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ABSTRACT

Cardiac amyloidosis is a life-threatening disease
that occurs when amyloid proteins, most com-
monly immunoglobulin light chain or trans-
thyretin, mutate or become unstable, misfold,
deposit as amyloid fibrils, and accumulate in
the myocardium. Early diagnosis of cardiac
amyloidosis is hindered by insufficient aware-
ness, specifically regarding clinical red flags and
diagnostic pathways. Cardiac amyloidosis diag-
nosis comprises two important phases, clinical
suspicion (phase one) followed by definitive
diagnosis (phase two). Each phase is associated
with specific clinical techniques. For example,
clinical features, electrocardiography, echocar-
diography, and cardiac magnetic resonance

imaging serve to raise suspicion of cardiac
amyloidosis and facilitate early diagnosis,
whereas laboratory tests (i.e., blood or urine
electrophoresis with immunofixation), biopsy,
scintigraphy-based nuclear imaging, and
genetic testing provide a definitive diagnosis of
cardiac amyloidosis. In Egypt, both the lack of
cardiac amyloidosis awareness amongst health-
care providers and the unavailability of clinical
expertise for the use of diagnostic techniques
must be overcome to improve the prognosis of
cardiac amyloidosis in the region. Previously
published diagnostic algorithms for cardiac
amyloidosis have amalgamated techniques that
can raise clinical suspicions of cardiac amyloi-
dosis with those that definitively diagnose car-
diac amyloidosis. Though such algorithms have
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been successful in developed countries, diag-
nostic tools like echocardiography, scintigra-
phy, and cardiac magnetic resonance imaging
are not ubiquitously available across Egyptian
facilities. This review presents the current state
of knowledge regarding cardiac amyloidosis in
Egypt and outlines a new diagnostic algorithm
which leverages regional nuclear imaging
expertise. Importantly, the proposed diagnostic
algorithm guides accurate amyloid-typing to
mitigate misdiagnosis and erroneous treatment
selection and improve the cardiac amyloidosis
diagnostic accuracy in Egypt.

PLAIN LANGUAGE SUMMARY

Diagnostic algorithms are useful tools for guid-
ing clinical diagnosis by summarizing diagnos-
tic approaches and defining the patient
pathway. The diagnostic algorithms for cardiac
amyloidosis amalgamate techniques that raise
suspicion of the disease with those that can
definitively diagnose the disease. These algo-
rithms, for the early detection and diagnosis of
cardiac amyloidosis, are designed in accordance
with developed healthcare systems that have
the resources and infrastructure for diagnostic
equipment and clinical expertise. There are
limited financial resources across healthcare
facilities in Egypt for diagnostic equipment like
echocardiograms (ECHO), scintigraphy, and
cardiac magnetic resonance imaging (cMRI),
and the required clinical training for the diag-
nosis of cardiac amyloidosis. This reduces the
possibility of early diagnosis of the disease and
subsequent early intervention. Evidently, there
is a significant unmet clinical need to develop
an algorithm for the diagnosis of cardiac amy-
loidosis in accordance with the Egyptian
healthcare system. This review article details the
current awareness regarding the diagnosis of
cardiac amyloidosis and the associated chal-
lenges in Egypt. Accordingly, a diagnostic
algorithm that leverages nuclear imaging
expertise to guide accurate amyloid-typing in
order to mitigate misdiagnosis and erroneous
treatment, and also improve the diagnostic

accuracy of cardiac amyloidosis, has been
proposed.

Keywords: Cardiac amyloidosis; Diagnosis and
subtyping; Algorithm; Electrocardiography;
Echocardiography; Immunoelectrophoresis;
Scintigraphy; Cardiac MRI; Endomyocardial
biopsy; Egypt

Key Summary Points

Diagnostic algorithms for cardiac
amyloidosis amalgamate techniques that
raise suspicion with those that definitively
diagnose cardiac amyloidosis.

Limited resources reduce the possibility of
early accurate diagnosis and prompt
management of cardiac amyloidosis in
Egypt.

There is a need for local initiatives to raise
awareness regarding the prevalence and
diagnostic pathways of cardiac
amyloidosis among healthcare providers
in the region.

A diagnostic algorithm for cardiac
amyloidosis that leverages regional
nuclear imaging expertise in the context
of the locally available infrastructure and
resources of the Egyptian healthcare
system has been proposed in this paper.

Additional initiatives have also been
proposed to track disease management
and the prevalence of cardiac amyloidosis
within the region.

INTRODUCTION

Cardiac amyloidosis (CA) is a life-threatening
disease that occurs due to the extracellular
deposition of aggregated misfolded amyloid
proteins in the myocardium leading to
increased diastolic chamber stiffness and

198 Cardiol Ther (2023) 12:197–213



ventricular wall thickening [1–7]. While there
are over 30 known types of proteins that can
cause amyloidosis, the most significant are
amyloidogenic immunoglobulin light chains
(AL), transthyretin (TTR), and amyloid-protein
A [5, 8]. AL-CA, caused by an underlying plasma
cell dyscrasia, and TTR amyloid (ATTR)-CA,
caused by amyloid originating from TTