests to exclude 
gammopathies should be done, i.e., before scintigraphy or after.

19.12 � Quantitative Studies to Assess Disease Activity 
and Response to Therapy

99mTc-labeled bone-seeking tracers cardiac scintigraphy to diagnose and prognosis 
ATTR CA is not an absolute quantitative method since visual and semiquantitative 
analysis compare cardiac radiotracer uptake to other tissues.

Perugini et  al. [13] demonstrated that visual analyses accurately discriminate 
patients with ATTR CA from those with AL CA and controls. However, the Perugini 
score was not a predictor of prognosis [54]. Of note, ATTR is a systemic disease and 
abnormal protein deposits can be present in extracardiac sites. The main criterion 
used to differentiate grade 2 from grade 3 of the Perugini score is the reduction in 
bone uptake. So, in some cases, grade 3 might be related to extracardiac uptake 
rather than true greater cardiac uptake. This hypothesis might explain why the visual 
score has not been proven to be useful in risk stratification [58].

In order to improve the measurement of cardiac uptake of 99mTc-labeled bone-
seeking tracers, semiquantitative ratios, namely, H/CL and H/WB, have been pro-
posed. Yet, this technique still relies on extracardiac sites as comparators. Castano 
et al. [56] described that H/CL has prognostic significance, but the cutoff value for 
diagnosis and worse prognosis is narrow. Also, the role of H/WB is still uncertain 
[76]. Accordingly, semiquantitative assessment did improve diagnosis but not 
prognosis.

As postulated, the exact mechanism behind bone-seeking tracer uptake in ATTR 
CA is not recognized, but it’s reasonable to assume that a greater cardiac amyloid 
deposition may be associated with more scan uptake and consequently worse prog-
nosis and that changes in amyloid burden could be assessed by changes in radio-
tracer uptake. Planar imaging carries important limitations and SPECT is strongly 
recommended to improve the diagnostic performance of scintigraphy. Recently, a 
lot of effort has been made to develop SPECT-based quantitative techniques to eval-
uate burden amyloid as well as response to novel therapies [58].

At the present time, absolute quantitation of myocardial uptake can be assessed 
by SPECT. Quantitative SPECT images can be reconstructed using proper commer-
cially available software, CT-based attenuation correction, scatter correction, and 
iterative reconstruction technique. Comparable with PET, the images represent 
parametric maps of radiopharmaceutical distribution with units of kBq/mL 
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standardized to the time of injection and can be corrected for injected dose and 
volume of distribution to give standard uptake value (SUV). Cardiac metabolic 
activity (CMA) and cardiac metabolic volume (CMV) also can be used to assess 
amyloid burden [50].

Ramsay et al. [77] demonstrated that quantitative HDP SPECT/CT can discrimi-
nate between individuals with cardiac ATTR from the population without this dis-
ease (p = 0,002). The SUV maximum (SUVmax) was sufficiently similar between 
individuals without cardiac ATTR that a 99% reference interval for HDP uptake 
could be calculated, providing an upper limit cut point of SUVmax 1.2. Individuals 
with cardiac ATTR had SUVmax well above. Still, its role in disease management 
warrants further assessment.

In a single-center, retrospective analysis of 99mTc-DPD scans, Scully et al. [78] 
showed that SPECT/CT quantification is possible and outperforms planar quantifi-
cation techniques. Moreover, SUV retention index differentiates Perugini grade 2 or 
3 and may be an important tool to monitor response to therapy.

Miller et al. [79] assessed the diagnostic accuracy and clinical significance of 
99mTc-PYP quantitation. Radiotracer activity in the myocardium was calculated 
using cardiac pyrophosphate activity (CPA) and volume of involvement (VOI) 
activity. CPA had the highest diagnostic accuracy (AUC 0.996, 95% CI 0.987–1.00) 
and was significantly higher compared to the Perugini score (AUC 0.952, P = 0.016). 
Quantitative assessment of myocardial radiotracer activity with CPA or VOI has 
high diagnostic accuracy for ATTR-CM. Both measures are potential noninvasive 
markers to follow the progression of disease or response to therapy.

Dorbala et al. [39] were pioneers in demonstrating that absolute quantification is 
possible to be done using 99mTc-PYP-Cadmium-Zinc-Telluride-Based SPECT/CT.

19.13 � Myocardial Blood Flow Evaluation in CA

Coronary microvascular dysfunction (CMD) can result from structural and func-
tional abnormalities at the intramural and small coronary vessel level affecting cor-
onary blood flow autoregulation and consequently leading to impaired coronary 
flow reserve (CFR) [80]. Endothelial and CMD often coexist with epicardial coro-
nary artery disease (CAD), but are also commonly seen in patients with various 
forms of heart disease, including CA [18, 80–82].

Interstitial and perivascular amyloid deposits may compress coronary microves-
sels, thereby increasing coronary microvascular resistance. Increased LV mass may 
reduce capillary density and decrease diastolic perfusion from high LV filling pres-
sures. Autonomic dysfunction may also result in vasomotor dysfunction [80]. 
Angina without epicardial CAD has been well-described in patients with amyloido-
sis [83]. Myocardial perfusion abnormalities can be detected in patients with AL 
and ATTR CA and may precede the clinical diagnosis of CA [83].
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Dorbala et al. [81] studied 31 patients, including 21 with definite CA without 
epicardial CAD and 10 patients with hypertensive left ventricular hypertrophy 
(LVH). All of them underwent rest and vasodilator stress N-13 ammonia PET and 
2D echocardiography. Global LV myocardial blood flow (MBF) was quantified at 
rest and during peak hyperaemia, and CFR was computed (peak stress MBF / rest 
MBF) adjusting for rest rate pressure product. Compared to the LVH group, the 
amyloid group showed lower rest MBF (0.59 ± 0.15 vs. 0.88 ± 0.23 mL/g/min, 
P = 0.004), stress MBF (0.85 ± 0.29 vs. 1.85 ± 0.45 vs. mL/min/g, P < 0.0001), CFR 
(1.19 ± 0.38 vs. 2.23 ± 0.88, P < 0.0001), and higher minimal coronary vascular 
resistance (111 ± 40 vs. 70 ± 19 mm Hg/mL/g/min, P = 0.004). Additionally, more 
than 95% of all amyloid subjects presented significantly reduced peak stress MBF 
(<1.3 mL/g/min). In multivariable linear regression analyses, a diagnosis of amyloi-
dosis and increased LV mass and age were the only independent predictors of 
impaired coronary vasodilator function. Absolute MBF and CFR were substantially 
reduced in patients with CA, despite absence of epicardial CAD [81].

CMD from amyloid deposits may potentially explain a greater vulnerability of 
these individuals to ischemia and subclinical impairment of LV systolic function 
[80]. Myocardial ischemia from CMD may predispose some of these patients to 
sudden cardiac death. More studies are required to understand whether CMD 
improves after successful anti-amyloid therapy.

19.14 � PET Tracers for Amyloid Detection and to Evaluate 
Disease Progression

PET is another nuclear technique that can be used to evaluate CA. Literature data 
about the role of this technique to assess CA are scant when compared to scintigraphy 
with bone-seeking tracers, but still very promising. PET imaging offers the advantage 
of higher spatial resolution and allows absolute quantification of amyloid burden and, 
therefore, changes after treatment. Two classes of PET radiotracers may be used: 18F 
Sodium Fluoride (18F-NaF) and amyloid-binding radioactive tracers [9, 17].

19.14.1 � 18F-Sodium Fluoride

18F-Sodium Fluoride (18F-NaF) was used in the past for prostate cancer screening 
and has been studied more recently in CAD as a novel method to predict cardiac 
events. Like bone-seeking tracers used in scintigraphy,18F-NaF also binds to micro-
calcifications, so it is reasonable to assume that it could be used to detect CA and 
differentiate ATTR from AL CA.  Also, Castano et  al. [60] demonstrated that 
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bone-seeking tracer scintigraphy is not currently useful to monitor response to treat-
ment and 18F-NaF could be useful in this scenario.

Morgenstern et al. [84] showed that 18F-NaF is an effective PET radiotracer to 
image ATTR CA. Qualitative and quantitative analysis demonstrated higher uptake 
in ATTR CA when compared to AL CA patients and controls.

Martineau et al. [85] examined the sensitivity of 18F-NaF PET to detect ATTR 
CA. Although the degree of myocardial uptake was significantly greater in ATTR 
patients compared to AL and control subjects, it was low and inferior to the blood 
pool leading to a modest sensitivity when qualitative and quantitative methods were 
used, 57% and 75% respectively. These findings were quite different from those 
obtained with scintigraphy [7]. Zhang et al. [86] were pioneers in comparing the 
sensitivity of 18F-NaF PET in detecting CA to that of 99mTc-PYP. Both qualitative 
and quantitative analyses showed that PET sensitivity was significantly inferior to 
that of 99mTc-PYP. So, currently, data do not support the use of 18F-NaF PET to 
diagnose ATTR CA.

19.14.2 � Amyloid PET Tracers

Amyloid-binding radioactive tracers were originally developed to image brain beta-
amyloid deposits in patients with Alzheimer’s disease, but recently, some studies 
have demonstrated its capacity to bind to cardiac amyloid deposits and opened a 
new field of investigation. These tracers are structurally like thioflavin-T and bind to 
the beta-pleated motif of amyloid fibril irrespective of the precursor amyloid protein 
[9] 11C-Pittsburgh Compound-B (11C-PIB) and 18F-labelled agents such as 
18F-florbetapir and 18F-florbetaben have been successfully used to assess Alzheimer’s 
disease and more recently as a new technique to diagnose CA [87].

Antoni et al. [88] demonstrated that 11C-PiB can accurately differentiate controls 
from patients with confirmed CA. However, it was not capable of differentiating 
ATTR from AL CA. Later on, Rosengren et al. [89] showed that 11C-PiB could also 
accurately distinguish AL from ATTR CA patients since quantitative methods have 
shown that radiotracer uptake was significantly higher in AL CA. However, the need 
for an onsite cyclotron for production, due to its short half-life, limits its availability 
and clinical use.

18F-labeled amyloid imaging tracers have a longer half-life, thus, allowing their 
use in laboratories without a cyclotron. Initial studies using 18F-Florbetapir [90, 91] 
have demonstrated a significant radiotracer uptake in patients with CA and no 
uptake in controls. Although uptake was higher in AL than in ATTR CA, it was not 
sufficient to discriminate AL from ATTR CA. Studies using 18F-Florbetaben have 
demonstrated similar findings [92]. More recently, Genovesi et  al. [93] demon-
strated in a prospective study that 18F-Florbetaben uptake over time was signifi-
cantly higher in patients with AL CA than in ATTR CA allowing type differentiation. 
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Importantly, only amyloid-binding PET tracers can adequately image AL CA and 
identify systemic amyloid deposits.

Regarding the response to therapy, initial data are promising, but more studies 
are needed to warrant its clinical use [9].

In conclusion, further large multicenter studies would be necessary to substanti-
ate the diagnostic accuracy of PET for the detection of CA [94].

19.15 � Future Perspectives

Certainly, we have learned much about CA over the past few years. Great achieve-
ments in multimodality imaging methods have led to the noninvasive diagnosis of 
ATTR CA in a substantial number of patients. Meanwhile, improvements in clinical 
treatment, with novel drugs, brought the opportunity for better outcomes. Even so, 
some uncertain issues demand further investigation.

Bone-seeking tracers scintigraphy has proved to be highly accurate in the diag-
nosis of ATTR CA, but these data were obtained from a population with a high 
likelihood of disease. May we extrapolate to a less selected one? Is the method 
accurate for screening in patients with aortic stenosis or bilateral carpal tunnel syn-
drome, currently known as red flags of disease? Its utility remains unproven and 
ongoing studies will provide insight into this matter. In this respect, the implementa-
tion of appropriate screening programs for ATTR CA is also mandatory to increase 
awareness of the disease.

A better understanding of amyloidogenesis pathophysiology and differences 
between the phosphate-derived radiotracers with respect to diagnosis, subtyping, 
and prognostication of ATTR is crucial. Also, technical refinements on scan acquisi-
tion and standardization of radioisotope dose, incubation time, and analytic ROI 
methods are needed.

SPECT and PET/CT are promising tools for quantification and assessment of 
response to therapy, but more robust data are needed to define their accuracy and 
additive value to the care of patients with cardiac amyloidosis.

Clinical Case
A 70-year-old-male with a history of hypertension, diabetes, and dyslipidemia pre-
sented with progressive exertional dyspnea that had persisted for the previous 
month. Bilateral Carpal Tunnel Syndrome Operation in 2013. Patient was admitted 
to the cardiac care unit for acute heart failure (HF) in the New York Heart Association 
(NYHA) class IV.  Transthoracic echocardiogram revealed bi-atrial enlargement. 
Normal ventricle size. Severe concentric left ventricular hypertrophy (19 mm), pre-
served overall systolic biventricular function (Fig. 19.1). Impaired relaxation and 
elevated filling pressures with restrictive mitral inflow pattern were consistent with 
diastolic dysfunction grade III. Mild mitral and tricuspid regurgitation were also 
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Fig. 19.1  Echocardiogram 
4-chamber view (Author’s 
personal archive)

Fig. 19.2  Bull’s eye strain 
showing preservation of 
apical deformity. (Author’s 
personal archive)

noticed. A pattern of apical sparing on the longitudinal strain was observed too 
(Fig. 19.2). A Cardiac MRI was pursued and depicted heterogeneous subendocar-
dium late gadolinium enhancement encompassing atrium, interatrial septum, inter-
ventricular septum, and right and left ventricles consistent with infiltrative disease 
(Figs.19.3 and 19.4). Cardiac amyloidosis was suspected and 99mTc-PYP scintig-
raphy was performed. Planar images showed abnormally increased radiotracer 
activity in the heart (Perugini grade 3) with a calculated heart-to-contralateral ratio 
(H/CL) of 1.7. (Fig.  19.5) SPECT/CT images confirmed uptake throughout the 
myocardium and right ventricle (Figs. 19.6 and 19.7). Gamophathies were excluded. 
Genetic testing showed the mutation Val142Ile confirming ATTR CA.
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Fig. 19.3  Diffuse 
subendocardial LGE in 
4-chamber CMR (Author’s 
personal archive)

Fig. 19.4  Diffuse 
subendocardial LGE in 
short axis CMR (Author’s 
personal archive)

Fig. 19.5  99m-Tc-PYP 
anterior planar Image 
showing cardiac uptake 
greater than ribs (Perugini 
grade 3) and H/CL = 1.7 
(Author’s personal archive)
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Fig. 19.6  SPECT imaging showing diffuse uptake throughout the myocardium and right ventricle 
(Author’s personal archive)

Fig. 19.7  Fused SPECT/CT imaging (Author’s personal archive)
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Chapter 20
Genetics and Epigenetics of Transthyretin 
Amyloidosis

Marcelo Imbroinise Bittencourt and Adriana Bastos Carvalho

20.1 � Genetics

20.1.1 � TTR Structure and Function

Transthyretin, encoded by the TTR gene, is one of the major amyloidogenic pro-
teins in systemic amyloidosis. It is mainly synthesized by the liver but also by the 
choroid plexus in the brain, pancreatic islets, and retinal epithelial cells. The pres-
ence of genetic variants in TTR causes hereditary (or familial) amyloidosis, which 
is the most common autosomal-dominant form of the disease [1–3].

The protein was originally discovered in the cerebrospinal fluid (CSF) in 1942 
and subsequently found in plasma samples. Its function is related to the transport of 
thyroxine (T4) and retinol binding protein (RBP), which, in turn, is a carrier for reti-
nol. The name transthyretin is derived from the molecules that it transports: thyrox-
ine and retinol (through RBP) [1].

TTR is in the long arm of chromosome 18 and has a length of 7 kb and four 
exons. Exon 1 codes for a signaling peptide of 20 amino acids, which is removed 
before extracellular secretion, and the first three residues of the mature protein. 
Exon 2 codes for amino acid residues 4–47, exon 3 codes for residues 48–92, and 
exon 4 codes for residues 93–127. Hence, TTR is composed of a total of 147 amino 
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acids, but only 127 are present in the mature protein [4]. Each exon encodes one of 
four monomers that circulate as a homotetramer with a central channel. Each mono-
mer consists of eight β-strands that form two β-sheets. TTR dimers are formed via 
hydrogen bonds between two monomers, while tetramers are formed by hydropho-
bic dimer-dimer interactions. Each homotetramer has two binding sites for thyrox-
ine and four binding sites for RBP; however, due to negative cooperativity, TTR 
only binds one thyroxine and two RBP molecules. In addition, TTR only binds RBP 
if it is bound to retinol [1, 2].

Several mouse models have been generated to demonstrate the role of TTR in 
amyloidosis in  vivo. The first model, published in 1991, introduced the human 
Val30Met mutation in mice and showed amyloid deposition at 24 months of age [5]. 
Interestingly, further studies showed that human TTR reaches the adult level in the 
serum of these mice at one month of age, although amyloid deposition only started 
at nice months of age [6]. This underscores the importance of aging and environ-
mental factors to the development of the phenotype (see Epigenetics).

20.1.2 � Clinical and Populational Features of Amyloidosis

Transthyretin amyloidosis (ATTR) is a disease caused by fibrils derived from trans-
thyretin that deposit in tissues and organs such as the heart and nerves. Because it 
has been part of the rare disease scenario for a long time, it was always difficult to 
make the diagnosis [7]. However, with advances in the methods of cardiac imaging 
and the wider use of genetic tests, this reality has changed in recent years [8, 9]. 
Patients are being identified in early stages of the disease, especially those with 
ATTR, which, together with the AL form, are responsible for most cases of amyloid 
cardiomyopathy. ATTR can be subclassified into wild-type ATTR when TTR gene 
sequencing is normal or hereditary ATTR when such sequencing reveals a disease-
causing genetic variant. The clinical manifestations that may occur in ATTR are 
peripheral small fiber neuropathy, autonomic neuropathy, cardiomyopathy, or a 
mixed phenotype. This variable expressivity is related to the type of variant, geo-
graphic distribution, and age of onset.

20.1.3 � Epidemiology and types of variants

There are approximately 140 genetic variants in the TTR gene, mostly in exons 2 
and 3 [4]. Knowledge of disease-causing genetic variants in ATTR is important 
because we are often able to correlate specific genotypes with clinical presentations, 
age of onset, organs involved, and prognosis. Some known ATTR genotypes with 
their respective characteristics are detailed in Table 20.1 [8].

Some variants are endemic in certain places. The Val122Ile (Val142Ile) variant is 
the most common in the US, with a known prevalence in Afro Americans [10]. It is 
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Table 20.1  Genetic variants determining hereditary ATTR (adapted from Ref. [8])

Val122Ile Thr60Ala Val30Met Ile68Leu Leu111Met

Prevalence 3–4% 
Afro-american

1% Irish Worldwide 
mutation

Unknown Unknown

Age of onset 
(Years)

>65 >60 30–40 in 
endemic 
áreas,
50–60 in 
nonendemic 
areas

>60 >30

Male: Female 3:1 Unknown 2:1 Male 
predominance

Unknown

Ethnicity African/
Afrocaribbean

Caucasian N/A Caucasian Danish

Geographic 
distribution

USA, Caribbean, 
Africa

USA, 
Ireland, 
Germany, 
England

Sweden, 
France, 
Portugal, 
Japan

Italy Denmark

Cardiac 
phenotype

Always present 42% Late onset 
cases

Present Always 
present

Extracardiac 
manifestations

Peripheral 
neuropathy 
(10%) and carpal 
tunnel syndrome

Peripheral 
neuropathy

Peripheral 
and 
autonomic 
neuropathy

Carpal tunnel 
syndrome

Carpal 
tunnel 
syndrome

a common cause of heart failure in this population, especially among the elderly 
[11, 12]. Another very frequent variant is Thr60Ala, present in 20% of patients in 
the THAOS registry [13]. Similar to the Val122Ile variant, it also has late penetrance 
and predominates in men. However, the clinical phenotype is mixed, associating 
cardiomyopathy and autonomic neuropathy [14]. The Val30Met (Val50Met) vari-
ant, on the other hand, is associated with Portuguese ancestry and is the one most 
found worldwide. When it manifests early symptoms, it is primarily a neurological 
disease, with virtually no restrictive cardiomyopathy [8, 15]. In the late onset type, 
cardiac involvement is very common [16]. Both the Val122Ile (or Val142Ile) and 
Val30Met (Val50Met) variants are present in the Brazilian population [17].

20.1.4 � Inheritance and Penetrance Patterns

Hereditary ATTR is an autosomal-dominant disease; therefore, it is common to find 
patients carrying the genotype in all generations of a family [8]. However, it has 
quite variable penetrance in the different variants. A curious case is the variant 
Val30Met (Val50Met), which starts early and has high penetrance in endemic areas 
(Portugal and Japan), while in nonendemic areas (Sweden), it starts later and has low 
penetrance. Other studies show that the Val122Ile variant has low and age-related 
penetrance (approximately 60 years old) [18, 19]. Therefore, we always perform 
genetic testing when ATTR is diagnosed (see item iii), regardless of family history.
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20.1.5 � Family screening

Family screening is the main indication for genetic testing in patients with ATTR. In 
the most diverse approaches already published, genetic evaluation is consensually 
indicated for all to differentiate wild-type ATTR from hereditary ATTR (Fig. 20.1). 
It is important to emphasize that both forms differ in terms of prognosis, possibility 
of cardiac involvement, and need for family counseling [17]. The entire TTR gene 
must be sequenced, not just the most frequent variants. When identifying a patho-
genic or probably pathogenic variant, we must search for it in relatives following the 
genetic cascade.

After identifying asymptomatic carriers of the disease-causing variant, the ques-
tion that arises is: What is the time to start monitoring, since it is a disease that starts 
late? Recent publications have been seeking strategies for this issue, as we can see 
in Fig. 20.2 [8]

It is currently recommended to start monitoring asymptomatic carriers 10 years 
before the presumptive age of disease onset [8, 20]. It is essential to identify the 
beginning of the disease because of the opportunity to start specific treatment. 
Drugs with the property of stabilizing or even silencing the production of the TTR 
protein have changed the natural history of the disease when started early. We 
emphasize the need for pre- and postgenetic testing counseling in these patients to 
clarify the advantages, disadvantages, and challenges of the exam, especially to 
minimize the psychological impacts on the patient and family that may come with 
the result. Multidisciplinary approaches involving cardiologists, geneticists, and 
psychologists can contribute to this goal.

Fig. 20.1  Approach to the patient with clinical suspicion of cardiac amyloidosis [4]
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Fig. 20.2  Approach to the asymptomatic carrier [8]

20.1.6 � Clinical Applicability of Genetic Testing

Genetic evaluation is fundamental in identifying the genotypes that will determine 
the different clinical phenotypes and prognosis. In addition, it provides the opportu-
nity to follow individuals in a preclinical situation. In these cases, clinical evalua-
tion is recommended, looking for signs and symptoms of cardiac, neurological, and 
dysautonomia involvement [21]. In a study published by Damy T et al., using the 
combination of genetic testing with NT-PROBNP, it was possible to diagnose famil-
ial amyloidotic polyneuropathy as well as to identify with great precision the 
moment when carriers of the familial mutation (half of them Val50Met) began to 
develop cardiomyopathy [22]. Other tests that are used in this monitoring of disease 
onset are troponin dosage, electrocardiogram, echocardiogram, pyrophosphate 
scintigraphy, and cardiac magnetic resonance.

20.2 � Epigenetics

Although all cells in the human body possess near-identical DNA sequences, spe-
cialized tissues are differentiated in their function by gene expression profiles. This 
is largely controlled by epigenetics, which refers to the study of modifications in 
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DNA, such as methylation and histone modifications [23, 24]. Methylation consists 
in the addition of methyl groups to nucleotides that lead to modifications of DNA 
structure and repression of gene transcription by reducing availability to the tran-
scriptional machinery. Histone modifications, such as acetylation, methylation, 
phosphorylation, and ubiquitination, also play an important role in epigenetics 
through the control of chromatin structure [23, 24]. Depending on the type of modi-
fication, gene transcription may be activated or repressed.

Epigenetics is also one of the mechanisms responsible for incomplete penetrance 
and variable expressivity in patients harboring the same pathogenic variants. In a 
study of epigenomic profiles of African Americans with Val122Ile variant, research-
ers found that heart disease was associated with differentially methylated sites in 
genes involved in transport and clearance of amyloid deposits and cardiac fibrosis 
[25]. Epigenetics might also help to explain why the symptoms of amyloidosis 
caused by this variant are presented with a later onset (after age 60-70). The concept 
of “epigenetic clocks” demonstrates the mechanistic role played by epigenetics in 
aging: the measurement of specific methylation sites can predict chronological age 
in several species, including humans [26]. Therefore, such age-related modifica-
tions might regulate the expression of genes that are important for the development 
of the phenotype.
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Chapter 21
Cardiopulmonary Exercise Testing and 
Cardiac Rehabilitation in Amyloidosis

Ricardo Vivacqua Cardoso Costa, Salvador Manoel Serra, 
and Ivana Burazor

21.1 � Cardiopulmonary Exercise Testing

Through direct measurements of respiratory gases, cardiopulmonary exercise test-
ing (CPET) allows a physiological assessment of the functional condition and mul-
tifactorial analysis of metabolic, ventilatory, and hemodynamic variables.

It can provide critical prognostic parameters, especially in patients with heart 
failure [1]. Heart failure (HF) is a prevalent disease with reduced survival and is one 
of the leading causes of hospitalization and death in several countries, including 
Brazil [2]. Patients with HF exhibit a worse prognosis than the general population. 
However, there seems to be no difference in overall mortality regarding the HF 
subtypes when stratified by preserved, intermediate, or reduced ejection fraction [3].

The CPET makes it possible to obtain variables of important prognostic accuracy 
that define conduct, such as the selection of candidates for heart transplantation, left 
ventricular assist devices, and cardiac rehabilitation programming. It is essential to 
know which parameters can best stratify the higher risk of mortality [4]. It is a pro-
cedure that allows the objective and quantitative assessment of functional capacity 
by measuring the volume of oxygen consumption at peak effort (V′O2 peak), which, 
when lower than 14  mL  kg−1  min−1, expresses greater severity; the relationship 
between ventilation and production of carbon dioxide volume (VE/V′CO2) and 
obtaining the slope by linear regression of the VE/V′CO2 ratio, greater than 34, is 
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also of expressive importance in the prognostic assessment of patients with chronic 
heart failure [5].

Other variables are also used to assess a worse prognosis. Oxygen pulse (V′O2/
heart rate), related to systolic volume, lower than 12 mL kg−1 min−1/bpm indicates 
left ventricular dysfunction [6]. Oxygen kinetics (or T 1/2) is the time in seconds 
after maximal effort in which peak V′O2 is reduced by 50% when above 120s. It 
indicates the risk of mortality and central cardiovascular dysfunction [4]. OUES 
(oxygen uptake efficiency slope) slope of oxygen consumption efficiency (V′O2) 
concerns the logarithm of ventilation base 10 [7]. Circulatory power consists of the 
product of peak V′O2 by systolic blood pressure. Values below 2389 mL/mmHg, 
without beta-blockers, and below 1530 mL/mmHg, with the use of beta-blockers, 
characterize patients with an unfavorable prognosis [8]; V′O2 at the anaerobic 
threshold, when lower than 11 mL kg−1 min−1, is considered more severe and has a 
worse prognosis [9].

Studies consider the VE/V′CO2 slope a guiding parameter in the therapy and 
prognosis of patients with CHF [10] and the ventilatory and functional classification 
[11]. Other authors highlight the ventilatory efficiency (VE/V′CO2 slope) at the 
submaximal effort and the circulatory power at the maximum effort as predictors for 
heart transplantation, artificial ventricle implantation, or death [9].

Research on cardiorespiratory functional assessment in patients with amyloido-
sis highlights peak V′O2 [12] and ventilatory efficiency [13] as prognostic inference 
parameters for survival or death in these patients.

Study on CPET in amyloidosis [14] came up with the following results of prog-
nostic value, rehospitalization or death: peak V′O2 less than or equal to 
13.0 mL kg−1 min−1, circulatory power equal to and less than 1730 mmHg/min/mL/
min, slope VE/V′CO2 greater than 37. Additionally, NTproBNP was greater than or 
equal to 1800  ng/L.  Patients with cardiac amyloidosis AL (immunoglobin light 
chain) and TTR (transsterritin) were selected.

No significant differences in the prognosis for mortality or hospital admission 
were observed between the two types of cardiac amyloidosis. They consider that 
amyloidosis can affect other organs, such as the liver, kidneys, and peripheral inner-
vation, leading to important physical deconditioning.

It has been shown that cardiovascular rehabilitation improves the functional condi-
tion, mainly due to the beneficial effects in improving peripheral oxidative function [15].

The authors conclude that the CPET performed in patients with amyloidosis can 
provide determinants of exercise intolerance with relevant prognostic information. In 
addition, peak V′O2 and circulatory power were also considered independent predic-
tors of death or hospitalization in patients with AL and TTR cardiac amyloidosis [14].

21.2 � Cardiac Rehabilitation

It is universally recognized and scientifically based that, except under conditions 
that contraindicate it, staying physically active and adopting proper lifestyle habits 
prevent and treat heart disease.
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Rehabilitation programs for patients with heart disease are currently indicated 
for reducing cardiovascular and global morbidity and mortality, reducing the hospi-
talization rate, and improving patients’ functional condition and quality of life, jus-
tifying their emphatic recommendation by medical societies worldwide (Fig. 21.1) 
[16–22]. However, similar to the beginnings of the treatment of heart diseases, 
whose emphasis was exclusively on drug and/or surgical treatment, programs and 
guidelines for rehabilitation applied to patients with amyloidosis are still very 
limited.

Although it is an uncommon disease, the recent attention directed to it has 
increased its diagnosis, with an appreciation of the need for its precocity. This atti-
tude avoids greater severity and mortality, expressing the potential value of expand-
ing the spectrum of treatment, including specific rehabilitation programmes, in a 
patient with amyloidosis.

Depending on the modality, patients with amyloidosis may have localized 
involvement, with amyloid protein deposits in specific parts of the body not reach-
ing the body as a whole. However, there is often involvement of the heart, eyes, 
kidneys, central and peripheral nervous system, and liver. In addition, nonspecific 
clinical manifestations are frequently observed and include fatigue, weight loss, 
peripheral edema, and orthostatic hypotension, increasing the risk of falls and wors-
ening the patients’ condition [23, 24].

Cardiac amyloidosis is a disease that tends to worsen, usually progressing to 
heart failure due to ventricular wall thickening and restrictive heart disease with 
progressive stiffening and resistance to ventricular filling. The atria can also be 
affected, more commonly in elderly individuals, and obstructions in the coronary 
arteries and their severe consequences can occur [25].

The evolutionary process involving multiple organs requires a broad understand-
ing of the patients’ rehabilitation process. In this sense, it is crucial to emphasize 
lifestyle changes within individual limitations to those with stable amyloidosis.
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Fig. 21.1  The effect of a cardiac rehabilitation program, with 50 sessions of supervised physical 
exercise in an in-hospital environment, showed a significant increase of 17% in the patients’ aver-
age maximal aerobic condition, resulting in a reduction in mortality of approximately 13%
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21.3 � Healthy Lifestyle

Rehabilitation programs must involve several behaviors that allow for better quality 
and a potential perspective of a longer life span. They’re part:

	1.	 Encouraging the proper use of prescribed medication.
	2.	 Permanent cessation of smoking.
	3.	 Stress management and adequate sleep hours.
	4.	 Adherence to healthy eating.
	5.	 Regular practice of physical activity.

To universally achieve all these rehabilitation goals for patients who may have a 
broad functional impairment, doctors from other specialties should participate in 
rehabilitation. Other professionals, such as psychologists, nutritionists, physical 
educators, and physiotherapists, can also participate.

21.4 � Physical Activity

Patients with amyloidosis often have involvement of organs other than the heart. 
Therefore, it is evident that there is the need to identify conditions that may eventu-
ally limit or contraindicate the practice of regular physical exercise. If there are no 
more significant restrictions, the individualized prescription of activities may be 
similar to that usually directed to patients with heart failure and/or coronary artery 
disease [26].

Rehabilitation programs usually include exercise modalities with aerobic com-
ponents when patients walk and/or cycle. After the essential assessment of the 
patient’s clinical condition, the six-minute walk test, the performance of an exercise 
stress test or cardiopulmonary exercise test (CPET) allows the assessment of limit-
ing symptoms or not, possible motor difficulties, changes in blood pressure or in the 
electrocardiogram—either the presence of myocardial ischemia or arrhythmogenic 
potential—and the patient’s tolerance and functional limitation to exercise. Such an 
evaluation will make it possible to contraindicate or indicate these exercises and 
identify the intensity to be prescribed during the sessions.

In the absence of limitations identified in the exercise test, the exercise intensity 
may be based on the heart rate (HR), ranging from 60% to 80% of the difference 
between the maximum HR reached in the test and the HR before starting the exam, 
and add this result with the same pretest HR, with a variation of 5 beats more or less 
[26]. With CPET, the training HR should be the one just below the anaerobic thresh-
old, increasing progressively until the HR is below the respiratory compensation 
point, also with a variation of 5 beats and depending on the patient’s functional 
evolution and the absence of symptoms or other changes [27].
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The subjective feeling of tiredness, assessed using the Borg scale, should also be 
used, starting with intensity from grades 2 to 3 to, if possible, grades 5 to 7 on the 
scale from 0 to 10.

Not exclusively, but of even greater importance in patients with amyloidosis, a 
condition that may have additional limitations with involvement of multiple organs, 
exercises should be preceded by a warm-up period and followed by a progressive 
reduction in intensity.

Muscle strength exercises should also be applied and involve most muscle 
groups, with 8 to 15 repetitions at an intensity of 30–40% of one repetition maxi-
mum. With the adaptation and increase in strength, the tendency is to progressively 
increase the intensity of the percentage of a maximum repetition, not exceeding 
70%, and, concomitantly, to decrease the number of repetitions [27]. Similar values 
of the subjective feeling of tiredness on the Borg scale should also be used for 
muscle strengthening exercises.

Balance, motor coordination, flexibility, stretching exercises, and respiratory 
muscle strengthening exercises should be included in physical exercise sessions, 
particularly in elderly patients, who benefit even more from them, as well as patients 
with heart failure and pulmonary functional impairment [27]. It is important to note 
that amyloidosis more frequently affects individuals in a higher age group.

Thus, in recent years, there has been a need to update the core components of 
cardiac rehabilitation intervention in traditional and new qualifying diagnoses for 
referral. It was recommended that all patients should be enrolled in an exercise-
based cardiac rehabilitation programme with multiple facets. Inpatient rehabilita-
tion should begin as soon as possible after hospital admission, while structured 
outpatient cardiac rehabilitation is crucial for the development of a lifelong 
approach. The new proposed model, home-based individual cardiac rehabilitation 
(alone or in combination with center-based cardiac rehabilitation), is also feasible 
using technology-based telemedicine programmes, in combination with home visits 
and telephone support when appropriate [28]. Further research and registries are 
required to investigate the impact of those programmes on amyloidosis patients.

21.5 � Conclusion

The diversity of presentations of amyloidosis requires individual aspects of initial 
assessment and constant proximity and monitoring of patients during activities. 
However, the expansion of the rehabilitation experience, still very restricted in this 
condition, may promote the adoption of procedures with potential benefits to patients 
affected by amyloidosis. Furthermore, the improvement in physical fitness, the 
increase in oxygen consumption at peak exercise, and favorable effects on other vital 
variables, conditions usually promoted by cardiac rehabilitation, can potentially pro-
mote an improvement in the quality and, possibly, in the life expectancy of the patients.
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Chapter 22
Treatment of Transthyretin Amyloidosis

Fabio Mastrocola, Frank Nunes, and Paulo Sgobbi

22.1 � Introduction

Historically, transthyretin-related amyloidosis (ATTR) is considered a rare, pro-
gressive, and fatal disease. Although there are reports in the medical literature of 
cases with a clinical picture compatible with amyloidosis since the seventeenth cen-
tury, the first probable case of primary amyloidosis was described by Samuel Wilks 
in 1856 [1, 2]. A series published in 1952 by Corino Andrade of 74 patients from 
multiple families who had peripheral sensorimotor neuropathy and amyloid depos-
its on nerve biopsy drew attention to an inherited form of amyloidosis [3].

In recent years, there have been major advances in diagnostic methods and thera-
peutic options for ATTR.  Evidence that ATTR can be confirmed by noninvasive 
diagnostic methods in several situations allows for an easier, more accessible, and 
earlier diagnosis. The consequence is the possibility of diagnosis in early stages of 
the disease, where the load of amyloid deposits in tissues is not yet so advanced. As 
will be seen in this chapter, initiation of treatment earlier in the course of the disease 
translates into greater therapeutic efficacy and better prognosis.

In the field of treatment, in recent years, there has been unprecedented progress 
with the discovery of specific therapeutic agents that act at different points in the 
amyloidogenic cascade. Newly approved drugs and potential therapies currently 
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under investigation combined with new diagnostic resources bring hope that the 
dismal course of amyloidosis natural history can finally be changed.

22.2 � Pathophysiology

Proteins generally need a specific three-dimensional conformation to be soluble and 
function properly. In some situations, soluble proteins can form insoluble aggre-
gates. This modification can occur in functional situations such as the formation of 
actin filaments, but also in pathological situations such as the formation of amyloid 
fibrils [4].

Amyloid formation begins when a protein loses or fails to acquire its physiologi-
cal folding. This misfolded protein aggregates with other proteins or similar pep-
tides forming oligomers that circulate in the blood and are deposited as highly 
organized, insoluble, degradation-resistant proteinaceous fibrils in the interstitial 
(extracellular) space of target organs. To date, more than 30 proteins have been 
described with the potential for misfolding and subsequent fibril formation causing 
amyloidosis, including transthyretin.

Transthyretin (TTR) is a protein produced predominantly in the liver and to a 
small extent in the choroid plexus and retinal pigment epithelium. Its main function 
is to transport retinol (vitamin A) and, to a lesser extent, thyroxine (T4) in the blood-
stream. It is a tetramer formed by four subunits of identical monomers arranged as 
2 dimers with weak linkages. In both hereditary amyloidosis (ATTRv) and wild-
type amyloidosis (ATTRwt), the tetramer presents kinetic instability and dissociates 
to form dimers and monomers that undergo a process of misfolding and reorganiza-
tion as amyloid aggregates called amyloid fibrils. Fibrils can deposit and accumu-
late in the interstitial space of various organs and systems, especially in the nervous 
system and the heart, leading to changes in the function and structure of affected 
organs [5].

As in other neurodegenerative diseases, the deposition of transthyretin-derived 
amyloid protein occurs before the onset of symptoms and promotes tissue damage 
through physical compression of cells, obstruction of capillaries, cellular toxicity, 
and disturbances of the blood-neural barrier that allow the entry of anomalous cir-
culating TTR protein into the endoneural space. The presence of mutant TTR pro-
tein leads to the production of inflammatory cytokines and activates apoptosis 
pathways of endothelial cells, leading to microangiopathy in a similar way to what 
occurs in more common neuropathic diseases such as diabetic neuropathy [1, 6, 7].

After dysfunction of the blood-neural barrier, destruction of Schwann cells 
ensues in small diameter nerve fibers (nonmyelinated Schwann cells); accordingly, 
cells located adjacent to the deposit of amyloid fibrils become distorted and atro-
phic, suggesting direct damage by invasion of amyloid fibrils. Blood-neural barrier 
dysfunction and loss of Schwann cells activate degenerative processes in nerve 
fibers, such as increased oxidative stress and release of inflammatory cytokines that 
perpetuate the mechanism of blood-neural barrier dysfunction with microischemia 
and increased capillary permeability, apoptosis of Schwann cells of larger nerve 
fibers, and axonal loss after destruction of Schwann cells [1, 6, 7].
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Cardiac involvement is triggered by multifactorial mechanisms. In addition to 
the extracellular deposition of amyloid fibrils, other factors may contribute to myo-
cardial damage in ATTR: inflammation caused by proteotoxicity of amyloid fibrils 
or prefibrils, reactive oxygen species generated by oxidative stress, apoptosis, and 
autophagy. The consequence of this complex pathological mechanism is the loss of 
normal tissue architecture, functional alterations, progressive thickening and rigid-
ity of the biventricular wall in the absence of compensatory ventricular dilatation, 
and biatrial, interatrial, and interventricular septum infiltration. From early diastolic 
dysfunction, the disease progresses to restrictive cardiomyopathy with conduction 
system involvement, arrhythmias, and severe systolic dysfunction in later 
stages [5, 6].

22.3 � Treatment of Heart Failure in ATTR

The great advance in the specific treatment of amyloidosis in the last decade is the 
result of the development of new drugs that have had recent positive results in ran-
domized controlled trials, and there is an expectation of new therapeutic options 
awaiting the results of ongoing studies.

However, few studies in the literature have specifically analyzed drug therapies 
for heart failure (HF) in the context of TTR amyloidotic cardiomyopathy 
(ATTR-CM). There are peculiarities in the pathophysiology of ATTR-CM, such as 
its restrictive nature with a relatively small ventricular cavity with a low and fixed 
stroke volume that requires a higher heart rate to maintain cardiac output. With 
scarce data on the specific treatment of HF in ATTR-CM, there are literature con-
sensus and reviews with expert opinions that currently guide clinical practice. In the 
era of personalized medicine, there is an urgent need for studies that shed light on 
the treatment of HF in these individuals [7].

22.3.1 � Diuretics

In ATTR-CM, given its restrictive pathophysiology, small increases in end-diastolic 
volume can cause a rapid increase in intracardiac pressure with consequent sys-
temic and pulmonary congestion. In this sense, diuretics represent the first-choice 
treatment for ATTR heart failure. Large doses may be necessary, with the loop 
diuretic being the first choice and often used in combination with a potassium-
sparing diuretic. Due to the frequent edema of intestinal loops, bumetanide and 
torsemide are preferable to furosemide because of their better bioavailability.

Careful titration is necessary to avoid excessive diuresis leading to a significant 
reduction in preload and consequent renal function deterioration. Similarly, patients 
who present with dysautonomia and orthostatic hypotension may experience symp-
tomatic worsening with overly aggressive diuresis [8, 9]. In selected cases, espe-
cially in patients with advanced functional class, there is evidence that the 
management of hypervolemia with regular visits to an outpatient clinic for venous 
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diuretic therapy contributes to reducing the number of visits to the emergency 
department and the proportion of hospitalization days [10].

22.3.2 � Digoxin

An in vitro study from the 1980s is the scientific basis for relating an avidity of the 
drug to extracellular amyloid fibrils, which theoretically could increase the concen-
tration of digoxin in the body and the risk of digitalis intoxication. The study ana-
lyzed the binding of digoxin with isolated amyloid fibrils of light chain (AL) and 
AA (serum amyloid A). ATTR amyloid fibrils have not been studied [11].

A recent retrospective cohort study with a small sample of patients analyzed the 
use of digoxin in patients with ATTR-CM, mainly for heart rate control in atrial 
fibrillation and showed that the vast majority (88%) had no side effects related to the 
use of digoxin, especially when administered at a low dose (0.125 mg/day). Regular 
measurement of serum digoxin levels is recommended [12].

22.3.3  Levosimendan

Prognostic benefits of inotropics in these patients is uncertain, but studies with levo-
simendan have shown positive effects on systemic and pulmonary hemodynamics 
on the relief of symptoms of heart failure with reduced ejection fraction [13]. 

22.3.4 � Sodium Glucose Cotransporter 2 (SGLT2i) Inhibitors

Despite recent and robust studies on the efficacy of SGLT2i in patients with heart 
failure with preserved ejection fraction (HFpEF) and especially heart failure with 
reduced ejection fraction (HFrEF), there is a lack of data in the literature evaluating 
its tolerability and efficacy in ATTR-CM carriers. In a recent cohort study of 15 
diabetic patients with ATTR-CM who used SGLT2i, the main evidence of the study 
was good tolerability. Data on functional class improvement are conflicting, but the 
small sample size precludes a definitive conclusion [14].

22.3.5 � Calcium Antagonists

Nondihydropyridine calcium antagonists should be avoided in patients with 
ATTR-CM because of their important negative inotropic, chronotropic, and dromo-
tropic effects. As with digoxin, an experimental study from the 1980s also demon-
strated the binding avidity of nifedipine by amyloid fibrils [15].
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22.3.6 � Angiotensin-Converting Enzyme (ACEi) Inhibitors 
and Angiotensin II Receptor Blockers (ARB)

Despite the demonstrated benefit of ACEi and ARB in reducing mortality and 
improving functional class in patients with HFrEF, data are scarce to assess the 
benefits of these drug classes in ATTR-CM. Both classes promote neurohormonal 
blockade with consequent reduction of systemic vascular resistance (SVR). With 
its peculiar pathophysiology, the drop in SVR in ATTR-CM can cause a signifi-
cant drop in mean arterial pressure, as the heart may not be able to compensate 
for it with an increase in cardiac output due to its fixed systolic volume. In addi-
tion, some patients with ATTR dysautonomia, especially in the hereditary type, 
have orthostatic hypotension that can be aggravated by the use of ACEi or 
ARB [9].

Due to this theoretical unfavorable hemodynamic profile of these classes in 
patients with ATTR-CM, their indication should be judicious for the treatment of 
hypertension or HF, and limited literature data from cohort studies have not shown 
a benefit in improving survival with the use of these drugs [16].

22.3.7 � Beta Blockers

Similar to ACEi and ARB, the literature consensus based on expert opinions is 
against the routine use of beta-blockers based on individual experience and theo-
retical pathophysiological assumptions. Patients with ATTR-CM are very depen-
dent on heart rate to maintain cardiac output, as they have a small ventricular 
cavity and fixed systolic volume due to their restrictive physiology. Furthermore, 
the prevalence of conduction disorders is high in this population. The use of beta-
blockers in ATTR-CM can mitigate this compensatory increase in heart rate and 
cause reduced cardiac output, fatigue, worsening of conduction disturbance, and 
syncope.

Antagonistic results have been found in recent cohort studies that evaluated the 
use of beta-blockers. In a recent publication, 309 patients with ATTR-CM were 
followed at a referral service, Columbia University Irving Medical Center, 
NY.  Discontinuation of beta-blocker use, particularly in patients with advanced 
disease, was associated with a reduction in mortality. The authors correlate the bet-
ter prognosis of withdrawal with the dependence of the higher heart rate on the 
maintenance of cardiac output [16]. Paradoxically, the observational, multicenter, 
prospective AMI-GAL study followed 128 patients with ATTR-CM for a mean 
time of 520 days and showed that beta-blocker use was correlated with lower all-
cause mortality. The main indication for the use of the drug was heart rate control 
in patients with atrial fibrillation and flutter. The overall prevalence of beta-blocker 
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withdrawal due to side effects was 25%. Some of the hypothetical reasons raised by 
the authors for the favorable clinical outcome with the use of the drug for patients 
who tolerated the use of beta-blockers are longer ventricular filling time in patients 
with atrial tachyarrhythmias, improvement in ventricular dynamics in patients with 
dynamic outflow tract obstruction of the left ventricle (LV) in patients with asym-
metric ventricular hypertrophy, antiischemic and antioxidant properties of the 
class, and pharmacodynamic benefits similar to patients with HFrEF of other eti-
ologies [17].

However, the results of these cohort studies are only hypothesis generators. 
The heterogeneity of baseline characteristics of the drug group and the placebo 
group, the small sample size, nonrandomization, selection, and information col-
lection biases may have influenced the results. Until more concrete data from 
randomized controlled studies are obtained, it is reasonable to maintain beta-
blockers rather than a systematic suspension, especially if the indication is for 
situations such as the presence of flutter or atrial fibrillation and anti-ischemic 
therapy (Table 22.1).

Therapies for heart failure in ATTR-CM

Recomended.
Prefer bumetanide and Torsemide.
Furosemide accetable
Avoid underfilling
Consider association of thiazide diuretic if
needed

Avoid
Cautious use in arrhythmias

Should be avoided, especially in
autonomic disfunction (ATTRv)
Very cautious use in HFrEF without
hypotension

Avoid
May exacerbate hypotension

Consider in conjunction with loop
diuretics if adequate blood pressure and
renal function

Use cautiously in tachycardia setting
(AF/flutter)

Loop diuretics

Beta-blockers

ACE inhibitor/ARB

Sacubitril-valsartana

Mineralocorticoid receptor antagonist

Digoxin

Table 22.1  Heart failure therapies in ATTR-CM
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Summary of the main points of the treatment of HF in ATTR-CM

• �Diuretics are the class of choice in the initial approach, as they promote symptom relief by 
reducing systemic and pulmonary congestion triggered by the restrictive pathophysiology 
caused by amyloid infiltration

• �Loop diuretic is the first choice. Combination with a potassium-sparing diuretic is often 
necessary with close monitoring of renal function and potassium

• �Due to the scarcity of concrete evidence to date on the reduction of mortality with the use of 
ACEI/ARB in patients with cardiac amyloidosis, its use should be routinely avoided. Consider 
use with caution in patients with reduced EF without dysautonomia/orthostatic hypotension

• �Nondihydropyridine calcium antagonists should be avoided. Digoxin should also be avoided 
but can be used with caution especially in cases of ATTR-CM with atrial fibrillation for heart 
rate control. Further studies are needed to assess the efficacy and safety of these classes in 
patients with ATTR-CM

• �The use of beta-blockers may interfere with the compensatory elevation of heart rate imposed 
by the restrictive pathophysiology of ATTR-CM and worsen cardiac output. Special care 
should also be taken with its use in patients with amyloidosis and conduction disorders. 
However, they may be useful in clinical stabilization in selected cases of patients with atrial 
flutter/fibrillation or as anti-ischemic therapy

• �Regardless of the CHA2DS2-VASc score, in the presence of atrial fibrillation, patients with 
ATTR-CM should receive oral anticoagulation with DOACs or warfarin (for more 
information, refer to Chap. 5—Syncope, Arrhythmias and Cardiac Devices)

22.4 � Symptomatic Treatment 
of Dysautonomic Manifestations

Symptomatic treatment is essential for improving the quality of life of patients with 
ATTR, especially the hereditary type, and should always involve nonpharmacologi-
cal measures and drug treatment. Symptomatic treatment is complex and challeng-
ing, especially for autonomic dysfunctions, given that an autonomic manifestation 
can lead to the worsening of another symptom of the disease (for example, diarrhea 
can worsen orthostatic hypotension) or the treatment adopted for a symptom can 
lead to deterioration of another manifestation of the disease (volume expansion mea-
sures for the treatment of orthostatic hypotension can worsen heart failure, medica-
tions for neurogenic bladder management can lead to worsening of hypotension) [18].

22.4.1 � Erectile Dysfunction

Erectile dysfunction is an early autonomic manifestation in male patients with 
ATTRv that usually leads to a great impact on quality of life by interfering with the 
sense of well-being, causing great social stigma and psychological impacts, gener-
ating physical discomfort and deterioration of social relationships [18, 19].

Nonpharmacological measures for the treatment of sexual dysfunction involve 
the use of penile prostheses and vacuum constriction devices that can be difficult for 
the patient to accept [18, 19].
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Phosphodiesterase type 5 inhibitors (PDE5i) are the most commonly used phar-
macological intervention for the treatment of sexual dysfunction. PDE5i can be 
used orally (e.g., sildenafil) or through intracavernous or intraurethral applications 
(e.g., alprostadil) that improve the erection process, although they often cause 
orthostatic hypotension. Before initiating pharmacological treatment with the use of 
phosphodiesterase type 5 inhibitors, patients should undergo a cardiological evalu-
ation to search for orthostatic hypotension and should be recommended to avoid the 
orthostatic position for a few hours after the use of the medication [18, 19].

22.4.2 � Urinary Dysfunction

Urinary dysfunction in ATTRv patients is classically called neurogenic lower uri-
nary tract dysfunction (NLUTD). The main symptoms of NLUTD are (a) related to 
voiding (e.g., hesitancy, straining, or intermittent urinary stream); (b) overactive 
bladder defined as a complex of symptoms resulting from overactivity of the detru-
sor musculature, classically reported as an increased duration of urinary time with 
or without the sensation of incomplete bladder emptying usually accompanied by 
hesitation with weak urinary stream and reduced sensation of bladder filling; and (c) 
urinary incontinence [18, 19].

Lower urinary tract dysfunction in ATTR patients can lead to important clinical 
complications such as recurrent urinary tract infections and upper urinary tract 
changes such as hydronephrosis [18, 19].

Nonpharmacological interventions for the treatment of urinary dysfunction 
involve behavioral measures such as decreasing fluid intake at night, avoiding per-
forming the Valsalva maneuver, physical therapy for pelvic floor rehabilitation, 
scheduled urination at regular intervals, and intermittent bladder catheterization 
procedures. Intermittent bladder catheterization is recommended for symptomatic 
patients with a postvoid residual volume of 100 mL or for any patient with a post-
void residual volume between 300 and 400 mL [18, 19].

For the treatment of stress urinary incontinence, the first nonpharmacological 
measure to be adopted is physical therapy for pelvic floor rehabilitation for patients 
with preserved voluntary contraction of the pelvic muscles, and in cases of failure 
of conservative measures, surgical interventions with agents of volume, slings, peri-
urethral balloons, and artificial devices to control the urinary sphincter may be indi-
cated [18, 19].

Pharmacological measures for the treatment of urinary dysfunction have as main 
objectives the improvement of urinary incontinence, improvement of bladder com-
pliance, relief of nocturia, and prevention of recurrent urinary tract infections. 
Duloxetine, a serotonin-noradrenaline reuptake inhibitor, is the only pharmacologi-
cal treatment that has shown efficacy in a randomized, placebo-controlled clinical 
trial for the treatment of stress urinary incontinence in male and female patients and 
should be the drug of choice for ATTRv patients complaining of urinary inconti-
nence. Desmopressin, a synthetic analog of vasopressin with antidiuretic action, is 
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the drug of choice for the treatment of patients complaining of nocturia and evi-
dence of nighttime polyuria (indicated by the ratio of nocturnal urine volume/24-h 
urine volume greater than 20% in young patients and greater than 33% in elderly 
patients) [18, 19].

Antimuscarinic agents or blockers of type a1 adrenergic receptors are the first 
line of treatment for altered bladder compliance, and in cases of therapeutic failure, 
intravesical injection of botulinum toxin may be an alternative measure [18, 19].

22.4.3 � Gastrointestinal Dysfunction

Autonomic dysfunctions related to the gastrointestinal tract have the greatest 
impact on the quality of life of ATTRv patients, are usually difficult to control, and 
have a direct and indirect impact on other clinical manifestations and patient sur-
vival [18, 20].

The most important nonpharmacological measure for weight loss consists of 
regular nutritional monitoring with a specialized professional to adjust the quality 
and quantity of the diet, as well as to guide the use of nutritional supplements. The 
most commonly used drug to control body weight is cholestyramine, which is asso-
ciated with parenteral diet and vitamin supplementation [18, 20]. Guidances on 
meal frequency and fractionation are important nonpharmacological measures for 
patients with symptoms of gastroparesis, and in cases of therapeutic failure, dopa-
mine receptor antagonists and motilin receptor agonists are the most commonly 
used drugs [18, 20].

Diarrhea control should initially be attempted with the pharmacological use 
of loperamide at a dose of 2–16 mg/day or octreotide 100 mg/day, and in refrac-
tory cases, stoma surgery can be performed. The treatment of constipation 
involves changing the diet with a greater intake of foods rich in fiber and the use 
of laxative drugs such as antibiotics, polyethylene glycol (PEG), and sodium 
picosulfate [18, 20].

22.4.4 � Orthostatic Hypotension

The treatment of orthostatic hypotension can be performed with nonpharmacologi-
cal interventions aimed at increasing the patient’s blood volume, such as increasing 
fluid intake and a diet without sodium restriction, with the use of compression 
stockings of the lower limbs to facilitate venous return, lower limb elevation when 
in the supine position, guidance on changing the position, and avoiding situations 
that cause dehydration [18, 21].

Pharmacological treatment of orthostatic hypotension can be performed with the 
use of midodrine at a dose of 2.5–40 mg/day, fludrocortisone 0.05–0.2 mg/day, or 
droxidopa at a dose of 300–1800 mg/day [18, 21].
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22.5 � Specific Treatment of ATTR

The liver is responsible for the production of more than 90% of circulating TTR, 
and because of this, liver transplantation is an effective way to reduce the progres-
sion of the disease and improve the survival of patients who have the hereditary 
type. In patients with ATTR with advanced cardiac involvement, combined heart 
and liver transplantation or isolated heart transplantation may be indicated. However, 
the benefits of transplantation are counterbalanced by the high perioperative mor-
bidity and mortality and the chronic adverse effects of immunosuppression.

Recent data show a significant improvement in short- and long-term survival 
after heart transplantation in the last two decades, with a similar success rate for 
heart transplantation indicated for amyloidosis when compared to heart transplanta-
tion for other indications [22]. In a 20-year retrospective analysis of the Familial 
Polyneuropathy World Transplant Registry, the largest multicenter database of liver 
transplantation in patients with familial amyloid polyneuropathy (FAP), the median 
20-year survival of the 1940 transplant patients was 55.3%. In multivariate analysis, 
independent predictors of survival were early disease onset (<50  years of age), 
Val30Met mutation (p. Val50Met) versus non-Val30Met, short disease duration, and 
high body mass index [23].

In some patients undergoing liver transplantation, despite elimination of the 
source producing mutant TTR proteins, progression of amyloid fibril deposits in the 
heart or other organs may occur. The seeding hypothesis based on the experimental 
work by Saelices et al. may explain this phenomenon. According to this, the trans-
planted liver will secrete wild-type TTR that will replace the circulating mutant 
TTR. Residual niches of amyloid deposits in other organs, including the myocar-
dium, will favor the conversion of wild-type TTR produced by the new liver into 
amyloid fibrils, perpetuating the disease. Postmortem analysis studies of patients 
with liver transplantation for FAP support this theory [24–26]. Another cohort study 
identified a late age of disease onset (>50  years of age) in patients carrying the 
Val30Met mutation (p. Val50Met) as a risk predictor for increased interventricular 
septum thickness with the development of cardiomyopathy after liver transplanta-
tion [27]. More data on the role of specific drug treatment for ATTR post-
transplantation are expected in the coming years.

For many years, liver transplantation or combined liver and heart transplantation 
was the only specific treatment for ATTR. The limitations of the strict selection 
criteria and the scarcity of organ donors made this therapeutic option inaccessible to 
most patients with ATTR.

In November 2011, the European Medicines Agency (EMA) approved the use of 
tafamidis for the treatment of amyloid polyneuropathy, and since then, a new era of 
therapeutic options for amyloid neuropathy and heart disease has begun. Therapies 
that have already been proven effective or are currently being explored in clinical 
trials act at different points in the amyloidogenic cascade from synthesis to degrada-
tion/resorption of tissue amyloid infiltrates (Fig. 22.1). They can be divided into:
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• Liver transplantation
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Fig. 22.1  Therapies for TTR amyloidosis act at different points in the amyloidogenic cascade. 
Reference: Modified from Garcia-Pavia et al., EHJ, 2021; 42:1554–68

	1.	 Therapies that suppress the precursor either through gene expression silencing 
techniques through RNA interference and antisense oligonucleotides or through 
gene editing therapy through the CRISPR–Cas9 system (clustered regularly 
interspaced short palindromic repeats and associated Cas9 endonuclease).

	2.	 Stabilization of the protein precursor to maintain its normal conformational 
structure.

	3.	 Degradation/reabsorption of amyloid fibrils.

22.6 � Antisense Oligonucleotide

�Antisense oligonucleotides (ASOs) are small-sized, single-stranded synthetic 
nucleic acid molecules formed on average by 8–20 nitrogenous bases that are capa-
ble of altering the intermediary metabolism of RNA molecules (transcription, trans-
lation, or degradation) and consequently the synthesis of proteins related to the 
target RNA molecule [28].

Oligonucleotides exert their control over protein synthesis through three modes: 
(1) degradation of mRNA molecules with a sequence complementary to that of the 
oligonucleotide using the endonuclear system of the RNase H enzyme; (2) blockade 
of mRNA translation by ribosomes; and (3) modulation of the splicing of pre-
mRNA molecules [28].

22  Treatment of Transthyretin Amyloidosis



246

22.6.1  Inotersen

Inotersen is a second-generation antisense oligonucleotide of the 2′-MOE type that 
has a sequence of nitrogenous bases complementary to the 3′-UTR of the mRNA 
encoding the human TTR protein; inotersen hybridization with mRNA molecules 
encoding human TTR protein forms a complex of an RNA double helix that is 
destroyed by the enzymatic activity of RNase H1 (Fig. 22.2), preventing the produc-
tion of mutant and wild-type TTR protein and consequently the formation of amy-
loid fibrils [28].

The safety and efficacy of inotersen was evaluated in a 15-month, double-blind, 
randomized, placebo-controlled phase 3 (NEURO-TTR) study in patients with 
hereditary transthyretin-related amyloidosis with polyneuropathy (ATTRv-PN) in 
stage 1 (patients able to walk without assistance) and stage 2 (patients able to walk 
with assistance) [28, 29].

Patients were randomized in a 2:1 ratio to receive weekly subcutaneous injec-
tions of 300 mg inotersen or placebo. The primary endpoints of the study were to 
assess change in the Modified Neuropathy Impairment Score + 7 (mNIS + 7) scale 
with high scores indicating greater impairment of neurological function and changes 
in the patient-reported Norfolk Quality of Life-Diabetic Neuropathy (QOL-DN) 
with high scores indicating a worse quality of life and any decrease in the scales 
indicating a clinical improvement [28, 29].

A total of 172 patients were recruited, with 112 patients in the group assigned to 
receive inotersen and 60 patients in the placebo group, with participants having the 
following characteristics: mean age 59 years, 69% male, 67% were in stage 1 dis-
ease, and 63% had cardiomyopathy [28, 29]. Of the total randomized patients, 139 
participants (81%) completed the study, with 25 patients discontinuing in the inot-
ersen group and 8 patients in the placebo group, with adverse events being the major 
cause of discontinuation among patients receiving inotersen (16 patients, 14%). 
After 15 months of study, the two primary endpoints reached statistically significant 
differences between the inotersen and placebo groups [28, 29].

On average, patients who received inotersen had a 5.8 point gain (95% CI, 
1.6–10) on the mNIS + 7 scale from baseline versus a 25.5 point increment (95% 
CI, 20.2–30.8) in the group that received placebo. Regarding quality of life assessed 
by the Norfolk QOL-DN questionnaire, patients treated with Inotersen had a mean 
gain of 1 point (95% CI, −3.2–5.2) versus a mean increase of 12.7 points (95% CI, 
7.4–17.9) in the participants of the placebo group [28, 29]. Final analysis showed 
that 36% of patients in the inotersen group showed no worsening of their neurologi-
cal functions (no increase in score from baseline) as assessed by the mNIS + 7 scale, 
and 50% of patients treated with inotersen showed an improvement in quality of life 
in the Norfolk-QOL-DN questionnaire score [28, 29].

Regarding the safety profile, there were 5 deaths during the clinical study, all in 
the inotersen group; four of the five deaths were related to the evolution of the dis-
ease, and 1 patient had a fatal intracranial hemorrhage in association with a signifi-
cant decrease in the number of platelets (<10,000 per mm3), a hematological 
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Fig. 22.2  Action mechanisms of the silencers of TTR production
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complication related to the use of inotersen [29]. Glomerulonephritis occurred in 3 
patients (3%) treated with inotersen.

Regarding safety data, thrombocytopenia with platelet counts below 140,000 per 
mm3 was more common in patients treated with Inotersen (60 of 112, 54%) than in 
the placebo group (8 patients out of 60, 13%). Thrombocytopenia with a platelet 
count of less than 25,000 per mm3 occurred in 3 patients (3%) only in the inotersen 
group [29].

In both the whole study population and in the subgroup with cardiac disease, no 
differences in global longitudinal strain or other echocardiographic variables (wall 
thickness, LV mass, LV ejection fraction, and lateral E/e′) were observed between 
the inotersen and placebo groups at the 15-month follow-up [29].

The NEURO-TTR study concluded that the use of inotersen is related to an 
improvement in quality of life and in the neurological course of the disease in 
ATTRv patients and that important adverse events such as thrombocytopenia and 
glomerulonephritis are treatment-related and need attention and special follow-
up [29].

In a recent publication of safety and efficacy data from patients with ATTRv 
treated with inotersen after a 2-year period of the open-label extension phase of the 
NEURO-TTR study, patients initially treated with inotersen maintained their use of 
the drug and had a 70–80% reduction in plasma levels of TTR protein, and patients 
who received placebo in the NEURO-TTR had the same reduction in plasma levels 
of TTR; the reduction observed in both groups was maintained after 104 weeks of 
evaluation compared to baseline of the study. Regarding the primary endpoint of 
change in mNIS + 7 scale score, patients who were treated with inotersen in the 
NEURO-TTR study had lower mNIS + 7 than patients in the placebo group at the 
beginning of the extension phase, indicating better neurological function in patients 
who were treated early, and this difference is maintained after 104 weeks [30].

The conclusion of the extension phase study was that treatment with inotersen 
slows disease progression and reduces deterioration in quality of life in ATTRv 
patients and that early treatment with inotersen resulted in greater long-term disease 
stabilization than late onset and that monitoring measures of renal function and 
platelet count are necessary and effective, with no new adverse events observed [30].

How to use inotersen in clinical practice

Tegsedi® (Inotersen) 284 mg/1.5 mL
Indicated for the treatment of stage 1 or stage 2 polyneuropathy in adult patients with hereditary 
transthyretin amyloidosis
Dose: 284 mg subcutaneous (SC) once a week
No dose adjustment is required for patients with mild or moderate renal or hepatic impairment
Should not be used during pregnancy
A concern is that glomerulonephritis and thrombocytopenia have occurred in patients treated 
with inotersen
Contraindications:
 �� • Platelet count < 100 × 109/L prior to treatment
 �� • Urine protein to creatinine ratio (UPCR) ≥ 113 mg/mmol (1 g/g) prior to treatment
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How to use inotersen in clinical practice

 �� • Estimated glomerular filtration rate (eGFR) < 45 ml/min/1.73 m2

 �� • Severe hepatic impairment
UPCR and eGFR should be monitored every 3 months or more frequently, as clinically indicated
Platelet count should be monitored every 2 weeks during treatment
Oral supplementation of approximately 3000 IU vitamin A per day

22.6.2 � Eplontersen

Eplotersen is an oligonucleotide of similar design and with an identical sequence to 
inotersen conjugated to a triantennary GalNAc (GalNAc3) moiety. This moiety acts 
as a ligand for productive receptor-mediated uptake by the high-capacity asialogly-
coprotein receptors (ASGR) expressed by hepatocytes. After cell internalization, 
the GalNAc3 moiety is metabolized to release ‘free ASO’ inside hepatocytes for 
binding to the target mRNA. In an in vitro study, in HepatoPac cell culture, eplont-
ersen exhibited dose-dependent reductions in wild-type TTR mRNA expression, 
but was approximately 50 times more potent than inotersen when compared at the 
same concentration.

Eplontersen administered by subcutaneous injection once every 4 weeks is being 
tested in phase 3 studies in stage 1 or 2 patients with hereditary ATTR-PN 
(NCT05071300) in the NEURO-TTRansform study, completion date through June 
2024 [31, 32] and in transthyretin-mediated amyloid cardiomyopathy (hereditary 
and wild type) in the CARDIO-TTRansform trial (NCT04136171).

Ionis Pharmaceuticals announced in June 2022 the results from a 35-week 
interim analysis of the phase 3 NEURO-TTRansform study. Eplontersen demon-
strated a statistically significant change from baseline in the co-primary endpoints 
of percent change in serum TTR concentration and modified Neuropathy Impairment 
Score + 7 versus historical placebo arm from NEURO-TTR (inotersen). Eplontersen 
also met its secondary endpoints, showing significant improvement in patient-
reported quality of life (Norfolk-QoL-DN). In the study, eplontersen demonstrated 
a favorable safety and tolerability with no specific concerns. The final primary end-
point analysis will be completed at week 66 and all patients will be followed until 
week 85 when they will have the option to transition into the open label exten-
sion study.

22.7 � Interference RNA (siRNA)

Interfering RNAs (siRNAs) are double-stranded RNA molecules that do not encode 
proteins, but are able to induce the silencing of specific genes by targeting mole-
cules of mRNA for degradation, thus controlling the process of protein synthesis 
and gene expression [33, 34] (Fig. 22.2).
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22.7.1 � Patisiran

Patisiran is a siRNA encapsulated by a lipid nanoparticle. It binds to the 3′-UTR 
portion of the mutated and normal TTR protein-producing messenger RNA. The 
lipid nanoparticle ensures great affinity and penetrance in the liver tissue through 
uptake by the apolipoprotein E receptor, mediated by low-density lipoprotein recep-
tors present on the surface of hepatocytes. Following nanoparticle internalization 
and release into the cytoplasm, the siRNA molecule is recognized by a protein com-
plex that attaches its guide strand, while the passenger strand is degraded. This 
process gives rise to a RISC complex (RNA-induced silencing complex) containing 
the argonaut protein (AGO), which will cleave complimentary TTR protein-
producing mRNA, ultimately interrupting the production of wild and mutated TTR 
protein [33–35].

The safety and efficacy of patisiran was evaluated in a phase 3, multicenter, 
double-blind, randomized, placebo-controlled study called APOLLO, which lasted 
18 months in patients with ATTRv-PN [36, 37].

Patients were randomized in a 2:1 ratio to receive patisiran at a dose of 0.3 mg/
kg of body weight or placebo intravenously every 3 weeks, and randomization was 
performed taking into account the NIS scale score (5 to 49 versus 50 to 130), age of 
early disease onset (<50 years of age) in the presence of Val30Met (p. Val50Met) 
variant versus the other pathogenic variants, and according to previous use of a 
transthyretin stabilizer [36, 37].

The primary objective of the study was to assess the change from baseline to 
18 months in the mNIS + 7 scale score. The secondary objectives of the study were 
(1) assessment of quality of life using the Norfolk-QOL-DN questionnaire; (2) mus-
cle strength using the NIS-W scale; (3) functional disability assessed by the R-ODS 
(Rasch-built Overall Disability Scale); (4) gait speed assessed by the 10-m walk 
test; (5) nutritional status through modified body mass index (mBMI); and (6) auto-
nomic function using the COMPASS-31 scale (Composite Autonomic Symptom 
Score 31) [36, 37].

A total of 225 patients were randomized, with 148 patients assigned to treat-
ment with patisiran and 77 patients in the placebo group. In the group of patients 
treated with patisiran, there was a rapid and sustained reduction in serum TTR 
protein levels over the period of 18 months with an average reduction of 81% com-
pared to the placebo group and with no differences regarding patient age, sex, or 
genotype [36, 37].

Regarding the primary endpoint, changes from baseline in the mNIS + 7 scale 
were significantly smaller in patients treated with patisiran than in patients treated 
with placebo, indicating an improvement over polyneuropathy. The mean score on 
the mNIS + 7 scale at baseline was 80.9 in the patisiran group and 74.6 in the pla-
cebo group, and after 18 months, the mean change in the mNIS + 7 scale from 
baseline was −6.0 for patients treated with patisiran versus 28.0 points for patients 
receiving placebo, with a mean difference between groups of −34.0 points (95% CI, 
−39.9 to −28.1; p < 0.001) being statistically significant; the effects of patisiran on 
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the mNIS+7 scale could be observed as early as after 9 months of treatment. After 
18 months, 56% of patients receiving patisiran showed a decrease in score on the 
mNIS + 7 scale, indicating an improvement in polyneuropathy compared to only 
4% of patients receiving placebo [36, 37].

Regarding secondary outcomes, the change in Norfolk-QOL-DN questionnaire 
score from baseline was smaller in patisiran-treated patients than in the placebo 
group, indicative of a better quality of life in patisiran-treated patients.

Statistically significant differences between the groups were observed for all 
other secondary outcomes evaluated favoring the group treated with patisiran, 
including in relation to the autonomic function assessed by the COMPASS 31 scale 
[36, 37].

Regarding the safety profile, adverse events leading to discontinuation of the 
study regimen were more frequent in the placebo group, present in 14% of patients 
versus 5% in the patisiran-treated group [36, 37]. There were 7 (5%) deaths in the 
group of patients treated with patisiran and 6 (8%) deaths in the placebo group, with 
none of the deaths related to the drug or study procedures, but due to complications 
expected in ATTRv patients [36, 37]. Common adverse events that occurred more 
frequently in the patisiran-treated group than in the placebo group were peripheral 
edema (30% versus 22%) and infusion-related reactions (19% versus 9%), with 
infusion-related infusions being mild or moderate [36, 37]. No clinically relevant 
laboratory changes in platelet counts or markers of renal and liver function were 
observed during the study [36, 37].

A recent publication with long-term safety and efficacy data with 12-month out-
comes of ATTRv-PN patients treated with patisiran with data from 211 patients, of 
which 25 patients are part of the extension phase of the phase 2 study, 137 patients 
derived from the patisiran group, and 49 patients from the placebo group in the 
APOLLO Study showed the long-term benefit and acceptable safety profile of the 
drug [38]. Patients derived from the phase 2 study extension and patients in the 
patisiran group in the APOLLO study continued to show improvement in neurologi-
cal function (verified as a decrease in the mNIS + 7 scale score) after 12 months, as 
did patients derived from the placebo in the APOLLO study [38].

Regarding the quality of life measured by the Norfolk-QOL-DN questionnaire, 
patients from the placebo group in the APOLLO study after 12 months experienced 
an improvement in quality of life with a reduction in the Norfolk-QOL-DN score, 
but did not reach the quality of life that they had at the beginning of APOLLO, and 
patients treated with patisiran from the beginning continued to show improvement 
in quality of life with reduced scores on the Norfolk-QOL-DN questionnaire [38].

All other secondary endpoints observed in the APOLLO study continued to 
improve in patients derived from the open-label phase of the phase 2 study and in 
patients treated initially with patisiran in the APOLLO study, and patients who ini-
tially received placebo and then received patisiran also experienced an improvement 
in secondary outcomes in relation to the values presented at the end of APOLLO [38].

Regarding the safety profile, common adverse events defined as those occurring 
in ≥10% of patients were diarrhea, peripheral edema, and infusion-related reac-
tions [38].
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The conclusion drawn from this open-label extension study is that treatment with 
patisiran maintains its clinical efficacy in improving neuropathy, increasing quality 
of life, and improving other important long-term ATTRv-related outcomes and that 
even patients treated late with patisiran may present improvement in neuropathy, 
quality of life, and other compromised functions with an acceptable safety profile 
without any new adverse events and without the need for laboratory monitoring of 
renal and hepatic function as well as platelet count [38].

The benefit of patisiran in ATTR-CM was evaluated in an exploratory analysis in 
a prespecified subpopulation of patients from the APOLLO study with evidence of 
cardiac amyloid involvement (n = 126; 56% of total population). Patisiran decreased 
the mean left ventricular wall thickness and NT-proBNP and improved global lon-
gitudinal strain compared with placebo at month 18. In a post hoc analysis, patisiran 
treatment reduced combined all-cause hospitalization and mortality compared with 
placebo at month 18. The results of this subgroup analysis suggest that patisiran 
may halt or reverse the progression of the cardiac manifestations of ATTRv amyloi-
dosis [39].

After these promising results from APOLLO, an ongoing trial, APOLLO-B 
(NCT03997383), is evaluating change from baseline at month 12 in the 6-Minute 
Walk Test (6-MWT) comparing patisiran and placebo. The secondary endpoints are 
composite endpoint of all-cause mortality and frequency of all-cause hospitaliza-
tions and urgent HF Visits, change from baseline in Kansas City Cardiomyopathy 
Questionnaire Overall Summary (KCCQ-OS) Score and composite endpoint of all-
cause mortality, frequency of CV Events (CV Hospitalizations and urgent HF 
Visits), and change from baseline in 6-MWT [40].

In August 2022, Alnylam-pharmaceuticals reported positive results from 
APPOLO-B phase 3 study of patisiran in patients with ATTR amyloidosis with 
cardiomyopathy. Patisiran met the primary endpoint with statistically improvement 
in 6-minute walk test compared to placebo at 12 months; also met the first second-
ary endpoint with statistically significant improvement in quality of life ((KCCQ-OS). 
Patisiran demonstrated safety and good tolerability profile.

How to use patisiran in clinical practice

ONPATTRO® (patisiran)—2 mg/mL (10 mg/5 mL)
Indicated for the treatment of hereditary transthyretin-mediated amyloidosis in adult (>18 years) 
patients with stage 1 or stage 2 polyneuropathy (European Medicines Agency and Brazil) or for 
any stage of polyneuropathy (FDA, Canada and Japan)
Dose: 0.3 mg/kg (maximum 30 mg) IV once every 3 weeks
No dose adjustment is necessary in patients with mild or moderate renal impairment (eGFR≥30/
min/1.73 m2). Onpattro has not been studied in patients with severe renal impairment, end-stage 
renal disease, or with moderate or severe hepatic impairment
Do not use during pregnancy
Vitamin A supplementation at approximately 2500 IU vitamin A per day is advised
Should be administered by a healthcare professional.
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How to use patisiran in clinical practice

Patients should receive premedication prior to administration to reduce the risk of infusion-
related reactions (IRR). Each of the following medicinal products should be given on the day of 
infusion at least 60 min prior to the start of infusion:
 �� • Intravenous corticosteroid (dexamethasone 10 mg, or equivalent)
 �� • Oral paracetamol (500 mg)
 �� • Intravenous H1 blocker (diphenhydramine 50 mg, or equivalent)
 �� • Intravenous H2 blocker (ranitidine 50 mg, or equivalent)

22.7.2 � Revusiran

ENDEAVOUR was a phase II trial designed to evaluate the effect of revusiran, an 
investigational siRNA directed against hepatic TTR mRNA, on the 6-min walk test 
distance and on serum TTR in patients with ATTRv-CM. The study was prema-
turely discontinued after 6.71  months due to an observed mortality imbalance 
between treatment arms (12.9% patients on revusiran and 3.0% on placebo). Most 
deaths in both treatment arms were due to heart failure (HF) [41].

22.7.3 � Vutrisiran

Vutrisiran is a new RNAi agent administered subcutaneously and conjugated to tri-
valent GalNAc with a 3-month interval of administration. The efficacy and safety of 
vutrisiran are currently being investigated in two randomized phase 3 trials.

In the HELIOS-A, a phase 3, open label study, patients with ATTRv polyneu-
ropathy were randomized (3:1) to receive 25 mg SC vutrisiran once every 3 months 
or 0.3  mg/kg IV patisiran every 3  weeks. The primary endpoint is change from 
baseline in the Modified Neurologic Impairment Score + 7 (mNIS + 7) at month 9 
compared to an external control, the APOLLO placebo group (n = 77). HELIOS-A 
enrolled 164 patients (vutrisiran, n = 122; patisiran, n = 42) [42]. Vutrisiran treat-
ment significantly improved mNIS + 7 vs external placebo (change from baseline: 
−2.2 ± 1.4 × 14.8 ± 2.0), 50.4% of patients in the vutrisiran group showed improve-
ment in mNIS + 7 vs 18% in the placebo group; also resulted in statistically improve-
ment in quality of life (Norfolk QOL-DN), gait speed (10-m walk test), nutritional 
status (mBMI), and disability (R-ODS) at 9 months. Vutrisiran achieved rapid, sus-
tained reduction in serum TTR levels, similar to patisiran. Vutrisiran met all second-
ary endpoints measured at 18 months, including statistically significant improvements 
in neuropathy impairment, quality of life (QoL), gait speed, nutritional status, and 
overall disability, relative to placebo and noninferiority of serum TTR reduction 
relative to the patisiran arm. Vutrisiran treatment resulted in mNIS + 7 improvement 
relative to baseline at 18  months in 48.3% of patients, compared with 3.9% of 
patients who received placebo.
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Vutrisiran demonstrates encouraging safety and tolerability profiles. There were 
three study discontinuations (2.5%) due to adverse events in the vutrisiran arm by 
month 18, one due to a nonfatal event of heart failure and two due to deaths, neither 
of which was considered related to the study.

In HELIOS-A, patients treated with vutrisiran also showed improvement in 
exploratory cardiac endpoints, including NT-proBNP and echocardiographic 
parameters relative to placebo, as well as technetium uptake, relative to baseline, in 
a planned cohort of patients, suggesting the potential for reducing amyloid burden 
in the heart.

HELIOS-B (NCT04153149) will evaluate the efficacy and safety of vutrisiran 
25 mg administered subcutaneously once every 3 months compared to placebo in 
patients with ATTR amyloidosis with cardiomyopathy [43]. The primary composite 
endpoint will be cause mortality and cardiovascular (CV) recurrent events (CV hos-
pitalizations and urgent heart failure visits at 30 months).

Silencers highlights

1.� More than 90% of transthyretin is produced in the liver and new drugs that lead to a 
suppression of hepatic synthesis of the protein in both the mutant and wild-type form have 
shown efficacy in reducing the progression of stage 1 and 2 polyneuropathy in ATTRv, with 
the publication of 2 pivotal trials in 2018, the NEURO-TTR and APOLLO

2. �There are 2 main classes that lead to the degradation of the mRNA responsible to produce 
transthyretin, significantly reducing the amount of circulating transthyretin

  • �Inotersen is an antisense oligonucleotide (ASO) applied subcutaneously once a week. It was 
evaluated in the NEURO-TTR study and reduces deterioration in quality of life and slows 
progression of neurological disease, but with important treatment-related adverse effects such 
as thrombocytopenia and glomerulonephritis that deserve special monitoring

  • �Patsiran is an interfering RNA (siRNA) given at a dose of 0.3 mg/kg IV every 3 weeks. It was 
evaluated in the APOLLO study and showed improvement in polyneuropathy and quality of 
life. Adverse reactions that were more frequent compared to placebo were infusion-related 
reactions (IRR). There is a need to use premedication before the infusion

In Helios A trial, vutrisiran demonstrated halting or reversal of polyneuropathy, with 
improvements in neuropathy impairment and QoL relative to baseline, with good safety profile. 
Vutrisiran is currently under review by multiple regulatory authorities around the world. The 
U.S. Food and Drug Administration (FDA) approved AMVUTTRA™ (vutrisiran) in 14th of June 
2022, an RNAi therapeutic for the treatment of the polyneuropathy of hereditary transthyretin-
mediated (hATTR) amyloidosis in adults based on this trial
Eplontersen is being tested in phase 3 studies in stage 1 or 2 patients with hereditary ATTR-PN, 
completion date through June 2024
• �Analysis of the subgroup of patients with cardiomyopathy from the APOLLO study suggests 

that patisiran may halt or reverse the progression of the cardiac manifestations of ATTRv
Three ongoing, randomized, double-blind, multicenter, placebo-controlled trials are evaluating 
the efficacy and safety of genetic silencers in patients with Transthyretin Amyloidosis 
cardiomyopathy, either hereditary or wild-type ATTR
  1. �APOLLO B-Patisiran 0.3 Mg/Kg IV 3/3w, Estimated Completion Date June 2025. 340 

participants. Primary outcomes measures: change from baseline to month 12 in 6-Minute 
Walk Test (6-MWT). Patisiran met the primary endpoint with improvement in 6-MWT 
compared to placebo at 12 months. Also met the first secondary endpoint with statistically 
significant improvement in quality of life ((KCCQ-OS)
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Silencers highlights

  2. �HELIOS B-Vutrisiran 25 Mg SQ 3/3 M, Estimated Completion Date June 2025. The new 
siRNA that has the advantage of being applied subcutaneously every 3 months. 655 
participants. Primary measures: all-cause mortality and recurrent CV events (CV outcomes 
hospitalizations and urgent HF visits) in 30 months

  3. �CARDIO-TTRansform- eplontersen, a new ASO, sc 4/4w, estimated completion date June 
2024. 750 participants. Primary measures: composite outcome of cardiovascular (CV) 
mortality and recurrent CV clinical outcomes at Week 120

22.8 � Transthyretin Stabilizers

Transthyretin is a tetrameric protein composed of 4 identical monomers. In the 
1990s, Kelly et al. demonstrated that the dissociation of tetramers into monomers 
was quickly followed by incorrect folding of monomers and the formation of fibril-
lar aggregates, which is a crucial and limiting step in the amyloidogenic process 
[44, 45]. The identification of mutations in the TTR gene that would favor a greater 
dissociation of transthyretin and lead to amyloidosis and, conversely, the discovery 
of the benign variant Thr119Met (p. Thr139Met), which conferred greater stability 
to the tetramer by creating hydrogen bonds between the serine residues, preventing 
its dissociation even in the presence of known amyloidogenic variants such as 
Val30Met (p. Val50Met) and leading to milder or asymptomatic conditions [46, 47], 
made it possible to identify an important mechanism for the discovery and/or devel-
opment of new drugs, which would in the future revolutionize the treatment of 
transthyretin-associated amyloidosis, with the emergence of tafamidis, the first 
transthyretin-stabilizing drug approved for clinical use in Europe in 2011 for famil-
ial amyloidotic polyneuropathy.

22.8.1 � Tafamidis

Tafamidis is a selective stabilizer of TTR, which binds with negative cooperativity 
to the two binding sites of thyroxine in its native tetrameric form, preventing its dis-
sociation into monomers, which is the rate-limiting step in the amyloidogenic pro-
cess. It similarly stabilizes both the mutant transthyretin tetramer, including the 
most common forms Val30Met (p. Val50Met) and Val122Ile (p. Val142Ile), and the 
wild type [48, 49].

It was approved by the European Medicines Agency (EMA) in November 2011 
based on the results of the Pivotal (Fx-005) [50], a multicenter, randomized, double-
blind, placebo-controlled study that evaluated the safety and efficacy of tafamidis 
meglumine 20 mg orally once daily in 128 patients with stage I amyloidotic poly-
neuropathy associated with transthyretin (TTR) with Val30Met (p. Val50Met) muta-
tion during 18 months of follow-up. The coprimary outcomes were the Lower Limb 
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Neuropathic Impairment Score (NIS-LL), the Norfolk-Diabetic Neuropathy Quality 
of Life scale, and the Total Quality of Life (TQOL) score. Despite not reaching 
statistical significance in the coprimary outcomes in the analysis by intention to 
treat, possibly due to a greater than expected number of patients who underwent 
liver transplantation (they were considered nonresponders), in the per-protocol and 
secondary outcome analysis, there was benefit in the use of tafamidis, as shown by 
the proportion of patients without neurological progression defined by the NIS-LL 
of 60.0% for the intervention group and 38.1% for the placebo (p = 0.041) and less 
reduction in quality of life (TQOL). The drug was well tolerated, with no significant 
increase in adverse events compared to placebo. Unblinded (open label) extension 
studies, ranging in duration from 30 months to 8.5 years, demonstrated a sustained 
effect in reducing the progression of polyneuropathy and good tolerance to tafami-
dis and suggested an increase in survival [51–53]. Data from the Transthyretin 
Amyloidosis Outcomes Survey (THAOS), initiated in 2007, the largest ongoing 
observational study of both hereditary (ATTRv) and wild-type (ATTRwt) patients at 
multiple centers around the world, corroborated the safety and efficacy of tafamidis 
in slowing the progression of polyneuropathy [54, 55].

The FDA considered the data insufficient, not approving the use of tafamidis in 
the United States in 2012. It is currently approved in more than 40 countries for the 
treatment of early-stage familial amyloidotic polyneuropathy [51].

A Portuguese study carried out in the postmarketing period, basically composed 
of patients with polyneuropathy and Val30Met (p. Val50Met) mutation, showed that 
the response is variable, with 34% of patients presenting a complete response 
(responders) and stopping the progression of the disease, 36% presenting a partial 
response, with stabilization in some components of the disease but not others, and 
30% presenting nonresponders, in which the disease continues its progression 
despite treatment [56]. Factors associated with better response were early-stage dis-
ease, female sex, and high serum native TTR value at the beginning of treatment. 
Therefore, it is of great importance to assess the response to treatment early and 
consider other therapies if the response is not satisfactory. Partial responders or 
nonresponders could show better results with the 80 mg dose; however, this dose 
has not been tested in polyneuropathy trials.

In 2018, an important trial was published, the ATTR-ACT (The Transthyretin 
Amyloidosis Cardiomyopathy Clinical Trial), showing that tafamidis was superior 
to placebo in the treatment of amyloidotic cardiomyopathy (ATTR-CM) associated 
with transthyretin. It was a randomized, multicenter, double-blind study with 441 
patients, 76% wild type and 24% hereditary, with a mean age of approximately 
75 years, with almost 90% men, NYHA I to III, who were divided into 3 groups, in 
a 2:1:2 ratio, for tafamidis meglumine 80 mg, 20 mg or placebo for 30 months. 
There was a reduction in the primary end point all-cause mortality of 30% (hazard 
ratio 0.7 and p  <  0.001), with 78 deaths/264  in the tafamidis group (29.5%) vs 
76/177 in the placebo group (42.9%), with an NNT of 7, followed, in a hierarchical 
manner, by a 32% reduction in the second primary outcome of hospitalizations for 
cardiovascular causes. In addition, there was a reduction in secondary outcomes, 
with less decline in the 6-Minute walk test and quality of life score as measured by 
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the Kansas City Cardiomyopathy Questionnaire-Overall Summary (KCCQ-OS) 
[57]. The survival benefit was identified from 18 months after the start of treatment, 
while the reduction in the decline in functional capacity occurred from the sixth 
month and the reduction of biomarkers (NT-proBNP) after 9 months. There were a 
greater number of hospitalizations for cardiovascular causes in NYHA III patients 
who used tafamidis, probably due to increased survival in those with more advanced 
disease. It should be noted that both the 20 and 80 mg doses reduced total mortality 
and hospitalizations for cardiovascular causes, but with greater stabilization of 
transthyretin, evidenced by the higher serum TTR value and more pronounced 
reduction in NT-proBNP at 30 months in the 80 mg group. However, the study was 
not designed for comparison between doses but between the tafamidis 
(20 mg + 80 mg) × placebo group.

Upon completing the 30-month follow-up proposed in the original study, 
patients could be included in the ATTR-ACT and long-term extension study (LTE), 
which would assess the long-term results, for 60 months, of using tafamidis. In this 
study, participants in the intervention group continued the same doses, whereas 
those who received placebo were randomized again in a 2:1 ratio for the 80 mg or 
20 mg dose, stratified by the type of TTR (ATTRwt and ATTRv). As of July 2018, 
the LTE protocol promoted the switch, in all patients, to tafamidis in the free acid 
form of 61 mg in a single tablet, which is equivalent to tafamidis meglumine 80 mg 
(4 cps of 20 mg). The average total time from tafamidis use to replacement was 
39 months.

In the analysis of the ATTR-ACT (30 months) and the extension study (LTE) 
with a mean follow-up of 51 months, a relative reduction in total mortality of 30% 
was observed with the 80 mg dose compared to the 20 mg dose (p = 0.0374), with 
evidence of even greater benefit (43% reduction) after adjusting for covariates such 
as age and NT-proBNP, as the subgroup that received the 80 mg dose was older 
(76 × 73.5 years, p = 0.04) and had more advanced disease [58].

Tafamidis was also relatively well-tolerated at long-term follow-up, with no sig-
nificant difference in adverse effects between doses, with a similar discontinuation 
rate (17.6% at the 80  mg dose and 20% at the 20  mg dose) [56]. Diarrhea was 
slightly more common with the 80 mg dose (8%) versus the 20 mg dose (2.3%), but 
less common than placebo (10.2%) at 30 months [57].

A recent publication comparing only the group that received 80 mg in the ATTR-
ACT + LTE trial versus the placebo group, which was later randomized in the exten-
sion study (LTE) to doses of 20 or 80 mg, with a total of 58 months of follow-up, 
showed a reduction in total mortality of 41% (hazard ratio 0.59 with p < 0.001), 
with benefit independent of functional class and type of amyloidosis (TTRv or 
TTRWt). Even patients randomized late to tafamidis (after 30 months), with more 
advanced disease, would still show benefit in reducing outcomes compared to the 
expected mortality curve for the placebo group. The predicted survival curve esti-
mate for 5 years of follow-up indicates that 53.2% of those randomized to treatment 
with tafamidis will be alive, with better outcomes in the wild type and in NYHA I 
or II at the beginning of the study, emphasizing the need for early diagnosis and 
rapid initiation of treatment [59].
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Use of tafamidis in clinical practice

Presentation
 �� • Vyndaqel® (tafamidis meglumine) 20 mg, cp. Packs with 30 and 120 cps
 �� • Vindamax® (tafamidis free acid) 61 mg, cp (equivalent to 80 mg of tafamidis meglumine)
This formulation was approved by the FDA in 2019, by the EMA in 2020 and is not yet 
available in Brazil
 �� • �Dose for neurological impairment: 20 mg tafamidis meglumine orally once daily for stage I 

hereditary polyneuropathy (EMA approved indication)
 �� • �Dose for cardiological or mixed involvement: 80 mg of tafamidis meglumine (4 cps 1x 

daily) or Vyndamax 61 mg, 1cp, orally, 1× daily for patients with NYHA I to III 
cardiomyopathy, both in the wild form (ATTRwt) and in the hereditary (ATTRv)

Usage guidelines:
 �� • Swallow the tablet whole, without chewing, with or without food
 �� • �We suggest using the tablet at night, due to the lower perception of possible side effects such 

as abdominal discomfort
 �� • �No dose adjustment is necessary for patients with renal impairment as tafamidis is metabolized 

by glucuronidation. However, safety data in patients with advanced kidney disease are scarce 
(patients with eGFR < 25 mL/min/1.73 m2 were excluded from the ATTR-ACT trial). No 
adjustment required for patients with mild or moderate hepatic impairment

 �� • �Use on people over 18 years old. Safety not established for use in pregnant or lactating 
women

A major limitation for use in clinical practice is the high cost, with an estimated cost in the 
United States of more than 200 thousand dollars/year in the treatment of cardiomyopathy, 
requiring a 90% reduction in its price to be considered cost-effective [60]

Does tafamidis interfere with thyroid function?

Although tafamidis binds to the 2 thyroxine binding sites, transthyretin is responsible for the 
transport of a small portion of thyroxine (T4), only 5–15%, with the rest being transported by 
thyroxine-binding globulin and to a lesser extent by albumin. Therefore, the drug does not 
significantly interfere with the transport of thyroid hormones [61]

22.8.2 � Other Transthyretin Stabilizers

After the discovery of the mechanism responsible for the formation of fibrillar 
aggregates resulting from the dissociation of transthyretin, two classes of drugs, 
which bind to thyroxine binding sites, emerged as promising in the stabilization of 
the tetramer and with the potential to delay/prevent the amyloidogenic process. 
Tafamidis is derived from benzoxazole acid and a second group that belongs to the 
class of nonsteroidal anti-inflammatory drugs (NSAIDS), such as diflunisal [62] 
and mefenamic acid [63, 64]. However, a concern with the chronic use of drugs in 
this class, as they inhibit the cyclooxygenase enzyme, would be the potential for 
adverse effects on renal, gastrointestinal, and cardiotoxicity functions.
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22.8.3 � Diflunisal

A low-cost, generic drug of the NSAID class has been shown to stabilize transthyre-
tin in vitro [64, 65]; reduced the progression of polyneuropathy in a randomized, 
double-blind, placebo-controlled study with 130 patients (64 in the diflunisal group 
and 66  in the placebo) with familial amyloidotic polyneuropathy (FAP-ATTR), 
54.6% with the Val30Met (p. Val50Met) mutation, receiving diflunisal 250  mg 
orally twice a day for 2 years. The primary outcome was the Neuropathy Impairment 
Score Plus 7 Nerve Tests (NIS + 7), which ranges from 0 (no neurological impair-
ment) to 270 and combines clinical neurological assessment and tests of nerve con-
duction. There was a significant reduction in the elevation in NIS + 7 (intention to 
treat analysis) in the group that used diflunisal, as it increased by 25 points in the 
placebo group and 8.7 in the intervention group (p < 0.001), showing a reduction in 
the progression of polyneuropathy. The secondary quality of life outcome assessed 
by the 36-item Short-Form Health Survey (SF-36) questionnaire also showed better 
results in the intervention group, with a gain in quality of life compared to placebo. 
At 2  years of treatment, 29.7% of the diflunisal group had stable neurological 
involvement (increase < 2 points on NIS + 7), compared to only 9.4% in the placebo 
group (p = 0.007). There was a considerable rate of treatment discontinuation before 
completing the 2 years of the study, with 40  in the placebo group and 27  in the 
intervention group, the main reason being the referral for liver transplantation due 
to disease progression. Drug discontinuation due to adverse effects occurred in 4 
patients in the diflunisal group and 2 in the placebo group, with good drug tolerance 
over the 2 years of the study. There were 13 deaths (9 in the placebo group and 4 in 
the intervention group) [66].

Regarding transthyretin-related amyloid cardiomyopathy (ATTR-CM), a study 
has shown that diflunisal is safe in selected patients with ATTR-CM [67], stabilizes 
parameters related to ventricular function [68], provides stability, increases TTR 
serum levels, with a reduction in cardiac biomarkers and a smaller decrease in ejec-
tion fraction [69], and has a mortality reduction similar to that of tafamidis in a 
retrospective, nonrandomized, single-center cohort of 120 patients (13 used diflu-
nisal and 16 used tafamidis) [70].

A systematic review and meta-analysis published in 2021 evaluated six studies 
published from 2012 to 2020, with the most consistent data on the use of diflunisal 
in ATTR-CM, with approximately 400 patients, mean age of participants from 
68.5  years, 84.8% men, NYHA I to III (only 2 studies described the functional 
class), with patients presenting both wild-type (ATTRwt) and hereditary (ATTRv) 
cardiomyopathy. Four of these studies were nonrandomized and single-arm, and the 
other 2 were retrospective and nonrandomized, comparing the use of diflunisal ver-
sus no treatment. The studies showed that diflunisal was safe and well-tolerated in 
patients with cardiomyopathy and had a low rate of discontinuation due to signifi-
cant adverse effects, the main side effects being gastrointestinal and transient wors-
ening of renal function (infrequent in the first year of use). The 2 studies comparing 
diflunisal versus no treatment showed an increase in serum TTR, indicating greater 
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stabilization of transthyretin, improvement in indexed left atrial volume, troponin I, 
and global longitudinal strain, as well as reduced mortality and need for heart trans-
plantation [71].

A retrospective cohort study from the Boston University Center for Amyloidosis 
was recently published, with 104 patients in the wild-type (ATTRwt-CM), 97% 
male, mean age 75.8 years, NYHA I to III, with eGFR > 45 ml/min/1.73 m2, with 
35 patients who used diflunisal (34%). The treatment group was younger 
(73.8 × 76.8 years), with lower BNP and better kidney function than the untreated 
group. In the 3.4-year follow-up, 52 deaths occurred, 4 in those who used diflunisal 
(11.4%) and 48 in those who did not use it (69.6%). After adjusting for age, BNP, 
troponin, glomerular filtration rate, intraventricular septum thickness, and ejection 
fraction, there was an 82% reduction in mortality (HR 0.18, 95% CI 0.06–0.51, 
p = 0.0006), without significant changes in BNP, troponin, intraventricular septal 
thickness, and ejection fraction, demonstrating stability in echocardiographic and 
biomarker parameters in patients who received diflunisal. Fourteen patients discon-
tinued treatment (57% due to worsening renal function), but only 3 discontinued 
treatment in the first year (9%) [72].

Despite the marked reduction in mortality, even after adjustments for confound-
ing variables, this is a retrospective study, with possible biases, especially selection, 
being another hypothesis generator that should be corroborated in randomized, 
double-blind studies of adequate quality.

The great advantage of diflunisal would be its cost (estimated at 500 dollars a 
year), which is much lower than that of tafamidis.

Use of diflunisal in clinical practice

• Diflunisal 250 mg or 500 mg, cp
• �1 tablet of 250 mg twice daily or half of 500 mg twice daily (presentation available in the 

United States) orally, swallow whole tablet without chewing, administer with meals or milk to 
decrease gastrointestinal side effects

• �It showed a reduction in the progression of polyneuropathy in a randomized study, even so its 
use is still considered off-label, as this recommendation is not included in the drug leaflet

• �Off-label use for cardiomyopathy (ATTR-CM), evidence of reduced outcomes based on 
retrospective studies

• Much lower cost than tafamidis, as it is a generic drug
• �Do not start if eGFR < 45 ml/min/1.73 m2, use of high doses of diuretics, or decompensated 

HF
• �After onset repeat renal function in 2 weeks. Main side effects are gastrointestinal and 

worsening of kidney function

22.8.4 � Acoramidis (AG10)

A transthyretin stabilizer that was developed to mimic the mechanism that occurs in 
the presence of the benign variant Thr119Met, which has been shown to prevent or 
reduce tetramer dissociation. The phase III, ATTRibute-CM, multicenter, 
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double-blind study included 632 participants with ATTR-CM, both wild-type and 
hereditary, NYHA I to III who were randomized 2:1 to acoramidis 800 mg twice 
daily × placebo. The study was designed in two parts: part A, the primary outcome 
of which is the change from baseline in the 6-Minute walk test (6MWD) at 
12 months; and part B, which will assess mortality for all causes and hospitaliza-
tions from cardiovascular causes at 30 months and in a hierarchical manner [73]. 
The company Bridge Pharma released the preliminary results of part A, which did 
not reach statistical significance in the primary outcome related to 6MWD, with a 
reduction of 9 m in the acoramidis group × 7 m in the placebo group. Improvement 
in quality of life was observed by KCCQ-OS, a lower increase in NT-proBNP and 
an increase in serum TTR. The drug was well tolerated. What caught our attention 
in the study was that the decline in functional capacity (6MWD) in the placebo 
group was much smaller than expected, which was a fall >40 m considering the 
untreated (placebo) arms of other studies, such as ATTR-ACT.  The independent 
data monitoring committee recommended the continuation of the study, and the 
steering committee cochairs and Bridge Pharma believe that the drug still has the 
potential to show benefit at 30 months (part B).

22.8.5 � Tolcapone (Tasmar®)

A drug approved by either the FDA or EMA for the treatment of Parkinson’s disease 
was shown to effectively stabilize transthyretin, both TTRwt and TTRv (Val122Ile), 
by binding to thyroxine binding sites. It showed stabilization of transthyretin in 
phase 2 studies [74]. Phase III studies are still needed, showing a reduction in clini-
cal outcomes. Due to its lower cost and good tolerance, it may be a good option in 
the future.

Main points of stabilizers

• �The limiting step of the amyloidogenic process is the dissociation of the tetramer from 
transthyretin

• Transthyretin-stabilizing drugs prevent or delay this process
• The drug with the best evidence in reducing clinical outcomes is tafamidis
• �Tafamidis reduced the progression of polyneuropathy and improved the quality of life in 

patients with neurological involvement by stage I ATTRv, at a dose of 20 mg once daily
• �Tafamidis at doses of 20 and 80 mg, reduced all-cause mortality, hospitalizations for 

cardiovascular causes, had less loss of functional capacity assessed by the 6-min walk test and 
better quality of life compared to placebo, according to study data ATTR-ACT, over 30 months 
of follow-up

• Tafamidis was well-tolerated at both 20 and 80 mg doses
• �The 80 mg dose led to greater stabilization of TTR and greater fall in NT-proBNP at 

30 months. It should be noted that the study was not designed to compare the efficacy between 
doses

• �In the extension study (LTE), the 80 mg dose promoted a 30% relative reduction in mortality 
compared to the 20 mg dose
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Main points of stabilizers

• �The recommended dose for the treatment of ATTR-CM both ATTRwt and ATTRv is 61 mg 
Tafamidis free acid (Vindamax®) or 80 mg tafamidis meglumine (Vyndaqel®), 4 tablets of 
20 mg once daily

• �The major limitation for the use of tafamidis is the high cost, which is not considered 
cost-effective

• �Diflunisal has been shown to reduce polyneuropathy progression and improve quality of life in 
patients with polyneuropathy (ATTRv) in a randomized trial

• �Showed a reduction in mortality, biomarkers, and echocardiographic parameters in 
retrospective studies on ATTR-CM in both ATTRwt and ATTRv

• �Its use is still considered off-label and requires good quality randomized studies to assess its 
efficacy in amyloidotic cardiomyopathy

• �It has the advantage of being much cheaper and becomes an option in places where tafamidis 
and silencers (patisiran, inotersen) are not available for financial reasons

• �The primary concern is worsening glomerular filtration rate with chronic use and 
gastrointestinal effects. Do not use if eGFR < 45 ml/min/1.73 m2

• �Acoramidis (AG10) did not reach the primary endpoint in part A of the ATTRibute-CM study. 
However, the study will continue to assess mortality at 30 months (part B)

• �Approved Parkinson’s drug Tolcapone has been shown to satisfactorily stabilize TTR in phase 
II studies. Phase III studies are still needed

22.9 � Amyloid Fibril Disruption Therapy

22.9.1 � Doxycycline and Tauroursodeoxycholic Acid (TUDCA) 
or Ursodeoxycolic Acid (UDCA)

Most drugs for the treatment of transthyretin-related amyloidosis act by preventing 
or reducing the formation and deposition of amyloid fibrils, but with no effect on 
fibrils already deposited in organs and tissues.

Doxycycline is an antibiotic of the tetracycline group, which has been shown to 
remove TTR amyloid deposits in preclinical studies, reducing the extracellular 
matrix remodeling proteins that accompany fibrillar deposition but not of nonfibril-
lar TTR deposition. On the other hand, tauroursodeoxycholic acid (TUDCA), a bili-
ary acid, was shown to be effective at lowering deposited nonfibrillar TTR, as well 
as the levels of markers associated with prefibrillar TTR. The combination of the 
two drugs showed a synergistic effect on the degradation of amyloid deposits [75].

A phase II clinical, single arm study, with a small number of patients, with oral 
administration of doxycycline 100 mg 2× daily + TUDCA 250 mg 3× daily for 
12  months, suggested that the association could stabilize the neurological and 
cardiac involvement of ATTR with a reasonable tolerability profile [76]. Another 
study, also without a control group (observational cohort study), with a greater 
number of participants, 53 patients with amyloid cardiomyopathy (ATTR-CM), 
mean age of 71  years, 89% wild type and 87% men, used the combination of 
doxycycline and ursodiol (ursodeoxycholic acid) with a median follow-up of 
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22 months, with 11% not tolerating the therapy due to gastrointestinal or derma-
tological side effects. Regarding clinical outcomes, there was no worsening of 
functional class (NYHA), cardiac biomarkers, or echocardiographic parameters, 
with 38% showing improvement in global longitudinal strain (−12 to −17; 
p < 0.01), particularly in younger patients with less advanced disease [77]. The 
results of this study showed that drug administration was well-tolerated in approx-
imately 90% of cases and was associated with clinical and markers of disease 
progression stabilization.

A randomized, open-label phase III study (NCT01171859) with more than 100 
patients with ATTR cardiomyopathy (ATTRv or ATTRwt) is evaluating doxycy-
cline 100 mg twice daily + TUDCA 250 mg thrice daily orally versus conventional 
treatment, and its primary endpoint is to compare survival at 18 months [78]. The 
results from phase III studies are expected, as the major advantage of this associa-
tion would be its low cost, unlike other disease-modifying therapies with much 
higher cost.

22.9.2 � Green Tea Extracts (EGCG)

Epigallocatechin-3-gallate (EGCG), the most abundant catechin (polyphenol) in 
green tea (GT), is a natural compound with very low toxicity that inhibits fibril for-
mation from several amyloidogenic proteins in vitro, including TTR [79], and con-
verts existing fibrils into nonfibril conformers [80].

EGCG binds at the surface of the protein in a region involving amino acid resi-
dues at the interface of both dimers, promoting tetramer conformational stabiliza-
tion [81]. EGCG acts not only as an inhibitor of TTR amyloid formation, but also as 
a disruptor of amyloid fibrils [82, 83].

A series of 19 patients with ATTR cardiomyopathy (both hereditary and wild 
type) evaluated by standard blood tests, echocardiography, and cardiac MRI before 
and after consumption of GT and/or green tea extracts (GTE) for 12 months showed 
no increase in left ventricular (LV) wall thickness or LV myocardial mass observed 
by echocardiography. In the subgroup of patients evaluated by cardiac MRI (n = 9), 
a mean decrease in LV myocardial mass (−12.5%) was detected in all patients. Total 
cholesterol and LDL cholesterol decreased significantly during the observational 
period. No serious adverse effects were reported by any of the participants [84]. 
This observational report suggests an inhibitory effect of GT and/or GTE on the 
progression of cardiac amyloidosis. Another cohort of 25 patients with ATTRwt-CM 
who underwent clinical examination, echocardiography, cardiac magnetic reso-
nance imaging (n = 14), and laboratory testing before and after daily consumption 
of GTE capsules containing 600 mg epigallocatechin-3-gallate for at least 12 months 
showed a significant decrease in left ventricular (LV) myocardial mass by 6% by 
cMRI and total cholesterol by 8.4%. LV ejection fraction by cMRI and LV wall 
thickness by echocardiography remained unchanged. This study supports LV mass 
stabilization in patients with ATTRwt-CM with good tolerability.
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Good quality randomized trials are needed to establish the real benefit of ECGC 
in the treatment of ATTR. However, due to its low cost and good tolerability, it 
becomes an off-label option, especially in places without access to therapies with 
the best level of evidence.

Highlights

Doxycycline disrupts amyloid fibrils in vitro and in animal models synergistically with 
tauroursodeoxycholic acid (TUDCA)
Phase I and II studies show ATTR neuropathy and cardiomyopathy stabilization, with acceptable 
tolerability. Phase III study in ATTR cardiomyopathy, not yet published, may provide further 
evidence on the efficacy and safety of this low-cost combination
The recommended dose is Doxycycline 100 mg 1 cp 2× day and TUDCA 250 mg 3× a day
Do not take the drug before bedtime, avoid use in patients with a history of esophagitis and use 
sunscreens due to the increased risk of photosensitivity skin lesions
Do not use in pregnant or breastfeeding women
EGCG a natural compound, present in green tea, with very low toxicity acts as inhibitor of TTR 
amyloid formation and as disruptor of amyloid fibrils
Preclinical and small, single arm, nonrandomized, phase I and II studies suggest an inhibitory 
effect on the progression of cardiac amyloidosis with good tolerability
The recommended dose is ECCG 600 mg 1 cp a day
Doxy/TUDCA and/or ECGC are off-label options to be considered when other therapies with 
better evidence as tafamidis or TTR silencers are inaccessible

After discussing the main treatments of ATTR amyloidosis, a flow chart to guide 
treatment is shown below (Fig. 22.3).

ATTR specific treatments

ATTRwt ATTRv

Cardiomyopathy Cardiomyopathy
ONLY

Cardiomyopathy
and Polyneuropathy

Polyneuropathy
ONLY

Tafamidis Tafamidis Tafamidis Tafamidis* a

Diflunisal
Off label use

Diflunisal
Off label use

Diflunisal
Off label use

Diflunisal
Off label use

Patisiran Patisiran**

Inotersen**

Vutrisiran* Polyneuropathy stage 1
** Polyneuropathy stage 1 and 2
a Not approved by FDA

Fig. 22.3  Specific treatments for transthyretin amyloidosis. Reference: Modified from Garcia-
Pavia et al., EHJ, 2021; 42:1554–68
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22.10 � Emerging Therapies

22.10.1 � Gene Editing Therapy

In 2020, the Nobel Prize in Chemistry was awarded to researchers Emmanuelle 
Charpentier and Jennifer Doudna for the discovery of the most widely used gene 
editing method today, the Clustered Regularly Interspaced Short Palindromic 
Repeats and associated Cas9 endonuclease system (CRISPR/Cas9). ATTR amyloi-
dosis is an ideal model for the application of this technique in vivo, being a mono-
genic disease in which almost all TTR production occurs in the liver.

NTLA-2001 is a therapy based on this technique administered intravenously in a 
single dose that consists of two active components: the Cas9 protein that recognizes 
a specific sequence in TTR and promotes double-strand cleavage and an RNA guide 
that directs the Cas9 protein for this specific sequence in the TTR gene. Endogenous 
DNA repair mechanisms link the ends of the cut, introducing insertions or deletions 
of bases generating missense or nonsense mutations that will decrease the amount 
of full-length mRNA levels and, consequently, of the target protein (knockout muta-
tion). NTLA-2001 uses a lipid nanoparticle to load these molecules and guide them 
to the hepatocyte, where uptake occurs via LDL receptors [7, 85, 86].

In an ongoing phase 1 clinical study that evaluated safety and pharmacodynamic 
effects in six patients with ATTRv and polyneuropathy (three receiving a dose of 
0.1 mg/kg and three receiving a dose of 0.3 mg/kg), the mean reduction in serum 
TTR up to 28 days from baseline was 52% in the lowest dose group and 87% in the 
highest dose group. No serious adverse events were observed. The study is still 
ongoing to assess the durability of efficacy and safety of the treatment, and these 
initial results should be carefully evaluated due to the small sample size and the very 
short follow-up [86].

22.10.2 � Immunotherapeutic Agents

One of the promising lines of research is the extraction of amyloid deposits in tis-
sues through monoclonal antibodies. NI006 is a monoclonal antibody that targets 
misfolded and aggregated forms of both ATTRwt and ATTRv. A phase 1, random-
ized, placebo-controlled, double-blind trial in subjects with amyloid transthyretin 
cardiomyopathy (ATTR-CM) is currently enrolling (NCT04360434). PRX-004 is a 
monoclonal antibody that binds to misfolded amyloid TTR, but not to native circu-
lating TTR, thus clearing amyloid deposits in the myocardium, as investigated in a 
phase 1 study (NCT03336580).

Serum amyloid P component (SAP) is a nonfibrillar plasma glycoprotein formed 
in the liver that binds to all types of amyloid fibrils. Experimental and phase 1 stud-
ies with monoclonal antibodies directed to SAP resulted in a complement-dependent 
phagocytic clearance of amyloid deposits in tissues [87]. However, a recent phase 2 
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study failed to show an improvement in cardiac burden after treatment with an anti-
SAP antibody with an early termination of the study [88].

22.11 � Treatment Response and Disease Progression Markers

With the advent of specific treatments for amyloidosis, determining the response to 
treatment is an important measure to guide clinical management. There is still no 
consensus on the best way to monitor this response, but clinical/functional, labora-
tory, and imaging parameters have been used separately and mainly together to 
determine the effectiveness of treatment with regression or stabilization and, in 
other cases, progression of the disease.

22.11.1 � Treatment Response Markers

Stabilizers such as tafamidis, diflunisal, and acoramidis act by reducing the rate of 
degradation of TTR molecules in the process of forming amyloid fibrils by main-
taining their three-dimensional conformation. By stabilizing the tetramer prevent-
ing its dissociation and unfolding, stabilizers can increase the serum level of TTR in 
patients whose levels would be reduced by the pathophysiological mechanism of 
the disease, theoretically being a surrogate of treatment efficacy. Corroborating this 
hypothesis, cohort studies with small samples demonstrate an increase in the serum 
level of TTR with the use of stabilizers when compared before and after treatment 
[89, 90]. To date, serum TTR measurement is not part of clinical practice in the 
follow-up of patients with ATTR. Its serum level varies according to age, sex, and 
ethnicity. It is an acute-phase negative protein whose levels may be reduced in 
inflammatory states such as infections or in a deficient nutritional state. Conversely, 
its serum levels decrease when the patient receives treatment with silencers that are 
potent inhibitors of its hepatic synthesis.

There are several advantages of measuring biomarkers in ATTR, being useful in 
population screening for early disease detection, risk stratification, disease progres-
sion, and response to treatment. Several randomized clinical studies that investi-
gated the efficacy of new drugs in the specific treatment of amyloidosis followed the 
variation in the concentration of biomarkers at baseline and at follow-up, mainly 
natriuretic peptides such as NT-proBNP and, more rarely, troponins. In the ATTR-
ACT study, at the 30-month follow-up, there was an increase in NT-proBNP con-
centration but a smaller increase in the tafamidis group when compared to the 
control group [57]. In the APOLLO study, at the 18-month follow-up, there was a 
reduction in NT-proBNP concentration from baseline in the patisiran group, which 
did not occur in the placebo group (55% reduction in concentration at 18 months 
compared to placebo) [36].
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The effect of patisiran on cardiac amyloid burden measured by extracellular vol-
ume (ECV) mapping on cardiac magnetic resonance imaging was evaluated in a 
small prospective study with 16 patients with hereditary ATTR with a 12-month 
follow-up. The variation in ECV was compared to a historical control group of 16 
patients with similar baseline characteristics who did not receive specific treatment. 
In the patisiran group, a reduction in ECV was observed in 38%, an increase in 19% 
and there was no change in 44%. In the control group, there was no change in 44% 
of patients, while 56% had an increase in ECV [91]. In another cohort study, the 
effect of tafamidis treatment on the ECV of patients with wild-type ATTR-CM was 
analyzed in three groups: tafamidis 61 mg (mean follow-up 9 months), historical 
group tafamidis 20 mg (mean follow-up 11 months), and historical group patients 
without specific treatment (mean follow-up 12 months). The study showed a stabi-
lization of ECV in both tafamidis groups, while there was a marked expansion of 
ECV in the historical group without specific treatment. The difference in ECV of 
the 61 mg tafamidis group was statistically significant compared to the no specific 
treatment group [92]. Both studies should be considered hypothesis generators that 
need confirmation in larger studies and with adequate methodology.

Neurofilament light chain (NfL) may serve as a biomarker of active nerve dam-
age and polyneuropathy due to TTR amyloid deposition, making it useful as a 
potential biomarker of disease progression and treatment response in ATTRv poly-
neuropathy [93]. This marker is not yet available in clinical practice.

Main points of treatment response markers (Cardiomyopathy)

The optimal method of monitoring response to amyloid treatment is currently poorly 
understood
Multiple markers may be used including clinical parameters, biomarkers, and cardiac imaging
NT-proBNP and troponin are important prognostic markers and should be performed routinely
Serial Tc-PyP/DPD is not appropriate for monitoring response to therapy [94]
Novel PET tracers like 11c-Pittsburgh B and 18F-Florbetapir are under investigation
TTR measurement is not part of clinical practice until the moment
ECV is markedly elevated in ATTR-CM and correlates with histologic amyloid burden [95]. 
ECV by CMR is highly reproducible and is a promising method for monitoring response to 
treatment

22.11.2 � Disease Progression Markers

In the absence of a consensus, in 2021, an international group of experts developed 
recommendations for the monitoring of patients with ATTR-CM [96]. In this docu-
ment, 11 parameters were selected from three different types of domains: (1) domain 
of clinical and functional outcomes; (2) domain of biomarkers and laboratory mark-
ers; and (3) domain of imaging and electrocardiographic parameters (Table 22.2). 
For the authors, the minimum criterion to confirm the progression of the disease 
would be the advancement of at least one of the parameters in each of the three 
domains (Tables 22.3 and 22.4).
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Table 22.2  Domains and parameters for determining cardiac amyloidosis progression

Parameter and 
domain Clinical features

Threshold indicating disease 
progression

Recommended 
reassessment 
frequency

Clinical and functional

Medical and 
clinical history

Hospitalization for 
cardiovascular 
causes

Worsening indicated by any 
hospitalization related to 
decompensated HF within 
6 months

6 months

NYHA class NYHA class 
change

Increase of a measured class 
during a 30-day stability period

6 months

QoL: EQ-5D tool 
and KCCQ

A 5-point decrease in the KCCQ 
represents deterioration (a 10-point 
decrease represents moderate 
deterioration); 10% decline in 
EQ-5D score represents 
deterioration

6–12 months

Functional capacity 6MWT Reduction of 30–40 m every 
6 months (in the absence of an 
obvious noncardiovascular cause)

6 months

Biomarkers and laboratory markers

NT-proBNP 30% increase with 300 pg/ml 
cutoff. To be measured over a 
30-day period of stability and at 
the same atrial rhythm

6 months

Troponin 
(ultrasensitive)

30% increase 6 months

Clinical staging 
system

Progress in NAC staging score 6 months

Imaging and electrocardiographic parameters

Echocardiography LV measures wall 
thickness/mass

≥2 mm increase in LV wall 
thickness

6–12 months

Measurements of 
systolic function

≥5% decrease in LV ejection 
fraction; ≥5 ml decrease in stroke 
volume; ≥1% increase LV global 
longitudinal strain

12 months

Worsening of 
diastolic function

Stepwise increase in diastolic 
functioning grade; consistent with 
deterioration in diastolic function

12 months

ECG/Holter ECG New onset of 
arrhythmic/
conduction 
disturbances

New-onset bundle branch block
New-onset AV block (of any 
degree)
Sinus pauses, sinus node 
dysfunction, AF with a very slow 
ventricular response without 
pharmacologic treatment 
(<50 bpm)

6 months

HF heart failure, NYHA New York Heart Association, QoL quality of life, EQ-5D EuroQol five 
dimensions, KCCQ Kansas City Cardiomyopathy Questionnaire, 6MWT 6-min walk test, 
NT-proBNP N-terminal pro-B-type natriuretic peptide, NAC UK National Amyloidosis Centre, LV 
left ventricular, ECG electrocardiogram, AV atrioventricular, AF atrial fibrillation. Adapted from 
Eur J Heart Fail. 2021 Jun;23(6):895–905
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Frequency

Pain / Sensosry Loss Neurological Examination
Nerve Conduction Study

VAS

6-12 months

6-12 months

6-12 months

6-12 months

Motor Neurological Examination
PND score

10MWT
Time Up and Go Test

NIS

Neuropathy

Gastrointestinal Clinical Interview
mBMI

COMPASS-31 

Cardiovascular Clinical Interview
HRV Test

MIBG Cardiac Scintigraphy
Supine and Orthostatic BP

Dysautonomia
12 months

12 months

12 months

12 months

Sexual Clinical Interview
COMPASS-31

Urinary Tract Clinical Interview
COMPASS-31

Urodynamic Assessment

6-12 months

Sudomotor Sudoscan

Domain Function or Clinical
Manifestation

Assessment Frequency

Arrhythmia Clinical Interview
ECG

24-hour Holter ECG

6-12 months

6-12 months

6-12 months

Heart Failure Clinical Interview
NYHA Class

6MWT
NT-proBNP

Troponin
Echocardiogram

Cardiac MRI
DPD/PYP Scintigraphy*

Cardiac

Ocular Vision Clinical Interview
Ophthalmologic Examination

Tonometry
Slit Lamp Examination

Renal Renal Function Clinical Interview
eGFR

Urine Proteinuria

Quality of Life Physical Health
Mental Health

Disability

Domain Function or Clinical
Manifestation

Assessment

R

Norfolk-Qol-DN
SF-36
KCCQ
R-ODS

Table 22.3  Clinical and treatment assessment directed for hereditary TTR amyloidosis. In the 
wild type, cardiac involvement is predominant and may be associated with bilateral carpal tunnel 
syndrome, lumbar spinal stenosis or other neurological impairment, but usually without significant 
dysautonomic manifestations [96, 97]

10MWT 10-meter walk test, 6MWT 6-min walking test, BP Blood Pressure, COMPASS-31 
Composite Autonomic Symptom Score-31, DPD 99mTc-diphosphono-1,2-propanodicarboxylicacid, 
ECG electrocardiogram, eGFR estimated glomerular filtration rate, HRV test Heart rate vari-
ability test, KCCQ Kansas City Cardiac Questionnaire, mBMI modified body mass index, MIBG 
metaiodobenzylguanidine, MRI Magnetic Resonance Image, NIS Neurological Impairment 
Score, Norfolk-Qol-DN Norfolk Quality of Life-Diabetic Neuropathy, NYHA New York Heart 
Association, PND Polyneuropathy Disability, PYP 99mTc-pyrophosphate, R-ODS Rasch-built 
Overall Disability Scale, SF-36 36-item Short Form Health Survey, VAS Visual Analog Scale
aConsider DPD/PYP scintigraphy only for diagnosis of cardiomyopathy. Should not be used to 
monitor response to treatment
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As evidenced throughout the chapter, transthyretin amyloidosis is a multisys-
temic disease, especially in hereditary types, and requires multidisciplinary team 
follow-up, with nonpharmacological measures such as cardiac and neurological 
rehabilitation and symptomatic and specific treatment for the disease, providing 
improvement in morbidity and mortality. Reducing drug prices or developing less 
expensive agents is extremely important for ATTR-specific treatments to become 
widely available.

Despite major advances in the diagnosis and treatment of transthyretin amyloi-
dosis, there are still many questions that need to be answered in the coming years, 
especially with good quality randomized trials.

Open questions in transthyretin amyloidosis treatment

• Definition and measurement of disease progression
• Definition of early responders/nonresponders to specific therapies
• Comparison between disease-modifying drugs in ATTR
• Criteria for switching from one drug to another
• Role of combined therapy
• Early initiation of therapy
 �� – ATTRv mutation carriers without phenotype
 �� – ATTR cardiac amyloidosis without heart failure
• Efficacy of heart failure drugs in ATTR-CM

Adapted from Diagnosis and treatment of cardiac amyloidosis. A position statement of the European 
Society of Cardiology Working Group on Myocardial and Pericardial Diseases, 2021, EJHF

Criterias for recognition of disease progression (ATTRv)

General Domain
Appearance of new manifestations such as erectile dysfunction, urinary incontinence
or postural hypotension
Worsening of modified BMI in at least 20% 

Neurological domain
Increase of more than 10 points in NIS scale
Decrease of more than 50% in the amplitude of potentials in at least two distinct
nerves 

Cardiac domain* 
Refer to table 2

Oftalmological Domain
Increase in intraocular pressure > 20 ou 5 mmHg
Appearance of vitreous, corneal or crystalline deposits 

Renal Domain
Decrease of glomerular filtration rate >50%
Appearance of proteinuria at nephrotic levels

Table 22.4  Adapted from Conceição et al. 2019. Amyloid 2019 [97]
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Chapter 23
Treatment of AL Amyloidosis

Roberta Shcolnik Szor and Ashutosh Wechalekar

23.1 � Treatment of Light Chain Amyloidosis: 
General Principles

Immunoglobulin light chain (AL) amyloidosis results from the excessive produc-
tion of abnormal light chains by clonal plasma cells and, less frequently, clonal B 
cells, deposited as fibrillary protein aggregates in organs and tissues. This deposi-
tion of the precursor protein as amyloid material in the extracellular space of tissues 
leads to progressive organ damage, as occurs in other subtypes, but specifically in 
AL, the direct proteotoxic effect of circulating free light chains plays an important 
role, especially in cardiac injury, making the AL subtype more aggressive. Cardiac 
involvement may evolve rapidly into a life-threatening condition and is the most 
relevant prognostic factor in AL amyloidosis, determining overall survival and tol-
erability to treatment. For this reason, AL amyloidosis represents a medical emer-
gency that requires immediate institution of treatment, which might be ideally 
initiated before severe organ damage has occurred. In theory, several stages in the 
pathophysiological process of AL amyloidosis can be therapeutic targets. However, 
agents capable of removing the deposited amyloid are still under study, and the cur-
rent treatment is based on chemotherapeutic strategies to eradicate the underlying 
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plasma cell clone and suppress light chain production [1–3]. Rapid and profound 
hematologic response (HR) should be the aim since this predicts improvement in 
organ function and overall survival. Therapeutic planning must be individualized to 
allow patients to receive the most effective treatment they can tolerate. Patients are 
stratified according to the extent of multiorgan involvement, particularly cardiac 
involvement, and comorbidities into different categories for a risk-adapted treat-
ment approach that may vary from low-dose chemotherapy to autologous stem cell 
transplantation (ASCT).

23.2 � Intensive Treatment Strategy: High-Dose 
Chemotherapy and Autologous Stem 
Cell Transplantation

High-dose chemotherapy followed by ASCT has been performed in AL amyloidosis 
for almost 30 years and is associated with deep and durable HR, leading to overall 
survival exceeding 10 years in responding patients [4–7]. However, the only ran-
domized trial comparing ASCT with chemotherapy failed to show a benefit for the 
intensive strategy. Key issues in this study that may have compromised the results 
should be considered: the absence of stringent criteria for selecting patients for 
ASCT, the delay in starting therapy of approximately 1 month in this subgroup, 
disease progression leading some patients not to undergo transplantation, and the 
high transplant-related mortality (TRM) of 24% [8].

Given the multisystem character of AL amyloidosis and patient frailty, the estab-
lishment of stringent selection criteria and the growing experience of transplant 
centers have reduced TRM in recent decades from approximately 40% to less than 
5%, and ASCT remains a standard treatment for medical fit patients [6, 9–11]. 
Approximately 20% of patients are considered eligible for ASCT at diagnosis, and 
eligibility criteria vary for each transplant center. In general, they include 
age ≤ 70–75 years, performance status ≤ 2, absence of severe organ dysfunction 
(especially cardiac), and systolic blood pressure ≥ 90 mmHg [4, 12, 13]. Refining 
the assessment of cardiac involvement through biomarker analysis may help predict 
TRM. A retrospective study showed that patients with NT-proBNP levels > 5000 pg/
mL or troponin T > 0.06 ng/mL had a high risk of dying early after ASCT and are 
now considered important biomarkers in assessing eligibility for ASCT [14].

For ASCT ineligible patients, induction chemotherapy represents a possible 
strategy, as reducing free light chains and improving organ function can reverse 
some exclusion criteria, enabling ASCT. The benefit of induction before ASCT has 
been demonstrated in several studies, with improvement in hematological responses 
and survival. In high-risk AL amyloidosis (plasma cell clonal > 10% or associated 
multiple myeloma), induction therapy prior to transplant may be effective for rap-
idly controlling the involved light chain to avoid disease progression due to delays. 
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However, in patients eligible for high-intensity treatment, induction treatment is a 
double-edged sword, as some may lose their eligibility for ASCT due to treatment-
related toxicities or progression of organ failure [15–21].

Mobilization and collection of stem cells are other points of attention in patients 
with AL amyloidosis, especially those with multiorgan and cardiac involvement. 
Complications such as capillary leak syndrome, volume overload, hypotension, 
arrhythmias, renal and cardiac decompensation, and deaths are reported. Again, 
patient selection is key to reducing these complications. More specifically, to reduce 
the risks of complications, granulocyte colony-stimulating factor should be used 
alone or in combination with plerixafor, and chemomobilization should be avoided. 
The optimal dose of progenitor cells might be at least 5 x 106 CD34+/kg to mini-
mize delay in engraftment and complications related to aplasia [12, 22].

The most commonly used conditioning regimen is melphalan 200 mg/m2, but 
risk-adapted strategies with dose reductions have been reported and remain a point 
of debate in the literature. According to some authors, melphalan doses can be 
reduced to 100 or 140 mg/m2 based on age and renal and cardiac function. This 
allows more patients to undergo transplantation, although at the expense of reduced 
HR and survival in most studies. This negative impact on outcomes makes this 
approach not recommended by other groups, making the need for melphalan reduc-
tion an exclusion criterion for performing ASCT [23–26].

As in multiple myeloma, consolidation therapy in AL amyloidosis should be 
considered in patients who do not achieve at least a very good partial response 
(VGPR) after ASCT, aiming to improve the depth of HR. It is well established in the 
literature that patients with profound HR (VGPR or better) have prolonged 
progression-free survival (PFS) and overall survival (OS) and better organ responses 
[27]. Regimens containing bortezomib and daratumumab have been studied and 
were associated with improved rates of CR and prolonged PFS. Consolidation with 
daratumumab also led to higher rates of negative minimal residual disease [28–30].

In the era of new drugs, the role of ASCT is being discussed, especially in patients 
achieving satisfactory HR after induction treatment with modern therapies. Whether 
ASCT improves long-term PFS and OS in patients with complete response remains an 
unanswered question. Some centers currently recommend the collection of stem cells 
based on individualized factors and the decision to perform or defer ASCT. A retro-
spective study comparing ASCT to bortezomib-based therapy found no differences in 
overall HR, OS in 2 years, PFS, or time to next treatment between the two strategies. 
Nevertheless, prospective studies are needed to better understand whether novel thera-
pies will replace ASCT or change the role of ASCT in AL amyloidosis [31].

In summary, ASCT remains an effective treatment option for selected patients in 
experienced centers. Long-term results from referral centers show hematologic CR 
rates varying from 40 to 50%, with prolonged median overall survival, especially in 
patients attaining deep responses (median OS varying from 11 to 15 years in patients 
with CR or VGPR). Transplant-related mortality has progressively decreased over 
the decades, achieving less than 5% in recent years [4–6, 25].
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23.3 � Standard Chemotherapy Treatment in Patients Not 
Eligible for ASCT

The majority of patients diagnosed with AL amyloidosis are not eligible for ASCT 
and are treated with standard anti-plasma cell chemotherapy. Melphalan and dexa-
methasone (MD) have been the main regimen for decades, leading to HR rates of 
45–75% of cases and a median OS of more than 7 years, with minimal toxicity. 
However, it is not considered to be less than adequate [32, 33]. From 2010 on, pro-
teasome inhibitors became the mainstay of treatment based on several retrospective 
studies reporting encouraging results with the combination of bortezomib, cyclo-
phosphamide, and dexamethasone (CyBorD). Deep and fast HR rates were reported 
(60–80% HR and 20–25% CR), and a median OS of 6 years was observed in the 
largest cohort treated with upfront bortezomib [34–40].

Recently, a phase 3 randomized trial confirmed the benefit of associating bort-
ezomib with first-line treatment of patients ineligible for ASCT. The combination of 
bortezomib, melphalan, and dexamethasone (BMD) resulted in a significantly 
higher HR rate (VGPR/CR rate of 64% versus 39%), which translated to improved 
PFS and OS, with a twofold decrease in mortality rate, in relation to MD [41].

The largest randomized clinical trial in AL amyloidosis, which included almost 
400 patients, brought another standard of care for patients not eligible for 
ASCT.  The addition of the monoclonal antibody anti-CD38 daratumumab to 
CyBorD was associated with the best HR reported to date compared to CyBorD 
(94% versus 77%, CR 53% versus 18%). Interestingly, deep responses were rap-
idly achieved (median time of 17 days to reach at least VGPR) in the experimental 
group. Organ responses at 6 months were also in favor of the daratumumab arm, 
with cardiac and renal responses of 42% and 54% versus 22% and 27% in the 
CyBorD group, respectively. An endpoint combining survival free from both dis-
ease progression and organ deterioration was evaluated, favoring daratumumab 
treatment (HR of 0.58, 95% CI, 0.36–0.93; p = 0.02). It is important to note that 
patients in the experimental arm were treated with daratumumab until progression 
after the induction phase, whereas patients enrolled in the control group received a 
6-month-long treatment.

In clinical practice, daratumumab-CyBorD, if daratumumab is accessible, is the 
treatment of choice for most patients with AL amyloidosis and is a key option for 
patients who may become eligible for ASCT, since this regimen does not impair 
stem cell collection in comparison with BMD.  There is a suggestion that BMD 
might be preferred in patients carrying the 11;14 translocation, but data remain to be 
clearly validated [42]. Importantly, patients with IIIIB advanced cardiac involve-
ment were excluded from both cited randomized trials, and treating this group of 
patients is still challenging [43]. Fig. 23.1 shows a treatment algorithm summariz-
ing the initial approach of patients with AL amyloidosis.
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Eligibility for ASCT;

Low-risk patients

Upfront ASCT

OR

Induction Chemotherapy

CyBorD ± Daratumumab if
accessible;

CyBorD ± Daratumumab if
accessible

Induction Chemotherapy

Melphalan 200mg/m2

BMD

Dose adjusted
Induction Chemotherapy

Rigorous supportive
therapy

Ineligibility for
upfront ASCT;

Intermediate-Risk
patients

Ineligibility for
ASCT;

High-Risk patients

Fig. 23.1  Treatment algorithm for patients with AL amyloidosis. ASCT autologous stem cell 
transplantation, CyBorD cyclophosphamide, bortezomib, dexamethasone; BMD bortezomib, mel-
phalan, dexamethasone

23.4 � Response Assessment

Treatment in AL amyloidosis must promote deep and rapid HR, allowing the rever-
sion of organ dysfunction and improvement in survival in the long term. Profound 
hematologic responses (at least VGPR) are associated with improved outcomes, and 
assessing minimal residual disease (MRD) seems to be relevant, since patients in 
CR with negative MRD have better organ responses than patients in CR but with 
positive MRD [44]. Responses to treatment should be assessed early to allow the 
identification of nonresponding patients and change therapy as soon as possible. 
Traditional hematologic response criteria have been used for decades (Table 23.1) 
[45, 46]]. However, new goals of treatment are being studied, and achieving a reduc-
tion of the involved free light chain to 20 mg/L or the difference between involved 
and noninvolved free light chains to <10 mg/L seems to better predict improved 
organ responses and survival [47]. Organ response criteria for the heart, kidney, and 
liver are well defined in the literature, and improvement in cardiac biomarkers is the 
mainstay of cardiac response assessment, whereas proteinuria and glomerular 
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filtration rate are used to assess the reversal of renal involvement (Table 23.1) [45, 
48, 49]. A combined model of evaluation of both hematologic and multiorganic 
responses has also been studied (CHOR model) and appears to early determine the 
benefit of treatment [50].

23.5 � Treatment of Relapsed/Refractory AL Amyloidosis

Second-line treatment in the relapsed/refractory setting must be started early, ide-
ally when hematologic parameters are altered, and before the occurrence of organ 
deterioration. Immunomodulatory agents (lenalidomide or pomalidomide) might be 
used, as they promote high HR rates (40–60%), with OS benefit in responding 
patients who were previously treated with alkylators and proteasome inhibitors. 
Toxicity is often an issue, and 41% of patients discontinued therapy with pomalido-
mide in a real-world study [51–56].

Proteasome inhibitors are also effective as second-line treatments. Carfilzomib 
either alone or in combination with other agents was studied and found to be feasi-
ble in relapsed patients. It has promoted an HR of approximately 60%, but with a 
high grade of toxicities. It was also studied in the upfront therapy in selected patients 
without severe cardiac or renal involvement, being associated with less neurotoxic-
ity than bortezomib and should only be used with once weekly dosing [57].

Response Category

Hematologic Response

Organ Response

Response criteria

Complete response:
Both criteria must be met:
- Absence of amyloidogenic light chains
  (either free and/or as part of a complete
  immunoglobulin) defined by negative
  immunofixation electrophoresis of both
  serum and urine
- Either a FLC ratio within the reference
  range or the uninvolved FLC concentration
  is greater than involved FLC concentration
  with or without an abnormal FLC ratio

Very good partial response: dFLC concentration < 40 mg/L 

Partial response: dFLC decrease > 50% compared to baseline

No response: all other patients

Heart (NT-proBNP): reduction of NT-proBNP of 30% and >300 ng/Lover
the starting value. Baseline NT-proBNP has to be >650 ng/L to be
measurable

Heart (BNP): reduction of BNP of 30% and >50 ng/L over the starting
value. Baseline BNP has to be ≥150 ng/L to be measurable

Kidney: a 30% reduction in 24-h urine protein excretion or a drop of
proteinuria below 0.5 g per 24 h in the absence of progressive renal
insufficiency, defined as a decrease in GFR to 25% over baseline

Table 23.1  Response categories and response criteria in AL amyloidosis

FLC free light chains, dFLC difference between involved and noninvolved free light chains, 
NT-proBNP N-terminal pro B natriuretic peptide; BNP B natriuretic peptide
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Ixazomib, an oral proteasome inhibitor, in combination with dexamethasone was 
associated with a 56% HR in patients with relapsed amyloidosis. In the only phase 
3 trial in relapsed/refractory amyloidosis, ixazomib and dexamethasone failed to 
meet the primary endpoint of HR rate compared to physicians’ choice regimen. 
However, improved PFS, prolonged time to next treatment, and time to organ dete-
rioration were demonstrated, favoring the ixazomib group [58, 59].

Daratumumab alone or in combination with other agents appears to be associ-
ated with the best responses, with elevated HR rates (55–90%) and a median time of 
1 month to achieve any HR [60–64]. Daratumumab or a daratumumab-based com-
bination regimen should be considered in daratumumab-naïve patients with relapsed 
disease.

23.6 � Supportive Treatment

Management of patients with AL amyloidosis and multiorgan dysfunctions remains 
a challenge in clinical practice. In addition to starting anti-plasma cell treatment, 
rigorous supportive therapy must be provided to all patients. While waiting for HR, 
recommendations by a multispecialty team play a major role in sustaining vital 
organ functioning and improving quality of life. In patients presenting with cardiac 
and renal involvement, careful fluid balance, cautious use of diuretics, strict moni-
toring of blood pressure, and control of arrhythmias should be aimed, especially in 
dysautonomic patients. Nutritional support is also a main issue of supportive ther-
apy, and solid organ transplantation must be considered in selected patients, mainly 
those achieving a deep HR.
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LVH	 Left ventricular hypertrophy
SA	 Systemic amyloidosis
SPECT	 Single-photon emission computed tomography
TTE	 Transthoracic echocardiography

24.1 � Case Report 01

24.1.1 � Summary

Herein, we present the case of a 67-year-old male Brazilian patient who presented 
to the general practitioner with a 6-month history of diarrhea, weight loss, weak-
ness, peripheral polyneuropathy, heart failure, and nephrotic syndrome. This case 
illustrates the multisystem presentation of AL amyloidosis, with a progressive 
course and multiorgan dysfunction, combined with involvement of the heart, kid-
ney, gastrointestinal tract, and peripheral neuropathy.

24.1.2 � Case Presentation

A 67-year-old male patient presented to the Internal Medicine Department of a pub-
lic tertiary hospital in January 2015 with a history of chronic diarrhea that started 
6 months ago, with progressive worsening. He had a weight loss of 14 kg, upper and 
lower limb weakness, lower limb edema, and fatigue. One year earlier, he had 
noticed tongue enlargement and voice changes.

24.1.3 � Past Medical History

Gallstones, Smoking, Occasional alcohol consumption.

24.1.4 � Physical Exam

Malnourished patient, with hyperchromic macules in the thorax and upper limbs, 
symmetrical edema in the lower limbs, and macroglossia.

Initial hypotheses were malignancy associated with a paraneoplastic cutaneous 
syndrome or an indolent infection such as tuberculosis or acquired immune defi-
ciency syndrome.
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24.1.5 � Laboratory Analysis 1

Albumin 2.4 g/dL, proteinuria 10.2 g/24 h.
No alterations in complete blood count, creatinine clearance, hepatic or pancre-

atic tests, or negative serologic tests for HIV, hepatitis B or C virus were observed.
Antinuclear antibody, rheumatoid factor, and complement: negative/normal.
Stool analysis ruled out infections.

24.1.6 � Imaging and Endoscopic Exams

Abdominal ultrasound showed cholelithiasis and normal-sized kidneys.
Colonoscopy: Friable mucosa with edema from the cecum to the rectum and ero-

sions in the descending colon, sigmoid, and rectum (biopsied).
Biopsies: Colonic mucosa with a mild inflammatory infiltrate composed of neu-

trophils and lymphocytes, sometimes infiltrating crypt epithelium. Moderate edema 
in the lamina propria. Ileum: normal. Negative Ziel-Neelsen stain for Mycobacterium 
tuberculosis.

24.1.7 � First Diagnosis

Inflammatory bowel disease and nephrotic syndrome as an extraintestinal 
manifestation.

24.1.8 � First Treatment

Corticosteroids and mesalazine showed no improvement.
In October 2015, there was a worsening in diarrhea and edema, and new symp-

toms of nausea, vomiting, and abdominal pain arose. The patient had an episode of 
syncope and worsening of paresthesia in the upper and lower limbs. At this moment, 
his performance status by ECOG was 4.

24.1.9 � Laboratory Analysis 2

Albumin 1.9 g/dL.
No changes in complete blood count, creatinine clearance, hepatic and pancre-

atic tests, coagulation tests, or thyroid function were observed.
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24.1.10 � Imaging Exams

Computed tomography scans revealed mild bilateral pleural effusion, a minimally 
dilated main pancreatic duct, and colonic distension without obstruction.

24.1.11 � Second Diagnosis

Bacterial overgrowth syndrome and chronic pancreatitis.

24.1.12 � Second Treatment

Antibiotics and pancreatic enzymes with no improvement.
One year and 3 months after the onset of symptoms, the diagnostic hypothesis of 

systemic amyloidosis was raised.

24.1.13 � Upper Endoscopy

Mild enanthematic pangastritis. Erosive esophagitis. Esophageal moniliasis.

24.1.13.1 � Gastric Biopsy

Pyloric and fundic mucosa with hyaline deposits in lamina propria.
Immunohistochemistry: Positive Congo Red stain (Fig.  24.1) with Positive 

Kappa and Lambda light chains.

Fig. 24.1  Gastric biopsy 
showing in the 
immunohistochemistry a 
positive congo red stain, 
indicative of amyloidosis
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Fig. 24.2  Kidney biopsy showing diffuse amyloid deposits

24.1.13.2 � Kidney Biopsy

Diffuse amyloid deposits (Congo Red +) in glomeruli, tubules, interstitium, and 
blood vessels (Fig. 24.2).

Immunofluorescence: IgA, IgG, IgM, C1q, C3, fibrinogen, Kappa, and lambda 
tested > > C3+.

24.1.14 � Screening for Monoclonal Gammopathy

Absence of serum monoclonal component (immunofixation and serum protein 
electrophoresis).

Urinary IgA lambda monoclonal component (urinary immunofixation).
24 h urine protein electrophoresis: monoclonal component in beta region, not 

quantified, and 77% of albuminuria.
Free light chains were not available at that time.
Bone marrow biopsy showed 5–10% lambda clonal plasma cells and no evidence 

of amyloid deposits.
Cytogenetic: no metaphases/FISH unavailable.
Mass spectrometry (Research protocol): Lambda subtype.
NO CRAB criteria for associated multiple myeloma.

24.1.15 � Cardiac Assessment: Imaging (Echo and MRI)

Moderate left ventricular (LV) hypertrophy, septal thickness 17 mm, mild LV dia-
stolic dysfunction, subendocardial gadolinium late enhancement, LV ejection 
fraction = 69%.
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24.1.16 � Cardiac Assessment: Biomarkers

NTproBNP = 1200 pg/mL (reference < 125 pg/mL).
Troponine T = 0.4 ng/mL (reference < 0.014 ng/mL.

24.1.17 � Neurologic Assessment

Electroneuromyography: Polyneuropathy affects sensory, motor, and autonomic 
nerve fibers with an axonal pattern.

24.1.18 � Hepatic Assessment

Normal-sized liver (Ultrasound).
Normal alkaline phosphatase.

24.1.19 � Conclusion

The final diagnosis was lambda light chain systemic amyloidosis, cardiac staging 
(Mayo Clinic Standard): III, and renal staging: II.

The patient was treated in the public health system. He was not eligible for inten-
sive treatment with high-dose melphalan and hematopoietic stem cell transplanta-
tion. At that moment, in 2015, proteasome inhibitors were not available in the 
Brazilian public health system. Chemotherapy with oral melphalan and dexametha-
sone was the treatment offered at that time.

24.2 � Case Report 02

24.2.1 � Summary

Herein, an elderly woman, previously hypertensive, active, who is 86  years old, 
declines her quality of life, opening signs and symptoms of heart failure, and closes 
the diagnosis of wild-type amyloidosis.

D. X. de Ávila et al.
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24.2.2 � History of Presentation

An 86-year-old female Brazilian patient sought outpatient care due to fatigue, dis-
couragement, sporadic retrosternal discomfort, and dyspnea, and symptoms were 
significant after the death of her husband. Episodes of postural hypotension, hand 
paresthesia, and sporadic palpitations were also present. Electrocardiogram and 
Echocardiogram in Figs. 24.3 and 24.4.

24.2.3 � Past Medical History

Systemic arterial hypertension using enalapril 20 mg BID and bisoprolol 1.25 mg. 
Dyslipidemia with the use of rosuvastatin 5 mg. She underwent tonsillectomy, sub-
total hysterectomy, and trigger finger surgery. Bilateral carpal tunnel syndrome. No 
drugs, tobacco, or alcohol.

24.2.4 � Laboratory Exams

Hemoglobin 13.4, 375.000 platelets, glucose 98, sodium 141, potassium 5.1, urea 
63, creatinine 1.23—GFR 50 mL.min-1.1.73 m2, ferritin 197, glycosylated hemo-
globin 5.7%. Troponin T 0.032 ng/mL, NT-ProBNP 1995 pg/mL. Kappa light free 

Fig. 24.3  Electrocardiogram in sinus rhythm, 56 beats per min, lower inactive zone, anteroseptal 
pseudoinfarction pattern, voltage within normal limits
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Fig. 24.4  Transthoracic echocardiogram showed systolic function with moderate global deficit, 
type I left ventricular diastolic dysfunction, mitral valve with moderate reflux, myocardial thick-
ness with concentric increase, and enlarged left heart chambers. The septum and posterior wall 
were both 12 mm. Longitudinal global strain with more evident dysfunction in basal areas with 
apical preservation, GSL—14.6%, and two-dimensional ejection fraction of 52%

24.67 mg/L, lambda light free 13.93 mg/L, Kappa/Lambda ratio 1.77. Serum and 
urinary immunofixation—absence of monoclonal bands.

Myocardial scintigraphy with dipyridamole was performed without evidence of 
active ischemia, and ventricular function remained normal.

She was referred for myocardial resonance imaging at rest for screening for infil-
trative disease (Figs. 24.5 and 24.6).

She was referred for genetic testing, which was negative for a mutation in the 
transthyretin gene. Myocardial scintigraphy marked with technetium pyrophos-
phate was performed.
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Fig. 24.5  MRI of the resting heart with diffuse late enhancement of the atrial and right ventricular 
walls, as well as heterogeneous late enhancement of the nonischemic left ventricular myocardium. 
There is an increase in the native T1 of the myocardium (approximately 1200 ms) and in the ECV 
(46%, considering a recent hematocrit of 37%) in the medial inferoseptal segment, which also sug-
gests amyloidosis

Fig. 24.6  99mTc-Pyrophosphate myocardial scintigraphy in which there was uptake in the car-
diac projection Grade 3 Perugini, early heart/contralateral ratio 1.75, delayed heart/contralateral 
ratio 1.71, SPECT homogeneous capture, and strong intensity in the cardiac projection
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24.2.5 � Conclusion

This patient was diagnosed with wild-type amyloidosis and she is using 80  mg 
tafamidis, that is, 4 tablets of 20 mg daily in Brazil.

24.3 � Case Report 03

24.3.1 � Summary

Herein, we present the initial clinical picture of a 35-year-old woman who started 
with progressive peripheral polyneuropathy (Coutinho’s stage II), heart failure, 
major dysautonomia, diarrhea, weight loss, blurred vision, convulsive syncope, and 
recent bradycardia. This case illustrates a clinical case of severe cardiomyopathy 
and neuropathy associated with amyloidosis.

24.3.2 � History of Presentation

A 35-year-old Brazilian woman presented with progressive peripheral polyneuropa-
thy (Coutinho’s staging II) and recently developed progressive dyspnea, easy fatiga-
bility, orthopnea, and dry cough, with New York Heart Association functional class 
III/IV.  She had major dysautonomia, diarrhea, significant weight loss, blurred 
vision, and convulsive syncope and then developed bradycardia. After 1  year of 
follow-up, left ventricular (LV) hypertrophy was detected with high levels of tropo-
nin and N-terminal pro–B-type natriuretic peptide.

24.3.3 � Past Medical History

The patient was diagnosed with vitreitis and vasculitis 1 year before presentation. 
She also had a history of cholecystectomy and an uneventful pregnancy with cesar-
ean delivery 8 years ago. The patient’s family history was negative for features sug-
gestive of genetic mutations; however, her paternal uncles died of similar conditions. 
She had no history of cigarette smoking or alcohol consumption, and she currently 
leads a sedentary lifestyle.
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24.3.4 � Differential Diagnoses

This clinical form of cardiomyopathy should be distinguished from other causes of 
heart failure (HF) with an LVEF of ≥50%, as these patients require different man-
agement. These include other cardiac diseases, such as valvular heart disease, peri-
cardial disease, high-output HF, myocardial hypertrophy, and other hereditary 
causes of polyneuropathy and cardiomyopathy [1, 2].

24.3.5 � Investigations

Laboratory investigations revealed 245 mg/dL kappa urinary light chains (normal: 
170–370  mg/dL) and 124  mg/dL lambda chains (normal: 90–210  mg/dL). The 
kappa to lambda ratio was 1.98 (normal: 1.35–2.65). The concentration of serum 
light chains was 0.734 mg/dL for the kappa isotype (normal: <0.710 mg/dL) and 
0.406 mg/dL for the lambda isotype (normal: <0.390 mg/dL). The cardiac troponin 
I level was 0.1 ng/mL (normal: <0.6 ng/mL), and the N-terminal pro–B-type natri-
uretic peptide (NT-proBNP) level was 1826 ng/L (normal: <125 ng/L).

The patient had peculiar electrocardiographic features of amyloidosis with car-
diac involvement. These features included low-voltage limb leads and pseudoin-
farction in the anterior precordial leads without LV hypertrophy voltage criteria 
despite increased wall thickness on transthoracic echocardiogram (TE) (Fig. 24.7a).

TE showed a mild increase in the LV wall thickness (the interventricular septum 
and posterior wall of the left ventricle were 13 mm thick) and infiltration of the 
interatrial septum and the free wall of the right ventricle, with normal LV function. 
The global longitudinal strain (GLS) pattern that is seen in cardiac amyloidosis 
typically spares the apex of the heart and is characterized by reduced LS in the basal 
segments with preserved or supranormal LS in the LV tip (Fig. 24.7b).

The neurophysiological findings were compatible with sensorimotor polyneu-
ropathy with a primarily axonal pattern. She had reduced sensitivity and abolished 
reflexes in the lower limbs.

Myocardial scintigraphy with technetium-99 m-labeled pyrophosphate revealed 
an increased concentration of the radiotracer in the projection area of the heart 
against the costal margin, corresponding to a Perugini score of 3. Scores > 2 and a 
counting ratio between the heart and the contralateral region of >1.5 have a high 
probability of wild-type or hereditary transthyretin amyloidosis (Fig. 24.8).

The patient underwent genetic testing and was found to have a rare pathogenic 
mutation in the transthyretin gene, Glu54Lys (p.Glu74Lys).
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a

b

Fig. 24.7  (a) Low-voltage limb leads without left ventricular hypertrophy voltage criteria despite 
increased wall thickness on echocardiography and pseudoinfarction in anterior precordial leads. 
(b) Apical sparing describes a reduced longitudinal strain in the basal segments and preserves the 
supranormal longitudinal strain in the basal segments of the left ventricle

24.3.6 � Discussion

Systemic amyloidosis is a progressive, severe, and infiltrative disease that results in 
amyloid deposition in several organs, including the heart. It can be a hereditary form 
associated with a mutation in the transthyretin gene with deposition of the mal-
formed TTR proteins (ATTRv), due to degenerative processes related to age (wild 
or wild-type ̀ ATTRwt]), or associated with deposition of light chain immunoglobu-
lin secreted by plasma cells (AL) [3–7]. In this case, a rare and severe hereditary 
form was diagnosed in a young woman.
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Fig. 24.8  Myocardial scintigraphy with technetium-99  m-labeled pyrophosphate. Increased 
radiotracer concentration in the projection area of the heart against the costal margin, correspond-
ing to score 3 [10]

After the initial screening for light chain dosing and immunofixation, which 
demonstrated the absence of monoclonal proteins, the AL form was discarded, and 
we continued to investigate hereditary or wild-type forms of amyloidosis using non-
invasive diagnostic modalities, such as scintigraphy imaging, that were positive for 
transthyretin amyloidosis. While analyzing possible mutations in the transthyretin 
gene, the presence of hereditary systemic amyloidosis was confirmed, Glu54Lys (p. 
Glu74Lys) [5–8].

The diagnosis was made through clinical and imaging features, such as electro-
cardiography and TE. CMR imaging helped differentiate it from other infiltrative or 
hypertrophic diseases, and myocardial scintigraphy with technetium pyrophosphate 
was performed. With a sensitivity of nearly 100%, myocardial scintigraphy with 
technetium pyrophosphate in grade 2 and 3 cases can confirm an amyloid infiltrate 
of transthyretin and does not require endomyocardial biopsy [3, 8].
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This case had dramatic progression. Two years before the presentation, the 
patient started having numb and weak legs, persistent diarrhea, and episodes of 
vomiting after every meal. She also experienced loss of taste, loss of smell, progres-
sive weight loss, vomiting, dry mouth, and urinary retention. In the middle of the 
last year, she started having blurred vision in her left eye, and in the last few months, 
the blurriness progressed to involve her right eye. A feeling of tiredness and swollen 
feet were consistent. She reported that she could not feel her feet, had lost weight 
from 94 to 47 kg in 6–12 months (Fig. 24.9), and sometimes had sudden fainting 
episodes.

Within 2  years, the polyneuropathy and cardiomyopathy progressed signifi-
cantly, and the correct diagnosis was made. The duration between presentation and 
making the correct diagnosis can often be long. When the correct diagnosis is made, 
the disease is usually at an advanced stage, and available therapies are limited. 
Specialties are sought by such patients because of the systemic symptoms of the 
disease. The rare mutation Glu54Lys (p. Glu74Lys) was previously reported and 
described in a report from Costa Rica in a Turkish and a Japanese family whose 
members died before age 40 from HF [9].

Fig. 24.9  Muscle loss and progressive limitation of the patient over 3 years
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24.3.7 � Management

As she had a late diagnosis and stage 2 polyneuropathy, patisiran was prescribed, 
and she is under this treatment. In patients with cardiomyopathy, tafamidis 80 mg 
daily is indicated. The patient currently receives furosemide and spironolactone for 
HF symptoms, but does not tolerate beta-blockers. She also does not tolerate low 
doses of enalapril due to dysautonomia and postural hypotension. The patient is 
undergoing respiratory and motor physiotherapy regularly.

24.3.8 � Conclusion

This case highlights a patient with an atypical mutation who presented with imag-
ing, electrocardiographic, and neurophysiological features typical in patients with 
ATTR amyloidosis who have both severe polyneuropathy and cardiomyopathy. This 
clinical case describes a long diagnostic journey, which is common in this patient 
population, and illustrates the warning signs that guided our investigations. On dis-
ease suspicion, the initial screening should include light chain dosage and immuno-
fixation that excludes the AL form of amyloidosis, followed by myocardial 
scintigraphy with technetium pyrophosphate and genetic testing.
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Chapter 25
Neurological Manifestations of Fabry 
Disease

Marcondes C. França Jr and Maria Luiza Benevides

25.1 � Introduction

Fabry disease (FD) is an X-linked lysosomal storage disorder caused by pathogenic 
GLA variants. This leads to abnormal expression and/or function of the enzyme 
α-galactosidase A, resulting in the cellular accumulation of glycosphingolipids 
throughout the body. It is one of the most frequent metabolic disorders and is char-
acterized by the involvement of multiple organs/systems throughout the disease 
course [1].

Neurological manifestations are relevant in affected individuals, both men and 
women. They are frequent, sometimes precocious, and may be intensely bother-
some for affected individuals [2]. Moreover, they can impact overall patient survival 
[3]. In FD, glycosphingolipid accumulation extends to both the central (CNS) and 
peripheral nervous systems (PNS), which explains the heterogeneity of neurologi-
cal symptoms and signs found in this disorder [1, 2].

In this chapter, we will revise the major neurological features in FD, stratified 
into PNS and CNS-related manifestations, in addition to cochleovestibular involve-
ment. Emphasis will be given toward the typical clinical signs, the underlying 
pathophysiology, the diagnostic tests, and whenever available, specific therapies. 
Fig. 25.1 depicts the main neurological manifestations in Fabry disease.
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Fig. 25.1  Neurological manifestations in Fabry disease

25.2 � PNS-Related Manifestations in FD

Small fiber neuropathy is a frequent counterpart in FD and is found in 80% of all 
affected subjects [4, 5]. In many patients, this is indeed the heralding manifestation 
of the disease. There is usually involvement of both sensory and autonomic fibers. 
In contrast to other neuropathies, one clearly identified preferential damage to 
A-delta fibers and relative sparing of C fibers [2]. Topographically, this is a classical 
length-dependent and symmetric axonopathy [6]. Even though both men and 
women may be affected, there are noteworthy sex-related differences [1]. The major 
one refers to the age of onset of PNS-related signs: men (who are hemizygous) first 
notice neuropathic pain in the first decade of life, whereas women (who are hetero-
zygous) tend to perceive this symptom in the second decade of life.

Patients may have both somatic and autonomic manifestations, including acro-
paresthesias, cold intolerance, burning dysesthesias, and sensory loss that starts in 
the distal limbs (palms and soles). By far, the most frequent and relevant peripheral 
manifestation of FD is neuropathic pain [7]. In some individuals, it is so severe as 
to motivate suicidal attempts during intense crises. There are two neuropathic pain 
subtypes in FD: chronic and episodic. The first one manifests as constant burning, 
not so severe pain localized in the hands and feet. In contrast, episodic neuropathic 
pain—also known as “Fabry’s crises”—presents as episodes lasting from hours to 
several days when patients suffer excruciating pain that starts in the hands and feet 
but then spreads centripetally to the proximal limb regions. Autonomic manifesta-
tions typically occur during these crises. Exercise, fever, and stress are well-known 
triggers for the episodes, but are not always reported by patients. Each crisis may 
have an acute onset and end, but recurrence is seen in many individuals over time. 
Later in the disease course, a subset of patients notice sustained pain improvement, 
which has been attributed to extensive peripheral nerve damage.

The mechanisms underlying neuropathic pain and small fiber dysfunction in FD 
are not yet fully understood [8]. Current evidence points to a combination of factors. 
One important mechanism is glycosphingolipid-mediated apoptosis of dorsal root 
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ganglia neurons, leading to secondary dying-forward degeneration of sensory 
axons. This was elegantly shown in vivo by Godel et al., who found dorsal root 
ganglia hypertrophy and increased blood flow in patients with FD undergoing an 
advanced spinal cord MRI protocol [9]. Endothelial involvement within the vasa 
nervorum due to glycosphingolipid accumulation seems to play a major role as 
well, causing nerve hypoxia and ischemia. Finally, abnormal expression of sodium 
channels in sensory fibers is another piece of the puzzle, which may contribute to 
pain because of the hyperexcitability of nociceptive neurons [10].

On the autonomic side, the major manifestations are cold intolerance and hypo-
hidrosis [1, 2]. This may contribute to exercise intolerance, which is a conspicuous 
trait in FD. In addition to direct autonomic fiber damage, the deposition of lamellar 
intracytoplasmic inclusions in myoepithelial cells and small vessels around eccrine 
glands also contributes to abnormal sweating. Xerostomia, xerophthalmia, and gas-
trointestinal dysmotility are other dysautonomic symptoms common in FD [11].

Diagnosis of peripheral neuropathy in FD relies initially upon clinical suspicion, 
but should be confirmed with specific tools. Nerve conduction studies are the stan-
dard method to evaluate PNS disorders, but they are not useful here because they 
only assess large, myelinated fibers. Specific tests for SFN should be employed 
instead. One of them is quantitative sensory testing (QST), a psychophysical test 
that measures detection thresholds for warmth and cold in the hands and feet. These 
thresholds are extremely elevated in patients with FD [6]. Skin biopsy with intraepi-
dermal nerve fiber density (IEND) quantification is considered the gold standard 
test to diagnose small fiber neuropathy in many centers. Some studies have indeed 
shown abnormally reduced IEND among patients with FD [12]. In our center, we 
have been using the quantitative sudomotor axonal reflex test (QSART), a technique 
that assesses the integrity of postganglionic cholinergic fibers responsible for sweat 
production [13]. Patients with FD typically present blunted QSART responses, 
remarkably different from controls.

Pain relief is one of the major goals in the clinical management of patients with 
FD and peripheral neuropathy. Nevertheless, there are no clinical trials specifically 
looking at the best drug and/or dosing regimen for this population. In practice, we 
consider general guidelines for neuropathic pain [14]. Gabapentin, pregabalin, car-
bamazepine, and amitriptyline all appear to be effective as preventive drugs. The 
choice between these drugs will be guided by the characteristics of each patient. 
Nevertheless, one should remember that gabapentin and pregabalin have exclusive 
renal clearance and should be used with caution in patients with or at risk for renal 
failure. Some authors recommend regular follow-up on renal function to ensure 
safe dosing.

25.3 � CNS-Related Manifestations in FD

CNS manifestations in FD are also frequent, including tinnitus, hearing impairment, 
vertigo, psychiatric disorders, and cognitive impairment [15]. The most frequent 
and potentially life-threatening CNS manifestations are cerebrovascular events, 

25  Neurological Manifestations of Fabry Disease



310

such as stroke and transient ischemic attack (TIA) [1, 15], showing an overall preva-
lence of 13% [15]. As happens with peripheral involvement, CNS symptoms are 
usually more prevalent and occur earlier in men than in women, since men are 
hemizygous, whereas women are heterozygous for FD [1]. The prevalence of CNS 
manifestations in FD is 12–31% among men and 5–18% among women [1]. The 
mean age of cerebrovascular events in men is 28.8–34 years, while in women, they 
usually arise at 40.3–50 years. Indeed, FD should be considered in young patients 
diagnosed with cryptogenic strokes [1, 16].

Strokes and TIA might manifest with paresis, ataxia, dysarthria, nausea, and diz-
ziness [1]. Interestingly, despite cerebrovascular involvement being more frequent 
in men, TIA is more prevalent in women (16% vs. 11%) [17]. Cerebrovascular 
lesions affect white and gray matter and are more frequent in the posterior circula-
tion [1, 2], especially related to vessel ectasia [2]. In addition to acute cerebrovascu-
lar events, chronic findings might be detected in magnetic resonance imaging 
(MRI), characterized by progressive white-matter lesions, which occur early in the 
course of FD [15].

Other CNS symptoms in FD are cognitive impairment and psychiatric symptoms 
[18]. Several studies have demonstrated that cognitive involvement mainly affects 
executive functioning, information processing speed, and attention [18]. Studies in 
younger patients are scarce, but it is possible that cognitive function is altered since 
childhood, especially involving executive functioning [19]. Cognitive impairment is 
believed to be associated with white matter pathology and depressive symptoms 
[18]. Among neuropsychiatric syndromes, depression is frequent, with rates that 
range from 15 to 62% [18]. Depression is directly related to chronic pain and, indi-
rectly, to social and occupational consequences [18].

The mechanisms involved in CNS-related manifestations in FD are complex. 
The deficient activity of α-galactosidase A leads to the accumulation of globotriao-
sylceramide in vascular endothelial and smooth muscle cells, which alters vascular 
reactivity [15]. Therefore, patients with FD are susceptible to vessel occlusion and 
tissue ischemia [1, 2, 15]. Chronically, the increased interstitial pressure and hypo-
perfusion result in gliosis, demyelination, and white matter lesions [15]. Another 
peculiarity of ischemic lesions in FD is poststroke pain, which is described in 5–8% 
of patients after stroke [1]. Poststroke pain is likely related to glutamate levels and 
increased neuronal excitability [1].

Diagnostic suspicion of FD is usually made when peripheral symptoms occur 
since their onset often occurs earlier. However, cryptogenic stroke in young patients 
should give rise to the FD hypothesis [1, 15]. The prevalence of FD among those 
patients is approximately 1% and reaches 4.6% if small vessel disease is present [2]. 
Neuroimaging is helpful since some suggestive characteristics may be found, such 
as the pulvinar sign, stroke in posterior circulation, enlarged/tortuous basilar artery, 
and white matter lesions (Table 25.1) [2]. After FD diagnosis, in addition to cerebro-
vascular risks, patients should be monitored for neuropsychological impairments, 
since they might be bothersome and compromise quality of life [19].

Treatment of the cerebrovascular events in FD mainly concerns traditional man-
agement of stroke and TIA, using antiplatelet therapy, and avoiding other risk 
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Table 25.1  Brain MRI abnormalities in Fabry’s disease

MRI sequence Typical findings

T1 Hyperintensity in lateral pulvinar region
T2 and fluid-attenuated inversion 
recovery (FLAIR)

White matter lesions ischemic vascular lesions, mainly 
in posterior circulation

MR angiography Dolichoectasia

factors (hypertension, hypercholesterolemia, smoking) [2, 15]. First-line therapy 
with enzyme replacement has not proven to be efficient in reducing stroke incidence 
or in mitigating white matter lesions [15]. CNS manifestations are usually late com-
plications of FD, which may be the reason for the disappointing results of enzyme-
replacement therapy for this purpose [15].

25.4 � Cochleovestibular Manifestations in FD

Metabolic storage in FD also occurs in the cochleovestibular system and adjacent 
structures [15, 20, 21]. However, the exact incidence of otological symptoms is 
likely underestimated, since few patients are submitted to complete otological 
examination [20], and those symptoms might be subtler in comparison to other 
comorbidities related to FD. Some studies estimated this manifestation to be found 
in approximately 70% of patients [20, 21]. Tinnitus and hearing loss are the main 
presentations of cochlear impairment [20], whereas vestibular symptoms manifest 
as vertigo, dizziness, and instability [20]. Hearing loss is commonly bilateral, asym-
metric, and sensorineural [20, 21].

A clinical clue to adequately monitoring otological impairments is the severity of 
renal and cardiac comorbidities, which is associated with the extent of hearing loss 
in FD patients [20]. In addition, hearing loss is associated with acroparesthesias and 
microalbuminuria levels [22]. Diagnostic tools that might enrich clinical evaluation 
and clarify cochleovestibular symptoms are pure-tone audiometry, speech audiom-
etry, otoacoustic emissions, auditory brainstem response audiometry, and videonys-
tagmography [20, 21]. Even when cochleovestibular manifestations related to FD 
are already diagnosed, possible confounders must be excluded, such as noise expo-
sure, infections, and ototoxic medications [21].

The exact pathophysiology of cochleovestibular disorders in FD is not com-
pletely understood. Most likely, it involves the accumulation of globotriaosylce-
ramides in cochlear structures, but mainly in endothelial cells and smooth muscle, 
leading to small vessel infarcts [21]. Further studies regarding the intrinsic mecha-
nisms related to otological manifestations are needed. In addition, few studies have 
investigated the effects of enzyme replacement therapy on hearing loss, but the 
results are promising in stopping the progression [22].

In conclusion, despite being underdiagnosed, cochleovestibular disturbances 
should be regularly investigated since they are frequent and might compromise the 
quality of life of FD patients.
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25.5 � Enzyme Replacement Therapy 
and Neurological Manifestations

Enzyme replacement is now considered the mainstay of disease-modifying therapy 
in FD. Available data indicate that it may reduce the severity and/or progression of 
disease in the long term, but not all systems are impacted the same way by treat-
ment. There is little information on the effects of enzyme replacement on neurologi-
cal complications.

The results of an NIH-sponsored clinical trial were published in 2001 and favored 
the use of agalsidase alfa in the short term [23]. The authors recruited 26 adult men 
hemizygous for GLA variants and stratified them into 2 groups (placebo vs treat-
ment). Individuals in the treatment arm received the medication (0.2 mg/kg) every 
2 weeks and were followed for 24 weeks. At this point, the mean brief pain scores 
decreased significantly between baseline and follow-up among treated subjects (6.2 
vs. 4.3, p = 0.02), but not in the placebo arm.

Some studies with long-term follow-up under treatment have reported neurologi-
cal outcomes. They emphasized pain and TIA/stroke risk. One of those is the open 
label extension of the International Fabry Disease Study Group published in 2004 
[24]. Wilcox et al. looked at the safety and efficacy results of agalsidase beta (1 mg/
kg every other week) in a cohort of 58 patients with FD. After 36 months, pain 
remained under control (as shown by the scores on the McGill pain questionnaire). 
This was evident not only for those patients treated earlier (original treatment arm 
in the placebo-controlled phase), but also for those treated later (original placebo 
arm in the placebo-controlled phase). Regarding cerebrovascular complications, 8 
out of 58 patients (8.6%) had either TIA or stroke in this period. Since there was no 
placebo group in the extension phase of the trial, one cannot ascertain whether enzy-
matic replacement indeed reduced stroke or TIA risk.

Similar positive effects on long-term pain improvement have been reported in the 
Fabry Outcome Survey based on data from 545 patients followed for up to 2 years 
[25]. In contrast, it is not yet clear whether enzyme replacement reduces stroke risk 
in FD patients. In some reports, the overall risk remains similar or even slightly 
higher than that found in natural history studies [26, 27].

25.6 � Conclusions

Neurological complications are frequent, bothersome, and potentially life-
threatening in patients with FD. Small fiber neuropathy and neuropathic pain are 
often the heralding manifestations in the disease, appearing in the first or second 
decades of life. In contrast, stroke or TIA appears later (typically in the third decade), 
but may lead to major handicap or even death. Recognition of neurological features 
in FD requires clinical expertise and specific confirmatory tests depending on the 
specific presentation. Both neuropathic pain and stroke are amenable to specific 
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pharmacological interventions aiming to alleviate or prevent these complications. 
Proper management may significantly improve the quality of life of affected 
patients. Currently, the long-term impact of disease-modifying therapies (particu-
larly enzymatic replacement) on the neurological features of FD remains to be 
determined.
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Chapter 26
Cardiac Manifestations in Fabry Disease

Murillo de Oliveira Antunes

26.1 � Introduction

FD is an X-linked genetic disorder of lysosomal storage, in which patients have 
deficient activity of the lysosomal enzyme α-galactosidase A (a-Gal A) [1]. a-GAL 
A deficiency leads to the accumulation of globotriaosylceramide and related globo-
triaosylsphingosine (lyso-Gb3) throughout the body. The degree of involvement 
varies greatly between different organ types due to the different production of a-GaL 
A, and Gb3 metabolism, present in the different cells and tissues of our body [2]. 
Cardiac involvement represents the main cause of impaired quality of life and death 
in patients with FD [3] and the early diagnosis is associated with improved progno-
sis, as it presents specific treatment through enzyme replacement that can delay the 
progression of the disease and its consequences [4–7].

26.2 � Epidemiology

The reported incidence of FD is 1 in 40,000–117,000 individuals, although some 
neonatal screening surveys suggest that the incidence may be as high as 1  in 
3100–8800 newborns [8, 9]. The reported prevalence of AFD with end-stage renal 
disease on hemodialysis ranges between 0.2 and 1.2%; in patients with cryptogenic 
stroke, the prevalence may be as high as 4.9% in men and 2.8% in women [10].

The distribution is equal between women and men and previous studies suggest 
that up to 50% of women with Fabry disease may be asymptomatic or unidenti-
fied [6].
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26.3 � Differential Diagnosis

The FD cardiac phenotype is left ventricular hypertrophy (LVH) and should be con-
sidered as a differential diagnosis of patients with unexplained myocardial hyper-
trophy of the left ventricle, or hypertrophic or restrictive cardiomyopathy [11]. It is 
crucial for the cardiologist who is treating a patient with hypertrophic cardiomyopa-
thy to include FD in the differential diagnosis.

In patient hypertrophic cardiomyopathy or amyloidosis, some studies report that 
approximately 1–4% of these patients would have the diagnosis of FD [12–15].

26.4 � Molecular Genetics

More than 1000 GLA variants have already been identified with descriptions of 
benign polymorphism mutations, variants of uncertain meaning, and pathogenic 
mutations [16, 17]. Among the pathogenic mutations, we find those that cause the 
absence or low activity of the a-Gal A enzyme and the classic phenotype of the 
disease; and variants that are associated with residual a-Gal A activity causing late-
onset FD, which predominantly affects the heart or kidney (variant heart rate) [3]. 
Genetic variants associated with the cardiac variant include p.N215S (prevalent in 
North America and Europe), p.F113L (prevalent in Portugal), and IVS4 + 919G > A 
(prevalent in Taiwan) [18–20].

26.5 � Pathophysiology of Cardiac Involvement 
in Fabry Diseases

The a-Gal A deficiency leads to the storage of Gb3 in many tissues and cell types 
and only 5–10% of residual enzyme activity appears to be sufficient to prevent clini-
cally significant accumulation of globotriaosylceramide. In the heart, Gb3 deposits 
affect all types of cardiac cells and tissues, including myocytes, endothelial, and 
smooth muscle cells of intramyocardial vessels, endocardium, valvular fibroblasts, 
and conduction tissue [21]. The cardiac disorder includes unexplained left ventricu-
lar hypertrophy (LVH), valvular dysfunction, and conduction abnormalities. The 
progressive storage of these molecules eventually leads to cellular dysfunction, 
which can, in turn, trigger ischemia, inflammation, and fibrosis [22].

However, only the accumulation of Gb3 does not explain the entire spectrum of 
FD pathophysiology [23]. Along with the mechanical effects, the accumulation of 
Gb3 impairs endocytosis and autophagy, induces apoptosis, interferes with mito-
chondrial energy production [24], and triggers secondary processes, which lead to 
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tissue inflammation and biochemical and functional impairment of myocytes. In 
endomyocardial biopsies of patients with SCD, chronic inflammatory activity was 
observed [25].

Accumulation of Gb3 (and lyso-Gb3) can act as antigens that activate invariant 
natural killer T cells and lead to chronic inflammation and autoimmunity. The 
effects mediated by glycosphingolipids are abolished by anti-toll-like receptor-4 
antibodies, suggesting a central role of this inflammatory pathway [26, 27], promot-
ing extracellular matrix remodeling and fibrosis mediated by tumor growth factor 
[28]. Defective autophagy activates inflammasome and release of reactive oxidative 
species that are associated with microvascular dysfunction and perfusion abnor-
malities in early cardiac involvement contribute to inflammation [29].

Also, stored Gb3 can alter ion channel expression and/or cell membrane traffic, 
modifying the electrical properties of cardiomyocytes resulting in higher and lower 
spontaneous action potentials. Intracellular glycosphingolipids cause sarcomeric 
myofilament dysfunction and myofibrillolysis [30].

The appearance of myocardial fibrosis is common in Fabry’s disease. In female 
patients, they may occur even before the presence of left ventricular hypertrophy. 
The pathophysiological mechanism of myocardial fibrosis is still not entirely clear. 
The most possible explanation is the presence of myocardial ischemia (secondary to 
microvascular endothelial dysfunction) associated with focal inflammatory diseases 
triggered by the storage of GL-3  in the cardiomyocyte [31]. Fig. 26.1 shows the 
main mechanisms by which Fabry disease compromises the heart.

Impairs endocytosis and autophagy

Natural killer T cell active

Sarcomeric myofilament dysfunction and myofibrillolysis

Changes in cell membrane ion channel expression

Impaired energy production

Transformative Growth Factor Synthesis

↓

Left ventricular hypertrophy

Inflammation and Ischemia

Myocardial fibrosis 

↓

Fabry Cardiomyopathic

Fig. 26.1  Pathophysiology of FD
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26.6 � Clinical Presentation

Symptoms attributable to cardiac involvement in patients with Fabry disease include 
palpitations, angina pectoris, and dyspnea. However, the FD is rare and in the early 
stages the patients have nonspecific symptoms; frequently is poorly recognized by 
physicians and the diagnosis is often delayed. Data from the Fabry outcome Survey 
suggest that there is a delay of 13.7 years for men and 16.3 years for women from 
symptom onset to diagnosis [32].

Cardiac manifestations develop in the third or fourth decade of life in men and 
one decade later in women; the classic cardiac disease is characterized by progres-
sive left ventricular hypertrophy, myocardial fibrosis, and diastolic.

Dyspnea and heart failure with preserved systolic function are the main clinical 
manifestations [11, 33].Chest pain or angina is a relatively common presentation in 
FD [8, 15, 16]. However, the coronary arteriography is normal in most patients and 
vascular Gb3 deposition causes endothelial dysfunction and coronary vasospasm 
[33–35].

Patients with AFD often complain of dysfunction palpitations. Most rhythm 
abnormalities are supraventricular tachycardias and atrial fibrillation or flutter [36]. 
Tachycardia, non-sustained ventricular tachycardia, fatal malignant arrhythmias 
(sudden cardiac death), and bradyarrhythmias requiring pacemaker and ICD 
implantation are reported [10]. Cardiac symptoms, ECG, and cardiac image find-
ings are shown in Fig. 26.2.
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Fig. 26.2  Cardiac manifestations in Fabry disease. HFpEF heart failure with preserved ejection 
fraction. LGE late gadolinium
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26.7 � Cardiomyopathy

LVH is the main cardiac manifestation of Fabry disease [37–39]. Concentric remodel-
ing is identified in the early stages, but with disease progression it can progress to 
eccentric hypertrophy. In up to 5% of cases, the hypertrophy may be only septal, being 
indistinguishable from that observed in sarcomeric cardiomyopathies. The occurrence 
of a dynamic obstructive gradient at the left ventricular outflow is rare [33, 40].

The right ventricle is frequently affected, but without functional or clinical 
repercussions.

The presence of visually prominent papillary muscles is reported. In a recent 
study it could be shown that the absolute papillary muscle area as well as the ratio 
of the papillary muscle area and the left ventricular circumference is enlarged in FD 
and can be used in the differential diagnosis [41].

Diastolic function is altered and relaxation and pseudonormalization abnormali-
ties are frequently found; however, a restrictive pattern is extremely rare. The global 
left ventricular ejection fraction (EF) is typically preserved in Fabry disease.

Expansion of the cardiac interstitium and myocardial fibrosis are observed with 
the progression of the heart disease. In the end stage of Fabry cardiomyopathy, 
extensive areas of myocardial fibrosis are found, as well as severely impaired sys-
tolic and diastolic left ventricular function [42].

26.8 � Electrophysiological Abnormalities

The ECG assessment can be used to identify Fabry disease at an earlier stage of the 
disease and the most adult patients with FD have an abnormal resting 
ECG. Commonly, electrocardiographic findings include criteria for LVH, repolar-
ization changes, and PQ-interval shortening, due to shortening of the P-wave dura-
tion; one is the first signs of cardiac involvement. In patients with findings of short 
PQ, associated voltage criteria for diagnosing LVH should be investigated as FD.

Patients in early-stage FD have QRS interval shortening, but likely a result of 
enhanced conduction velocity, and with disease progression, the QRS interval pro-
longs AV conduction delay and progressive sinus node dysfunction [43]. Prior stud-
ies of FD patients have shown a correlation between prolonged QRS duration on 
ECG and LV mass on TTE and CMR [44, 45]. In FD, right bundle branch block is 
more common than left bundle branch block [41].

The ST- and T-alterations (ST-declines and T-wave inversion) can indicate myo-
cardial fibrosis. These alterations are mainly found in the lateral leads V5 and 
V6 [43].

The most frequently encountered rhythm abnormalities are supraventricular 
tachycardias, atrial fibrillation, and atrial flutter [36].

ECG is a great tool in the differential diagnosis of myocardial hypertrophies and 
there is a high diagnostic performance by combining the corrected QT duration with 
the PQ interval minus the P wave duration in lead II [46]. Both abnormal ECG and 
echocardiogram of a female patient with FD are illustrated in Fig. 26.3.
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b

a

c

Fig. 26.3  45 years female with fabry disease. (a) Short PR interval associated with voltage criteria 
for the diagnosis of LVH in the ECG. (b) 24 h Holter recording showing a supraventricular tachy-
cardia. (c) Echocardiogram demonstrates left ventricular hypertrophy and concentric remodeling. 
VE left ventricle, VD right ventricle
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26.9 � Valvular Disease

Valve disease in AFD is caused by infiltrative changes within valvular fibroblasts. 
Aortic and mitral valve involvement occurs in half of the patients [40], but the need 
for valve replacement due to severe valve disease is rare.

The most advanced stages of the disease may be associated with marked dilata-
tion of the aortic root and may contribute to aortic valve insufficiency [39, 40].

26.10 � Coronary Manifestations

Several mechanisms contribute to myocardial ischemia in DF.  The presence of 
myocyte hypertrophy and fibrosis causes increased resistance and increased myo-
cardial oxygen demand, precipitating the occurrence of ischemia due to an imbal-
ance between supply and consumption [38, 47].

Also, the deposition of Gb3 vascular endothelium leads to microvascular dys-
function with nitric oxide pathway dysregulation and microvascular remodeling, 
causing vasospasm and angina with angiography; the epicardial coronary arteries 
described as structurally normal. Coronary microvascular function is markedly 
impaired in AFD patients irrespective of LVH and gender and may represent the 
only sign of cardiac involvement [47, 48].

26.11 � Conclusion

The main cardiac manifestation found in Fabry disease is left ventricular hypertro-
phy. Patients with preserved heart failure and LVH should be investigated for the 
possibility of FD.  Fabry cardiomyopathy has specific treatment through enzyme 
replacement therapy that stabilizes and prevents disease progression, especially in 
the early stages when extensive heart involvement and myocardial fibrosis are not 
yet observed.
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Chapter 27
Fabry Nephropathy

Maria Helena Vaisbich, Luis Gustavo Modelli de Andrade, 
Cassiano Augusto Braga Silva, Fellype Carvalho Barreto, 
and Marlene Antonia dos Reis

27.1 � Introduction

Fabry disease (FD) is caused by mutations in the GLA gene, which encodes the 
lysosomal enzyme α-galactosidase A (α-Gal A), leading to the progressive accumu-
lation of glycosphingolipids with terminal 〈-D-galactosyl residues, particularly glo-
botriaosylceramide (Gb3) and globotriaosylsphingosine (lyso-Gb3) [1]. These 
lipids accumulate in lysosomes of different cells and can mainly affect the heart, 
kidneys, skin, eyes, central nervous system, and gastrointestinal system.

One of the main features of FD is insidious and progressive Fabry Nephropathy 
[2], which was recognized half a century after the first FD description as 
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angiokeratoma corporis diffusum [3]. Currently, it is known that kidney failure 
causes significant morbidity and mortality [4]. More than half of male and 20% of 
female adult patients eventually develop advanced renal disease [5]. Before the 
availability of a specific treatment, such as enzyme replacement therapy (ERT), the 
natural course of the disease was catastrophic, as described by Branton et  al. in 
2002. These authors found that only 25 of 105 classic male hemizygous patients 
survived until 50 years of age, and none survived beyond 60 years old [6]. Before 
the advent of ERT, the most common cause of death was uremica at approximately 
41 years of age [7]. These data emphasize the burden of Fabry nephropathy and the 
need to avoid its progressive course.

The accumulation of Gb3 occurs in virtually all types of glomerular cells, includ-
ing endothelial, mesangial, parietal epithelial cells, and podocytes, with a prefer-
ence for the latter. Deposits are also detected in tubular cells (much less pronounced 
in the proximal tubule) and peritubular capillary endothelium [8]. Therefore, 
patients can present signs of tubular, vascular, and glomerular involvement.

At first, the disease was considered an adult disease, especially Fabry nephropa-
thy. However, studies have shown that the renal pathogenic process begins early in 
life. Depositions of Gb3 start long before overt clinical renal disease. Moreover, 
kidney involvement was described even in fetal life. Early storage (characteristic 
zebra bodies on electronic microscopy) in the fetal part of the placenta was described 
for a male Fabry fetus by Elleder et al. in 1998 [9]. This study was supported by 
Vedder et al., who reported extensive storage and very low α-Gal A activity in the 
placental tissue of a mother heterozygous for FD who gave birth to a hemizygous 
male [10]. It is noteworthy that fetal corneal similar deposits were previously dem-
onstrated by Tsutsumi et al. in 1984 [11], highlighting the precocity of Gb3 deposits 
in different tissues. Additionally, Tøndel et al. found severe accumulation of inclu-
sions in podocytes and distal tubules in all study children. Most importantly, they 
demonstrated that glomerular, tubulointerstitial, and vascular changes are present 
before progression to overt proteinuria and a decrease in the glomerular filtration 
rate (GFR) [8]. In particular, these authors showed that arteriolopathy and/or inter-
stitial fibrosis were present in more than half of the children, including those with 
no signs of renal disease, such as albuminuria. These findings were later supported 
by others, such as Wijburg et al.’s study, which showed that renal glomeruli undergo 
progressive changes that begin with mesangial widening, followed by focal fibrosis 
ending with a completely fibrotic and obsolescent glomerulus associated with tubu-
lar atrophy and interstitial fibrosis [4]. Therefore, based on these findings, the 
appropriate time to initiate specific treatment has been discussed in the literature. It 
has been demonstrated that patients may not fully benefit from specific treatment, 
such as ERT, if started when proteinuria is already established or GFR declines. 
Thus, early diagnosis and treatment of Fabry nephropathy, even in childhood, may 
be critical to preserve renal function [12]. Currently, the question is: How early 
is late?
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Clinically, these histological findings have been translated by Riccio et al., 2018, 
who demonstrated glomerular hyperfiltration as an early marker of Fabry nephropa-
thy. They showed a negative correlation between estimated GFR (eGFR) and age, 
proteinuria levels, cardiovascular involvement, and other manifestations of FD [13]. 
These data suggest that hyperfiltration in Fabry patients could be related predomi-
nantly to a predisease state. In this way, it is important to choose the appropriate 
GFR measurement methodology according to the patient’s age [14]. If glomerular 
hyperfiltration is confirmed, the patient may benefit from a renal biopsy to verify 
histologic renal involvement as an indicator for specific treatment initiation.

Table 27.1  Studies reporting early renal involvement in pediatric Fabry patients

Author Year Patients Mainly findings

Elleder et al. 
[9]

1998 Fetus Gb3 inclusions, mainly in the podocytes

Todel et al. 
[8]

2008 9 children 
(7–18 years) with 
normal GFR and 
minimal or within 
normal range 
proteinuria

Gb3 inclusions in the podocytes and distal 
tubular epithelial cells along with effacement of 
the foot process of the podocytes in all cases, 
arteriolopahty in nearly 50% of the patients and 
focal and segmental glomerulosclerosis (FSGS) 
in adolescents

Ramaswami 
U et al. [4]

2010 Children Renal histological abnormalities appear before 
the development of microlbuminuria/proteinuria

Najafian 
et al. [4]

2013 Children The increase of the GB3 inclusions in the 
podocytes is correlated with both the effacement 
of the foot process of the podocytes and 
albuminuria

Branton et al. 
[6]

2002 Faster decline of the GFR in patients with higher 
proteinuria at baseline, strengthen the notion that 
proteinuria is a late surrogate marker of Fabry 
nephropathy

Riccio et al. 
[12]

2019 Children The initial renal injury in young patients 
manifests through glomerular hyperfiltration 
which may be detected before the appearance of 
microalbuminuria and is, in general, associated 
with few or no renal symptoms
Inverse relationship between GFR and age, 
proteinuria and cardiovascular abnormalities

Trimarchi 
et al. [15]

2015 Patients Podocyturia in FD patients precedes 
microalbuminuria

Politei et al. 
[16]

2018 Children
(4 a 9 years)

All patients had high plasmatic levels of 
LysoGb3 and podocyturia, but normal eGFR; 
microalbuminuria was present in half of the 
patients
Renal histology analysis revealed glomerular, 
interstitial and vascular abnormalities
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Evaluating the clinical and histologic studies shown in Table 27.1, it is possible 
to conclude that (1) Fabry nephropathy starts early in intrauterine life, and biomark-
ers such as microalbuminuria/proteinuria considered earlier in the past are in fact 
late [17]; (2) renal abnormalities start with Gb3 intralysosomal deposition and 
evolve sequentially with podocyte detachment from glomerular basal membrane 
(GBM) and podocyturia, glomerular hyperfiltration, and later microalbuminuria 
and proteinuria occur; (3) patients can also present with nephrogenic diabetes insip-
idus, hypokalemia, and/or renal tubular acidosis as a consequence of Gb3 deposi-
tion in the cells of the collect tubules [18]; and (4) reduction of GFR occurs in 
advanced stages of the disease.

With new information on the natural history of Fabry nephropathy, it is known 
that the pathophysiological process and organ damage start early in childhood and 
affect both boys and girls. Historically, there has been a paradigm change in FD. At 
first, the strategy was to detect patients with a clinical impact of the disease, such as 
by screening patients on dialysis for an unknown cause [19]; however, the objective 
is being expanded to detect younger, oligosymptomatic, or asymptomatic patients 
identified by family screening, in whom early diagnosis and treatment can mitigate 
or avoid the complications of the disease [20].

The possibility of a specific treatment such as ERT is modifying this evolution 
[21–23], although it is not a cure; however, there are some points that need to be 
clarified, such as which populations should be tested, which is the earliest marker of 
Fabry nephropathy, and what is the best protocol to monitor these patients and the 
time to start or stop specific treatment.

In this chapter, we intend to inform about the natural history of the disease, clini-
cal manifestations, complementary exams to confirm diagnosis, and monitoring 
patients before or under specific and/or unspecific treatments, treatment options, 
and prognosis. We also show recent advances in diagnosis and therapy that have 
changed the patient’s natural history and promoted a better evolution, especially in 
kidney involvement.

27.2 � Pathophysiology

The failure to breakdown Gb3 and related glycosphingolipid substrates underlies 
the pathogenesis of FD. Gb3 accumulates in lysosomes and in other cellular com-
partments in almost every kidney cell, with massive deposits in podocytes, but also 
in mesangial, endothelial, tubular, and parietal epithelial cells. As podocytes are 
terminally differentiated and respond with a poor proliferation rate to injury and 
loss [24], a progressive accumulation has been observed in these cells. Najafian 
et al., using stereological electronic microscopy methods (quantitative morphomet-
ric method rather than a subjective scoring system), demonstrated that this podocyte 
progressive accumulation is age-dependent in young Fabry patients with normal 
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GFR and normal/low-grade proteinuria. In this study, foot process width correlated 
with fractional volume podocyte inclusions and proteinuria [25]. In 2020, Najafian 
et  al. showed that there is a threshold for Gb3 inclusion volume fraction and/or 
podocyte size beyond which podocyte survival is compromised. These authors 
found that the podocyte Gb3 volume fraction correlated directly with age in patients 
under 27 years, but did not increase with age thereafter [26]. They demonstrated that 
the podocyte volume fraction reaches a plateau at approximately 27 years of age, 
while the mean podocyte volume and podocyte Gb3 volume continue increasing 
[26]. Although podocytes were enlarged, there was a significant progressive decline 
with age in the fraction of glomerular volume occupied by podocytes and in the 
number of podocytes per glomerulus, confirming podocyte loss with age [26]. In 
addition, podocyturia has been observed in these patients, confirming urinary podo-
cyte loss from glomeruli [27–29]. Podocyturia has also been detected in other glo-
merular diseases and is described as one of the most precocious signs of glomerular 
damage [30].

The podocyte is critical to the maintenance of glomerular barrier selectivity, and 
its damage or loss is closely associated with proteinuria, a powerful predictor of 
progressive reduction in GFR [31]. Increased loss of podocytes and segmental foot 
process effacement, consistent with podocyte injury, have been described early in 
Fabry nephropathy, before the onset of proteinuria, and are related to focal segmen-
tal glomerulosclerosis (FSGS) and global glomerulosclerosis, an irreversible path to 
end-stage kidney disease (ESKD) [32]. The podocyte inclusion rate is supposed to 
have the main role in proteinuria, but the mesangial deposit rate was also found to 
be associated with foot process enlargement and proteinuria, but not with age or 
sex [25].

In addition to the role of podocytes in fibrosis pathogenesis, endothelial cells 
with sphingolipid overload might also contribute to fibrosis development, e.g., 
through luminal obstruction and ischemia [33]. Endothelial fenestration is reduced 
in Fabry patients’ renal tissue, which could reflect the reduced nitric oxide bioavail-
ability that was observed in endothelial cells of an FD mouse model [34].

Gb3 deposition can inhibit mTOR kinase activity (a negative regulator of the 
autophagy machinery), leading to autophagy dysregulation and contributing to 
renal damage in this disease [35].

In 2008, in addition to Gb3 deposits, lyso-Gb3 (the deacylated Gb3) increased 
deposits that were demonstrated as a characteristic feature of FD [36], and serum 
lyso-Gb3 levels were found to be significantly higher in patients than in healthy 
controls, mainly in males with the classic phenotype [37]. It has also been demon-
strated that lyso-Gb3 is independently related to kidney dysfunction and other 
comorbidities [37]. Higher levels were found in patients with copy number variants 
than missense mutations, and it may also be employed as a marker of ERT response 
[38]. However, lyso-Gb3 is not only a diagnostic tool or a biomarker; it has an 
important role in FD pathology. Lyso-Gb3 directly inhibits α-Gal A activity and 
induces vascular smooth muscle cell proliferation, an element that may promote 
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increased intima-media thickness [36]. It promotes Notch1-mediated inflammatory 
and fibrogenic responses in podocytes, potentially contributing to Fabry nephropa-
thy [39]. Lyso-Gb3 inhibition led to inhibition of proliferation and differentiation of 
fibroblasts into myofibroblasts, reducing collagen synthesis and thereby compro-
mising vascular remodeling [40]. An in vitro study showed TGF-β1 and extracel-
lular matrix protein production in normal podocytes exposed to lyso-Gb3 [41].

Prominent interstitial fibrosis was found in approximately 80% of Fabry kidney 
biopsies assayed by Rozenfeld et  al., while glomerular sclerosis was found at a 
minor frequency [42]. This study showed that TGF-β1 is produced mainly in proxi-
mal tubular cells and activates FGF-2 in endothelial cells, leading to VEGF produc-
tion [42]. They found VEGF expression in the glomerulus and blood vessel cells. As 
we already know from other nephropathies, these are important mediators involved 
with glomerulosclerosis, interstitial fibrosis, and GFR decline [43] and induce 
podocyte apoptosis [44]. Rozenfeld et al. [42] also demonstrated positive caspase-3 
staining in Fabry patient renal tissues, confirming the high apoptotic state previ-
ously reported in peripheral blood mononuclear cells by De Francesco et al. [45]. 
These findings strongly support that Fabry renal cells undergo apoptosis. In addi-
tion, Rozenfeld et al. demonstrated positive staining for a marker of myofibroblasts 
(〈SMA) in pericytes attached to interstitial peritubular capillaries, mesangial cells, 
and the periglomerular zone, confirming the presence of these profibrotic cells, 
which are induced by TGF-β1 and can explain both glomerular and tubulointersti-
tial fibrosis [42].

Increased markers of oxidative stress have also been found in Fabry patient tis-
sues contributing to renal damage. Gb3 accumulation in the endothelium dysregu-
lates nitric oxide synthase activity and leads to low nitric oxide synthesis and 
overproduction of reactive oxygen species [46, 47]. Endothelial fenestration is 
reduced in the renal tissue of Fabry patients, which could reflect the reduced nitric 
oxide bioavailability previously observed in an FD mouse model [34].

Gb3 deposition can inhibit mTOR kinase activity (a negative regulator of the 
autophagy mechanism), leading to autophagy dysregulation and contributing to 
renal damage in this disease [35]. Evidence of increased autophagy is confirmed by 
increased expression of autophagy markers (e.g., LC3) in both fibroblast cultures of 
Fabry patients [48] and in podocytes [35].

In tubular cells, Gb3 deposition may lead to focal tubular atrophy and interstitial 
fibrosis [49], and consequently, the corresponding upstream glomeruli may function 
poorly, stimulating neighboring glomeruli to hypertrophy. The subsequent hyperfil-
tration in these glomeruli triggers secondary FSGS. Angiotensin II probably also 
contributes to Fabry nephropathy by acting as a vasoconstrictor and propagating 
inflammation and fibrosis [50].

In conclusion, α-Gal A activity deficiency and consequently the accumulation of 
glycosphingolipids, mainly Gb3 and lyso-Gb3, induce the activation of numerous 
pathways, including inflammation, fibrosis, and increased oxidative stress, autoph-
agy, and apoptosis rates [51, 52], leading to cell death and tissue fibrosis. Figure 27.1 
shows the main pathogenic mechanisms involved in Fabry nephropathy.
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27.3 � Clinical Manifestations and Natural History 
of Fabry Nephropathy

Kidney involvement in FD is responsible for one of the major clinical impacts in 
Fabry patients. Fabry nephropathy is characterized by progressive chronic kidney 
disease (CKD) that ultimately leads to ESKD and the necessity of renal replacement 
therapy (RRT) by the fourth decade of life [53].

Nonnephrotic proteinuria is usually present, whereas hematuria is uncommon 
[53]. Mild albuminuria has been recognized as an early manifestation of Fabry 
nephropathy, which may be present since childhood [8]. However, more recent stud-
ies have reported that podocyturia may be an earlier sign of Fabry nephropathy, 
appearing even before abnormal albuminuria [54, 55]. However, its applicability in 
daily clinical practice remains to be determined. Glomerular hyperfiltration has also 
been suggested as an early feature of kidney involvement in FD [13]. Both the lack 
of a single definition of glomerular hyperfiltration and the fact that its confirmation 
relies on performing nuclear medicine techniques are barriers that still need to be 
overcome [56, 57].

The natural history of Fabry nephropathy depends on the sex of the patient and 
the type of the disease-causing variant. In the classical phenotype, kidney involve-
ment usually begins during childhood and may progress over time, eventually lead-
ing to the necessity of RRT [53]. The rate of GFR decline in untreated patients may 
vary substantially. A reduction in renal function is rare in children, but it can occur 
during adolescence [58]. Branton et al. reported a mean rate of loss of GFR in male 
patients with classic Fabry and CKD of −12.2 ± 8.1 mL/min/year, with progression 
from CKD onset to ESKD in 4 ± 3 years (range, 1–13 years) [6]. A retrospective 
study that included both males (n = 279) and females (n = 168) demonstrated a 
significantly greater progression rate in males than females as well as for those who 
had CKD at baseline. For males with eGFR ≥ 60 mL/min/1.73 m2 and CKD, the 
annual GFR loss was −3.0 and −6.8  mL/min/1.73  m2, respectively, while for 
females, the rate of GFR decline was −0.9 and − 2.1 mL/min/1.73 m2/year, respec-
tively [59].

Interestingly, a recent analysis restricted to female patients with classic GLA 
variants demonstrated a slight reduction in GFR over time (−0.83 mL/min/1.73 m2), 
which is within the expected decline range of renal function for a healthy population 
[60]. Indeed, male patients with FD may progress to CKD 10 years sooner than 
females [61]. Even though female Fabry patients usually have a slower evolution of 
Fabry nephropathy, a small fraction of this population may be more seriously 
affected, requiring RRT at the same median age of males [61]. Finally, although a 
kidney late-onset variant has been described among ESKD patients [19], renal 
involvement in Fabry patients with a late onset phenotype seems to be rare and, 
most often, milder than in the classical phenotype [62].

Traditional risk factors for CKD progression, such as proteinuria, reduced renal 
function, and hypertension, have been associated with a faster progression of Fabry 
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nephropathy [59, 61]. As such, although the prevalence of hypertension among 
patients with FD is relatively low compared to other forms of CKD, it should not be 
overlooked [63].

Tubular dysfunction may also occur in FD patients. Distal convoluted tubules are 
particularly susceptible, resulting in impaired urinary concentration. Actually, the 
initial manifestation of kidney disease is often impaired urinary concentrating abil-
ity, more often in adolescence or young adulthood [64]. Proximal tubule dysfunc-
tion has been more rarely reported, which may cause Fanconi syndrome and 
incomplete renal tubular acidosis [64]. Furthermore, parapelvic cysts have also been 
recognized as a distinguishing manifestation of renal FD, with a higher prevalence 
in these patients than in those with other glomerulopathies [65, 66].

27.4 � Morphological Alterations in Fabry Nephropathy

Alterations in renal morphology secondary to FD may be found in every micro-
scopic technique: (1) embedded paraphing sample—light microscopy (Fig. 27.2a–
e); (2) frozen sample—immunofluorescence (Fig.  27.2f); (3) resin-embedded 
sample, in semithin slide (Fig. 27.3); and (4) at the ultrastructural level—electron 
microscopy (Figs. 27.4 and 27.5) [53, 67]. Gb3 deposits may be found in all renal 
cells, particularly in the podocytes, which are highly specialized, terminally differ-
entiated cells that are part of the glomerular filtration barrier. The formation of Gb3 
deposits is still initiated during embryogenesis [68] and progressively accumulates 
over life. Due to their low capability of proliferation, podocytes usually present a 
greater amount of Gb3 deposits [27, 69, 70]. Podocyte injury may lead to protein-
uria/albuminuria, sometimes in the nephrotic range.

The deposits of Gb3 may be present since the early stages of the disease, begin-
ning in childhood. They are associated with effacement of the foot process of the 
podocytes and the level of proteinuria, having a central role in the development and 
progression of Fabry nephropathy [26, 27, 71]. Importantly, podocyte lesions have 
been detected even before the development of abnormal albuminuria and/or clinical 
manifestations [15, 70, 72] and may also be found in the later stages of Fabry 
nephropathy. Therefore, performing renal biopsy may be useful (1) for the diagno-
sis, (a) in different stages of the disease, (b) in cases without the classical pattern of 
the disease; (c) in heterozygous females who usually have a large spectrum of clini-
cal presentation [73]; (d) to confirm (or to exclude) the pathogenicity of a GLA 
variant of unknown significance; (2) to rule out the diagnosis of other glomerulopa-
thy, such as membranous glomerulopathy and lupus nephritis [74]; (3) to determine 
the prognosis, as the presence of chronic lesions may be evaluated in different renal 
compartments, such as glomerulosclerosis, thickness of the vascular wall, tubular 
atrophy, and interstitial fibrosis [69, 73]; and (4) to evaluate the efficacy of pathoge-
netic therapy during the follow-up of the patient [75, 76].
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Fig. 27.2  kidney biopsy specimen under Light microscopy (a–e—Embedded in paraffin): The 
vacuoles seen in the cytoplasm of different cells: especially podocytes (P) in the glomerulus (G) 
and distal tubular cells (T). There is segmental sclerosis (SS) in glomerulus (e). (a, d) hematoxylin 
and eosin (c) Sirius red (d) Methenamine Silver Stain—magnification: 20× objective; 1.25× opt-
ovar; (b) Masson’s trichrome (magnification 40× objective; 1.25× optovar). (f) yellowish green 
natural fluorescence of Gb3 in the glomerular and tubular cells (arrows) in frozen section under 
fluorescence microscopy (magnification: 40× objective; 1.0× optovar)
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Fig. 27.3  Kidney biopsy specimen under Light microscopy—osmicated, epoxy-embedded tissue, 
stained with Toluidine blue. There are Gb3 deposits stained in dense, dark blue granules in the 
cytoplasm of different cells: especially in enlarges podocytes in glomerulus - G (a, b) and tubular 
cells -T (b-d), Endothelial Cells and smooth muscle cells in Arteriole – A (d); in Interlobular 
Arteria -IA (b) and in intersticial cells -IC (d). Magnification: 20× objective; 2.0× optovar

The deposits of Gb3 may be well-visualized by electron microscopy, for which 
the tissue sample is postfixed in osmium and embedded in resin. Lipids are osmio-
philic, stained by toluidine blue (Fig.  27.3), and highly electrodense in electron 
microscopy (Figs. 27.4 and 27.5), characteristics that facilitate the visualization of 
the deposits [53, 67]. The deposits of Gb3 are highly electron-dense, concentric, 
multilamellar inclusions, with some electron lucid areas located within the lyso-
somes that give the aspect of myelin figure or “zebra bodies” (Figs. 27.4 and 27.5). 
At high magnification, 250.000×, multiple lamellae with periodicity of 3.5–4 nm 
can be seen [53, 67, 77].

The large deposits of Gb3 promote enlargement of the lysosomes and, conse-
quently, of the cytoplasmic volume of the podocytes, with the enlargement of the 
foot process of the podocytes being a common finding (Fig. 27.4). Some medica-
tions, such as chloroquine, hydroxychloroquine, and amiodarone, may inhibit the 
activity of the enzyme 〈-gal A, leading to the accumulation of Gb3, which 
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Fig. 27.4  Kidney biopsy specimen under Electron microscopy: (a, b, c) glomerulus with electron 
dense GL-3 deposits in Endothelial Cell (EC), Mesangial Cell (MC), and Podocyte (P), with 
effacement foot process (arrow). RBC red blood cells in capilar lumen. (d) In high magnification, 
Gb-3 deposits consist of electron-dense multi-lamellated concentric layers, with periodicity 
3.5–5 nm (arrow). (Original magnification: (a) 3.000×; (b) 7.000; (c) 4.400×, and (d) 250.000×)

constitutes one of the main differential diagnoses of FD [78]. In other lipidoses, 
such as Niemann-Pick disease, Farber’s disease, GM1 gangliosidosis, and Hurler 
syndrome, the morphology and localization of the deposits are different, and there 
are no prominent myelin bodies in the various renal cells, as occurs in FD. Renal 
lesions caused by silica have some similarities with Fabry nephropathy findings. 
However, other silica-specific renal lesions may help to support the diagnosis 
[53, 67].

In FD, the visualization of the renal tissue sample “a fresco”, immediately after 
the biopsy procedure, by stereomicroscopy reveals large white glomeruli due to the 
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Fig. 27.5  Kidney biopsy specimen under Electron microscopy with electron dense Gb-3 deposits 
in lysosomes in different cells: (a) Proximal tubule (PT); (b) Distal tubule (DT) and in Endothelial 
cells (EC) of peritubular capillary (PTC); (c) Details of (b); and (d) cells in the interstitial compart-
ment. RBC red blood cell; BM basal membrane (Original magnification: (a) and (b)–3.000×, 
(c)–12.000×, and (d)–7000×)

abundance of Gb3, whose burden of glomerular storage may be scored semiquanti-
tatively [79]. A tissue sample should be frozen for immunofluorescence analysis. 
Immunofluorescence generally does not contribute, although some patients may 
have nonspecific deposits of IgM and C3  in areas of glomerulosclerosis and of 
thickness of the vascular wall due to arteriolar hyalinosis or intimal fibroelastic 
thickness of the arteries [53, 67, 77]. By using the frozen sample, the deposits of 
Gb3 may be identified by lipid staining, such as Sudan dye. Interestingly, the depos-
its of Gb3 have yellowish green natural fluorescence (Fig.  27.2f) and show a 
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birefringent Maltese cross pattern under polarized light, similar to the exfoliated 
urinary epithelial cells with Gb3 content seen by urine microscopy [71].

For light microscopy analysis (Fig.  27.2a–e), the sample is processed to be 
embedded in paraffin, passing through alcohol and xylol solutions, substances that 
dissolve the lipid content of the cells, generating an “empty” aspect. As such, after 
processing, the cells with Gb3 accumulation, particularly the podocytes, present the 
cytoplasm vacuolated in the different staining [53, 67]. Remnants of Gb3 may be 
identified by immunohistochemistry using specific anti-Gb3 antibodies [80].

The accumulation of Gb3 over time may cause abnormalities in all renal com-
partments [27, 71], ultimately leading to the development of chronic lesions, such 
as segmental (Fig. 27.2e) or global sclerosis of the glomeruli, arteriolar and arterial 
thickness, as well as tubular atrophy and interstitial fibrosis [53, 77]. These morpho-
logical abnormalities, including podocyte vacuolization (in paraffin-embedded tis-
sue) and deposits of Gb3 (in resin-embedded tissue stained by toluidine blue dye), 
may be quantified by using the scoring system proposed by Fogo et al. [53, 67, 69]. 
This quantification is critical to evaluate the degree of glomerulosclerosis and inter-
stitial damage, both relevant markers of chronicity and prognosis [73], and to evalu-
ate the efficacy of pathogenetic therapy, for instance, when the presence of 
neutralizing anti-drug antibodies is suspected [73, 75]. Indeed, this standardized 
scoring system has been considered a helpful tool to assess the prognosis, the 
response to therapy for Fabry Nephropathy, and to investigate the pathogenic path-
ways that may lead to the progressive decline of renal function [53, 81].

27.5 � Laboratory Findings

Regarding the laboratory findings in Fabry nephropathy, glomerular hyperfiltration 
may be one of the first signs of renal involvement, being generally more evident in 
young patients [57]. Subsequently, albuminuria, proteinuria, and a decrease in GFR 
occur [13]. The findings are similar to those observed in diabetic nephropathy. In 
general, microalbuminuria and proteinuria are already manifested in the second 
decade of life; however, based on new information, they have been considered late 
markers. Histological abnormalities preceding these markers have been demon-
strated in renal biopsy studies performed in children showing deposits in almost all 
kidney cells leading to irreversible changes [33, 77]. Wijburg et  al. showed that 
asymptomatic classic Fabry male patients present Gb3 accumulation and cell and 
vascular injury before albuminuria/proteinuria and other significant outcome detec-
tion [4].

Therefore, it is important to keep in mind that, although albuminuria/proteinuria 
are used in clinical practice, they are not sensitive enough to detect incipient dis-
ease. In addition, they do not correlate linearly with GFR, and it was demonstrated 
that they could be absent in advanced nephropathy [33].
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The search efforts to identify earlier sensitive biomarkers have been a priority in 
Fabry nephropathy. Aguiar et  al. found increased urinary levels of glomerular 
(transferrin and type IV collagen) and tubular (alpha1-microglobulin, N-acetyl-
beta-glucosaminidase [NAG], and alanine aminopeptidase) dysfunction markers in 
Fabry patients with no albuminuria. The authors concluded that even though those 
markers are not currently employed in daily clinical practice, they confirmed the 
limitations of albuminuria [82]. Moreover, urinary type IV collagen and NAG cor-
related better with eGFR than albuminuria/proteinuria [82].

Renal distal tubular acidosis and isosthenuria caused by tubular deposits are less 
frequent, and Fanconi syndrome has even more rarely been observed [67]. Tubular 
dysfunction can be detected by the measurement of tubular function markers such 
as urinary low molecular weight proteins (e.g., urinary retinol binding-protein or 
β2-microglobulin) [67].

Urinary microscopy examination has been another way to investigate incipient 
Fabry nephropathy. Three main cell types have been identified as useful to recog-
nize and evaluate the progression of Fabry nephropathy, although they are not spe-
cific for renal FD:

•	 Urinary mulberry cells: distal epithelial cells with Gb3 deposits with a lamellar 
appearance [53];

•	 Maltese cross particles: oval bodies with Maltese cross pattern under polarized 
light typically observed in nephrotic syndrome, and a lamellar pattern showing 
Gb3 deposits; under electron microscopy, it is possible to see the typical osmio-
philic lamellar bodies in urinary cells (Gb3 characteristic deposits) [67, 83].

•	 Podocyturia: it has been correlated with podocyte injury and implicated as a 
potential sensitive diagnostic tool of renal involvement. Podocyturia has been 
detected earlier than albuminuria/proteinuria [84] and showed an inverse 
correlation with GFR in male classic patients [27], denoting the severity of Fabry 
nephropathy and with potential prognostic value [28, 54].

In female Fabry patients, random X chromosome inactivation and consequent 
mosaicism lead to heterogeneous renal involvement. However, in this group, it has 
been demonstrated that the relative number of podocytes without the FD phenotype 
increases with age, representing a disproportionate progressive loss of podocytes 
expressing the disease phenotype [83, 85].

Currently, many efforts have been made to find a reliable method to employ it in 
clinical practice, trying to avoid renal biopsy [77]. As Gb3 accumulation is the hall-
mark of FD, it was proposed that urinary and plasma Gb3 levels could reflect renal 
involvement; however, some studies have not found a correlation between these 
levels and other markers of renal function or symptomatology in both sexes [86, 
87]. Furthermore, plasma Gb3 levels were found to be normal in late-onset Fabry 
male and female patients [87, 88].

On the other hand, lyso-Gb3 has been considered a useful diagnostic tool for dif-
ferentiating classic FD and non-Fabry patients, but is also useful in males with 
nonclassical forms and females. Normal plasma lyso-Gb3 does not exclude the 
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disease in female suspected patients, but almost excludes the disease in males [89, 
90]. In patients with genetic variants of unknown significance (VUS) and not usual 
phenotype and biochemical tests, an increased lyso-Gb3 plasma level >1.3 nmol/L 
can support the diagnosis. Lyso-GL3 can also be used for monitoring the effective-
ness of the specific treatment [90].

Metabolomic approaches have revealed novel plasma lyso-Gb3 analogs with a 
role in FD pathogenesis and are potentially employable as diagnosis and monitoring 
tools [91, 92]. Lyso-Gb3 is significantly more abundant in plasma than its analogs; 
in contrast, it is less abundant in urine [93]. Urinary levels of these analogs were 
reduced in male Fabry patients under ERT, highlighting their utility as monitoring 
markers [91]. Furthermore, these analogs along with lyso-Gb3 have shown a role as 
biomarkers for the diagnosis of FD in patients with both classic and late-onset vari-
ants [94].

27.6 � Fabry Nephropathy Diagnosis

Renal involvement may be supposed in the presence of albuminuria (>30 mg/g) or 
proteinuria (300 mg/g) in FD-confirmed patients without other concomitant pathol-
ogies, which could potentially determine these findings. Hematuria is not a charac-
teristic feature. In addition, patients may already manifest GFR decline 
(eGFR < 90 mL/min) or hyperfiltration. Table 27.2 shows the main characteristic 
findings of Fabry nephropathy [73, 95]. It is important to keep in mind that in the 
presence of other renal pathologies, such as diabetes, SLE, or other glomerulopathy, 
a renal biopsy should be performed to establish the final diagnosis.

It is recommended to evaluate the albumin/protein ratio in 24-h samples or in 
isolated urine samples, observing the albumin/protein/creatinine ratio, mainly in the 
first morning sample. The GFR may be performed based on creatinine clearance 
calculation in 24-h urine collection or it may be estimated in adult patients based on 
the CKD-EPI equation and modified Schwartz formula in pediatric patients [96, 97].

Ideally, renal involvement monitoring should include periodic evaluation of GFR 
and albuminuria/proteinuria at least annually in low-risk to develop CKD patients, 
semiannually in patients with moderate risk, and every 3  months in high-risk 
patients [96]. In patients under ERT, renal histology analysis may be indicated in 
those patients with inappropriate response to treatment when there is a suspicion of 
antialgasidase antibody (ADA) presence [73].

1. Fabry disease confirmed
2. eGFR < 90 mL/min
3. Albuminuria > 30 mg/g
4. Proteinuria > 300 mg/g
5. �No concomitant renal pathologies (renal biopsy may be 

performed to rule out other pathologies and confirms the 
Fabry renal involvement)

Table 27.2 Diagnosis criteria 
of Fabry nephropathy
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27.7 � Therapeutic Aspects of Fabry Nephropathy

The treatment of Fabry nephropathy aims to slow down the progression of the 
decline of renal function, which can be achieved by targeting proteinuria and blood 
pressure and controlling FD itself. As occurs in other proteinuria renal diseases, 
angiotensin-converting enzyme inhibitors (ACEi) and angiotensin receptor blockers 
(ARB) are the first-line therapy to control albuminuria/hepaturia. The therapeutic 
goal is to achieve a urine albumin-to-creatinine ratio (ACR) < 30 mg/g in patients 
with albuminuria A2 or an ACR < 300 mg/g in patients with albuminuria A3 [96]. 
Blood pressure should be kept ≤130 × 80 mmHg.

First, one should bear in mind that the following laboratory and histological evi-
dence of renal injury have been considered among the criteria to initiate ERT: 
decreased GFR (<90 mL/min/1.73 m2 adjusted for age > 40 years); persistent albu-
minuria  >  30  mg/g; podocyte foot process effacement or glomerulosclerosis on 
renal biopsy; moderate or severe Gb3 inclusions in a range of renal cell types [96]. 
Moreover, the Canadian Guidelines for the treatment of FD considered, among the 
minor criteria to start ERT, the presence of glomerular hyperfiltration (GFR > 135 mL/
min/1.73 m2) in at least 2, as measured by nuclear medicine techniques [98].

ERT, both agalsidase-alfa, 0.2 mg/kg every other week (eow), and agalsidase-
beta, 1.0 mg/kg eow, have shown beneficial effects on the stabilization of kidney 
function and delay of progression to ESKD [22, 99, 100]. Treatment initiation at a 
younger age and before the presence of kidney damage, such as significant glo-
merulosclerosis and proteinuria, has been associated with greater benefits of ERT 
[22, 101]. A growing body of evidence suggests that a higher dose of ERT may have 
a potential benefit on preserving renal function and histology. Patients who had to 
reduce the dose of agalsidase-beta from 1.0 mg/kg eow to 0/3–0.5 mg/kg eow or to 
switch to agalsidase-alfa 0.2 mg/kg eow, due to the shortage of supply of agalsidase-
beta, showed a greater decline in renal function [102] and reaccumulation of Gb3 in 
podocytes [103]. Patients who reswitched to the regular dose of agalsidase-beta 
after the end of the shortage period showed an attenuation of the decline in renal 
function [104]. Additionally, in patients with a progressive decrease in renal func-
tion despite using 0.2 mg/kg alpha eow, the switch to 0.2 mg/kg weekly signifi-
cantly reduced the slope of eGFR [105, 106]. Dose-dependent clearing of podocyte 
Gb3 inclusions has been demonstrated by serial kidney biopsy-based studies in 
adult and pediatric patients with classic FD on long-term agalsidase on different 
dosing regimens [75, 107]. Otherwise, the limited removal of arterial/arteriolar Gb3 
raised concerns about the long-term vascular effects of current therapy [107]. The 
formation of neutralizing ADA is an important issue that may interfere with the 
response to ERT, resulting in a worse disease course [108] aq2. Agalsidase-alpha 
seems to be associated with both lower infusion-associated reactions and lower for-
mation of ADA and, consequently, might be a safer option for home infusion 
[52, 108].

Migalastat, an oral pharmacologic chaperone that increases endogenous α-Gal A 
activity, has been used to treat FD patients with amenable missense variants. 
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Migalastat treatment stabilizes renal function [109], similar to ERT [110], and 
reduces peritubular interstitial capillary and podocyte Gb3 inclusions [76]. 
Moreover, Migalastat has favorable effects on Fabry nephropathy, regarding stabili-
zation of renal function and reduction of renal Gb3 inclusions, in patients with clas-
sic FD and amenable variants [111]. Otherwise, recent real-world studies have 
reported a moderate loss of eGFR in females and males over 24 months of treat-
ment, which might be attributed to poor blood pressure control and/or insufficient 
amenability of GLA mutations [112].

In summary, patients with Fabry nephropathy should be offered the same general 
measures as all patients with proteinuric kidney disease, such as control of protein-
uria and hypertension, salt restriction, and modification of lifestyle, in addition to 
specific therapy [113]. The choice of specific therapy should be individualized for 
each patient, whenever possible, in a sharing decision with the patient and his fam-
ily. ERT is appropriate for all patients with FD, regardless of the type of the GLA 
variant [96]. Chaperone therapy is a choice only for patients with amenable variants 
and should not be used in patients with eGFR < 30 mL/min/1.73 m2 and/or under 
16 years old [16]. Finally, emerging therapies are under research, including next-
generation ERT (pegunigalsidase alfa, moss-derived α-galactosidase A), substrate 
reduction therapy (lucerastat, venglustat), mRNA therapy, and gene therapy, which 
may provide better control of Fabry disease in the future [108].
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Chapter 28
Ophthalmological Manifestations of  
Fabry Disease

Adriana Muralha and Raul N. G. Vianna

28.1 � Ophthalmological Manifestations of Fabry Disease

The ophthalmological manifestations of Fabry disease (FD) are inconsistent, but the 
most frequent and specific ocular finding is cornea verticillata (Fig. 28.1), resulting 
from Gb3 deposits between the basal membrane of the corneal epithelium and 
Bowman’s membrane [1, 2]. Cornea verticillata presents an incidence of 76.9% in 
men and 73.1% in women with FD and was described almost as pathognomonic [1]. 
This appearance could be an isolated finding without other ocular abnormalities. 
Overall, there is no impairment in vision associated with this corneal alteration. The 
presence of corneal deposits should contribute to the diagnostic suspicion even in 
asymptomatic patients, once possible differential diagnoses, such as the chronic use 
of amiodarone and chloroquine, are excluded [2, 3].
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Fig. 28.1  Cornea 
verticillata. The brownish 
deposits are observed in a 
verticillate pattern at the 
level of the anterior layers 
of the cornea. (Courtesy of 
Burlini AP, MD)
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Vascular changes, periorbital edema, cataract, peripheral retinal pigmentation, 
papilledema, optic atrophy, nystagmus, and internuclear ophthalmoplegia are other 
described ophthalmologic findings [2].

Lens involvement consists of opacification of the posterior sutures that can 
evolve into a subcapsular cataract or may present as nonspecific lens opacities [2].

Conjunctival and retinal vascular changes are secondary to intracytoplasmic gly-
cosphingolipid deposits in the vascular endothelium. In the retinal vasculature, 
abnormalities result in increased venous tortuosity, sectoral venous dilatation, arte-
riolar narrowing, and localized vessel constriction [2, 3].

There is evidence that correlates retinal findings with systemic vascular and cere-
brovascular alterations. As such, clinical evaluation of retinal vessels may be an 
important marker of the state of the microvasculature [4, 5].
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Chapter 29
Dermatological Manifestations  
in Fabry Disease

Samantha Vernaschi Kelmann

29.1 � Introduction

The first descriptions of Fabry Disease (FD) in 1898, made by Johannes Fabry and 
Willliam Anderson [1, 2], emerged from the clinical observation of exacerbated 
dermatological manifestations of angiokeratomas distributed especially in the area 
of swimming trunks. Since then, several studies have been carried out to fully ana-
lyze the pathophysiology of the disease and its understanding.

29.2 � Dermatological Manifestations

The main dermatological manifestations that occur in FD can be seen in the initial 
phase of the disease, guaranteeing the importance of its recognition to enable early 
diagnosis and speed up access to treatment.

29.2.1 � Angiokeratomas

Angiokeratomas are vascular alterations characterized by dilatation of blood vessels 
found in the most superficial dermis and the anatomopathological presence of a 
thick or hyperkeratotic epidermis.

They can be found in multiple different conditions and are not exclusive to FD.
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They can be classified as localized or disseminated; however, regardless of their 
number or distribution, histologically, they share similarities: they present hyper-
keratosis with epidermal interpapillary cones that surround dilated vessels that are 
found in the superficial or papillary dermis. Thrombi and dermal ectasia are usually 
present.

Angiokeratomas (Fig.  29.1) are often one of the earliest manifestations in 
FD. The number and size of these skin lesions progressively increase with age. They 
also tend to have a symmetrical distribution [3].

According to data from the Fabry Outcome Survey (FOS) in 2007 of 714 affected 
individuals (345 men and 369 women), angiokeratomas were present in 66% of men 
and 36% of women, with a mean age of onset of 19 years and 28 years, respectively 
[4]. These isolated, grouped, or generalized lesions may appear before the age of 16 
[5], varying in distribution and intensity, but characteristically “in swimming 
trunks”, that is, on the inner thighs, buttocks, navel, hypogastrium, scrotum, and 
female penis/genital [6].

These angiectasias may constitute the earliest manifestations and are capable of 
leading to the diagnosis of FD. On the other hand, in some patients, angiokeratomas 
may not be readily detected, requiring careful examination of the skin, especially in 
the scrotum and umbilicus, where isolated lesions may be present [7]. Angiokeratomas 
can also affect mucous membranes such as those of the conjunctiva, mouth, air-
ways, and gastrointestinal and genitourinary tracts [8, 9].

Angiokeratomas records at the Hospital das Clínicas da Universidade de São 
Paulo from 1996–2002 found 3 patients with FD (10.3%). Other studies also point 
to the finding of patients with FD from the finding of angiokeratomas [10–12].

On the other hand, patients screened from cases on hemodialysis [13] and hyper-
trophic cardiomyopathy [14] and cryptogenic stroke [15] had less expressive results.

More knowledge on the subject and dissemination of the disease will allow more 
patients to be diagnosed, as well as their families from genetic counseling, and ben-
efit from enzyme replacement treatment.

The systematic search for FD patients based on the presence of angiokeratomas 
is an important tool for early diagnosis.

It is necessary to educate physicians, especially dermatologists, so that they are 
aware that patients with angiokeratomas and their families should be investigated 

Fig. 29.1  Angiokeratomas 
in the umbilical region in a 
patient with FD
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for the possibility of having FD. Despite not being pathognomonic, angiokeratoma 
is a good marker for finding and diagnosing FD.

It is important to clarify that there may be people with the classic form of FD 
without angiokeratomas or only with isolated lesions [16, 17].

29.2.1.1 � Differential Diagnoses of Angiokeratomas

Some lesions are clinically similar to angiokeratomas and need to be differentiated. 
They are eruptive angioma, serpinous angioma, Kaposi’s sarcoma, angiodysplastic 
syndrome, keratosis irritated seborrheic, pigmented basalioma, blue nevus, superfi-
cial malignant melanoma, melanoma metastases, and hereditary hemorrhagic telan-
giectasia [6].

Angiokeratomas can also be seen in other deposit diseases, including mannosi-
dosis, fucosidosis, sialidosis, beta-galactosidosis deficiency, Schindler’s disease 
[18–21], and isolated angiokeratomas without associated deposit material [22].

29.2.2 � Sweating Changes

FD can lead to sweat gland infiltration and polyneuropathy. With this, there will be 
hypohidrosis or even anhidrosis with intolerance to heat and exercise.

There may also be a reduction in tears and saliva.
More rarely, but already described, there may also be hyperhidrosis.

29.2.2.1 � Differential Diagnoses of Sweating Disorders

Hypohidrosis can be, among others, drug-related or caused by autoimmune diseases 
such as lupus or scleroderma.

In the case of reduced saliva and tears, the main differential diagnosis is Sjögren’s 
Syndrome.

Hyperhidrosis, on the other hand, has differential diagnoses of its primary idio-
pathic and secondary forms (use of medications, neurological and endocrine 
diseases).

29.2.3 � Acroparesthesias

The tingling and burning sensation in the extremities can lead to episodes of intense, 
limiting, and disabling pain in some cases.

They last from minutes to days and can generalize to the whole body. They are 
triggered by environmental factors such as heat, stress, flu, tiredness, and exercise.

29  Dermatological Manifestations in Fabry Disease
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29.2.3.1 � Differential Diagnoses of Acroparesthesias

The main causes of acroparesthesia are rheumatological, endocrinological, and neu-
rological diseases.

29.2.4 � Lymphedema

Lymphedema occurs due to the accumulation of glycolipids in lymphatic vessels 
that ultimately lead to severe lymphatic microangiopathy with edema.

This edema appears especially in the legs and feet and can lead to the main com-
plication, erysipelas.

29.2.4.1 � Differential Diagnoses of Lymphedema Alterations

Postsurgical and chemotherapeutic lymphedema, congenic alterations of lymphatic 
vessels, or postelephantiasis-like infections.

29.2.5 � Facial Dysmorphia

There is a list of facial changes characterized as being found in FD, but none of 
them would be completely pathognomonic.

•	 Fullness periorbital.
•	 Prominence of earlobes.
•	 Bushy eyebrows.
•	 Slightly broad forehead.
•	 Pronounced nasal angle.
•	 Prominent/bullous nose.
•	 Crests prominent supraorbitals.
•	 Midface hypoplasia.
•	 Full lips.
•	 Prominent nasal bridge.
•	 Broad wing base.
•	 Coarse features.
•	 Posteriorly rotated auricles.
•	 Prognathism.
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29.3 � Treatment

The treatment of dermatological changes can be divided into the following:

•	 Treatment of the manifestations themselves:

–– Angiokeratomas
Lesions, which are most often asymptomatic, can be treated with electro-

cautery, liquid nitrogen, or ablative laser [23]. In more extensive lesions, local 
surgical resection may be performed. If scrotal angiokeratomas are associated 
with local changes that increase venous pressure, particularly varicocele, 
treatment of the underlying disease may lead to regression of the angiokera-
tomas [24]. Likewise, treatment with enzyme replacement therapy in FD also 
leads to the regression of angiokeratomas [25].

–– Hypohidrosis
For cases of saliva or tear reduction, the use of medications that simulate 

the same, such as artificial tears and saliva, should be administered. 
Environmental care, such as staying in refrigerated places and avoiding exer-
cise, especially in very hot places, especially for patients with anhidrosis, 
should be adopted.

–– Hyperhidrosis
The treatment of hyperhidrosis can be done with the use of topical antiper-

spirant products in localized cases (hands, feet, armpits) or systemic (in case 
of hyperhidrosis disseminated) and use of injectable botulinum toxin in more 
resistant but also localized cases.

–– Acroparesthesias
As triggers are responsible for acroparesthesias, environmental measures 

to reduce trigger points, such as avoiding extreme exercise, intense heat, and 
excessive tiredness, can help prevent acroparesthesias.

For neuropathic pain, low doses of carbamazepine, gabapentin, phenytoin, 
nortriptyline, amitriptyline, and lamotrigine are used [26].

–– Lymphedema
Compression stockings, lymphatic drainage, limb elevation.

•	 Treatment of the cause:

–– Enzyme replacement therapy in FD.
Follow-up studies on enzyme replacement therapy demonstrated regres-

sion of angiokeratomas, adequacy of sweating, and reduction of heat intoler-
ance and acroparesthesias [27].
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Chapter 30
Diagnostic Flowchart in Fabry Disease

Arsonval Lamounier Júnior

30.1 � When to Suspect the Diagnosis of Fabry Disease?

Fabry disease (FD) diagnosis starts mainly when signs and symptoms suggestive of 
this disease are suspected, which we call red flags (Fig. 30.1). Clinical features of 
FD are dependent on the patient’s sex due to the X-linked inheritance pattern and 
are also related to the patient’s age as a consequence of the progressive lysosomal 
accumulation of globotriaosylceramide (Gb3) and its derivatives in the body’s cells 
over time [1, 2]. These factors are important at the moment of phenotype evaluation 
of patients with a diagnosis suspicious for FD.

In male individuals, the most common early manifestations observed in children 
and adolescents (first and second decades of life) are angiokeratomas, acroparesthe-
sias, gastrointestinal manifestations, hypohidrosis, and the characteristic corneal 
and lenticular opacities [1, 2]. Although kidney failure and left ventricular hypertro-
phy are late clinical findings (third and fourth decade of life), the presence of micro-
albuminuria and electrocardiographic changes can be found earlier, reflecting renal 
and cardiac involvement, respectively [1, 2]. Other clinical manifestations in FD are 
stroke, brain white matter changes on magnetic resonance imaging and lymph-
edema [1, 2]. In females, clinical manifestations are usually milder and observed 
later than in males [2]. Rarely, it is possible to identify completely asymptomatic 
women or to present clinical manifestations as severe as in males [2].
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30.2 � What Is an Important Exam to Diagnose FD?

The dosage of the alpha-galactosidase A level plays a central role in the diagnosis of 
FD, especially in males. This can be performed in plasma, isolated leukocytes, and/
or cell culture [2]. Enzyme dosage should always be requested in males. In male 
individuals with the classic FD phenotype, the enzyme dosage is usually less than 
1%. In atypical presentations, enzymatic values higher than 1% are more frequent, 
with values below 30% being considered abnormal [3]. In females, the enzymatic 
dosage would not be recommended, as several women have levels of alpha-galacto-
sidase A with values overlapping with control individuals. Therefore, genetic 
sequencing of the GLA gene is performed directly in female patients [2, 4, 5].

Family history in FD should be investigated considering the possible clinical 
heterogeneity of the disease among different individuals of the same family [6]. A 
pedigree of at least three generations should be constructed, and it would allow bet-
ter visualization of the X-linked inheritance pattern suggesting the diagnosis and 
supporting the early diagnosis of other at-risk family members [4, 6–8]. Unspecific 
reports from distant relatives with renal failure, stroke, or heart disease should be 
considered in the family history [4]. In the case of positive family history with a 
causal genetic variant in the GLA gene previously identified, target sequencing only 
of the familial variant should be performed in the individual with suspicion of FD to 
confirm or exclude the diagnosis [4].

GLA gene full-sequencing or just specific familial variant genotyping should 
preferably be carried out in the context of genetic counseling, respecting the cultural 
aspects and psychological impact of this diagnosis on patients, and providing 
technical-medical information about genetic testing and FD [2, 4]. Some authors 
have suggested that the first step in family evaluation is to assess whether the identi-
fied genetic variant is de novo or familial. If it is familial, cascade screening should 
be performed [7]. Considering the distance that may exist between family members, 
active communication for possible carriers may require an interdisciplinary effort, 
with an average of up to five relatives diagnosed for each identified index case [6–8].

Genetic sequencing in FD can be performed through a unique analysis of the 
GLA gene. Genetic sequencing using the Sanger method is able to identify exonic 
variants, including small deletions/insertions and variants in splicing zones (usually 
positions −10 and + 10). However, Sanger sequencing does not detect more exten-
sive deletions or duplications (which could account for up to 5% of the causal vari-
ants), such as those involving an entire exon, several exons, or even the entire gene 
[3]. In cases of strong clinical and laboratory suspicion of FD and genetic sequenc-
ing by Sanger with a negative result, additional genetic analysis using the MLPA 
method would be recommended to investigate the possibility of more extensive 
deletions or duplications [3]. Some laboratories have performed single sequencing 
of the GLA gene directly through the next-generation sequencing (NGS), which 
may include the analysis of copy number variations (CNVs). If the analysis of 
CNVs has been performed, the detection of more extensive deletions or duplica-
tions would be possible, making the MLPA technique unnecessary [3].

30  Diagnostic Flowchart in Fabry Disease
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Genetic analysis by the NGS method also makes it possible to request a genetic 
panel that includes the GLA gene and other genes associated with the differential 
diagnosis of FD [3, 9–12]. These multigene NGS panels are generally focused on 
genes related to major FD clinical manifestations, such as genetic panels for hyper-
trophic cardiomyopathy or nephroglomerular diseases [9, 10]. The option of which 
multigene panel to order would be in accordance with the predominant phenotype 
of each patient and seems to be relevant in those atypical forms of FD, where the 
classic syndromic presentation is not observed. Other NGS multigene panels have 
been designed and validated containing genes related to several lysosomal storage 
diseases, although they have been more used for neonatal molecular screening and 
subsequent diagnosis [11, 12].

Genetic testing results can be conclusive, negative, or inconclusive. Variants con-
sidered pathogenic or likely pathogenic in the GLA gene can be used to confirm the 
diagnosis of FD and can be used with predictive value in family screening [1]. 
Molecular testing can be negative when the results show no identified genetic vari-
ant, benign variants, or genetic variants associated with alpha-galactosidase A pseu-
dodeficiency [13]. The hypothesis of deep intronic variants affecting the splicing 
process is also another issue that should be addressed in patients with negative 
genetic results; however, available evidence in the literature for FD remains scarce.

When inconclusive, genetic sequencing identifies variants of uncertain signifi-
cance (VUS) that cannot be used to establish the diagnosis. To “clarify” the patho-
genicity of variants classified as VUS, the clinician can deepen the phenotype 
evaluation, taking into consideration four possible approaches: (a) measuring lyso-
Gb3, (b) performing a tissue biopsy, and (c) in the case of an informative family 
(several individuals possibly affected), cosegregation study of the variant with the 
disease in family members may be considered [2, 13]. The gold standard test for 
evaluating the pathogenicity of a VUS, however, is (d) the in vitro assay of the vari-
ant’s expression; nonetheless, it is performed only in a few laboratories [2].

Lyso-Gb3 measurement should not be routinely considered within the diagnostic 
approach of FD [3]. This biomarker may be increased in adult and pediatric patients 
of both sexes, and its use has been more used in the evaluation of the response to 
enzyme replacement therapy and the severity of the disease (disease progression 
stage) [2, 13]. Plasma or urine levels of normal lyso-Gb3 do not exclude the diagno-
sis of Fabry [2]. It has been established that patients carrying a VUS in the GLA 
gene with clinically relevant organ damage in FD (specifically heart disease) had a 
plasma lyso-Gb3 value ≥ 2.7 ng/mL, which could assist in reclassifying a VUS in 
patients with diagnostic suspicion of Fabry [14].

30.3 � Is It Common to Use Tissue Biopsy to Aid the Diagnosis?

Tissue biopsy has also not been used routinely in the routine diagnosis of FD, but 
it could also be considered when genetic sequencing identifies a VUS in the GLA 
gene. This assessment could be raised mainly for FD atypical forms. Tissue 
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biopsy is most commonly applied and has diagnostic value in unexplained kidney 
failure, notably in those patients without a clear FD syndromic phenotype. 
Endomyocardial biopsy is rarely performed in the suspicion of Fabry in patients 
with left ventricular hypertrophy, as electrocardiographic and imaging markers 
can help to characterize the cardiac phenotype [1, 15, 16]. However, when an 
endomyocardial biopsy is requested, the presence of Gb3  in cardiac myocytes 
can establish the diagnosis of Fabry [1, 15]. A skin biopsy may show Gb3 accu-
mulation in classic FD forms, and it also has diagnostic value, but it could be 
ineffective in atypical forms [3].

30.4 � Are There Particularities for the Diagnosis of Atypical 
FD or Pediatric Forms?

It is important to emphasize that the atypical FD forms are related to late-onset 
genetic variants; the diagnosis is established after the fourth or fifth decade of life, 
and there is less neurological, dermatological, and/or ophthalmological involve-
ment in general [3]. Most patients with suspected atypical forms of FD are those 
with a predominant phenotype of kidney failure or hypertrophic cardiomyopathy of 
unknown etiology and enzyme levels > 1% [3, 17].

Some particularities should be raised in the diagnosis of pediatric patients. FD 
diagnosis can be made in children from the first years of life, with the mean age 
of initial manifestations being lower in males [18]. The more common perfor-
mance of clinical and genetic family screening has also been a factor responsible 
for a higher identification of FD individuals in pediatric age [6]. Diagnosis assess-
ment in this age group and the use of genetic testing with predictive purposes in 
children are now especially accepted, as enzyme replacement therapy could pre-
vent organ damage in adulthood [2, 18]. On the other hand, the timing of initiating 
treatment should be considered within a more detailed discussion, including 
whether the child is symptomatic and has clinically manifested disease. Proposals 
for neonatal screening with enzymatic and/or molecular testing have been carried 
out in several countries and are also implicated in the increase in diagnosis in 
children [4].

30.5 � Is There a Genetic Diagnosis in FD Prenatal Care?

Prenatal genetic diagnosis has been offered in some European countries when the 
pregnancy is of a male fetus in families with an established diagnosis of FD [18]. It 
can be carried out in amniotic or villous-chorion cells [4]. For ethical reasons, pre-
natal diagnosis is not performed for female fetuses. Preimplantation diagnosis may 
be an option to be informed during genetic counseling of these families, although it 
is rarely used in clinical practice [18].

30  Diagnostic Flowchart in Fabry Disease
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30.6 � Conclusion

Although FD diagnosis is based on a clear propaedeutic sequence, it always requires 
a multidisciplinary approach because it is a multisystemic and progressive disease 
that begins in childhood and worsens throughout adult life. Phenotypic differences 
between the sexes and age-dependent clinical features are important factors at the 
time of the clinical evaluation of these patients. Diagnosis communication and fam-
ily screening must also consider the social and emotional impact on these individu-
als, and it is important to be performed in a genetic counseling context. FD atypical 
forms and carriers of genetic variants of uncertain significance in the GLA gene can 
produce some uncertainties, and it could require the use of a greater number of tests 
to define or exclude the diagnosis. Advances in FD have been obtained in recent 
years, and the available therapies have increased the importance of this diagnostic 
flowchart. Its application may be essential for the early identification of patients and 
the reduction of morbidity and mortality in affected families.
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Chapter 31
Genetics in Fabry Disease

Charles Marques Lourenço

31.1 � Introduction

Fabry disease (FD, OMIM 301500) is an X-linked inborn error of metabolism due 
to mutations in the gene encoding a-galactosidase A, a lysosomal enzyme [1].

Being inherited in an X-linked manner, the recurrence risk for heterozygous 
females of passing the mutated gene is 50% (both for male and female children) 
(Fig. 31.1a, b). On the other hand, daughters from hemizygous males (carriers of a 
GLA gene mutation) will always inherit the defective gene chance, while none of 
the sons of an affected male will inherit the mutation from the father since they 
receive the Y chromosome [2].
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Hemizygous Father

X Y 

No affected mother

X X

Obligatory Carrier

X X

Not Affected

XY

a

Heterozygous  mother

X X

Not affected Father

X Y

Hemizygous son
 
X Y

No affected daughter

X X

Hterozygous Carrier

X X

Not Affected son

XY

b

Fig. 31.1  (a) Heredogram/pedigree showing the recurrence risk of having affected children with 
FD when the father is a carrier of the GLA mutation in the X-chromosome (b) Heredogram/pedi-
gree showing the recurrence risk of having affected children with FD when the mother is a hetero-
zygous carrier of the GLA mutation in the X-chromosome. (From: Author’s personal archive, 2022)

C. M. Lourenço



369

31.2 � An X-Linked Recessive Disease?

In FD, the penetrance and the severity index of the phenotype are usually in males, 
whereas expressivity and severity index appear highly variable and often “interme-
diate” in many heterozygous females. In the past, heterozygous females were once 
thought to be only asymptomatic carriers; however, over the years, evidence has 
shown that the FD phenotype in women can present with great variability, develop-
ing disease manifestations from mild to severe [3].

Therefore, the former definition of FD as an X-linked recessive disorder 
(Fig. 31.2) has been abandoned since an increasing number of cohort and registry 
studies have shown that females are not just carriers, being affected in some 
instances the same way as hemizygous males. It was postulated that the disease 
could be classified as X-linked dominant or X-linked semidominant, but FD does 
not fit as an X-linked dominant/semidominant trait either [3, 4].

Classic definitions of X-linked recessive and dominant inheritance neither reflect 
the variable expressivity nor take into account the multiple mechanisms that can 
lead to disease expression in heterozygous females. Thus, terms such as X-linked 
recessive and dominant should probably be abandoned when addressing FD inheri-
tance; instead, simply describing it as an “X-linked” disorder (Fig.  31.3) would 
avoid misconceptions regarding clinical expression in female patients [2].

Typically, a suggestive family history (e.g., unknown progressive kidney failure, 
recurrent “cryptogenic” strokes, or hypertrophic cardiomyopathy affecting several 
members,) is a strong indicator of FD; nevertheless, although rare, de novo muta-
tions have been documented, so the absence of family history should not rule this 
diagnosis out [5, 6].

Affected

Heterozygous Carriers

Not Affected

Fig. 31.2  A former typical “Fabry pedigree” presenting female patients as asymptomatic carriers. 
(From: Author’s personal archive, 2022)
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Affected

Deceased

Heterozygous
carrier

Fetal loss

Deceased with
congenital cardiopahty

Fig. 31.3  A Fabry pedigree clearly differentiating asymptomatic female carriers from symptom-
atic female carriers. (From: Author’s personal archive, 2022)

31.3 � X-Chromosomal Inactivation and FD

X inactivation is one of the most important epigenetic gene regulations that operates 
in early embryogenesis in female mammals. Nevertheless, only in the 1960s, with 
the publication of the research work of the scientist Mary F. Lyon, did a unifying 
theory for X-linked disease manifestations emerge [7, 8]. In 1961, Dr. Lyon pro-
posed that the heteropyknotic X chromosome was inactivated, citing as evidence 
her observations on the mosaic pattern of skin coloration seen in mice known to be 
heterozygous for X-linked genes that influence coat color. An example of this pro-
cess is shown in Fig. 31.4a, b for female cats.

In her articles “Gene action in the X-chromosome of the mouse” and later with 
“Sex chromatin and gene action in the mammalian X-chromosome” in 1962, she 
also suggested that the inactivated chromosome X could be either paternal or mater-
nal in origin in different cells of the same animal, and this process of inactivation 
occurred early in embryonic development [9, 10].

Subsequent events have confirmed the validity of Lyon’s hypothesis, and in rec-
ognition of her foresight, the process of skewed X-chromosome inactivation (XCI) 
is often referred to as “Lyonization” [11]. This theory led to an immediate break-
through in understanding the basic mechanisms responsible for X-linked diseases 
and solved many unexplained case studies. The majority of X-linked disorders 
cause disease manifestation only in hemizygous males [12].

The process of XCI occurs early in development at approximately 15–16 days of 
gestation [9]. Normally, either of the two X chromosomes can be inactivated in any 
particular cell. In human females, as in other female mammals, the choice of the 
active X chromosome is random, so that the X inherited from the father has the 
same possibility of being active as the X inherited from the mother. Thus, females 
exhibit mosaic expression of X-linked genes [10–12].
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Female embryo

Cell division

Inactive X chromosome

a

b

Fig. 31.4  (a, b) The process of skewed X-chromosome inactivation (XCI) occurs in each female 
cell, which can be seen clearly in the fur color disposition in female cats, displaying a mosaic 
expression of genes. Curiously, in female marsupials, the paternally derived X chromosome is 
consistently inactivated; in other mammals, this process is random. (From: Courtesy of Dr. 
Elizabeth Band, 2022)

Although there are many biological events other than skewed XCI that may 
influence the penetrance and expression in heterozygous females, skewed X inacti-
vation plays a major role in the phenotypic expression of X-linked disorders [13], 
particularly in the FD somatic phenotype (Figs. 31.5 and 31.6).

Due to random X-chromosomal inactivation, enzymatic detection of carriers is 
often inconclusive [14–18]. Molecular testing of females at-risk to be carriers is 
therefore mandatory for accurate genetic counseling [19, 20].
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0% 100%Increasing α- gal A activity

Classic
(Severe Disease)

Asymptomatic
Random X-Chromosomal

Inactivation

Fig. 31.5  In females affected by FD, there is a correlation between residual enzyme levels of 
α-galactosidase A and inactivation of the X-chromosome harboring the mutation in the GLA gene, 
although this relationship cannot always be verified in studying X-inactivation on leucocytes since 
every organ can have a different pattern of X skewing. (From: Courtesy of Dr. Robert Desnick, 2022)

Fig. 31.6  In hemizygous 
Fabry males with “classical 
mutations,” it is possible to 
identify some coarsening 
of facial features over time, 
not as strinkly as in other 
lysosomal storage diseases, 
but clearly different from 
heterozygous female 
patients, even the 
symptomatic ones that do 
not show facial features of 
the disease. (From: 
Author’s personal archive 
with Family consent, 2022)
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31.4 � GLA Mutations and Genetic Diagnosis of FD

The GLA gene has been cloned and identified as responsible for FD [21]. Disease-
causing mutations are detected in the GLA gene, which is responsible for coding the 
AGAL enzyme. It is located on the long arm of the X chromosome (band q22), 
which is 12 kb in length and consists of seven exons and six introns [22].

Currently, more than 1000 different GLA mutations are known; although there 
are some common mutations, the majority of the affected patients carry “private” 
(family-specific) mutations (Figs. 31.7 and 31.8). This can be particularly difficult 
since an increasing number of genetic tests have become available due to the 
advances in next-generation sequencing (NGS). Currently, many FD patients have 
been identified through gene panels for cardiomyopathies, inherited kidney disor-
ders, or even when undergoing whole-exome sequencing (WES) [23].

Fig. 31.7  Electropherogram showing a missense mutation in a heterozygous female patient 
affected with FD, identified with traditional Sanger sequencing. (From: Author’s personal 
archive, 2022)

a b

Fig. 31.8  (a, b) Electropherograms comparing normal GLA sequencing in a male patient with an 
affected male patient harboring the missense mutation p. Arg342Gln in the GLA gene, with a sub-
stitution of the nucleotide guanine by adenine, thus changing the enzyme sequencing, now present-
ing the amino acid glutamine instead of arginine at position 342 of the protein. (From: Author’s 
personal archive, 2022)
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31.4.1 � Genetic Diagnosis in FD Male Patients

The diagnosis of classic FD males is straightforward: identification of GLA gene 
mutations encoding an absent or evidently dysfunctional α-galactosidase A enzyme. 
Extremely low α-GalA activity in leukocytes, fibroblasts, and dried blood spots 
(DBS) can be conveniently demonstrated using artificial water-soluble substrates, 
such as 4-methylumbelliferyl-α-galactoside [24]. More recently, DBS have become 
the method of choice for the investigation of patients since it can be used both for 
enzyme dosage and genetic molecular testing [25].

Nevertheless, with NGS becoming cheaper and allowing screening of many 
patients, it has not been unusual to identify male patients with a GLA mutation 
before performing enzyme testing (Fig. 31.9).

It is worth noting the fact that many GLA mutations found in male patients 
through genomic screening with NGS have not been reported previously, so in such 
cases, it is mandatory to perform enzyme assays for confirmation of deficient 
α-galactosidase A [26]. When the α-Gal levels are typically very reduced, there is 
no doubt in the diagnosis, and the variant of unknown significance (VOUS) seen in 
the GLA gene is validated by enzyme testing.

Unfortunately, in some instances, the diagnosis of FD even in male patients can 
be problematic. In particular, in those presenting with a not very specific symptom 
(such as albuminuria, left ventricular hypertrophy, or white matter lesions) in combi-
nation with a VOUS in the GLA gene accompanied by a relatively high residual 
enzyme activity in cells. In those cases, the detection of elevated concentrations of 

Hypertrophic
Cardiomyopathy

Hypertrophic
Cardiomyopathy

Hypertrophic
Cardiomyopathy

Fig. 31.9  Pedigree showing possible X-linked or autosomal dominant hypertrophic cardiomyopa-
thy (HCM). The index case (arrow) was a 40-year-old male with episodes of syncope diagnosed 
with HCM after performing an echocardiogram. He underwent a gene panel for inherited cardio-
myopathies and a missense mutation p. Gly373Ser (previously reported as pathogenic) was identi-
fied. (From: Author’s personal archive, 2022)
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Lactosylceramide
Lactosylceramide

Deficient alfa-Gal

Cell with lysosomal Gb3 storage

Globotriaosylceramide

Ceramide

Ceramide

Globotriaosylceramide

Gal Gal Glc

Gal Gal Glc

alfa-Gal A Gb3

Gb3

Gb3

Gb3

Gb3

Fig. 31.10  Deficient α-Gal leads to Gb3 accumulation in tissues and can be identified through 
biopsies, especially when performing electron microscopy to show evidence of glycosphingolipid 
accumulation. (From: Author’s personal archive, 2022)

plasma and urinary Gb3 and lysoGb3 can be used to further confirm the diagnosis 
and monitor patient response to therapy [27]. However, there are male patients who 
can carry a VOUS in the GLA gene with mild enzyme decrease and no clear abnor-
mality in plasma or urinary Gb3 and lysoGb3 concentrations. In this regard, perform-
ing more invasive procedures (e.g., kidney biopsy, heart biopsy, electron microscopy 
of skin) can be helpful in showing glycosphingolipid storage burden (Fig. 31.10).

31.4.2 � Genetic Diagnosis in FD Female Patients

Enzyme activity assays are not always informative for females affected by FD, par-
ticularly those with favorably skewed X-inactivation of the chromosome harboring 
the GLA mutation since they can have normal enzyme levels both in plasma and 
leucocytes. This is the reason that direct gene sequencing is the method of choice 
when investigating women with suspicion of FD [28, 29].

Detection of elevated lysoGb3 is very helpful to confirm FD diagnosis in females, 
particularly in those with VOUS in the GLA gene since enzyme assays will not be 
helpful in confirming the diagnosis, and the use of biomarkers can add to the evalu-
ation of such patients. Analysis of biopsies and demonstration of deposits of Gb3 
are considered, in more challenging cases, helpful to support diagnosis [29].

Women who are homozygous or compound heterozygotes have also been 
reported [30, 31]; this is a possible outcome for a daughter of a man with FD and his 
partner who is heterozygous for a GLA mutation.

31.5 � Types of GLA Mutations

To date, more than 900 variants have been reported in the Human Gene Mutation 
Database (http://www.hgmd.cf.ac.uk/ac/gene.php?gene=GLA). Most of the muta-
tions reported are missense, followed by deletions, splicing site mutations, and 
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small insertions or duplications. Male patients with the “classical phenotype” usu-
ally carry null mutations, such as nonsense, frameshift, small deletions, and splice-
site defects (Fig. 31.11). Nevertheless, patients with some missense mutations can 
also present with a classical phenotype and very reduced enzyme levels.

In affected male patients with FD, although not always, it is possible to establish 
a phenotype–genotype correlation. Usually, patients displaying a late-onset FD pre-
sentation (in the fourth or the fifth decade of life) have missense mutations with 
higher residual activity and normal/slightly increased biomarkers (Fig. 31.12).

Patients with more severe mutations tend to present earlier in life (many in child-
hood with acroparesthesias, abdominal pain, and recurrent febrile episodes). These 
patients have very low enzyme activity and increased lysoGb3 in plasma and Gb3 in 
urine [31].

Fig. 31.11  Electropherograms comparing normal GLA sequences in a male patient with FD and 
male and female patients presenting a “null” mutation (nucleotide deletion) leading to a classical 
FD phenotype in both patients. (From: Author’s personal archive, 2022)

0% >1%
Increasing α- gal A activity

Classic Phenotype
(Severe Disease)

Later-Onset
Phenotype

Classic Phenotype

Fig. 31.12  Spectrum phenotype in FD male patients. The former renal and cardiac subtypes are in 
fact late-onset presentations. Thus, the term nonclassical FD or late-onset FD has been preferred. 
(From: Author’s personal archive, 2022)
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Chapter 32
Echocardiography in Fabry

Sandra Marques e Silva and Gustavo Horacio Cabrera

Echocardiography is an effective, low-cost, widely available, noninvasive method to 
screen for Fabry cardiomyopathy. Moreover, it provides important information that 
helps in the differential diagnosis of other causes of ventricular hypertrophy as well 
as in the evaluation and monitoring of treatment effects [1]. A summary of the red 
flags for echocardiographic diagnosis of AFD cardiomyopathy is listed in Table 32.1.

The first hallmark feature of cardiomyopathy is left ventricular (LV) hypertrophy 
(Fig.  32.1). This abnormality happens without concomitant LV outflow tract 
obstruction or there abnormal loading conditions, such as systemic hypertension or 
aortic stenosis. Increased LV wall thickness above 11 mm for women and 12 mm 
for men are reasonable for the echocardiographic cutoff values accordingly to recent 
studies [2, 3]. It is important to highlight that Anderson–Fabry disease (AFD) is a 
sarcomeric cardiomyopathy photocopy. To understand, it does not have real myo-
cyte hypertrophy but the enlargement of extracellular space mimicking due to glo-
botriaosilceramide deposition together with the derived local inflammatory reaction 
[4, 5]. Accordingly, many AFD cardiomyopathies may be lost if the cutoff values to 
define the wall thickness in sarcomeric hypertrophy were applied. Although the 
concentric pattern is the predominant morphology, other geometries may occur 
leading to misdiagnosis, including asymmetric septal hypertrophy and isolated api-
cal hypertrophy [6].
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ECHOCARDIOGRPHIC FINDINGS

increase wail thickness: concentric (most common), asymmetric septal, eccentric, apical
Binary sign (neither sensitive nor specific for Fabry disease)
Papillary muscle thickening and hyperechogenicity
Systolic function generally preserved but can be reduced in advanced disease
Diastolic function often impaired
Abnormal TDI findings, including reduced strain, occur before increase in wall thickness
Double-peak sign on strain rate imaging suggests segments of fibrosis
Abnormal two-dimensional speckle-tracking results identify regional functional impairment and fibrosis
Reduced strain often occurs in the basal posterior/lateral segments    

RVH Systolic function generally preserved, but severe dysfunction can occur
Abnormal TDI findings, including reduced strain, can occur despite normal systolic function

Mild to moderate left atrial or biatrial enlargement
Increased atrial reversal velocities suggest elevated left atrial pressures
Abnormal TDI findings, including reduced strain, suggest atrial myopathy 

Leaflet thickening and redundancy, especially in mitral and aortic valves
Valvular regurgitation often mild 

Often dilated at the sinus of Valsalva and ascending aorta but not at the descending thoracic aorta

Table 32.1  Echocardiography red flags for the diagnosis of Anderson–Fabry disease 
cardiomyopathy

TDI tissue Doppler imaging

Fig. 32.1  Left ventricle hypertrophy (red flags) in a male patient with Anderson–Fabry disease 
cardiomyopathy. LA left atrium, LV left ventricle, RA right atrium, RV right ventricle, Ao aorta artery

Data from Fabry registries show that hypertrophy appears during the third decade 
of life in men and 10 years later in women and increases with disease progression, 
mainly among untreated patients and those with chronic kidney disease [7, 8]. There 
are no echocardiographic differences between patients with the classic phenotype 
and those with the late onset phenotype (cardiac variant). Furthermore, men with 
classical Fabry disease develop this at younger ages, with higher LV mass and 
higher plasma globotriaosylsphingosine concentrations and more cardiac events 
than men with late onset disease or women with either phenotype [9].

Right ventricular (RV) hypertrophy occurs in 31–71% accordantly to cohort 
studies. It is predominantly associated with LV disease, affects both sexes equally, 
and becomes increasingly common with advancing age. Data on the impact of AFD 
on RV systolic function are contradictory [10–13].
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Papillary muscle is also hypertrophic in AFD cardiomyopathy and might serve as 
a marker to screen for this disease in patients with concentric LV hypertrophy. 
Despite its presence, there is no LV output flow obstruction or significant mitral 
regurgitation [14].

The second hallmark feature of AFD cardiomyopathy and the earliest sign of 
myocardial involvement is LV diastolic dysfunction (Fig. 32.2). Boyd et al. reported 
a prevalence of around 79% among AFD patients with most of the cases at mild to 
moderate laves. Although it can exist prior to the development of LV hypertrophy, 
most studies highlight it as a consequence of LVH and associated myocardial fibro-
sis [15]. A small proportion of patients have a pseudonormal filling pattern com-
monly associated with systolic dysfunction and with the end-stage disease. 
Restrictive physiology is uncommon among AFD patients [16, 17]. LV diastolic 
dysfunction also contributes to LA enlargement and may even precede LV hypertro-
phy. Increased left atrial stiffness index and reduced atrial compliance are due to an 
increase in LV filling pressures, and over a third of AFD patients have it [18, 19].

The third hallmark of AFD cardiomyopathy is the preserved systolic function 
throughout AFD patient’s lifetime. Although most of the patients with Fabry cardio-
myopathy have preserved LV ejection fraction, the use of more sophisticated echo 
techniques, such as strain-rate imaging, has shown regional longitudinal dysfunc-
tion early in the disease evolution. Even in patients without LV hypertrophy, the 
basal segments of the posterolateral wall may have impaired longitudinal strain. In 
more advanced stages of AFD cardiomyopathy, both regional longitudinal and 
radial functional parameters are markedly reduced [20]. Saccheri et al. by analyzing 
over 44 patients, 22 of those without LVH, observed that all patients from the first 
group and half of the second group had at least one segment with a strain value less 
than ≥−15%. This demonstrates subclinical myocardial dysfunction in patients 
with preclinical FD and highlights the usefulness of longitudinal myocardial LV 

a b

Fig. 32.2  Signs of diastolic dysfunction in a male patient with Anderson–Fabry disease cardiomy-
opathy. (a) Pulsed Doppler waves of the transmitral flow with E/A = 2.5, (b) Tissue Doppler waves 
of the medial mitral annulus with low-velocity values. E/e′ = 23.5 (increased left ventricle’s filling 
pressure) in an enlarged left atrium

32  Echocardiography in Fabry
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strain measured with speckle tracking as an important tool to detect early myocar-
dial involvement in young patients with FD [21].

Only a small percentage of patients develop LV and RV systolic dysfunction, 
which is a sign of end-stage disease. Its prevalence goes around 6–8%, and there is 
a strong correlation between reduced LV ejection fraction and the development of 
myocardial fibrosis as seen in cardiac magnetic resonance imaging studies [22, 23]. 
Interestingly, this anatomic change does not apply to the RV even when there is 
systolic dysfunction. All those complications happen more often among untreated-
ERT patients and may lead to the development of heart failure symptoms and high 
disease mortality [24].

New echocardiographic techniques improved a lot the myocardial evaluation in 
AFD cardiomyopathy. The tissue doppler imaging (TDI) is an accepted method for 
identifying the early stages of several forms of inherited cardiomyopathy and so does 
to AFD. TDI has been reported to distinguish between patients with FD with and 
without LVH and relatives without the Fabry disease mutation [25–27] (Fig. 32.3).

Another new echocardiographic technique, the strain derived from the spackle-
tracking, brought the method to a higher accuracy level (Fig. 32.3). The LV global 
longitudinal strain measurement provided a very important information on subclini-
cal systolic dysfunction in patients with preserved EF. Several studies showed that 
the lower LV GLS values were due to the reduction in the regional strain of the basal 

Fig. 32.3  Global longitudinal strain represented in the bull’s eye graphic in a male patient with 
Anderson–Fabry disease cardiomyopathy. Reduced global longitudinal strain mainly due to low 
longitudinal strain at the posterior lateral wall (blue). LA left atrium, LV left ventricle, RA right 
atrium, RV right ventricle
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portion of the posterior-lateral wall [28–30]. Moreover, the association with mag-
netic resonance imaging showed that this abnormality is not always related to the 
presence of fibrotic tissue. Kramer et al. assessed 101 consecutive Fabry patients 
with strain echocardiographic imaging and gadolinium late enhancement (GLE) 
magnetic resonance imaging looking for a relationship between the presence of 
fibrotic tissue and a decrease in the GLS. The authors showed that the systolic strain 
of basal posterolateral segments was the most powerful predictor to distinguish 
between patients with and without LE with a sensitivity of 90% and a specificity of 
97%. Patients with severe LE (>2%, n = 22) showed the lowest deformation values 
(−5.9 ± 8.4%) in basal posterolateral segments even with preserved left ventricle 
ejection fraction (LVEF) and normal LV diastolic diameter [31].

There are other important findings that may suggest AFD cardiomyopathy. The 
“binary sign,” characterized by the hyperechogenicity of the endocardial layer 
(Fig. 32.4), is not pathognomonic of AFD and has low sensitivity and specificity in the 
diagnosis [32–34]. In general, significant hemodynamic valve insufficiency and ste-
nosis are infrequent findings (Fig. 32.5). In a cohort of 111 patients from Germany, the 
most frequent findings were mild aortic (n = 17), mitral (n = 57), and tricuspid (n = 38) 
valve regurgitation. Only two patients showed mild aortic valve stenosis [35, 36].

To conclude, aortic remodeling is possible to occur at the root level leading to 
mild to moderate enlargement. Nevertheless, the risk of the development of impor-
tant aortic regurgitation or dissection is very low unless when there is an association 
with other vascular diseases [37].

Fig. 32.4  Binary sign (red 
flags) in a male patient 
with Anderson–Fabry 
disease cardiomyopathy. 
LA left atrium, LV left 
ventricle, RA right atrium, 
RV right ventricle
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a  b

Fig. 32.5  Valve involvement (red flags) in a male patient with Anderson–Fabry disease cardiomy-
opathy. (a) Increased thickness of mitral and tricuspid valves (red flags). (b) Mild mitral and tri-
cuspid valve regurgitation (red flags). LA left atrium, LV left ventricle, RA right atrium, RV right 
ventricle
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Chapter 33
Cardiac Magnetic Resonance Imaging 
in Fabry Disease

Andréa Coy-Canguçu, Camila Nicolela Geraldo Martins, 
Adriana Aparecida Bau, Marly Uellendahl,  
and Otavio Rizzi Coelho-Filho

33.1 � Introduction

Fabry disease (FD) is an X-linked lysosomal storage disorder caused by pathogenic 
variants in the galactosidase alpha (GLA) gene, leading to deficient or undetectable 
α-galactosidase A (α-Gal A) enzyme activity. This results in progressive accumula-
tion of globotriaosylceramide (Gb3) and its deacylated form, globotriaosylsphingo-
sine (lyso-Gb3), within lysosomes, with potential neurological, renal, cutaneous, 
and cardiac involvement. It is possible that the previously reported prevalence of 
1 in 40,000–117,000 may have been underestimated since neonatal screening pro-
grams have detected a surprisingly high incidence of pathogenic GLA mutations 
ranging from 1 in 1250 to 1 in 8800 [1–7].

To date, more than 1000 GLA variants have been identified, the majority of 
which are missense [8, 9]. Because the frequency of de novo mutations is less than 
10%, most variants are either unique or confined to one or a few families, and even 
individuals with the same GLA variant may present different phenotypes [10–12]. 
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It is also worth mentioning that female carriers of pathogenic GLA mutations are 
susceptible to developing FD, with a heterogeneous clinical presentation that can 
vary from an asymptomatic or mild course with late-onset to a more severe pheno-
type resembling hemizygous males [13–18]. This wide variability of manifestations 
is partly explained by the process of random X-chromosome inactivation, after 
which a mosaic pattern of expression is established, with some cells expressing the 
normal GLA allele and others expressing the mutated allele [13, 19].

In addition to the mechanical effects that succeed tissue infiltration by Gb3 or 
lyso-Gb3, impaired degradation of these substrates causes cellular damage by hin-
dering endocytosis, autophagy, and mitochondrial energy production, as well as 
promoting apoptosis [20, 21]. Furthermore, recent evidence has demonstrated that 
excessive Gb3 and lyso-Gb3 act as damage-associated molecular patterns, binding 
to toll-like receptor 4 in natural killer T cells and thus activating the nuclear factor κ 
B pathway [22, 23]. As a consequence, proinflammatory cytokines are released, and 
a systemic inflammatory response is elicited, eventually producing chronic and irre-
versible tissue injury, with subsequent fibrosis and organ failure [22, 23].

The classic early-onset FD phenotype, which mostly affects male patients, is 
characterized by multisystemic involvement due to absent or severely deficient α-
Gal A activity (<1% of normal value) [1, 11, 24–26]. In children, typical manifesta-
tions include diffuse pain attacks, usually prompted by an increase in body 
temperature following physical exercise, fever, or a warm environment; sweating 
abnormalities, such as anhidrosis or hypohidrosis; and hearing loss [23]. Symptom 
severity and extent tend to progress with age, reflecting heart, kidney, and nervous 
system malfunction, especially during the third decade of life [1, 27]. Without ade-
quate management, FD may lead to premature death from cardiomyopathy, renal 
failure, or stroke [1, 27].

Nonclassic late-onset FD, in turn, is marked by milder, slower-evolving symp-
toms often limited to a single organ as a result of reduced but still present enzyme 
activity (on average 30–35% of normal value) [28, 29]. Because this phenotype 
typically affects the heart, unexplained left ventricle hypertrophy (LVH) is a com-
mon first manifestation, especially in men and from the third decade of life [19, 27, 
30, 31]. Other forms of cardiac involvement include heart failure with preserved 
ejection fraction (HFpEF), angina, arrhythmic events, hypertension, and valve 
regurgitation [19, 30, 31].

Cardiac involvement represents the leading cause of death in both men and 
women with classic or nonclassic FD [32]. Due to glycosphingolipids’ recently 
discovered role as an inflammation trigger, FD has come to be interpreted as not 
only a storage disorder but also inflammatory cardiomyopathy [33]. Accordingly, a 
novel three-phase model for cardiac involvement in FD has been proposed, consist-
ing of (1) Gb3 and lyso-Gb3 deposition, (2) cardiomyocyte hypertrophy and inflam-
mation, and (3) fibrosis and impairment [34]. Since cardiac FD alterations develop 
long before symptom onset and are thought to be present in 0.5–1.0% of adult 
patients with unexplained LVH, it is recommended that those who meet this crite-
rion are 40  years or older and have unknown family background be routinely 
screened for FD [11, 19, 35–48].
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Diagnosis is established based on α-Gal A enzyme activity assessment and/or 
GLA sequencing [19]. Enzymatic testing is usually sufficient to confirm an FD 
diagnosis in male patients because most present α-Gal A activity values are far 
below normal standards, regardless of disease phenotype [25]. However, current 
recommendations encourage all diagnoses to be confirmed by genetic testing, con-
sidering that α-Gal A activity may be normal or slightly deficient in up to 60% of 
heterozygous female patients [12, 25, 49, 50]. Following diagnostic confirmation, 
cascade family genetic sequencing according to X-linked inheritance is strongly 
advised [12, 51].

As a potentially reversible disorder, it is essential that an early FD diagnosis be 
established to start adequate treatment that may include enzyme replacement ther-
apy (ERT) to avoid disease-related complications. However, its relatively low preva-
lence rates, multiorgan manifestations, and similarities to other more commonly 
known LVH etiologies pose challenges to the timely recognition of FD and contrib-
ute to its underdiagnosis.

In this setting, cardiovascular magnetic resonance (CMR) has become an increas-
ingly employed imaging modality in FD because of its greater accuracy and detail 
level compared to other noninvasive tools in detecting and characterizing tissue 
alterations, staging the degree of cardiac involvement, ruling out differential diag-
noses, and monitoring patient response to ERT. Through CMR imaging, researchers 
were able to detect myocardial anomalies in up to 50% of GLA mutation carriers, 
even when LVH was mild, and no fibrosis was present [52].

For the detection, characterization, and staging of cardiac involvement, the fol-
lowing CMR features are applied: (1) cine imaging for cardiac morphology and 
function assessment; (2) parametric techniques (T1, T2, and T2* mapping) for iden-
tification of glycosphingolipid accumulation as well as myocardial inflammation; 
(3) late gadolinium enhancement (LGE) for identification of focal myocardial fibro-
sis; and (4) perfusion mapping for evaluation of perfusion integrity. Fig. 33.1 shows 
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Fig. 33.1  An approximately 50-min CMR protocol assessing LV function, edema, hyperemic, and 
resting myocardial blood flow (MBF in mL/min/g), extracellular volume (ECV) expansion as a 
surrogate marker of diffuse fibrosis, and late gadolinium enhancement (LGE) to determine focal 
scar volume/extent. Stress perfusion is measured during maximal hyperemia with IV adenosine. 
All images in this schematic come from a recent CMR study of a patient with dilated cardiomyopa-
thy, imaged by Dr. Coelho-Filho at UNICAMP in Campinas on the 3T scanner proposed for this 
study. SA short-axis, 4-ch 4-chamber view, T2w T2-weighted, MOLLI modified Look-Locker
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the typical CMR protocol to be applied in patients investigating cardiac involve-
ment related to FD.

Key signs of FD detectible by cine imaging include progressive, concentric, and 
nonobstructive LVH, as well as papillary muscle thickening [23]. In later disease 
stages, right ventricle hypertrophy (RVH) and systolic dysfunction can also occur 
[23]. Regarding parametric techniques, low native T1 values due to intramyocardial 
glycosphingolipid accumulation may serve as a novel indicator of early cardiac 
involvement and as a predictor of worsening disease since a reduction in native T1 
values has been reported in over 90% and 40% of FD patients with and without 
LVH, respectively [50]. As the disease progresses, a “pseudonormalization” in 
native T1 values may occur as a result of replacement fibrosis within the posterolat-
eral LV wall [53]. An increase in T2 myocardial relaxation time, in turn, indicates 
myocardial inflammation and can be noted especially in the basal segment of the 
inferolateral LV wall, following a patchy distribution and correlating with LGE 
[54–56]. Finally, FD-related impaired perfusion is usually more evident in subendo-
cardial layers and progressively worsens in segments with LVH, low native T1 val-
ues, and high LGE [23, 57].

Combined with the previously described features, strain imaging provides addi-
tional information to differentiate FD from other LVH etiologies, such as hypertro-
phic cardiomyopathy (HCM), cardiac amyloidosis, aortic stenosis, and hypertensive 
heart disease [23]. Unlike these clinical conditions, FD is characterized by abnor-
malities in the base-to-apex gradient (first in the circumferential strain [CS], then in 
the longitudinal strain [LS]), a reduction of regional LS in the basal inferolateral LV 
wall, and, in advanced stages, a decrease in global CS [58].

Last, LGE, T1, and T2 mapping may be valuable in estimating ERT efficacy and 
monitoring its effects. Previous studies have demonstrated that ERT is successful in 
reducing LV mass only in FD patients with little or no LGE at baseline, highlighting 
the importance of early diagnosis and treatment to reverse cardiac alterations and 
prevent disease progression [59–65]. LGE can also be used to clearly distinguish 
LV thinning as a result of fibrosis increase from that of ERT, preventing the wrong-
ful assumption that LV mass is declining due to therapy when an increment in fibro-
sis is its underlying cause [23]. A reduction in T2 relaxation time, in turn, has been 
associated with LV mass regression after approximately 4 years of ERT [57]. No 
reports have yet been published on the use of T1 mapping in ERT monitoring.

This chapter aims to address potential challenges in the diagnosis of FD, empha-
sizing the importance of CMR for diagnostic accuracy, disease management, and 
therapy monitoring.

33.2 � Fabry Diagnosis and Its Imposing Challenges

The diagnosis of FD is challenging, as it is a multisystemic disease with a relatively 
rare clinical prevalence. However, diagnosing FD early and correctly is essential so 
that ERT can be started as soon as possible.
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Initial suspicion is commonly based on the various clinical manifestations that 
may involve neurological, dermatological, ophthalmological, renal, and cardiac 
symptoms. In previous FD studies, LVH has been reported in 53% of men and 33% 
of women after the third decade of life, with 60% of patients experiencing symp-
toms such as HFpEF, chest pain, and arrhythmias [19, 51]. Therefore, in cases of 
unexplained LVH associated with extracardiac “red flags” and characteristic family 
history, FD should be suspected [23].

Once FD is suspected, biochemical and genetic tests are necessary for diagnostic 
confirmation. In men, the diagnosis is established when α-Gal A activity is ≤30–35% 
compared to normal values. In women, sequencing of the GLA gene is habitually 
necessary since the activity of α-Gal A may be within the normal range in up to 60% 
of female patients due to random X-chromosome inactivation in heterozygous 
patients [12, 50].

In female patients, clinical presentation varies from asymptomatic patients to 
others suffering from a disease that is just as severe as in men. In addition, Echevarria 
et  al. showed that in female carriers of pathogenic GLA mutations, FD progres-
sively worsens with age, with the onset of LVH and renal dysfunction. The same 
authors reported an association between the expression of a wild-type GLA allele 
and a mild FD phenotype with little disease progression over time, as well as the 
relationship between a mutant GLA allele and early-onset FD, characterized by 
rapid evolution and poor prognosis [13].

However, it is important to note that patients with the same GLA mutation may 
present different phenotypes [12]. Considering the X-linked transmissibility of FD, 
three generations around a diagnosed individual should be screened for 
FD. According to Schiffman et al., FD-related clinical manifestations are mostly 
due to substrate accumulation rather than enzyme deficiency. Thus, detecting the 
accumulation of glycosphingolipids in a given organ is key to diagnosing FD and 
quantifying the risk of complications. In this scenario, a tissue biopsy may be nec-
essary [29].

For blood markers, high-sensitivity troponin T (hs-TnT) correlates with fibro-
sis detected by CMR LGE. Therefore, hs-TnT is useful for predicting the pro-
gression of FD-related cardiomyopathy [66]. Regarding cardiovascular 
alterations, multimodality imaging is employed to identify LVH and provide evi-
dence to support an FD diagnosis with cardiac involvement. It is clear that correct 
staging of cardiac involvement has important clinical repercussions. Once LVH 
is identified, careful assessment of additional manifestations suggestive of sys-
temic disease, family history, electrocardiogram, and echocardiogram may offer 
clues to specific pathogenesis [67]. CMR, in turn, has become central to the diag-
nosis and staging of cardiac FD phenotypes. Typical characteristics include LGE 
(initially in the basal inferolateral wall) and low native T1 values, likely reflecting 
intramyocardial glycosphingolipid accumulation and preceding the development 
of significant LVH. For patients with a confirmed FD diagnosis, CMR can be 
used to assess the development of cardiac manifestations, to indicate ERT start, 
and to monitor those who are currently on ERT for stabilization or regression of 
cardiac disease [67].
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33.2.1 � Electrocardiogram

Many electrocardiographic alterations have been described in FD: LVH, T-wave inver-
sion, and left atrial enlargement [68]. These findings are common in other diseases 
with a shared LVH phenotype [69]. Some patients may have ST-segment depression 
and T-wave inversion in the inferolateral wall, which is justified by the presence of 
fibrosis [70]. More specific changes to FD have been reported recently and have been 
useful in identifying FD.  In the initial stages of the disease, a short PR interval is 
observed, probably due to changes in the conduction system by deposition of Gb3 [71], 
and an atrioventricular block can also be noted in more advanced stages of FD [72].

33.2.2 � Echocardiogram

Patients with LVH face a diagnostic dilemma, as they fit into a phenotype that is 
common to many conditions. Hypertrophy can be either a physiological response to 
increased pressure in the left cardiac chambers, such as in athletes, or a consequence 
of primary or secondary cardiomyopathy [73]. Among these cardiomyopathies lies 
FD. Typically, FD patients present nonobstructive concentric LVH, but other find-
ings are possible, such as asymmetric septal hypertrophy, LV outflow tract obstruc-
tion, or even apical hypertrophy [74]. It is noteworthy that LVH is a more common 
finding in men than in women with FD [75]. LV wall thickness and LV mass (LVM) 
should be determined and monitored over time [67]. Concomitant RVH has been 
described in 30–40% of FD patients, with RV function frequently unchanged despite 
hypertrophy [76]. This contrasts with cardiac amyloidosis patients, who have been 
shown to have impaired RV function even though their average RV wall thickness is 
similar to that of FD patients [76]. Unlike LVH, the presence of RVH is not sex-
specific. It becomes more frequent with age, and its extent is associated with the 
degree of coexistent LVH [77]. Papillary muscle thickening and the ratio between 
the papillary muscle area and LV endocardium in the parasternal short-axis view are 
increased not only in FD but also in other disorders with the LVH phenotype, includ-
ing cardiac amyloidosis, Friedreich’s ataxia, and hypertensive heart disease [78]. 
Diastolic dysfunction is more prevalent in FD patients with LVH.  Furthermore, 
decreased left atrial compliance was observed in FD patients compared to healthy 
controls by using tissue Doppler imaging (TDI), irrespective of LVH degree [55, 79].

33.3 � Role of Cardiovascular Magnetic Resonance in Fabry

33.3.1 � Traditional Methods for Tissue Characterization

CMR is a noninvasive imaging tool increasingly used in FD due to its ability to 
characterize the myocardial tissue, to determine ventricular volume, wall thickness, 
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and mass, and to identify pathological processes with great accuracy and at a 
detailed level. CMR has become essential in complementing echocardiography, as 
the former contributes to the determination of the extent of glycosphingolipid accu-
mulation, edema, and interstitial fibrosis (evidenced by LGE), assisting in the diag-
nosis and follow-up of FD patients [24]. Fig. 33.2 shows the CMR findings of a 
patient with FD without LGE but with decreased T1 values due to glycosphingo-
lipid accumulation.

The main cardiac manifestation in FD corresponds to LVH. Papillary muscles 
may also suffer hypertrophy and can thus add to the total LV mass [55]. By analyz-
ing papillary muscle morphology, it is possible to differentiate FD from other LVH 
etiologies, such as HCM, cardiac amyloidosis, aortic stenosis, and hypertensive 
heart disease. In the absence of LVH, FD with papillary muscle hypertrophy may be 
suspected [80]. For the identification of myocardial hypertrophy, as well as the 
assessment of LV mass and ejection fraction, cine CMR steady-state free precession 
(SSFP) images should be obtained during breath-hold in the short-axis covering the 
entire LV and in multiple long-axes [55]. In this way, CMR has been able to identify 
cardiac alterations in up to 50% of patients with a positive genotype for FD, even 
when LVH is mild or not yet present [55]. According to Nordim et al., in a study 
involving 182 FD patients, LVH was more prevalent and more severe in men (66% 
vs 27% in women), with the LVH diagnosis occurring later in women [34]. 
Nonetheless, the prevalence of LVH increased with age in both sexes [34].

The key and perhaps the unique contribution of CMR to FD is its capacity to help 
identify glycosphingolipid accumulation in the myocardium, as well as edema and 
myocardial interstitial fibrosis, making it possible to assess changes in all stages of 

a b

c

Fig. 33.2  A 59-year-old man with confirmed FD without any other cardiovascular disease. His 
past medical history was noticeable for peripheral neuropathic pain since childhood and heat and 
physical activity intolerance. His electrocardiogram (not shown here) revealed a short PR interval 
and complete RBB with signs of LVH. CMR showed concentric LVH with preserved LVEF with-
out myocardial scarring assessed by LGE.  Interestingly, the native T1 assessed by the MOLLI 
sequence was significantly low. (a) Short-axis view in diastole showing concentric LVH (septal 
wall 23 mm, posterior wall 18 mm). (b) Long axis view in diastole also highlighting concentric 
LVH. (c) T1 mapping with the MOLLI sequence demonstrating the low T1 value
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the disease’s evolution through native T1 mapping, quantification of ECV, and 
assessment of LGE [80].

33.3.1.1 � Late Gadolinium Enhancement

CMR is essential for evaluating the evolution of FD, as it contributes to the detec-
tion of glycosphingolipid deposits that may progress into fibrotic areas. These are 
evaluated by the LGE technique.

LGE images are typically obtained using convectional inversion recovered 
sequences or with phase-sensitive inversion recovery (PSIR) 15 min after contrast 
administration. When PSIR is not available, it is important to set up the inversion 
time properly so that it cancels out myocardial signals without scarring. The emer-
gence of LGE is more common among male patients with classic FD manifesta-
tions, especially LVH. In female patients, the occurrence of LGE is not necessarily 
associated with LVH and is present even in the absence of increased LV mass.

In FD patients with a typical or classical phenotype, LGE is most frequently 
found in the basal and middle regions of the inferolateral wall (an area of continuity 
with the mitral annulus) of the LV, following an epicardial pattern. This may be 
associated with its significant mobility (these regions are the most mobile of the 
basal segments during myocardial contraction), microvascular dysfunction, or even 
myocardial inflammation [55]. However, atypical patterns of LGE can also be iden-
tified in up to a quarter of patients and may be associated with asymmetric LV 
hypertrophy [80]. The progression of LGE has been shown to be an independent 
predictor for malignant ventricular arrhythmias and other arrhythmic events in FD 
patients. The assessment of LGE extent can also be pivotal in ERT indication since 
the presence of fibrosis can lead to an inefficient response to therapy [80]. 
Identifying FD patients with the most potential to respond to ERT is desirable, and 
LGE by CMR may be a useful tool for helping clinicians and cardiologists in this 
challenging task.

33.3.2 � Advanced Methods for Tissue Characterization

33.3.2.1 � T1 Mapping and Extracellular Volume Fraction

T1 mapping techniques acquired before and after gadolinium-based contrast admin-
istration (with subsequent ECV quantification) were developed and validated for the 
evaluation and quantification of myocardial interstitial fibrosis. Image acquisition 
for native T1 mapping is typically performed on short-axis views (commonly three 
slices: base, mid and apical) before and at least 5 min after the administration of 
gadolinium, with postcontrast images being used to calculate ECV [55, 81–83]. 
Native T1 mapping measurements are of particular interest in FD, as they reflect 
lipid deposition in both the intracellular and extracellular space [80]. The T1 
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relaxation time undergoes changes according to disease progression and glyco-
sphingolipid accumulation, resulting in low native T1 values. Such a decrease can 
be identified in up to 90% of FD patients with LVH. Low native T1 values can also 
occur in up to 40% of FD patients without LVH but are associated with morphologi-
cal and electrocardiographic alterations.

Additionally, native T1 reduction is strongly correlated with LV mass, making 
T1 mapping helpful in identifying early disease onset [55, 80]. With advancing age, 
it is common to find decreasing T1 values, especially in male patients and when 
LVH develops. In females, the reduction in T1 is more subtle and tends to remain 
stable with the progression of LVH [55]. Throughout FD progression, areas of fibro-
sis are formed in the same locations as glycosphingolipids are deposited, and as a 
result, there may be a pseudonormalization of native T1 values. In these cases, dif-
ferent values of native T1 are found in the myocardium, with lower values in the 
septum and higher values in the lateral walls [55].

33.3.2.2 � Myocardial Strain

Alterations in the CS gradient may be an early marker for FD development. No dif-
ferences in the CS gradient have been noted between sexes, and it has not been 
correlated with native T1 value, LVH, or LGE [55].

33.3.2.3 � T2 and T2* Mapping

T2 and T2* mapping are techniques capable of identifying myocardial inflamma-
tion and assessing T2 relaxation time, influenced by the amount of water within 
tissues [55, 80]. T2 sequences are acquired in short axes from the apex to the base 
of the heart. The myocardial signal must be compared to the skeletal muscle signal 
to confirm the presence of relative edema and inflammation. In FD, myocardial 
edema increases with the development of LVH and disease progression. This edema 
increase, in turn, is related to a surge in troponin levels, demonstrating that inflam-
mation plays a vital role in FD-related myocardial injury [55, 80].

33.4 � Conclusions

In the current chapter, we briefly discuss the potential challenges in diagnosing FD, 
highlighting the role of CMR in FD. The multiparametric CMR protocol, incorpo-
rating not only the traditional sequences mainly used for myocardial morphology 
and function but also advanced techniques for tissue characterization, such as LGE, 
T1, and T2 mapping, provides unique and valuable information, improving not only 
the ability to detect glycosphingolipid accumulation within the myocardium but 
also offering meaningful insights about FD pathophysiology and its prognosis. 
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Compelling data also suggest that incorporating CMR in the diagnostic assessment 
of FD patients may identify individuals with more significant potential to 
respond to ERT.

Disclosures (including any relationship with industry)  A.C.C., C.N.G. M, A.A.B., M.M.U.L., 
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Chapter 34
Pharmacological Therapy in Fabry Disease

Joseph Bruno Bidin Brooks

34.1 � Introduction

Fabry disease (FD) is a rare X-linked multisystemic lysosomal storage disorder 
caused by a deficiency of the lysosomal hydrolase α-galactosidase A (GLA), result-
ing in the storage of globotriaosylceramide (GB3) and globotriaosylsphingosine 
(lyso-GB3, deacylated form). FD estimated birth prevalence varies from 1:40,000 to 
170,000. More than 1000 variants in the α-galactosidase A (GLA) gene have been 
described, most of which appear in late-onset form (nonclassic) families other than 
early-onset form (classic) families. In classic males, FD may present itself during 
childhood or adolescence with characteristic features such as acroparesthesia, 
abdominal pain, hypohidrosis, angiokeratoma, cornea verticillata, and microalbu-
minuria [1–6].

At a later age, progressive kidney disease, hypertrophic cardiomyopathy, and 
cerebrovascular disease can occur. Heterozygous females may also be affected and 
generally demonstrate a more variable phenotype. In both genders, life expectancy 
is diminished, although this is more apparent in males [7, 8]. Cardiac indicators of 
FD progression are listed in Table 34.1 [9].

Nonclassical FD patients and female patients have varied phenotypes, such as 
age of disease onset and disease progression. Gene variants and reduced GLA activ-
ity do not express the complete set of signs and symptoms. Patients with nonclassi-
cal FD may present with one single nonspecific symptom, such as chronic kidney 
disease (CKD), left ventricular hypertrophy (LVH), or cerebral vascular infarct 
(CVI) [10].

Once the diagnosis is confirmed, patients should be referred to a specialized, 
multidisciplinary Fabry center for initial examination, treatment planning, and 
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initiation of treatment. Indicators for early therapy based on symptoms are listed in 
Table 34.2. The following therapeutic goals should be achieved: reduction of com-
plaints and symptoms, delay in the progression of organ manifestations, improve-
ment in quality of life, and normalization of life expectancy.

Supportive therapy (symptoms or palliative treatment), that is, nonspecific ther-
apy for FD patients, can improve symptoms. However, it does not treat the main 
cause (GLA deficiency), which, if left untreated, may lead to premature death.

Currently, there are two approved drugs for the specific treatment of FD, enzyme 
replacement therapy (ERT), and pharmacological chaperone therapy (migalastat). 
Both drugs ultimately aim to reduce the intracellular accumulation of GB3, replac-
ing the deficient GLA function. Consequently, these therapies facilitate adequate 
transport and increase the enzymatic activity of GLA within the lysosome.

Cardiac indicators

Functional

Anatomical

Biochemical

Early Established Late

Diastolic dysfunction
Abnormal ECG

(short PR interval)
Abnormal ECG

(symptomatic bradycardia)
Abnormal ECG

(heart block, AF/SVT/VT)
Abnormal echocardiogram

Systolic dysfunction

Low myocardial T1 relaxation time

Early signs of LVH

High T2 relaxation time

LVH LVH

Limited LGE
+

Widespread LGE/fibrosis

↑Cardiac troponin ↑NT-proBNP

Table 34.1  Cardiac indicators of FD progression. Adapted from Hughes et al.

Early

Patient-reported/other indicators

Established Late

Neuropathic pain/pain in extremities
Neuropathic pain

(unrelieved by neurolytics)
Organ biopsy (skin – small fibre neuropathy)

Angiokeratoma
Sweating abnormalities or heat/exercise intolerance
Febrile crises

Gastrointestinal symptoms
Stroke/transient
ischaemic attack

Patient-reported progression
of signs and symptoms

Symptom severity scores
Abdomina pain

Hearing loss or impairment/vertigo
Cerebral blood vessel abnormalities

Signs of cardiac insufficiency
Angina

Table 34.2  Indicators for early therapy achieved. Modified from [10]
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Table 34.3  Classes of recommendation

Class I Evidence and/or general agreement that a given treatment or 
procedure is beneficial, useful, effective

Recommended/
Indicated

Class 
II

Conflicting evidence and/or a divergence of opinion about the 
usefulness/efficacy of the given treatment or procedure

Class 
IIA

Weight of evidence/opinion is in favor of usefulness/efficacy Should be considered

Class 
IIB

Usefulness/efficacy is less well established by evidence/
opinion

May be considered

Class 
III

Evidence or general agreement that the given treatment or 
procedure is not useful/effective, and in some cases may be 
harmful

Is not recommended

34.1.1 � Classes of Recommendation

The usual class of recommendations for initiating a drug or performing a test or 
procedure is outlined in Table 34.3. This is the scale adopted by most guidelines in 
medicine [11].

34.2 � Enzyme Replacement Therapy for FD Treatment

In 2001, the European Medicines Agency (EMA) authorized ERT to treat FD 
patients with two forms of the enzyme. Agalsidase alpha produced by gene activa-
tion in human fibroblasts is administered at a dose of 0.2 mg/kg intravenously every 
2 weeks (Replagal®, Shire HGT, Inc., Cambridge, MA, USA) and is approved in 
many countries throughout the world, although not by the US Food and Drug 
Administration. Agalsidase beta is a recombinant product from Chinese hamster 
ovary cells at a dose of 1 mg/kg every 2 weeks (Fabrazyme®, Sanofi Genzyme, 
Cambridge, MA, USA) and is approved in Europe, the USA, and many other coun-
tries. In 2014, Fabagal®, and agalsidase beta manufactured by ISU Abxis 
(Seongnam-si, Gyeonggi-do, South Korea), ISU Global, was approved in South 
Korea only. After approximately two decades of experience, ERT has modified the 
natural history of the FD. ERT is indicated for patients with irreversible disease 
manifestations to stop or slow down the progression of damage due to Gb3 deposi-
tion. No studies to date have shown convincing evidence on clinical grounds for 
superiority or noninferiority of either of these enzymes in head-to-head comparative 
studies. ERT may decrease cardiac mass and reduce renal GB3 accumulation, while 
its effects on nervous system disease and renal function are less well established. 
Based upon these insights, early initiation of therapy is preferred. However, “early 
initiation of therapy” has not been defined until now. The response to ERT is rarely 
complete: not passing the blood–brain barrier; antidrug antibodies with neutralizing 
effect and tissue fibrosis (renal and cardiac). In addition, it may be questioned 
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whether patients with end-stage disease or comorbidities may still benefit from 
treatment. Several local and national guidelines and protocols exist with criteria to 
start ERT, and some also define stopping criteria for ERT [12–32].

34.2.1 � Consensus Criteria for Initiation of ERT

The differentiation should be made between male and female patients and between 
patients with classical and nonclassical diseases. Target organ involvement-specific 
criteria for treatment initiation are listed in Table 34.3.

34.2.2 � Consensus Criteria to Stop or Not Start ERT

The criteria to stop or not start ERT are summarized in Table 34.4 [33].
Recommendations for initiation of ERT by clinical involvement, such as in adult 

male and female patients with classic (early-onset) or nonclassical (later-onset) 
variants, are also listed in Table 34.5 [12].

Table 34.4  Recommendations for the initiation, not starting, and to stop enzyme 
replacement therapy

Evidence class and 
Recommendations

Classical 
FD, males

Nonclassical 
FD, males

Classical 
FD, 
females

Nonclassical 
FD, females

Renal

– � Microalbuminuriaa Class I Class IIB
– � Proteinuriaa Class I Class IIB
– � Renal insufficiency (GFR 

60–90)b

Class I Class IIA Class IIB

– � Renal insufficiency (GFR 
45–60)b

All class IIB

Cardiac

– � Cardiac hypertrophy 
(MWT > 12 mm) without (or 
only minimal signs of) fibrosis

All class I

– � Signs of cardiac rhythm 
disturbancesc

All class I

Central nervous system

– � White matter lesions All class IIB
– � Transient ischemic attack/stroke All class IIA
– � Hearing loss, corrected for age All class IIB
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Table 34.4  (continued)

Evidence class and 
Recommendations

Classical 
FD, males

Nonclassical 
FD, males

Classical 
FD, 
females

Nonclassical 
FD, females

Pain

– � Neuropathic pain All class IIA
– � Neuropathic pain even if 

completely controlled with pain 
medication

All class IIB

Gastrointestinal

– � Gastrointestinal symptoms All class IIA if <16 years of age
All class IIB if >16 years of age

Criteria for not starting ERT Class

– � Advanced cardiac disease with extensive fibrosis if the cardiac disease is the 
sole treatment indicationd

I

– � End-stage renal disease, without an option for renal transplantation, in 
combination with advanced heart failure (NYHA class IV)

IIA

– � End-stage Fabry disease or other comorbidities with a life expectancy of 
<1 year

IIB

– � Severe cognitive decline of any cause IIB
Stop criteria

– � Noncompliance > 50% of infusions I
– � Failure to attend regularly (according to local guidelines) at follow-up visits I
– � Persistent life-threatening or severe infusion reactions that do not respond to 

prophylaxis, e.g., anaphylaxis
I

– � Patient request I
– � End-stage renal disease, without an option for renal transplantation, in 

combination with advanced heart failure (NYHA class IV)
IIA

– � End-stage Fabry disease or other comorbidities with a life expectancy of 
<1 year

IIB

– � Severe cognitive decline of any cause IIB
– � Lack of response for 1 year when the sole indication for ERT is neuropathic 

pain while receiving maximum supportive caree

IIB

a According to international guidelines of kidney disease, KDIGO criteria.
b In mL/min/1.73 m2 corrected for age (>40 years: −1 mL/min/1.73 m2/year)
c Sinus bradycardia, AF, repolarization disorders, GFR glomerular filtration rate, MWT maximal 
wall thickness
d Consistent with Fabry disease and not fully explained by other pathology; NYHA New York Heart 
Association
e Does not apply to male patients with the classical phenotype
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Table 34.5  Recommendations for ERT in adult male and female patients with classic (early-
onset) or nonclassical (later-onset) variants. Adapted from Ortis et al.

Adult Fabry 
patient Recommendation for initiation treatment

Classic (early-onset)

Male, 
symptomatic or 
asymptomatic
Female, 
symptomatic

ERT should be considered and is appropriate in all patients at any age of 
presentation
Signs/symptoms suggesting major organ involvement
– � Neuropathic pain,
– � Proteinuria/albuminuria, evidence of renal impairment (may require renal 

biopsy)
– � Stroke or TIA
– � Symptomatic cardiac disease not due to other causes (dyspnea, 

palpitations, syncope, chest pain)
– � Recurrent diarrhea, chronic, disabling GI dysfunction
– � Exercise intolerance and impaired sweating

Female, 
asymptomatic

ERT should be considered if there is laboratory, histological, or imaging 
evidence of injury to the kidney, heart, or CNS
– � Renal disease: decreased GFR (<90 mL/min/1.73 m2 adjusted for 

age > 40 years [GFR category ≥ G2], persistent albuminuria > 30 mg/g 
[albuminuria category A2 or A3]), podocyte foot process effacement or 
glomerulosclerosis on renal biopsy, moderate or severe GL-3 inclusions in 
a range of renal cell types

– � Silent strokes, cerebral white matter lesions (on brain MRI)
– � Asymptomatic cardiac disease (cardiomyopathy or arrhythmia, cardiac 

fibrosis on contrast cardiac MRI)
Nonclassic (later-onset)

Male and female ERT should be considered and is appropriate if there is laboratory, 
histological, or imaging evidence of injury to the kidney, heart, or CNS, 
even in the absence of typical symptoms. The abnormalities may require 
histological assessment or biochemical evidence of GB-3 accumulation

34.3 � Chaperone Oral Therapy for FD

Currently, migalastat (Galafold™; Amicus Therapeutics, Cranbury, NJ, USA) is the 
only oral treatment molecule for Fabry disease, given 123  mg every other day. 
Migalastat was approved by the EMA in 2016 and the Food Drug Administration 
(FDA) USA in 2018 for the treatment of patients aged ≥12 years and estimated 
glomerular filtration rate (eGFR)  ≥  30  mL/min/1.73  m2 with susceptible GLA 
mutations. In Brazil, it was approved by ANVISA in 2019 for ≥16 years. Migalastat 
is not recommended in pregnant or breastfeeding patients [34].

Migalastat is a low molecular weight iminosugar analogous to the terminal 
galactose residue present in GL-3 that selectively and reversibly binds with high 
affinity to active sites of certain mutant forms of GLA. The binding of migalastat 
stabilizes these mutant forms of GLA in the endoplasmic reticulum and facilitates 
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Fig. 34.1  Overview of migalastat’s mechanism of action. GLA alpha-galactosidase A, GB-3 glo-
botriaosylceramide. (*) Synthesis of misfolded GLA. (**) Accumulation of misfolded GLA

their proper transport into lysosomes. Once in lysosomes, migalastat dissociates 
from the receptor (due to the more acidic pH) and restores the correct activity of the 
enzyme, which leads to the catabolism of GB3 and its substrates and prevents their 
intracellular accumulation. An overview of migalastat’s mechanism of action is 
shown in Fig. 34.1 [34–37].

The susceptibility of GLA mutations to migalastat is determined by an “in vitro” 
good laboratory practice (GLP) pharmacogenetic assay, which has been clinically 
validated. This assay used human embryonic kidney 293 (HEK 293) cells that were 
transfected with DNA plasmids individually containing GLA to measure the 
increase in GLA activity in response to migalastat. Susceptible migalastat mutations 
are defined as mutations that translate into mutant forms of GLA that, in the pres-
ence of 10 μm/L migalastat, exhibit an increase in enzyme activity ≥1.2-fold above 
baseline and an absolute increase ≥3% of the enzymatic activity quantified as a 
percentage of the enzymatic activity of the “wild type” (wild type) α-galactosidase 
A. It is estimated that 35–50% of FD patients have mutations that are susceptible to 
treatment with migalastat. To check if the mutation is susceptible, just access the 
website https://www.galafoldamenabilitytable.com/hcp [13].

Migalastat was evaluated through two pivotal studies. The FACETS study evalu-
ated the efficacy of migalastat compared to placebo in ERT-naïve patients who had 
migalastat-susceptible GLA mutations [38, 39]. In this study, patients were random-
ized to treatment with migalastat or placebo and assessed at the 6-month follow-up 
and 18-month follow-up. After the 18-month randomization period, patients in the 
placebo group started treatment with migalastat. Therefore, between 18 and 
24 months, all patients were treated with migalastat. At 6 months of treatment, a 
statistically significant reduction in the inclusion of GB3  in renal interstitial 

34  Pharmacological Therapy in Fabry Disease

https://www.galafoldamenabilitytable.com/hcp


408

capillaries was observed. Treatment with migalastat also demonstrated a decrease in 
the mean total volume of GB3 inclusion in podocytes at baseline renal biopsies 
compared to 6 months, and this reduction is correlated with the reduction in the 
mean volume of podocytes. Renal dysfunction is present in most patients being 
treated for Fabry disease, progresses over time, and can lead to end-stage renal dis-
ease, as already mentioned in the text above; however, migalastat has the potential 
to stabilize or decrease the decline in kidney function, which is an important goal of 
treatment in Fabry disease. After 18 months, there was a significant reduction in the 
mean left ventricular mass index (LVMI) compared to baseline. These results were 
maintained up to 24 months of follow-up.

Gastrointestinal symptoms decreased in three domains (diarrhea, reflux, and 
indigestion) of five domains in the GSRS. An improvement in diarrhea was found 
after 6 months of migalastat therapy compared to placebo, and this benefit was sus-
tained at 24 months. These results were also confirmed in the subgroup of men with 
classic phenotypes [38, 39].

In the ATTRACT study, ERT-experienced patients with susceptible GLA muta-
tions were randomized to migalastat or to continue on ERT.  In this study, renal 
function and plasma lyso-GB3 levels were maintained for 18 months in patients 
receiving migalastat or ERT. The mean change from baseline in 24-h proteinuria 
was approximately fourfold lower in patients on migalastat therapy than in those 
receiving ERT after 18 months [40].

Treatment with migalastat was associated with better cardiac outcomes than 
ERT. Migalastat significantly reduced the mean left ventricular mass index (LVMI) 
at 18 months. In open-label extension studies, iMVE decreased after 30 months in 
all participants (mean change, −3.8 g/m2; 95% CI) and in participants with baseline 
LVH (mean change, −10.0 g/m2; 95% CI). The reduction after 30 months among 
participants with baseline LVH was statistically significant [40]. The results demon-
strated the durability of the iMVE response to long-term migalastat treatment.

In a study of seven male FD patients who switched from ERT to migalastat, a 
significant decrease in iMVE was also observed after 1 year of migalastat treatment, 
while plasma lyso-GB3 remained stable [41]. The estimated glomerular filtration 
rate (eGFR) was stable, and proteinuria decreased significantly. Two patients with 
pain at baseline reported an improvement in pain during ERT and further improve-
ment during migalastat therapy. In conclusion, switching from ERT to migalastat is 
effective, safe, and well tolerated [13, 40, 42].

After a post hoc analysis, we evaluated long-term renal measures associated with 
migalastat therapy in treatment-naïve and ERT-experienced patients with Fabry dis-
ease and treatment-susceptible GLA variants. In conclusion, renal function was 
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stable during long-term treatment with migalastat (≤8.6 years), regardless of treat-
ment status, sex, or phenotype. Early treatment should be encouraged to stabilize or 
delay the decline in renal function in patients with Fabry disease [41].

Compared to ERT, migalastat therapy has considerable advantages, making it a 
first-line therapy [34, 43, 44]:

	1.	 Convenient oral regimen, thus eliminating the need for lifelong IV infusions and 
complications that have been associated with IV ERT.

	2.	 The nonimmunogenic nature of migalastat prevents antibody-related adverse 
events, such as those observed with ERT.

	3.	 Small molecule: migalastat has improved cellular and tissue distribution and a 
high potential to cross the blood–brain barrier (as evidenced in Fabry transgenic 
mice), which may aid in the treatment of nervous system-borne disease symp-
toms central.

	4.	 The improved efficacy of migalastat compared to ERT in reducing iMVE sug-
gests that migalastat may be more effective than ERT in penetrating car-
diac tissue.

	5.	 As an orally administered therapy, migalastat may also facilitate earlier interven-
tion than ERT in patients with Fabry disease.

	6.	 Migalastat allows for sustained and stable enzyme levels that more closely 
mimic those of endogenous enzymes, while ERT leads to fluctuating and inter-
mittent enzyme activity.

	7.	 Indicated for patients with classic or nonclassical presentations.

A summary of the eligibility for FD patient therapy with either ERT or migala-
stat is listed in Table 34.6.

ERT

Confirmed diagnosis
Clinical eligibility criteria

First line or switch

Venous access
GFR not specified

Aged >8 years
Considerations around childbearing

Compliance if self-therapy

Amenability
GFR>30

Aged >16 years
ERT hypersensitivity

Compliance

Migalastat

Table 34.6  Summary of eligibility for FD patient therapy
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34.4 � Symptomatic Therapies

Symptomatic treatment is a supportive intervention and helps the proper function-
ing of the target organs of the disease (renal, cardiac, and neurological), as well as 
relieving clinical symptoms if indicated, to clinically manage the other complica-
tions of Fabry disease-induced chronic tissue injury. Adjunctive support for the 
management of FD patients is listed in Table 34.7 [12]. Secondary prevention and 
lifestyle modification are also important for patient care and should be considered.

Table 34.7  Adjunctive support for the management of adult patients with Fabry disease. Adapted 
from Ortis et al.

Organ/system Adjunctive/symptomatic therapy and preventative measures

General Genetic counseling (at diagnosis and adolescence/prepregnancy, during 
pregnancy, or periodically for new issues)

Renal The standard management approach for CKD
– � ACEI or ARB to target albuminuria level < 30 mg/g creatinine if 

baseline 30–300 mg/g or <300 mg/g if baseline > 300 mg/g (roughly 
equivalent to proteinuria > 500 mg/g); great care should be taken if the 
patient has baseline hypotension; dietary salt restriction

– � General management of CKD regarding statin indication and 
CKD-MBD prevention and management

– � Consider the assessment of 25 OH vitamin D levels and replacement 
therapy if deficient

– � Dialysis or kidney transplantation for patients entering renal failure 
(donor screened negative for Fabry disease if living-related)

Cardiac Consider ACEI or ARB; beta-blockers should be used with caution and 
amiodarone avoided in patients receiving ERT
• � If symptomatic bradycardia/chronotropic incompetence or significant 

AV conduction impairment, consider permanent cardiac pacing
• � If evidence of atrial fibrillation, lifetime anticoagulation should be 

initiated, maintenance of sinus rhythm should be preferred while the 
use of amiodarone should be avoided, if possible

• � If evidence or strong suspicion of malignant arrhythmias, consider 
implantable cardioverter-defibrillator

Cerebral vascular Stroke prophylaxis with antithrombotic agents (aspirin or clopidogrel) is 
indicated as secondary prevention; no data are currently available
regarding primary prevention
• � Stroke prophylaxis with anticoagulants (warfarin or the new 

anticoagulant drugs in the absence of kidney failure), when needed, 
e.g., patients with atrial fibrillation

Peripheral nervous 
system

Individualize strategy for neuropathic pain management
• � First-line agents include anticonvulsants (e.g., carbamazepine, 

gabapentin, pregabalin); other drugs can be considered according to 
current international recommendations for neuropathic pain [19]

• � Pain crises: consider opioid agonists (care needed to avoid worsening 
GI disturbances)

• � Avoid pain triggers with lifestyle modifications (e.g., avoid 
temperature extremes, maintain proper hydration, use air conditioning, 
cooling vests, facial mist/spray)
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Organ/system Adjunctive/symptomatic therapy and preventative measures

Gastrointestinal Delayed gastric emptying and dyspepsia symptoms may be successfully 
treated with metoclopramide and H-2 blockers, respectively; dysmotility 
and diarrhea may be treatable with dietary changes (increased fiber 
intake, more frequent and smaller meals) and pharmacotherapy

Pulmonary Bronchodilators to provide relief of airway obstruction
Ophthalmological Polarized glasses can help manage difficulty in driving at night 

(headlight splaying); artificial tears ointment
Auditory Hearing aids, cochlear implants
Dermatological Laser or surgical treatment for angiokeratomas; compression stockings 

may improve lymphedema

Table 34.7  (continued)

34.5 � Monitoring FD Patients

Monitoring FD patients should start at diagnosis with appropriate intervals, incor-
porating measures that effectively capture the expected progression of the disease, 
if genotype and phenotype correlation data are available. Recommended assess-
ments and schedules for monitoring organ involvement in FD patients are listed in 
Table 34.8 [12].

In conclusion, the clinical heterogeneity of FD requires an individualized 
approach to patient care. Genotype, phenotype, sex, family history, and specific 
clinical symptoms need to be taken into account when indicating therapy.

Long-term management in FD patients involves ERT and chaperone oral therapy 
in amenable gene variants and must be considered individually. Symptomatic treat-
ment should be considered at each clinical evaluation to minimize target organ-
specific complications and improve quality of life.

34  Pharmacological Therapy in Fabry Disease
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Table 34.8  Recommended assessments and schedule for monitoring organ involvement in FD 
patients. Adapted from Ortis et al.

Adult Fabry 
patient Recommendation for initiation treatment

Classic (early-onset)

Male, 
symptomatic or 
asymptomatic
Female, 
symptomatic

ERT should be considered and is appropriate in all patients at any age of 
presentation
Signs/symptoms suggesting major organ involvement
– � Neuropathic pain,
– � Proteinuria/albuminuria, evidence of renal impairment (may require renal 

biopsy)
– � Stroke or TIA
– � Symptomatic cardiac disease not due to other causes (dyspnea, 

palpitations, syncope, chest pain)
– � Recurrent diarrhea, chronic, disabling GI dysfunction
– � Exercise intolerance and impaired sweating

Female, 
asymptomatic

ERT should be considered if there is a laboratory, histological, or imaging 
evidence of injury to the kidney, heart, or the CNS
– � Renal disease: decreased GFR (<90 mL/min/1.73 m2 adjusted for 

age > 40 years [GFR category ≥ G2], persistent albuminuria > 30 mg/g 
[albuminuria category A2 or A3]), podocyte foot process effacement or 
glomerulosclerosis on renal biopsy, moderate or severe GL-3 inclusions in 
a range of renal cell types

– � Silent strokes, cerebral white matter lesions (on brain MRI)
– � Asymptomatic cardiac disease (cardiomyopathy or arrhythmia, cardiac 

fibrosis on contrast cardiac MRI)
Non-classic (later-onset)

Male and female ERT should be considered and is appropriate if there is laboratory, 
histological, or imaging evidence of injury to the kidney, heart, or CNS, 
even in the absence of typical symptoms. The abnormalities may require 
histological assessment or biochemical evidence of GB-3 accumulation
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Chapter 35
A Case Report of Fabry Disease

Joseph Bruno Bidin Brooks and Humberto Villacorta Junior

35.1 � Case Report of Fabry Disease

We report a case of a male patient, 28 years, Caucasian, with parents not consangued.

35.2 � Main Complaint and Duration

Dizziness and imbalance are associated with numbness on the right side of the body 
for 3 years.”

35.3 � Previous History

The patient had a previous evaluation performed by another neurologist with a diag-
nosis of primary progressive multiple sclerosis. The patient’s age at the time was 
26 years.
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35.4 � Clinical Course

First Ictus at the age of 26 years; axial balance dysfunction and incoordination asso-
ciated with right-sided paresthesia with acute installation and duration (3 min) with 
spontaneous improvement.

Second Ictus at the age of 27 years; axial balance dysfunction and incoordina-
tion. Left facial and right limb-sided paresthesia. Vertigo, diplopia, multidirectional 
nystagmus, dysphagia, dysarthria, dysphonia, with acute installation and no 
improvement.

During this attack, he was hospitalized. Analysis of cerebrospinal fluid, hemato-
logical tests, and urinalysis had normal results. Cerebral MRI was performed, show-
ing white matter lesions (microangiopathy) and lateral medullary syndrome 
(Fig. 35.1).

At that time, a diagnosis of primary progressive multiple sclerosis was instituted, 
and interferon beta 1-b treatment was initiated. However, symptoms did not improve 
after hospitalization.

a b

Fig. 35.1  Cerebral magnetic resonance imaging performed at the age of 27 years during hospital-
ization due to an episode of ictus. (a) Axial flair showing multiple punctate and confluent white 
matter hyperintensities in the periventricular area. (b) Diffusion restriction in the left lateral 
medulla oblongata
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35.5 � Evaluation at the Present Consultation

During his consultation with our service, he reported that when he was 10 years, he 
presented with acroparesthesia, heat intolerance, and abdominal pain. At the age of 
20  years, he developed asymmetric neurosensory deafness, angiokeratoma, and 
non-nephrotic proteinuria (40 mg/24 h). On physical examination, an angiokera-
toma was observed in the swimsuit area (Fig. 35.2a).

a b c d

Fig. 35.2  (a) Angiokeratoma in swimsuit area, (b) kidney biopsy: light microscopy showing 
vague vacuolization of podocytes (H&E stain, ×400); (c) kidney biopsy: electron microscopy 
showing large lamellated lipid vacuoles (zebra bodies) within the podocytes; (d) axial contrast-
enhanced CT scan showing basilar artery dolichoectasia
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35.6 � Family History

Early maternal death, at the age of 32 years, is presumably due to acute myocardial 
infarction. His mother also had angiokeratoma. His sister had angiokeratoma, acro-
paresthesia, abdominal pain, and a history of transient ischemic attack.

35.7 � Cardiac Tests

Electrocardiogram: short PR interval, left ventricular hypertrophy; pre-excitation 
syndrome.

Echocardiogram: left ventricular hypertrophy; increased septum and posterior 
wall (15 mm).

35.8 � Kidney Biopsy

Electron microscopy: large, lamellated lipid vacuoles (zebra bodies) within the 
podocytes (Fig. 35.2b, c).

35.9 � CT Scan

Dilatation of the basilar artery (Fig. 35.2d).
The family pedigree is shown in Fig. 35.3.

I

II

III

IV

Fig. 35.3  Family pedigree. As shown above, the patient’s grandmother was affected by the disease 
and transmitted the gene mutation to his mother. His sister was also affected
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35.10 � Genetic Analysis

Pathogenic variant: GLA hemizygous nonsense mutation (R220X).
Galactosidase Alpha gene: GLA Fabry Disease; X-linked disease.

35.11 � Enzymatic Study

Lysosomal enzyme deficiency α galactosidase A: GLA—0.1 nmol/min/mg protein 
(normal 0.4–1.0).

Globotriaosylsphingosine (Lyso-GB3): 8.6 ng/mL (normal < 0.9).

35.12 � Specific Treatment

Treatment with enzyme replacement therapy was initiated. There was no amenabil-
ity to chaperone treatment. Agalsidase beta, at a dose of 1 mg/kg, was prescribed 
every 2 weeks.

35.13 � Symptomatic Treatment

Pain crisis was treated with carbamazepine 200 mg TID. Antiplatelet aggregation 
and angiotensin converting enzyme inhibitors were also prescribed. Abdominal 
pain was attenuated with small meals spread throughout the day.

35.14 � Follow-Up of Patients with Fabry Disease

Fabry disease is a systemic disease and involves manifestations from many special-
ties. Ideally, patients should be followed up by a multispecialty team, as shown in 
Fig. 35.4.
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Neurologist

Pediatrics
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Fig. 35.4  After establishing the diagnosis of Fabry disease, patients should be enrolled in a mul-
tispecialty team for adequate follow-up and treatment

35.15 � Conclusion

This case illustrates how easily the diagnosis of Fabry disease can be missed. A high 
degree of suspicion is necessary for the patient to have an early diagnosis and ben-
efit the most from specific treatment.
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Chapter 36
Clinical and Genetic Screening in ATTR 
and Fabry Disease in Children 
and Adolescents

Raquel Germer Toja Couto, Ana Flávia Malheiros Torbey, 
and Aurea Lucia Alves de Azevedo Grippa de Souza

36.1 � Fabry Disease (FD)

Fabry disease (FD) is a debilitating progressive multisystem sphingolipid storage 
disorder resulting from the deficiency (partial or complete) of the lysosomal enzyme 
alpha-galactosidase A. FD is caused by pathogenic variants in the GLA gene. Unlike 
most other lysosomal diseases, the inheritance is X-linked [1]. It is generally 
believed that FD clinically affects only adult males; however, we currently know 
that FD is a burdensome condition in childhood, not only for males but also for 
females. Diagnostic delay is frequent, probably due both to the rarity of the disease 
and to the fact that the first complaints of the disease are only subjective symptoms 
difficult to understand and evaluate [2].

The incidence of FD has been estimated at 1 in 55,000 male births; however, it is 
probably underestimated [3]. A study carried out by Spada at all estimated a neona-
tal screening incidence of 1:3100–4600. The classic form, occurring in males, usu-
ally has an onset in childhood or adolescence. Females that are heterozygous 
typically have milder symptoms at a later age of onset than males [3, 4].
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36.1.1 � Pediatric Clinical Manifestation

Although FD is traditionally recognized as a disease of adults, pathophysiological 
processes and organ damage start in childhood with early symptoms in infants, 
affecting boys and girls [3]. Symptoms occur because of an enzyme deficiency that 
inhibits the ability of the lysosomes present in the body’s cells to perform their nor-
mal function. The clinical picture is progressively shaped as the accumulation of 
nonmetabolized substrates in the cells induces cellular, tissue, and organ dysfunc-
tion [5]. In severe forms of disease, where enzyme activity is absent or very low, 
symptomatology appears at a young age compared to attenuated forms [6].

FD has a spectrum of phenotypes, whose predominant signs are neuropathic 
pain, which can manifest periodic crises of severe pain in the extremities (acropar-
esthesia), fatigue, gastrointestinal discomfort, hypohidrosis, angiokeratomas, cor-
neal changes (cornea verticillata), lenticular opacities, and hypoacusia. Subclinical 
kidney damage with albuminuria or proteinuria may be present in young individu-
als, but classic renal and cardiovascular manifestations (renal failure and ventricular 
hypertrophy) occur in adults. There is also an impact on quality of life with school 
absence, anxiety disorder, and depression [3].

Symptoms appear at a median age of 6 years in boys and 7–8 years in girls, but 
some children may have symptoms at a younger age [3]. Table  36.1 shows the 
symptoms in children and adolescents and the age of onset.

Table 36.1  Fabry disease: symptoms in children and adolescents and the average age of onset

System/Organ Signal/Symptoms Age of onset

Peripheral nervous 
system

Pain, crisis of pain, burning pain in feet or hands, 
Dysesthesia

2–4 years

Endocrine Hypohidrosis or anhidrosis 2–5 years
Gastrointestinal Abdominal pain, vomiting and nausea, diarrhea or 

constipation
1–17 years

Skin Angiokeratomas 7–9 year (boys)
9–14 years 
(girls)

Oftalmologic Corneal whorls/cornea verticillata Newborn
Otolaryngologist Hearing loss, tinnitus and vertigo 4 years
Kidney Hyperfiltration, pathological albuminuria, 

proteinuria
13–16 years

Heart Conduction abnormalities, valvular dysfunction, 
arrhythmias

8–10 years 
(boys)
9–14 years 
(girls)

R. G. T. Couto et al.
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36.1.2 � Diagnosis

FD diagnosis requires a combination of clinical, biochemical, and molecular crite-
ria. In many cases, it is challenging due to a variable phenotypic presentation. 
Phenotypic expression is highly variable depending on sex, as hemizygous males 
classically present with more severe symptoms than heterozygous females, whose 
symptoms may range from nonclinical to severe. As clinical symptoms can be non-
specific, diagnosis in childhood may be delayed, sometimes longer than a decade. 
In that way, FD is generally thought to be underdiagnosed [3, 7].

The main symptom that usually leads the children to the investigation is neuro-
pathic pain, which usually has a burning character and is located in the extremities, 
most commonly in the palm, soles, and fingertips; neuropathic pain may be associ-
ated with diarrhea and abdominal pain [3].

The delay in diagnosis can be distressing for the child and family, since several 
visits to the pediatric emergency room are necessary and are usually misdiagnosed 
with rheumatologic disease [3]. These patients usually go through several medical 
specialties until they reach their diagnosis. Because FD affects multiple organ sys-
tems, a multidisciplinary team approach is useful [8]. Referrals to multiple subspe-
cialists may be necessary to achieve optimal patient care. Case management can 
include specialists in medical genetics, pediatrics, or internal medicine, nephrology, 
ophthalmology, cardiology, dermatology, neurology, pain management, organ 
transplant, social work, and psychology/psychiatry [9].

The diagnosis of FD should also be considered when a family member has died 
before age 50 of cardiac arrhythmias, hypertrophic cardiomyopathy, stroke, and 
kidney failure [3].

Therefore, a high degree of clinical suspicion is necessary for the clinical diag-
nosis to be made in childhood, especially if the child is the index case and there is 
no family history of FD [3, 7].

Laboratory diagnosis of FD in boys, as recommended, is carried out by determi-
nation of aGalA activity. It can be measured in samples, such as dried blood spots, 
plasma, or leukocytes. The final diagnosis is accompanied by a genetic test estab-
lishing the presence of a pathogenic mutation in GLA. In girls, however, genetic 
testing is mandatory. FD should always be confirmed by the identification of a het-
erozygous GLA pathogenic variant, since enzymatic activity determination can be 
inconclusive [10].

The GLA gene is located on the Xq22 chromosome, and more than 1000 differ-
ent GLA variants have been identified thus far in FD patients, most of which are 
private, including some variants of unknown significance (VUS). The phenotypes 
also depend on the nature of the GLA variant. Understanding variant pathogenicity 
is the key to accurate prevalence estimation, diagnosis, and management of the dis-
ease [11].
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If the GLA pathogenic variant in the family is known, it can be specifically inves-
tigated in the individual who is manifesting the first symptoms. Therefore, children 
from affected families usually have a diagnosis established early before the onset of 
irreversible complications. It is essential to analyze the family history and confirm 
that the inheritance pattern is X-linked. That way there will not be a male-to-male 
transmission. It is also important to know that the absence of a known family history 
does not exclude the diagnosis [11].

Children who have at least one first-degree relative diagnosed with FD should be 
systematically screened. This is the best and fastest way to carry out the diagnosis.

Early childhood diagnosis is becoming more common for some variants of FD 
due to the implementation of newborn screening [12]. The greatest advantage is to 
determine the diagnosis before the onset of symptoms that usually present in child-
hood, but can be delayed to adulthood. In this way, it is possible to carry out clinical 
follow-up before irreversible lesions are installed, offering adequate treatment early 
[3, 12, 13].

However, neonatal screening is not performed routinely and does not always 
include screening for FD. It will depend on the experience of each country [3, 7, 13].

There are some barriers to performing genetic testing in family screening, such 
as high cost, difficulty in accessing genetic counseling and medical geneticists, 
reduced knowledge among other physicians about the disease and the benefits of 
early diagnosis and social and family issues such as fear of stigmatization [3, 7, 13].

The screening methods used in pediatric patients should be the same as those 
used for adults, being fundamental in boys to the measurement of α-GAL activity 
and genetic analysis in girls [3, 12].

Below are some scenarios where the diagnosis of FD can be made [3, 7]:

Genetic testing of children of parents with a known diagnosis of Fabry disease: 
offers the possibility of early diagnosis and treatment, if indicated. This is the 
recommendation of the European Society of Human Genetics.

Prenatal diagnosis: available in some countries, such as France for males but gener-
ally not for female fetuses.

Preimplantation diagnosis can be offered for families with known FD during 
assisted reproduction.

Renal and skin biopsy are tools that contribute to the diagnosis of FD in specific 
situations, such as the absence of family history and the detection of VUS.

36.1.3 � Clinical Monitoring of Children Diagnosed 
with Fabry Disease

Asymptomatic children from families with FD: The investigation of organ involve-
ment should start at 5 years of age for boys and approximately 12 years of age 
for girls. In addition, parents or guardians must be educated about the initial 
symptoms of the disease, so that they seek care if they appear. After the investi-
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gation starts, it is followed by annual monitoring in boys and every 2–3 years in 
girls [3, 7].

Symptomatic children: the investigation of organ involvement should start immedi-
ately after diagnosis [3, 7].

Renal assessment: Screening for albuminuria and proteinuria should be performed 
in all patients. Renal biopsy already shows accumulation of globotriaosylce-
ramide (Gb3) in kidney cells, even before the detection of albuminuria and pro-
teinuria; however, renal biopsy is performed only in specific situations. In 
general, renal failure is not observed in children [7].

Assessment of glomerular renal function: in practice, it is recommended to measure 
the glomerular filtration rate calculated from 24-h urine at diagnosis and onset of 
treatment. Inability to collect urine timed, it is recommended to use the equations 
of pediatric tests to estimate renal function, which are more accurate than serum 
creatinine alone [3, 7].

Ultrasound is useful to measure the size of the kidneys at the baseline assess-
ment [7].

Cardiac assessment: Cardiovascular screening should be performed with electro-
cardiogram and color Doppler echocardiography, preferably with the study of 
strain. The main cardiac finding is ventricular hypertrophy; however, conduction 
disturbances such as a short PR interval or sinus bradycardia may be observed. 
24 h Holter monitoring should be performed only when guided by the presence 
of symptoms or positive findings on the electrocardiogram, and cardiac magnetic 
resonance will be performed only in selected patients [3, 7].

Oftalmologic assessment: Ophthalmologic examination including slit lamp exami-
nation: the presence of cornea verticillata (vortex keratopathy or whorls) strongly 
supports the diagnosis of a classic phenotype [3, 7].

Skin and gastrointestinal assessment: thorough physical examination and anamne-
sis, strict monitoring of growth curves [3, 7].

36.2 � Hereditary Transthyretin Amyloidosis 
(ATTR Amyloidosis)

Cardiac amyloidosis (ATTR-CM) is a rare disease described as the leading cause of 
restrictive hypertrophic cardiomyopathy in elderly patients. ATTR-CM is known as 
an infiltrative disorder caused by myocardial deposition mainly of immunoglobulin 
light chain or transthyretin amyloidosis protein [14, 15].

As a long progressive and systemic disease, this deposition and infiltration of 
amyloid substances in the extracellular space leads to severe heart failure in adult-
hood [13]. There are three forms of ATTR-CM: (1) acquired monoclonal immuno-
globulin light chain amyloidosis (AL-CM); (2) wild-type transthyretin amyloid 
cardiomyopathy (wtATTR-CM) with no mutation identified; and (3) hereditary 
transthyretin amyloid [14, 15].
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36.2.1 � Pediatric Manifestations

There are few literature references about childhood manifestations of ATTR in pedi-
atric patients. To date, there has been only a reported case of ATTR-CM in children 
with clinical manifestations [14]. A 12-year-old boy was referred after a syncope 
episode, complaining of intermittent and nonspecific chest pain, fatigue, and short-
ness of breath in the prior month. His first tests showed a wandering atrial pace-
maker (average 4 beats/min), normal intervals and no abnormal ST-T wave changes 
or hypertrophy signs on electrocardiogram, and transthoracic echocardiogram 
revealed marked left ventricle trabeculations. A ratio of noncompacted to com-
pacted myocardium > 2:1 from the midbody to the apex with an LV ejection fraction 
measuring 52.13% was shown on cardiac MRI. After these findings, a genetic test 
was performed showing a mutation (Val122Ile) of hereditary transthyretin amyloi-
dosis. Dual chamber implantable cardiac defibrillators and beta blockers were the 
therapeutics proposed, and after 6 years of follow-up, the patient was alive with 
only a few documented arrhythmic events.

Genetic testing can confirm a TTR gene mutation associated with hereditary 
ATTR-CM or ATTR-NP when we have the confirmed familial variant. As the clini-
cal penetrance of pathogenic alleles is incomplete and with limited data, screening 
and management of asymptomatic carriers are still a challenge [15].

36.2.2 � Genetic Counseling

As hereditary transthyretin amyloidosis has an autosomal dominant pattern of 
inheritance, children of heterozygous carriers of ATTR amyloidosis have a 50% 
chance of inheriting a pathogenic variant [16]. As the disease affects individuals 
after the fifth decade of life, genetic screening in childhood or prenatal care is not 
common. However, it is frequent for parents to want to know if their children will 
inherit the known pathogenic variant in the family and may request that the genetic 
evaluation be carried out.

Testing children for a disease with an adult onset, such as ATTR amyloidosis, 
before they are able to decide for themselves whether and when they wish to know 
about their inheritance can present with ethical, social, and legal challenges [17]. 
Genetic testing for adult-onset conditions generally should be deferred unless an 
intervention initiated in childhood may reduce morbidity or mortality [18, 19].
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Chapter 37
History and Clinical Research

Roberta Pereira dos Santos Coelho, Diane Xavier de Ávila, 
Nathalia Monerat Pinto Blazuti Barreto, Humberto Villacorta Junior, 
and Evandro Tinoco Mesquita

37.1 � History of Amyloidosis

The signs and symptoms of amyloidosis have been known for over 200 years, but 
studies suggest that the first carrier individual in the hereditary form lived during the 
Late Middle Ages around the fifteenth century, and with population migration, it 
spread around the world. The timeline is described in Fig. 37.1 [1].

The number of mutation carriers in the transthyretin gene has increased world-
wide, but it has been described that Val50met would have the highest incidence in 
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Fig. 37.1  Amyloidosis timeline

northern Portugal (cities of Póvoa do Varzim and Vila do Conde), where its preva-
lence reaches 1/1100, in addition to Sweden, Japan, and Brazil. It has been seen that 
the Val142Ie mutation in TTR is increasingly frequent in Afro-descendants, with a 
higher prevalence in the cardiac form of amyloidosis [2, 3].

A normal amylaceous constituent of plants was first described in 1838 by 
Matthias Schleiden. In 1854, Rudolph Virchow used this term because of the pecu-
liar reaction of the corpora amylacea of the nervous system with iodine. Virchow 
defined amyloid as cellulose, and Friedreich and Kekule described amyloid as an 
albuminous or protein substance [4].

Primary amyloidosis was probably reported for the first time in 1856 when 
Samuel Wilks described lardaceous viscera in a patient who had no evidence of 
inflammatory or infectious disease. The first case of amyloidosis associated with 
multiple myeloma was reported by Weber 11 years later. In 1922, Bennhold intro-
duced Congo red as an aniline dye that was used for staining textiles and could be 
the first diagnostic test [5, 6].

In 1958 and 1959, electron microscopy showed that all primary and secondary 
amyloidosis in animals had an organized fibrillar submolecular structure. In addi-
tion, studies have demonstrated a multiplicity of genes that determined amyloidosis 
in Japan, Sweden, Portugal, Italy, Iceland, Denmark, Greece, Germany and 
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elsewhere, reinforcing the importance of the numerous types of mutations in the 
transthyretin gene determining hereditary amyloidosis [7].

In 1940, Apitz noticed that in the association of myeloma with amyloidosis, there 
were deposits of a systemic form of the disease, including in the heart [6–7]. In 
1952, Prof Corino Andrade brought attention to the type of peripheral neuropathy in 
Amyloidosis, and in 1974, the first TTR mutation was determined with the nucleo-
tide sequence of the TTR gene [8]. Currently, there are more than 130 mutations.

In Brazil, according to DATASUS, there were 1886 deaths from all causes of amy-
loidosis between 2000 and 2019, but an increase in mortality has been reported, which 
reflects how underdiagnosed it was and how incidence has been rising in the last few 
years. With the prevalence of at least 1/100,000, Brazil is probably the second country 
with the highest number of amyloidosis cases, with Portugal being the first [9].

There are more proteins described as possible causes of amyloidosis, such as 
apolipoprotein A, mutations in fibrinogen Aa-chain cause familial amyloidosis, and 
mutations in apolipoprotein A-II.  Recently, mutations in apolipoprotein C-2 and 
C-3 were associated with systemic amyloidosis, gelsolin, and cystatin-C, and hered-
itary amyloidosis was associated with a mutation in the immunoglobulin k-light 
chain constant region. New tools for studying these forms of hereditary amyloidosis 
and discovering other types of systemic amyloidosis have attracted the attention of 
the medical community [10].

37.2 � History of Fabry Disease

The first case reports of Fabry disease were described almost simultaneously by two 
independent dermatologists in 1898 [11, 12]. The English dermatologist Willian 
Anderson described the case of a patient with angiokeratoma, and the German der-
matologist Johannes Fabry reported a case of hemorrhagic nodular purpura. For this 
reason, the disease was first reported as Anderson–Fabry disease [13].

The mechanism of the disease was recognized to be abnormal storage of lipids in 
1952, and the inheritance pattern of an X-linked disease, as well as the molecular 
defect responsible for the deposition, was established in 1960 [14]. Electron micro-
scopic findings of Fabry disease were reported by Ken Hashimoto in 1965 [15], and 
the first specific treatment, enzyme replacement therapy, was approved in 2001.

37.3 � Creation of Clinical Research Centers

All the knowledge that scientists have acquired is currently directed toward the goal 
of creating transformational therapies that allow people living with rare diseases to 
cope with the challenges of everyday life. Therefore, research institutions have been 
an important source of support for the treatment of these patients.

A Research Center or Clinical Research Institution is a public or private organi-
zation constituted and qualified to carry out clinical research. It may or may not be 
in a hospital or in a clinic, with highly specific activities, rules, and norms in con-
ducting studies, in addition to high costs.

37  History and Clinical Research
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There must be some areas for (1) the service of research participants on an out-
patient and day hospital basis, (2) inpatient care, (3) activities to support diagnosis 
and treatment, (4) logistical support, and (5) technical support and administrative 
support. The specificity of the test laboratories must be in accordance with the 
research activities to be carried out, as well as the complementary environments of 
these laboratories, such as a cold chamber, area for a laminar flow hood, and others. 
Some laboratories may be outsourced, but must comply with local regulations.

Some activities of the clinical research center can also be outsourced, such as 
material sterilization, clothing processing, food, clinical analysis laboratory, imag-
ing, cleaning, and sanitizing; however, it is important to follow local regulations.

37.4 � Clinical Research and Treatment of a Patient 
with Rare Disease

Research on rare diseases is a field still in development; the costs of medications are 
usually high, and the patient is often limited to using specific medications through 
clinical studies. Not all treatments are available in Brazil’s public health system or 
through private practice. We must seek solutions for the financial toxicity that rare 
disease patients experience to improve their quality of life and survival.

Compassionate use is the availability of promising new drugs for personal use by 
patients and nonparticipants in an expanded access programme or clinical research 
programme not yet registered in the country, which is in the process of clinical 
development aimed at patients with debilitating conditions.

The expanded access program, on the other hand, is a way for making available 
a new drug, not yet registered in the country or not commercially available, which 
is in a phase III study, under development or completed, aimed at a group of patients 
with serious and/or life-threatening diseases and without a satisfactory therapeutic 
alternative with registered products [16].

All scientific research must respect ethical standards that will also characterize 
the proper conduct of the investigator, which will reflect on the integrity of the 
research. To guarantee the ethical guidelines of research, every Research Center 
must submit its research to a Research Ethics Committee before carrying out any 
procedure with the participant.

Studies on the incidence and prevalence of rare diseases should be encouraged, 
as this information is of high interest to professionals in the field, health authorities, 
patients, family associations, and pharmaceutical industries. A small proportion of 
rare diseases have a drug treatment approved or under development. There is a sig-
nificant demand for investment in research for the treatment of these diseases, con-
stituting a problem to be faced globally.
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Chapter 38
Misdiagnosis and Clinical Reasoning 
in Cardiac Amyloidosis

Mayara Gabriele Toledo, Diane Xavier de Ávila, Eduarda Corrêa Maia, 
and Evandro Tinoco Mesquita

38.1 � Introduction

Recently, a Japanese study on rare diseases noted that the diagnosis of this type of 
disease is still of low alert from health professionals, particularly doctors. According 
to the World Health Organization, rare disease  (RD) is defined as a disease with 1.3 
cases per 2000 individuals. Currently, there are approximately 10,000 types of RDs 
in the world, with approximately 473 million people affected around the globe. 
However, many so-called RD are actually underdiagnosed. An underdiagnosed dis-
ease is one in which its frequency in the population is estimated to be lower than it 
actually is. In view of this, patients diagnosed with RD can be divided into two 
groups: “not yet diagnosed”, which is composed of patients with RD but not yet 
diagnosed; and “not diagnosed”, which is composed of patients whose diagnosis is 
unavailable, because there is no characterization of the disease or the causes have 
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not been identified. Patients in the “not yet diagnosed” group take approximately 
4–9 years to receive a correct diagnosis, even though the disease has already been 
described [1–3].

Many medical centers, faced with the problem of delayed diagnosis of RD, have 
become interested in better understanding this delay. To do this, quantitative and 
qualitative patient surveys were applied, in which it was shown that before the cor-
rect diagnosis was made, a number of diagnostic errors occurred [1–3].

Cardiac amyloidosis is a great example of a disease that, despite being consid-
ered rare, is actually more frequent than is usually recognized. The delay or misdi-
agnosis delays the start of treatment, which has better results in the earlier stages of 
cardiac involvement. Thus, when it is not diagnosed early, amyloidosis has a greater 
chance of complications, as do many rare and/or underdiagnosed diseases [4–6].

The patient’s journey to a diagnosis of amyloidosis is a long one, a true diagnos-
tic odyssey. Data from the literature show that the diagnosis of AL amyloidosis 
takes approximately 2  years, in general, requiring 5 clinicians before diagnosis: 
cardiology, hematology, oncology, nephrology, and neurology, with 19% only mak-
ing the diagnosis. In TTR amyloidosis, on the other hand, diagnosis takes approxi-
mately 4 years, 39% after walking disability. In addition, 1/3 of the patients are 
asymptomatic. Thus, a large proportion of patients are left for years with progress-
ing disease, untreated and without a closed diagnosis. As the disease progresses, the 
amyloidosis patient suffers deterioration of various organs, becomes vulnerable to 
various diseases, suffers reduced quality of life, and becomes dependent on caregiv-
ers. In addition, they become vulnerable to medications, which can impair the treat-
ment of associated diseases and predispose them to increased drug reactions and 
adverse events. However, the natural history can be changed with early diagnosis 
and treatment (Fig. 38.1) [6–12].

Degree of
cardiac

Symptoms
Pre-symptomatic Symptoms

Onset of
disease

Early
Symptoms Late diagnosis

No apparent symptoms
Symptomatic

(undiagnosed)
Family
History

No Family
History

Amyloid accumulation

Fig. 38.1  Adaptado de Arbustini G. Merlini G. et al. JACC cardiovascular imaging in 2014
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Clinical diagnosis started with Hippocrates 2500 years ago and is still a develop-
ing subject to this day. However, misdiagnosis is still very common and has many 
causes. Studies in outpatient clinics in the USA show a prevalence of diagnostic error 
of 5%. Thus, it is a public health and patient safety problem and has caused concern 
among physicians in many specialties, especially cardiology. Studies point out that it 
is difficult for physicians to reach assertive decisions. In regard to rare or uncommon 
diseases in practice, assertiveness in diagnosis is even more precarious [13, 14].

38.2 � Understanding Misdiagnosis and Clinical Reasoning: 
Important Concepts

Clinical reasoning is the mental process used to arrive at possible diagnostic hypoth-
eses and clinical decision-making in the face of disease. In the last two decades, its 
scientific basis has been studied. This process involves metacognition, memory, pat-
tern recognition, perception, attention, reasoning, and problem solving [15–18].

Daniel Kahneman, a scholar of the psychology of judgment and decision making, 
has applied his knowledge in an attempt to discover how physicians think to arrive 
at a diagnosis. In his studies, he discovered 2 thinking systems used by doctors to 
reach a diagnosis, whose interaction determines thinking. These systems are based 
on the book Fast and Slow: Two Ways of Thinking [17, 19]. They are known as sys-
tem 1 or general clinical reasoning and system 2 or clinical reasoning in particular. 
System 1 is implicit, instinctive, subconscious, fast, automatic, requires little effort, 
is based on pattern recognition and is subject to biases and interference. This system 
is based on heuristics, a term used in studies in the field of cognitive psychology. 
Heuristics is defined as a subconscious mental process that allows quick decisions; 
that is, when faced with a problem, one tends to simplify the solution, saving great 
effort. System 2 requires more effort and attention and is deliberative, slow, proposi-
tional, conscious, analytical, and less subject to biases. The latter system seeks to 
concentrate on the object of interest and avoid distractions to achieve a goal [19–22].

In general, after years of practice and study of observed cases, experienced physi-
cians accumulate patterns, called scripts, and tend to use mainly system 1 to perform 
disease diagnosis, that is, heuristics. Beginning physicians and medical students tend 
to use mainly system 2 due to the smaller amount of accumulated scripts and less 
experience, thus raising more cognitive effort to reach the diagnosis. However, using 
system 2 does not mean inexperience, quite the contrary. The relationships between 
disease patterns and the way they manifest in patients are accumulated in the form 
of scripts from practical experiences and theoretical studies, but diseases often have 
atypical presentations, which naturally prompt the use of system 2 to reach the diag-
nosis. These disease patterns are stored in long-term memory [19, 21–24].

In the hypothetico-deductive reasoning model, which uses system 1, the solution 
to the problem is found through hypothesis, refutation, conjecture, and trial. In this 
case, the experience and disease scripts accumulated by the doctor are determinants 
of the probability of the correct diagnosis. The doctor tests the hypotheses until he 
finds the most likely one, which will be used to confirm the probability of the pre-
sented picture being the diagnosis thought and to exclude the other hypotheses. 
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Therefore, the assertiveness of the diagnosis in this model depends on the accuracy 
and quality of the hypotheses. The accumulated scripts depend on the frequency 
with which disease patterns are seen, discussed and studied, becoming increasingly 
refined [25].

As the physician’s career progresses, he or she becomes faster and faster at for-
mulating hypotheses for a diagnosis, since the presentation of a syndrome by the 
patient soon prompts reasoning for the scripts of pictures very similar to those seen 
before. However, every attempt at diagnosis comes with the chance of error because 
of this automatic way of functioning of the mind, based on system 1. The human 
brain turns much of the time to pattern recognition. When the pattern is not recog-
nized, the brain turns to analytical reasoning (system 2). This fast and very intuitive 
process creates room for the occurrence of “cognitive biases,” which are cognitive 
processes that lead to perceptual distortion and misinterpretation of data when using 
facilitative shortcuts. Biases are one of the main reasons for misdiagnosis, failure of 
information transmission among staff, and communication with the patient [26, 27]. 
There are several types of biases, with 5 main biases worth mentioning:

•	 Anchoring bias occurs when the physician anchors his/her thinking to an isolated 
characteristic or part of the information received in the decision-making process. 
For example: fixate on dyspnea and affirm that a patient has acute pulmonary 
edema [25, 26, 28].

•	 Confirmation bias: involves interpreting or seeking information in a way that 
confirms initial hypotheses [25, 26, 28].

•	 Availability bias: the tendency to consider a diagnosis to be the most likely based 
on the ease of remembering an example. For example, after the peaks of the 
COVID-19 pandemic, any cough would already prompt testing for confirmation 
of COVID-19 [25, 26, 28].

•	 Frame-effect bias: The way data are presented has an influence on our reasoning.
•	 Affective bias: the physician’s own feelings promote distortions in the evaluation 

of patients [25, 26, 28].

In addition, contributing to the diagnostic error is “noise”, a concept introduced 
in the book “Noise: A Flaw in Human Judgment”, also by Daniel Kahneman. It is 
defined as “variability in judgments that should be identical”. When biases and 
noise occur during the diagnostic reasoning process, complex and serious errors can 
occur [19, 20].

Two types of noise have been described: occasional and systemic. Occasional 
noise is generated when external elements influence the decisions of the individual 
or a team. Systemic noise refers to the unwanted variability when a group of indi-
viduals separately analyze similar events. Different opinions are extremely impor-
tant for building knowledge and formulating hypotheses, but it becomes a problem 
when there is poor or no communication and dichotomous judgments, making the 
diagnostic reasoning process confusing and even more prone to error [19, 20].

Diagnostic error is a failure to establish an accurate and timely explanation for 
the patient’s health problem or to communicate that explanation to the patient. 
Throughout medical training and in clinical practice, little is said about the 
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diagnostic error, a situation in which the medical training system makes a contribu-
tion. There are three main sources of errors in the diagnostic process:

•	 Errors without fault: lack of anamnesis information or very atypical presentation. 
For example, the patient arrives unconscious and without witnesses.

•	 System errors: waiting for an essential test result that takes too long to come out 
or is not available. This is an important factor in diagnostic delay and is usually 
related to the complementary system or to patients with poor access to health care.

•	 Cognitive errors: related to the physician’s mental processes. Diagnosis is a com-
bination of factors, and the fundamental process can be influenced by biases. For 
example, premature closure is when the reasoning of the diagnostic process is 
interrupted too early. It is the main error (70%) [17, 19, 20].

In regard to rare or uncommon diseases, doctors who rely heavily on system 1 
thinking tend to make mistakes that delay diagnosis, since, due to low prevalence, 
there are few or no patterns accumulated in memory. From this begins the journey 
of patients with rare or uncommon diseases, marked by the search for several doc-
tors of various specialties, multiple tests, and procedures. Many of these patients 
end up dying before the final diagnosis is discovered and take years to finally start 
treatment, as is the case with amyloidosis [2, 5].

38.3 � Amyloidosis Patient Journey

Cardiac amyloidosis, although considered a rare disease, is actually an underdiag-
nosed disease. In general, it is estimated that it takes these patients approximately 
2–4 years before cardiac amyloidosis is placed among the suspected diagnoses. By 
this time, most patients had been through at least five professionals from different 
specialties [1, 5–7].

This delay occurs for some reasons, such as the use of old criteria to initiate sus-
picion: clinical examination of diastolic restriction; low voltage ECG; the presence 
of sparkling on echocardiogram, abdominal fat biopsy considered to have high sen-
sitivity, and failure to observe systemic manifestations together. Furthermore, the 
disease is rarely placed among the differential diagnoses. Because of the systemic 
presentation of the disease, several other diagnoses are commonly investigated. 
Other factors involved in this delay are the patient’s own lack of knowledge about 
his disease and health status, as well as the physician’s own lack of knowledge about 
amyloidosis and clinical reasoning. In this case, the physician’s cognitive processes 
are easily affected by inadequate synthesis of the collected data and the influence of 
biases and noise. Added to all this is the lack of data integration, as many services 
still do not use electronic medical records. Thus, physical records are sometimes 
kept in a disorganized manner or even lost due to structural or organizational prob-
lems. With this, professionals lose the chance to recruit past data not reported by the 
patient and their families. Populations with greater difficulty in accessing special-
ized services are those most vulnerable to diagnostic delay [3, 6–10].
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Fig. 38.2  Adapted diagram of the delay in the diagnosis of cardiac amyloidosis

Technological advances and expanded access to high-quality data have allowed 
new ways to aid the diagnostic process. Currently, diagnostic tools have contributed 
greatly to bringing to the physicians’ minds some diagnostic suspicions that are 
little remembered on a daily basis. One important technology that has its use being 
expanded is Isabel Healthcare, a differential diagnosis tool. Isabel is used by physi-
cians around the world to help create diagnostic hypotheses and differential diagno-
ses, i.e., it reduces clinical uncertainty. Its advantage is the ability to enter various 
characteristics of the patient’s condition in free text, from which algorithms will be 
generated that contribute to clinical reasoning. This tool can be used on various 
handheld devices and has approximately 6000 diseases and 4000 drugs covered. 
The rejection of the adoption of technological support by physicians can also influ-
ence the delay and diagnostic error [5, 11, 12, 29].

This elapsed time is sometimes defined by uncertainty, frustration after several 
hospital visits, unnecessary tests and procedures, inadequate diagnosis and treat-
ment, and worst of all, disease progression. Thus, this long journey has an emo-
tional and economic cost to the patient, full of wasted time, effort, and resources 
until the treatment (Fig. 38.2) [3, 12].

38.4 � Challenges in Diagnosing the Disease

In Brazil, faced with the complex pictures of the disease, in general, the diagnoses 
are made in services of high complexity in the public system. However, there is a 
lack of reference centers throughout the regions and structured public policies. This 
causes a great delay in diagnosis and the search for different centers of care, without 
success [8, 9].
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In the last decade, different medical societies have developed guidelines and 
positions on cardiac amyloidosis to promote medical education and improve care. 
The Brazilian Society of Cardiology, 2021, developed an important document to 
guide the diagnostic reasoning stage. Two routes for the diagnosis of the disease 
were created: hematological and nonhematological. For this, attention to the RED 
FLAGS was reinforced. When applied, the reasoning becomes organized, and they 
aid the medical education process by facilitating the diagnostic reasoning of patients 
with amyloidosis [9, 12, 29, 30].

RED FLAGS—high suspicion of cardiac amyloidosis

Family history
HF with preserved FE, especially in men > 60 years
Functional class not compatible with ejection fraction
Patient with hypertrophic cardiomyopathy and presence of pericardial effusion, atrioventricular 
block, septal and valve thickening and granular appearance
Older man with symmetrical hypertrophic cardiomyopathy without other factors, such as 
systemic arterial hypertension
AF and conduction block in young people without comorbidities
Elevated Natriuretic Peptides disproportionate to the clinical picture
Bilateral carpal tunnel syndrome, especially in men with LVH
Erectile dysfunction, without comorbidities
Elevated troponins in the absence of coronary syndrome
Intolerance to ACEi, ARB II and beta-blockers
Macroglossia, shoulder pad and periorbital hematoma (AL form)
Bilateral carpal tunnel syndrome
Rupture of the biceps tendon
Unilateral or bilateral reduction of the pupillary reflex
Low-flow or low-gradient aortic stenosis with wall thickening
Unexplained progressive peripheral neuropathy (particularly if associated with autonomic 
dysfunction)
Echocardiography: biventricular hypertrophy, infiltrative phenotype, myocardial 
hyperrefringency, valve and/or interatrial septal thickening
Low voltage on ECG (20% without low voltage)
Concentric LV wall thickening with reduced QRS amplitude or no increase in proportion to the 
increased LV wall thickness

HF heart failure, FE ejection fraction, AVB atrioventricular block, AF atrial fibrillation, LVH left 
ventricular hypertrophy, ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II recep-
tor blocker, ECG electrocardiogram, LV left ventricular

Faced with findings suggestive of cardiac amyloidosis, further investigation of 
the disease begins. This is done with the measurement of the serum Kappa/lambda 
ratio, serum immunofixation and urinary immunofixation. If present, proceed via 
the hematological route, and if absent, proceed via the cardiological route. By the 
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hematologic route, evaluation by a hematologist and biopsy of peripheral tissues are 
urgently requested. If cardiac amyloidosis is found, the disease is confirmed and 
proceeds to amyloid protein typing by mass spectrometry or HI. If TTR is present, 
gene sequencing should be performed. Still in the hematological route, if cardiac 
amyloidosis is not found, perform cardiac scintigraphy with bone tracing, 
Pyrophosphate—Tc-99 m, if available [6, 10–12, 29, 31].

By the cardiac route, after dosage of the serum Kappa/lambda ratio, serum 
immunofixation, and urinary immunofixation with negative results, proceed with 
the performance of cardiac scintigraphy with bone tracing, Pyrophosphate—Tc-99 
m, if available. In the case of cardiac uptake grade 2.3, heart/contralateral ratio ≥ 
1.5, confirmed with SPECT, one has the confirmation of cardiac amyloidosis. In that 
case, one should proceed to genetic sequencing of the TTR form. If positive, heredi-
tary aTTR. If negative, wild ATTR. If the scintigraphy has no findings consistent 
with amyloidosis, the amyloidosis is ruled out. If scintigraphy is not available, an 
endomyocardial biopsy with Congo red investigation is performed. If negative, 
amyloidosis is ruled out. If positive, proceed with amyloid protein typing by mass 
spectrometry or HI [10–12, 29–31].

38.5 � Strategies for Reducing Diagnostic Error

There are several strategies that, if adopted routinely, contribute to the reduction of 
diagnostic error. One of these involves the physician’s own training and method of 
diagnosis. Although the use of system 1 is convenient and commonly sufficient for 
diagnosis, the use of system 2 should be improved as well. Improved clinical rea-
soning and better knowledge of diagnostic errors are essential [15, 19].

At the first contact with the patient, regardless of the previous history of other 
visits, it is important to take a detailed history and perform a physical examination 
on the patient. This moment is also the key to establishing the doctor–patient rela-
tionship and gaining the patient’s trust; after all, in the case of uncommon or rare 
diseases, patients have already exhaustively seen doctors [1–3].

From the data collected, the doctor must formulate a chart of signs and symp-
toms, starting by filtering the truly relevant information and organizing a problem 
list with a summary of the case. Always ask the patient if there is anything else to 
report. Then, the doctor must carefully analyze the data and even the patient’s tra-
jectory, what has been missed, and what else might be relevant. With this, one can 
formulate the hypotheses based on the learned knowledge and patterns and at least 
three differential diagnoses [20, 26, 28].

From these suspicions, if necessary, the investigation is started with complemen-
tary exams, always focused on the patient’s condition. When the hypotheses are 
well formulated, the facilitated complementary exams are well-indicated. Especially 
in the case of uncommon diseases, which commonly call for specific and rarely 

M. G. Toledo et al.



445

available exams, it is frequent to request an excess of exams that confuse the doctor 
even more. It is important to mention that this reasoning is dependent on the theo-
retical knowledge and scripts stored in the physician’s memory. It is important to 
increase knowledge of related diagnoses to form robust heuristics that lead to the 
correct diagnosis, which requires in-depth study and discipline [24, 32].

When in doubt, it is not enough to close one’s mind only to the syndromes that 
show some patterns of the disease presented by the patient and order a series of 
tests. At this moment, consulting other professionals, dedicating more time to reflect 
on the picture, researching reliable scientific sources, and asking the patient new 
questions are essential to better direct the formulation of hypotheses. Today, smart 
digital tools also support diagnostic reasoning, such as Isabel Healthcare. By put-
ting together the problem list, the signs and symptoms, the hypotheses, the differen-
tial diagnoses, and the complementary tests, one can arrive at the final diagnosis. 
However, it is important to perform metacognition, even if there are no uncertainties 
or doubts. If these are still present, it will be even more essential. Metacognition is 
the self-reflection on the cognitive processes adopted in the reasoning and identifi-
cation of points of failure and those that need correction. If necessary, the doctor 
must return to the data collection of the patient’s history, generate new hypotheses, 
and/or request new complementary tests. It is always important to keep updating the 
problem list, the case summary, and the addition or exclusion of hypotheses and 
differential diagnoses. To do this, in addition to new tests and new data, the doctor 
can appeal to other expert opinions, diagnostic support applications, and staff 
involved in the care of the patient and his or her family [26, 33].

In the case of rare and uncommon diseases, metacognition is essential for detect-
ing the doctor’s own limitations, encouraging him to seek a second opinion and new 
knowledge. This step should not be neglected, since it is at this point that the most 
complex biases, errors, and noises are identified. Encouraging the practice of meta-
cognition for diagnoses invariably involves the use of system 2 [1–3].

The error and delay in diagnosing cardiac amyloidosis are so relevant that, today, 
there are organizations formed to warn and contribute to the diagnosis of amyloido-
sis around the world. This is the case with the Amyloidosis Foundation, which 
emerged from the merger of two organizations interested in the problem of amyloi-
dosis diagnosis, the Amyloidosis Research Foundation and the Amyloidosis Support 
Network, in 2007. This organization aims to raise awareness of earlier diagnosis 
among physicians and empower patients with the services offered by the organiza-
tion itself. To this end, the Amyloidosis Foundation offers research grants for all 
types of amyloidosis, rounds, and participation in medical conferences to discuss 
the topic in addition to the Grand Rounds program, which educates physicians 
regarding diagnosis. This foundation becomes a great ally to the clinical reasoning 
to diagnose cardiac amyloidosis by providing education and awareness of the medi-
cal field as well as support and knowledge to the families under investigation [1–3, 
5–7, 30].

38  Misdiagnosis and Clinical Reasoning in Cardiac Amyloidosis



446

In summary, one can put as key points to prevent diagnostic error:

Really listen to the patient and involve them in the diagnostic process
Detailed anamnesis and physical examination
Structured clinical data collection. Initially, without the influence of complementary tests to 
avoid quick decisions based on incomplete information.
Formulate a problem list and case summary—watch out for RED FLAGS
Think about the hypotheses and look for 3 differential diagnoses
Study and discuss cases, whether simple or complex, to refine the theoretical basis of scripting
Request and check the complementary exams based on the hypotheses, without exaggeration
Use metacognition in all clinical reasoning processes—use system 2!
Always keep a margin of doubt—recognize that every diagnostic process is subject to error.
Use the question: what else can it be?
Seek support with a second opinion, family, care team, doctors who have already seen you, and 
on diagnostic support apps like Isabel.
Learn the causes of errors, biases, and about clinical reasoning—cognitive debiasing.
The clinical reasoning process must be dynamic and team-based
Reflect on your diagnostic process, and detect errors and points for improvement.

It is also important to remember that patients with underdiagnosed diseases, after 
going through many doctors and appointments, become frustrated and may arrive 
discredited until the next doctor. An open and welcoming attitude will be important 
when collecting data [1–3].

Finally, being informed when a diagnosis is wrong is very important for improv-
ing clinical reasoning by allowing professional growth and improving the cognitive 
process involved in the diagnosis [15, 26, 27].

38.6 � Conclusions

Stimulating the study of clinical reasoning, the diagnostic process, and related 
errors and biases is a golden rule for greater diagnostic assertiveness. The cognitive 
process of clinical reasoning should be stimulated in all stages of medical training. 
The diagnosis of cardiac amyloidosis still remains late. Cardiac amyloidosis should 
always be used in the differential diagnosis in clinical practice when encountering 
the Red Flags of the disease. New diagnostic methods and virtual tools facilitate the 
investigation. Early recognition of amyloidosis is the key to changing survival rates. 
Finally, many diseases that are considered rare are in fact underdiagnosed, often due 
to misdiagnosis.
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Chapter 39
Multidisciplinary Approach in Fabry 
Disease and Amyloidosis

Renata Adrielle Lima Vieira, Lidielle S.P.R. Pereira, Rejane Silva Rocha, 
Luciana Bastos Muniz, and Elaine Xavier de Ávila Almeida

39.1 � Introduction

The various clinical and psychological disorders that these patients present require 
the involvement of a multidisciplinary health team, and the working of nurse, psy-
chology, nutrition, physiotherapy, and speech therapy teams must be involved so 
that it is possible to attend the individual in a holistic way and expand the possibili-
ties of treatments, mainly related to neuropathic changes in both diseases.

Neuropathic pain is disabling, causes a reduction in quality of life, impairs pro-
fessional performance, and limits the social participation of patients who live with 
these pains. In this context, treatments aimed at minimizing pain and physical reha-
bilitation are facilitators of autonomy and mobility. From this perspective, it is 
important that health facilities adopt a coordinated approach to patient care, with the 
direction of doctors, for example, neurologists, cardiologists, nephrologists, and 
hematologists, to multidisciplinary professionals.
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These professionals are able to maintain a unique relationship with the patient 
and their family and thus manage to explore the patients’ diverse needs, such as the 
psychological, social, and relationship conflicts that involve the life of the individ-
ual who lives with Fabry disease or amyloidosis.

39.2 � Nutritional Approach in Fabry Disease

The clinical manifestations, arising from GL-3 accumulation, occur mainly in the 
vascular endothelium of the skin, heart, liver, kidneys, central nervous system, and 
gastrointestinal tract (nausea, vomiting, intermittent diarrhea, and constipation; 
abdominal pain and/or bloating). Gastrointestinal symptoms are some of the most 
frequent and early general complaints among patients with DF.  In addition, they 
occur throughout the gastrointestinal tract, varying in intensity and frequency. The 
patient’s presentation can vary with severe symptoms to a combination of multiple 
symptoms that affect daily functioning and health [1].

Significant gastrointestinal involvement has also been observed in children and 
may progress in severity with age, especially in children aged 1–4 years, with the 
most common complaint being abdominal pain and diarrhea with weight loss in 
childhood [1–3]. The body mass index (BMI) in boys with FD was lower than that 
in girls who had FD and healthy boys, probably due to the early onset of the disease 
and higher disease burden in boys than in girls [4, 5].

Although diarrhea presenting characteristic of watery stools, free of blood or 
mucus, is a common complaint, in female patients, constipation is more frequent [4, 
5]. In addition, some patients with FD describe an interspersed cyclical pattern 
between diarrhea, constipation, and normal bowel movements, making diagnosis 
and management difficult. In most cases, gastrointestinal symptoms resemble irri-
table bowel syndrome (IBS) and inflammatory bowel diseases (IBD) [6].

Enzyme replacement therapy (ERT) improves the gastrointestinal symptoms 
associated with FD. However, more than half of patients treated with ERT continue 
to experience gastrointestinal symptoms, and others even develop new symptoms 
during use [7]. To date, no studies have been conducted on dietary interventions in 
patients with DF with gastrointestinal manifestations; therefore, the recommenda-
tions found in the scientific literature are similar to those for IBS and IBD [8].

There is little evidence for restricting particular foods in IBD [9, 10]. However, 
some foods, such as excessive amounts of dietary lipids, caffeine, lactose, fructose, 
sorbitol, alcohol, and spicy foods, may be poorly tolerated, especially for patients 
with diarrhea or mixed gastrointestinal manifestations (diarrhea and/or constipation) 
[8]. In addition, irregular and/or bulky food may affect colonic motility and therefore 
worsen symptoms. For this reason, patients should be advised to follow a regular pat-
tern of meals (breakfast, lunch, and dinner with one or two snacks) and avoid waiting 
too long between meals or avoiding large meals, as well as eating late at night [8, 11].

In the presence of diarrhea, patients should be instructed to consume soluble 
fiber as tolerated. Metabolism of soluble fibers and resistant starches by intestinal 
bacteria leads to the production of short-chain fatty acids (SCFAs), which serve as 
substrates for colonocytes, facilitate the absorption of fluids and salts, and may help 
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Table 39.1  Sources of fiber

Soluble Fiber

Pectin (apple, citrus peel, vegetables, potatoes, fruit); Gums, mucilage, beta-glucans (oats, 
legumes); some Hemicelluloses (psyllium)
Fructool-oligosaccharides-FOS (garlic, onion, banana, tomato, artichoke, chicory)
Insoluble Fiber

Cellulose (whole wheat flour, beans, peas, apple, bran, cabbage, root vegetables); Type B 
hemicelluloses (bran, cereals, soybeans, whole grains); Lignin (mature vegetables, wheat)

Source: Adapted [14]

regulate gastrointestinal (GI) motility [12]. In the remission phase, the insoluble 
fiber content should be progressively increased [13].

For the treatment of constipation, a combination of soluble and insoluble fibers 
is of interest. However, increasing the amount of insoluble fiber in the diet, espe-
cially in patients without constipation, may worsen symptoms. Although increasing 
fiber intake is a usual component of initial therapy of gastrointestinal changes, 
patients may have ongoing symptoms possibly related to the type of fiber consumed 
(Table 39.1) [14].

Dietary fiber intake for adults is recommended to be 20–35 g/day. For children 
older than 2–20 years of age, 5 g plus age should be added to obtain the total daily 
fiber intake. There is no recommendation for children under 2 years of age because 
it is considered that breast milk is present in this age group. After 6 months of exclu-
sive breastfeeding, a complete and varied diet is recommended [15, 16].

In addition, adequate fluid intake (30–35  mL/kg/day) is recommended, espe-
cially when powdered fiber supplements are used [13]. Adequate hydration should 
be remembered not only by increasing fiber intake, but also in situations of severe 
diarrhea, as it can result in dehydration and electrolyte depletion [9]. In this situa-
tion, restoring fluids and electrolytes is a priority. Electrolyte losses, especially of 
potassium and sodium, should be corrected soon by the use of oral electrolyte solu-
tions and glucose with added potassium. Another strategy would be soups and 
broths, vegetable juices, and isotonic fluids [13].

The use of probiotics has also been suggested in cases of diarrhea in IBD and 
IBS [9, 17, 18]. Intake of 109 to 1011 bacteria through multistep probiotic supple-
mentation has been associated with decreased incidence, duration, and severity of 
gastrointestinal diseases. Furthermore, it is related to reduced diarrhea and hospital-
ization times and induction and maintenance of IBD remission, with minimal 
adverse effects in adults and children [11, 19]. However, there are still no studies 
evaluating the use of probiotics in patients with FD.

Recent studies show that certain foods containing carbohydrates, such as those 
that are highly fermentable, in the presence of gut bacteria actually exacerbate gas-
trointestinal symptoms [13, 20]. This is because fermentable short-chain carbohy-
drates increase the water volume in the small intestine and colonic gas production. 
In this regard, reducing fermentable oligosaccharides, disaccharides, monosaccha-
rides, and polyols (low FODMAP diet) is proposed for improvements in bloating, 
pain, flatulence, diarrhea, and other symptoms [20].

In general, the low FODMAP diet consists of three stages: restriction, reintro-
duction, and FODMAP customization. In the first stage, it focuses on 
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comprehensive assessment of symptoms and diet, detailed description of FODMAPs 
and their association with symptom induction, followed by counseling on FODMAP 
restriction. In the case of persistent symptoms, the Low FODMAP diet should be 
stopped. However, if there is improvement in symptomatology, there should be edu-
cation about reintroducing FODMAP-rich foods to assess individualized tolerance 
and identify the triggering symptoms of the foods. FODMAP-rich foods are added 
in increasing amounts every 3  days, while symptoms are monitored. Then, the 
patient can follow the FODMAP customization for which a less restrictive diet is 
consumed, which excludes their personal FODMAP triggers and allows for a more 
diverse dietary intake [21, 22]. It is essential that there is follow-up with a nutrition-
ist, as it excludes many foods, so such a protocol is recommended for a short period 
(total duration of 4–6 weeks), being compromised mainly in the supply of carbohy-
drates and calcium [14, 21, 22].

In FD, some manifestations concerning the upper gastrointestinal tract are 
reported, although they are less common, such as dyspepsia, postprandial fullness, 
and early satiety. These symptoms may induce dietary restrictions and lead to 
weight loss [8]. In addition to medication management, dietary modifications are 
useful, such as low-fat meals, eating several smaller meals instead of a single main/
voluminous meal, and avoiding foods known to trigger symptoms such as coffee, 
alcohol, chocolate, or fatty foods, although there is no evidence from randomized 
clinical trials to support such interventions [6, 23–25]. In the case of pancreatic 
dysfunction, supplementation with pancreatic enzymes alleviates various gastroin-
testinal symptoms [1]. Thus, gastrointestinal manifestations remain an important 
cause of morbidity that needs specific treatment [8].

In addition to gastrointestinal clinical manifestations, renal manifestations 
require specific nutritional management. Renal disease includes progressive pro-
teinuria, followed by a reduction in the glomerular filtration rate, and may lead to 
failure with the need for dialysis and transplantation [25]. When glomerular damage 
occurs, the clinical picture is similar to that of diabetic nephropathy. However, along 
with ERT, several strategies are needed to prevent and treat FD nephropathy and its 
complications, such as cardiovascular events, hypertension, and bone disorders [26].

Dietary intervention is critical in treating most kidney disorders and preventing 
complications. In the case of chronic kidney disease (CKD), the goals of nutritional 
management are to preserve renal function, normalize body fluid composition, min-
imize hyperphosphatemia and renal osteodystrophy, counteract anorexia and nau-
sea, provide energy and micronutrient needs, and promote optimal growth in 
children [8, 27].

Restriction of protein intake has been proposed to reduce glomerular hyperfiltra-
tion and slow the progression of renal failure (Table 39.2). These diets should be 
progressively installed to allow careful dietary counseling and adequate compli-
ance. In adults with CKD at any stage or posttransplant, there is insufficient evi-
dence to recommend a particular type of protein (plant vs animal) in terms of effects 
on nutritional status, calcium or phosphorus levels, or the blood lipid profile. 
However, reducing animal-based protein and moving toward more plant-based pro-
tein sources also reduces acid production and metabolic acidosis, which are 
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Table 39.2  Daily dietary protein recommendation for patients with chronic kidney disease

Protein intake recommendation

CKD 3–5 patients not on dialysis and 
without diabetes, who are metabolically 
stable

• � A low-protein diet providing 0.55–0.60 g dietary 
protein/kg body weight/day, or

• � A very low-protein diet providing 0.28–0.43 g 
dietary protein/kg body weight/day with additional 
keto acid/amino acid analogs to meet protein 
requirements (0.55–0.60 g/kg body weight/day)

CKD 3–5 patients not on dialysis and 
with diabetes, who are metabolically 
stable

• � Protein intake of 0.6–0.8 g/kg body weight per day 
to maintain a stable nutritional status and optimize 
glycemic control

CKD 5D maintenance hemodialysis and 
peritoneal dialysis patients with/without 
diabetes who are metabolically stable

• � Dietary protein intake of 1.0–1.2 g/kg body weight 
per day to maintain a stable nutritional status

Early posttransplantation • � In case of acute graft rejection, the protein 
recommendation is 1.3–1.5 g/kg of current or ideal 
weight

Late posttransplantation • � The recommendation is approximately 0.8 g/kg/day. 
A restriction of 0.6 g/kg/day may be considered in 
case of chronic rejection

Children with CKD2–5D • � Protein intake in children with CKD2–5D is at the 
upper end of the SDI to promote optimal growth

• � The protein intake at the lowest end of the range is 
considered the minimum safe amount and protein 
intake should not be reduced below this level

Children on dialysis • � Protein intake may need to be higher than the SDI 
for nondialysis patients to account for dialysate 
protein losses

• � In children with persistently high blood urea levels, 
we suggest that protein intake may be adjusted 
toward the lower end of the SDI, after excluding 
other causes of high blood urea levels

CKD Chronic kidney disease, SDI Suggested dietary intake
Source: Adapted [27–29]

common in CKD patients, especially for lower protein intakes (0.3–0.5 g/kg pro-
tein/kg/day) supplemented with ketoacids [27].

When edema is present or the patient is on renal replacement therapy (dialysis), 
sodium and fluid restriction (to less than approximately 1.5 L/day) is mandatory. In 
addition to its effects on edema, sodium restriction can slow the progression of kid-
ney disease and albuminuria and mitigate hypertension, one of the main complica-
tions of CKD. Hypertension is not a common early finding in Fabry patients, but 
becomes more prevalent with disease progression [8, 30]. Dietary salt restriction 
(should be initiated, if tolerated, even in normotensive patients controlled with med-
ication) of up to 5  g salt/day (NaCl) or less than 2  g sodium/day or <90  mmol 
sodium/day should be added to food in CKD patients. In addition, you should avoid 
processed and ultra-processed products, such as canned foods, French fries and 
cured meats, and industrialized ready-made seasonings [31].
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Biochemical exams, including serum protein, albumin, folate, vitamin B12, cal-
cium, and phosphate levels, are typically normal in DF. Therefore, if a patient has 
significantly abnormal levels, other diagnoses should be considered. However, ane-
mia is a feature of Fabry patients, possibly because of underlying renal and cardiac 
problems [32]. Oral iron should be considered as first-line treatment in patients with 
mild anemia as a result of CKD who have not previously been intolerant to oral iron. 
The main disadvantages of oral iron include reduced efficacy compared to intrave-
nous administration, poor gastrointestinal tolerance, malabsorption due to elevated 
hepcidin, and possible changes in the microbiome. Oral administration of a single 
dose of iron every other day versus every day increases fractional iron absorption 
and may be an effective strategy [33]. Intravenous iron should be considered for 
those with prior intolerance to oral iron, patients requiring erythropoiesis-stimulating 
agents, and those with hemoglobin below 10 g/dL [9].

Furthermore, monitoring 25 OH-vitamin D levels in patients with Fabry nephrop-
athy should be part of routine management and should correct any nutritional vita-
min D deficiency. This deficiency is associated with low bone mineral density, 
adverse cardiovascular outcomes, and worsening renal outcomes [1, 9, 23].

Other possible dietary interventions may modulate the inflammation and oxida-
tive stress occurring in the pathophysiology of DF, which as a consequence leads to 
irreversible tissue damage with target organ fibrosis [34, 35]. Although there have 
been no specific studies on DF, diet is known to be one of the main environmental 
factors modulating both inflammation and oxidative stress. Isolated nutrients and 
nonnutritive food components, such as n-3 polyunsaturated fatty acids (PUFAs), 
polyphenols, prebiotics, and probiotics, can influence the inflammatory/oxidative 
stress response [36, 37].

Several lines of evidence support the beneficial effects of n-3 PUFAs with anti-
inflammatory action [38–40]. In particular, it has been observed that eicosapentae-
noic acid (EPA) and docosapentaenoic acid (DHA) partially inhibit the expression 
of adhesion molecules, leukocyte-endothelial adhesive interactions, and leukocyte 
chemotaxis synthesis of prostaglandins and leukotrienes [41], promoting improve-
ment of the lipid profile (reducing triglycerides and LDL cholesterol and increasing 
HDL levels), reduction of blood pressure, and decreased risk of cardiovascular 
events in the presence or absence of CKD. Therefore, supplementation with 2–4 g/
day EPA and DHA has been shown to be efficient and safe [27, 42]. Moreover, 
vegetable oils rich in α-linolenic (α-LA) and γ-LA, such as flaxseed oil and borage 
oil, respectively, exerted strong antiproliferative activity of fibroblasts in FD [43].

Polyphenols regulate immunity by interfering with immune cell regulation, the 
synthesis of proinflammatory cytokines, and gene expression and exhibit antioxi-
dant activity. They inactivate NF-κB (nuclear factor kappa of activated B cells), 
modulate mitogen-activated protein kinase (MAPk) and arachidonic acid pathways, 
and suppress the expression of toll-like (TLR) and proinflammatory genes. They 
inhibit enzymes involved in the production of reactive oxygen species (ROS), such 
as xanthine oxidase and NADPH oxidase (NOX), while positively regulating other 
endogenous antioxidant enzymes, such as superoxide dismutase (SOD), catalase, 
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and glutathione (GSH) peroxidase (Px). It is generally believed that polyphenol 
activity is mainly localized in the intestine, where its immunoprotective and anti-
inflammatory activities are initiated, subsequently ensuring systemic anti-
inflammatory effects. Therefore, the consumption of fruits and vegetables, legumes, 
cocoa, and green tea reduces oxidative stress and neutralizes inflammation [9, 44].

Associated with the consumption of polyphenols, the consumption of soluble 
fibers promotes anti-inflammatory action because they are fermented by intestinal 
bacteria, producing SCFAs, in particular butyrate [45]. In recent years, evidence has 
been growing that the microbiota plays a key role in human health for the immune 
system and inflammatory process by maintaining the barrier integrity of the gastro-
intestinal tract and preventing the passage of bacterial lipopolysaccharides (LPS), a 
potent low-grade systemic inflammatory stimulant [46].

Both food components (nutrients and nonnutrients) and dietary patterns have 
been shown to exert protective effects against inflammation and oxidative stress. 
Thus, the Mediterranean diet (DM) exerts beneficial effects on the primary and 
secondary prevention of cardiovascular disease, type 2 diabetes, CKD, and inflam-
matory status [8, 27, 47]. DM includes many foods with anti-inflammatory activity, 
such as extra virgin olive oil, tomatoes, leafy green vegetables, fruits, whole grains, 
nuts and legumes, moderate intake of fish, and other meats and nuts [48].

Therefore, finding nutritional strategies that aim to improve inflammation and 
oxidative stress and minimize the clinical manifestations present in FD should be 
considered to slow disease progression.

39.3 � Nutritional Approach in Amyloidosis

The extracellular deposition of an abnormal fibrillar protein that occurs in amyloi-
dosis disrupts tissue structure and function, either in a single organ or systemically. 
The different types of amyloidosis entail the most diverse organ changes, and clini-
cal treatment is dependent on this variation [49].

Among patients with systemic amyloidosis, involvement of the gastrointestinal 
tract is common but often subclinical. Additionally, cardiac, hepatic, renal, and neu-
rological changes may be present and are associated with evidence of oxidative 
stress injury and chronic inflammation [50, 51].

In addition to drug treatment, nutrition can help manage symptoms and prevent 
further protein production. Nutrition may also be helpful in treating the many com-
plications that can arise. To date, no studies have been conducted on dietary inter-
ventions in patients with amyloidosis. Therefore, dietary modifications are usually 
based on symptoms, nutritional abnormalities, and which organs have been affected 
by the disease. Therefore, early diagnosis of amyloidosis and identification of these 
changes are extremely important in the treatment and management of the patient [52].

The presence and pattern of gastrointestinal symptoms vary substantially, not 
only among different types of amyloid but also within them. Gastrointestinal 
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presentations are often nonspecific, with involvement from mouth to large intestine, 
and include macroglossia, dyspepsia, hemorrhage, diarrhea, steatorrhea, intestinal 
obstruction, malabsorption, and consequently weight loss [53]. Diarrhea is associ-
ated with several mechanisms, including bacterial overgrowth, the degree of bile 
acid malabsorption, pancreatic exocrine insufficiency (PEI), and rapid intestinal 
transit related to autonomic neuropathy. This likely contributes to the malabsorption 
of proteins, fats, and fluids [54].

Dietary intervention in the presence of diarrhea should contain soluble fiber 
intake, as tolerated, to help regulate GI motility [12]. Historically, a low-fat diet has 
been recommended in PEI to reduce steatorrhea. This recommendation has been 
abandoned in modern dietary counseling due to the risk of exacerbating weight loss 
and fat-soluble vitamin deficiencies. Most patients with PEI will tolerate a normal 
fat diet, provided that the dose of pancreatic enzyme replacement and supportive 
treatment with proton pump inhibitors are optimized. The dietary consultation 
should also include advice for sufficient caloric intake and normal fat content. 
Small, frequent meals are generally better tolerated than large, high-calorie meals 
[55]. Deficiencies of fat-soluble vitamins are very common in patients with PEI, and 
vitamin supplementation therapy should be administered if necessary [53, 56].

Pancreatic enzyme replacement therapy (PERT) has an indisputable indication in 
the presence of steatorrhea and/or weight loss. Pancreatic digestive enzymes can be 
administered orally, along with meals, to compensate for the lack of endogenous 
enzyme secretion. Some studies have shown an improved fat absorption ratio, 
decreased symptoms related to poor digestion, and even improved quality of life 
[57–59]. PERT is now increasingly considered a treatment for poor digestion, rather 
than just a way to suppress diarrhea. Therefore, higher doses are needed for large, 
fat-rich meals, and lower doses are sufficient for snacks and small meals [55].

The optimal dose of pancreatic enzymes in amyloidosis has not been investi-
gated. Recommendations for PEI range from 20 to 40,000 units of lipase per main 
meal, as recommended by the German Society for Digestive and Metabolic Diseases 
[60]. In general, half the dose is recommended for snacks and small meals. If signs 
or symptoms of maldigestion persist, the PERT dose can be increased, and proton 
pump inhibitors can be added [55]. In cases of severe malabsorption, total paren-
teral nutrition (PN) can be extremely helpful in patients with severe gastrointestinal 
involvement [52].

There are no nutritional recommendations in the literature for patients with 
obstructive GI symptoms with amyloidosis, so the recommendations are similar to 
those for IBD. In this situation, a textured adapted diet (pasty or liquid) or a distal 
(postobstruction) nasoenteral feeding tube (NFT) may be recommended. If oral 
feeding is not sufficient, enteral nutrition (EN) should be considered as supportive 
therapy. Formulaic or liquid EN should always be preferred over PN unless totally 
contraindicated. The formula used for primary nutritional therapy is polymeric, 
moderate fat content, with no specific supplements. PN is indicated when there is 
intestinal obstruction without the possibility of placement of the NFT beyond the 
obstruction or difficulty in passage or when other complications occur, such as high 
output intestinal fistula [9].

R. A. L. Vieira et al.



457

Another common initial finding is proteinuria (with predominant albuminuria), 
often associated with nephrotic syndrome and severe edema, foaming urine, or ure-
mic signs [49]. In amyloidosis, renal alteration causes albuminuria in up to 80% of 
patients, with proteinuria in the nephrotic range in 30–50%. This alteration can 
occur in AL and AA amyloidosis. Massive proteinuria with generalized edema and 
hypoalbuminemia can occur with normal creatinine and blood urea nitrogen con-
centrations; however, evidence of mild renal dysfunction is often found. For those 
patients with renal failure, dialysis, and transplantation, the protein recommenda-
tions are the same as for CKD (Table  39.2). After transplantation, amyloid may 
eventually appear in the donor kidney if the abnormal protein source is not treated 
[49, 61].

Nutritional support is one of the main measures for the adequate control of clini-
cal and laboratory complications of the nephrotic state. The greater the loss of pro-
tein in the urine, the greater the complications related to renal function, such as 
dyslipidemia, thromboembolic phenomena, and infections [62, 63]. There is no 
consensus regarding the amount of protein to be prescribed in nephrotic syndrome. 
However, in patients with a normal glomerular filtration rate, a normoprotein diet is 
recommended, usually 0.8–1.0 g/kg/day. A hyperprotein diet offers no benefit, as it 
does not increase the level of serum albumin and does not protect the individual 
from the complications of the nephrotic state [64].

Restriction of liquids is not always recommended, but should be done in the 
presence of hyponatremia and serum hyposmolarity and avoided when there are 
clinical signs of hypovolemia and renal hypoperfusion [63]. Daily weight control 
and 24-h urinary volume measurement are simple and very effective measures to 
assess the decrease in edema and response to treatment. The goal is a negative 
sodium balance and a controlled water balance [62].

Moreover, sodium restriction is fundamental for the control of edema, and the 
use of 2 g of sodium per day or 5 g of NaCl (kitchen salt) is recommended. This is 
possible by reducing the amount of salt in food preparation and avoiding the use of 
additional salt during meals. It is also advisable to avoid processed foods and sau-
sages [31, 65].

Most diagnosed cases of primary amyloidosis (type AL, AH, ALH) are caused 
by a clinical picture of amyloid deposition in the bone marrow that has similarities 
to multiple myeloma. Chemotherapy combined with stem cell transplantation (SCT) 
is an indication for clinical treatment. With eradication of defective plasma cells, 
amyloid production is slowed or stopped, and the bone marrow can become healthy 
again, but only 20% of patients are eligible [49, 66].

Nutritional therapy is indicated when the SCT patient has insufficient oral intake. 
For patients with a functioning gastrointestinal tract, oral/enteral nutrition therapy is 
suggested. However, in cases where there is severe gastrointestinal involvement 
(severe mucositis, incoercible vomiting, paralytic ileus, severe malabsorption, pro-
longed diarrhea) or gastrointestinal symptoms related to graft-versus-host disease, 
the use of PN should be considered [52, 67, 68].

There is a low level of evidence to recommend parenteral glutamine supplemen-
tation in SCT [68]. However, a systematic review comparing NP with glutamine to 
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standard NP noted no reduction in length of stay, but showed a reduced incidence of 
positive blood cultures in patients receiving NP with glutamine than those on stan-
dard NP [67].

Other types of amyloidosis are associated with hormonal proteins, aging, or spe-
cific areas of the body. A special case of localized amyloidosis is cerebral amyloid 
angiopathy (CAA). Amyloid protein is deposited in the walls of the cerebral arter-
ies, increasing the risk of stroke and dementia. This neurological clinical picture is 
mostly seen in older patients. Because of neurological involvement, it becomes 
highly disabling, painful, and degenerative. If left untreated, it affects the lower and 
upper limbs and leads to permanent disability. In addition to impaired mobility, 
dysphagia can lead to malnutrition and impact quality of life [69].

In the presence of dysphagia, the systematization of nutritional and phonoaudio-
logical assistance is necessary. The nutritional treatment should involve the use of 
modified food textures, making the food pasty, and in more advanced degrees of 
dysphagia, it will be necessary to change the texture of liquids such as juices, milk, 
and water through thickeners. Some caveats should be made regarding the thicken-
ing of liquids according to the type of preparation. In dairy preparations, tempera-
ture influences dilution, and cooled (10  °C) preparations should be liquefied to 
homogenize them, while acidic juices hardly form lumps, unlike alkaline juices, 
which sometimes need to be liquefied [70]. When a patient fails a swallowing test 
and is unable to tolerate oral fluids or food safely, an NFT should be inserted [71].

Another important element of care when there is disabling neurological involve-
ment is the increased risk of developing pressure injuries [71]. Nutritional care in 
this condition is also necessary. Providing and consuming adequate calories through 
carbohydrates and lipids supports collagen and nitrogen synthesis, thus promoting 
anabolism and sparing protein from being used as an energy source. The recom-
mendation in a pressure injury situation is to provide 30–35 kcal/kg body weight per 
day for malnourished adults or those at risk of malnutrition. The recommendation 
for protein is 1.25–1.5 g/kg body weight/day [72].

Amyloid formation or postfibrillar modification in several types of amyloidosis 
is also involved in free radical-promoted injury, which results in oxidative stress. 
Therefore, n-3 PUFAs, polyphenols, prebiotics, and probiotics may be an interest-
ing nutritional strategy in this disease, as they modulate the inflammatory/oxidative 
stress response [36, 37]. In a study with 20 patients, radical scavengers, such as 
N-acetylcysteine, vitamin E, and vitamin C, were used for 6 months, and the nutri-
tional status index tended to increase, although no improvement was found in the 
amount of amyloid deposition in biopsy specimens, suggesting a therapeutic pos-
sibility for the treatment of amyloidosis [73].

Thus, it is observed that nutritional monitoring and appropriate nutritional strate-
gies to slow the progression of comorbidities and improve clinical symptoms aris-
ing from Fabry disease and amyloidosis are necessary and thus contribute to a better 
quality of life of these patients.
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39.4 � Nurse Approach in Amyloidosis and Fabry Disease

In the context of nursing, recognizing the patient’s needs and the risks to which they 
are exposed helps to plan care and the quality of care to be provided, in addition to 
the educational process, which is essential for a better understanding of patients and 
family members and for the successful implementation and continuity of treat-
ment [74].

One of the ways for nurses to apply their knowledge and direct care to patients is 
through the Systematization of Nursing Care, using tools that guide and systematize 
the work to meet their work object effectively and efficiently in the search to guar-
antee the improvement of the quality of life of patients. For this, the nursing diag-
nosis—NANDA—North American Nursing Diagnosis Association (Table 39.3) is 
carried out for this purpose, shown in the following table with signs and symptoms, 
the diagnosis, and the nursing actions necessary for the treatment of the patient with 
Fabry Disease and amyloidosis [75, 76].

In the final phase of these diseases, with motor limitations and when bedridden, 
skin lesions resulting from decubitus and other consequences of systemic manifes-
tations can occur, and the nursing action can consist either of preventing and main-
taining the integrity of the skin of these patients and treating ulcers of the skin 
when needed.

Table 39.3  Example of nursing diagnosis and planning based on NANDA

Signs and Symptoms
Nursing 
Diagnosis Nursing planning

Pain in hands and feet Chronic pain Perform pain survey, include 
location, characteristics (onset/
duration/frequency)

Angiokeratomas in Fabry disease Impaired skin 
integrity

Encourage daily skin hydration

Susceptibility to discomfort or damage 
to the oral mucosa due to reduced 
quantity or quality of saliva to hydrate 
the mucosa which can compromise 
health in Fabry disease

Risk of dry 
mouth

Carry out hydration of the oral 
mucosa

Dry eye Risk of dry eye Keep your eyes lubricated
Presence of liquid stools in three or 
more bowel movements in 24 h

Diarrhea Facilitate the identification of 
eating behaviors to be modified; set 
realistic goals; inform about the 
health need for diet modification.

Emotional suffering and Suicide attempt Unstable 
emotional 
control

Keep active listening
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39.5 � Physiotherapy Performance

The physiotherapists work mainly in the prescription and in the supervision of phys-
ical exercises, mainly in the prevention of signs and symptoms of neuromotor and 
osteomioarticular impairment, in the control of pain and in the improvement of 
functionality, generating an impact on the quality of life of these patients.

A program of individualized physical exercises directed to the training of mus-
cular strength, balance, and coordination (kinesiotherapy) is able to improve the 
physical and functional performance of patients with chronic diseases such as Fabry 
Disease and Amyloidosis. This can be performed with dumbbells, shin guards, and 
exercises using one’s own body weight or with elastic bands such as the theraband 
of different resistances, in addition to treadmills and/or stationary bicycles [77].

In this context, the role of the physiotherapist becomes essential in controlling 
pain through manual interventions, kinesiotherapy, and electrothermophototherapy 
resources such as ice or heat, laser, ultrasound, and transcutaneous electrical nerve 
stimulation (TENS), equipment used in the treatment of acute and chronic pain for 
over 20 years. TENS is capable of reducing pain and, consequently, the need for 
analgesics and anti-inflammatory drugs in patients with chronic pain, such as those 
with Fabry disease and amyloidosis [78–80].

Among the main clinical manifestations of amyloidosis of great importance for 
physical therapy, we have the loss of muscle mass that many patients end up pre-
senting, leading to global muscle impairment, decreased aerobic capacity, and lower 
exercise tolerance [77].

When the patient still has preserved gait and functional independence, physio-
therapy can act in a preventive way through exercises for muscle strengthening, 
kinesiotherapy, and cardiorespiratory conditioning of these individuals. Supportive 
treatment (nonpharmacological treatment), consisting of a rehabilitation service, 
supports groups in the clinic, psychiatric, and psychological care as fundamental in 
the treatment of pain, as well as the pharmacological [81].

In patients with Fabry disease, approximately 12–40% report disabling chronic 
pain in different regions of the body. Some authors postulate that pain in this case 
also consists of nociceptive or inflammatory components, as there are reports of 
improvement with the administration of nonsteroidal anti-inflammatory drugs 
(NSAIDs). In this case, we can also use resources such as laser and ultrasound, 
which are widely used in the treatment of pain associated with inflammatory pro-
cesses with good results. In both diseases, functional decline and gait difficulty due 
to involvement of the motor roots may lead to the need to use gait aids (walkers, 
canes, or crutches), which will be important for maintaining the autonomy and inde-
pendence of these patients. It is the role of the physical therapist to indicate the best 
device as well as to teach patients the correct way to use them [82–84].

In the final stage of these diseases, when the patient is possibly bedridden due to 
the progression of pain, joint deformities and other systemic manifestations, the 
physiotherapeutic action consists of maintaining the musculoskeletal integrity of 
these patients, reducing the chronic pain, and maintaining cardiorespiratory 
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capacity (minimizing the risk of respiratory infections by maintaining lung capac-
ity) of these individuals.

It is important to emphasize that all treatments must be designed and conducted 
individually, even if the clinical manifestations are similar between patients. The 
patient with Fabry Disease and Amyloidosis must be looked at and treated in a 
holistic, multidisciplinary way, without, however, being considered as a singular 
being and, therefore, needs a treatment directed exclusively to their clinical and 
kinetic-functional condition.
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Chapter 40
Chronic Pain and Quality of Life

Valdênia P. de Souza, Marcelle Leitão Gomes Sá Pires, and Filipe T. Gusman

40.1 � Introduction

The relief of human suffering is part of the doctor’s training, and this is clear when 
there are acute conditions, but when faced with chronic pathologies, this mission 
often becomes frustrating. It is not uncommon in systemic diseases, such as amyloi-
dosis and Fabry disease, which require greater attention and multidisciplinary care 
as the disease progresses.

Chronic pain is common, complex, and stressful, with an impact on the individ-
ual and society, a major cause of demand for health services as a result of an injury 
or illness, with physical and mental consequences such as insomnia, low self-
esteem, and depression. The inability of full treatment to be achieved generates 
social isolation, depression, job loss, and nonadherence to treatment. Treatment and 
prevention strategies need to be understood in the context of social, biological, psy-
chological, and physical factors, and integrative medicine is one of the strate-
gies [1–5].

However, what is Integrative Medicine (IM)? Do we have in the final chapter of 
this book a new medicine? In 1990, in response to a demand from society, the con-
cept of Alternative and Complementary Medicine (CAM) emerged at the University 
of Arizona, later called IM. It is a nonreductionist view of the whole, taking into 
account the body, mind, and vital force, also called by many spirituality and the 
influences of the community, not forgetting the principles of science. IM focuses on 
health and harmony and not only on diagnosis and disease; it is not an alternative 
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medicine because it is not an alternative to allopathy, but it integrates and comple-
ments and the integrative health team must understand the characteristics of the 
culture, community, spirituality, and lifestyle to place the patient at the center and 
make him/her coresponsible for the treatment. To achieve this goal, the team must 
make use of the principles of lifestyle medicine, traditional Chinese medicine, 
homeopathic medicine, anthroposophical medicine, and Ayurvedic medicine [5]. In 
2009, between the Institute of Medicine—IOM USA and the Bravewell 
Collaborative, there was a meeting in which the conceptual basis of the MI that is 
disseminated until today and is implanted in the main American hospitals and uni-
versities, such as Duke University, Harvard, Cleveland Clinic, Mayo, among others, 
was disclosed, and from there, it was disseminated throughout the world, Europe 
and Latin American countries; for example, in Brazil, there has been a National 
Policy on Integrative and Complementary Practices in the public health system 
since 2006 [6–9].

Amyloidosis is a systemic disease, and depending on the amyloid type, some 
organs may be more affected than others, with different systemic presentations, as 
in Fabry disease, as already seen in literature. Through different pathophysiological 
bases, depression can be one of the focuses to consider in this patient. How can 
IM help?

40.1.1 � Mind Body Therapies

Biomedical interventions alone do not address psychosocial factors, and the use of 
medications such as opioids as analgesia increases the risk of side effects, including 
hyperalgesia, abuse, and overdose [10]. Training with mind-body therapies had in 
one of its practices began in 1979 with Jon Kabat-Zinn, a physician and Professor 
Emeritus of Medicine at the University of Massachusetts who instituted the 8-week 
Mindfulness Based Stress Release (MBSR) program to address physical and emo-
tional pain; focuses on the interactions between brain, body, mind, and behavior 
with the intention of using the mind to affect physical functioning and promote 
health using mindful breathing techniques, mindful eating, body scanning, move-
ment, and compassion (first for yourself), all these without judgments [11].

The literature makes comparisons of both the classic and modified MBSR prac-
tice, with greater or lesser duration and changes in form, but without changing the 
essence—the scenario involved is chronic pain: lumbar, nonspecific, fibromyalgia, 
neck, cancer pain, musculoskeletal, and irritable bowel syndrome. Some investiga-
tors even report pain improvement of up to 30%, while others report improvement 
depending on pain intensity, for example, an improvement of 19% for daily pain and 
13.7% for more severe pain in the last week [12, 13]. In this same study, a disability 
questionnaire was used, and the result in the group that had the 8-week intervention 
with the MBSR vs the control group was a decrease in disability (37 vs 22% p 0.01, 
respectively), allowing the start of new activities to maintain long-term functional 
capacity. There is difficulty in the quality of the work, but we can conclude that it 
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occurred due to fewer emergency visits and less use of allopathic analgesic medica-
tions. In addition, many patients associated the practice with a better quality of life. 
In studies where there was a pain scale, the use of mindfulness techniques was the 
same as the standard therapy used [14, 15].

Yoga is another mind-body technique studied for pain and quality of life. In 
2017, Cochrane published a systematic review with 1080 participants with nonspe-
cific low back pain and compared yoga added to standard exercise, and when com-
paring the patient without exercise, found favorable evidence of mild degree at 
3 months and moderate degree at 6 months and again of slightly favorable degree 
with 12 months of Yoga practice [16]. A Canadian review analyzed the use of mind-
fulness and yoga in cases of noncancer pain and found beneficial data when com-
pared with no treatment and positive data for negative feelings, sleep quality, fatigue, 
ability to work, concentration, more flexible personality, greater well-being, and 
even higher plasma serotonin concentrations [17].

Other mind-body therapies exist, such as biofeedback, Reikidian, hypnosis, Tai 
Chi Chuan, and Qigong, among others, but the literature on the treatment of chronic 
pain still has greater biases than previous studies, allowing a field for new studies.

40.1.2 � Acupuncture

In traditional Chinese medicine (TCM), the human being is considered a complex 
of vital energy (Qi), and various systems in the body regulate the flow of this energy 
through many control points. Acupuncture is part of the TCM arsenal; it is an 
ancient technique classically characterized by the insertion of needles in certain 
specific points of the body, seeking to promote, restore, and balance the energetic 
functions of tissues and organs, improve blood circulation, increase immunity, and 
bring physical and mental well-being [18]. Studies involving chronic pain are car-
ried out in scenarios similar to those of mindfulness, and within cancer pain, espe-
cially breast cancer patients, are highlighted with acupuncture [19, 20]. In 2020, 
Goldsmith et al. published a study with the US military in Veteran Affairs (VA) who, 
in addition to complaining of chronic pain, used opioids and integrative therapy; 
among them, acupuncture relieved pain, reduced or suspended the use of opioids, 
and improved quality of life [21]. This result is repeated, but the results are based on 
subjective data from the patients. A field in which there are several studies is periph-
eral neuropathy (PN), which occurs mainly in diabetic patients but also in other 
pathologies, for example, as a complication after chemotherapy and in amyloidosis 
and Fabry disease [22–24]. In diabetic patients with PN, Jiang published a meta-
analysis comparing patients who received acupuncture versus vitamin B12. In all 
results, acupuncture was better in terms of pain and increased nerve conduction 
velocity, and adding vitamin b12 added the axonal repair effects and myelination 
treatment [25]. These positive effects can also be seen in patients with chemother-
apy neuropathy, especially when dealing with fragile patients, where pain relief can 
be a unique opportunity [6, 25].
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40.2 � Other Options

Cannabidiol  Among the indications of medicinal use, cannabidiol (CBD) is pain 
control. When looking at recent works in the literature, we still find a diversity of 
presentations, routes of administration (oral, spray, sublingal), doses and trials with 
small numbers of patients, and many randomized studies in progress still recruiting 
patients. There are compelling indications for the use of CBD in the context of 
chronic pain patients, for example, its use in severe insomnia [26].

Phytotherapy  Very widespread in different populations in reference to acute pain 
and today gaining more adepts for the supplementation of different substances. It 
has books that are easy to acquire, but in many cases, it is difficult to guarantee the 
origin of the plants or extract, and the chronic use of most medications is not recom-
mended, especially in those using chemotherapy and/or anticoagulants with the 
possibility of significant drug interaction.

Homeopathy, anthroposophical medicine, and hypnosis among others, need 
more studies in this chronic pain scenario.

Integrative medicine is present in the modern world to associate current tech-
niques and benefit society, and it is up to each of us to question what we can do 
within scientific evidence to provide a better quality of life for our patients.

40.3 � Palliative Care

Technological advances in medicine over the last 70  years have been extremely 
valuable for the treatment of various diseases that were previously at unapproach-
able stages, today proportionate to the needs of each person according to the stage 
and evolution of the disease. Treatments performed in intensive care centers should 
not be suitable for all patients, and establishing prognostic reasoning helps to avoid 
an artificial prolongation of life that adds suffering (dysthanasia) [27, 28].

The concept of modern palliative care was introduced in the mid-1960s in 
England by Dame Cecily Saunders who, when she founded the St. Christopher 
Hospice, described the philosophy of caring for all individuals diagnosed with seri-
ous and irreversible disease. It was understood that pain, like any other suffering the 
patient experienced, had four dimensions: physical, psychic (emotional), social, and 
spiritual. Health professionals should consider all these spheres to prevent and alle-
viate suffering. A very important point in this movement was to encourage all pal-
liative measures to be instituted early, preferably from the diagnosis of the disease. 
Although the use of palliative care services in the advanced and terminal stages is 
still frequent, especially in the last days of life, Cicely made it clear that the sooner 
palliative measures are adopted, the better the quality of life will be [29–32]. In this 
way, palliative care enters as a multiprofessional and complementary approach to 
the modifying treatment of severe disease. The priority is the quality of life not only 
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of the patient, but also of their family members, including them in the so-called 
nucleus of care.

The World Health Organization (WHO), since 2002, has established important 
principles to recognize that palliative care has as a priority the value of the dignity 
of the individual; that is, it considers the person as a whole, not only from the point 
of view of the diagnosis of any clinical disease, but also oncological. Symptoms and 
care needs for patients with end-stage noncancer diseases present many situations 
and care needs that are similar to those of patients with advanced oncological dis-
ease [33, 34]. The principles of palliative care have been described as follows: pro-
mote relief from pain and other stressful symptoms; integrate psychological and 
spiritual aspects of care; provide multiprofessional assistance; recognize death as a 
natural process (orthothanasia); ensure that the patient lives as actively as possible 
until death; support for the family during the illness and grieving process [29, 32].

The practice of palliative care, whether by a specialist or not, provides dignity to 
the person (constitutional principle), allowing them not to be deprived of living their 
own death. It condemns the despotic obsession with healing and opposes euthanasia 
and dysthanasia, respecting people’s autonomy. The awareness of society about pal-
liative care is a humanitarian attitude and essential for the health system to change 
its approach to patients with chronic diseases. These diseases in which the diagnosis 
already makes them think that they threaten the continuity of their lives, such as 
amyloidosis and Fabry disease, need a palliative approach, from the initial to the 
advanced stages. These support will make them overcome with quality of life, 
regardless of the recommended and specific drug treatment [30–35].
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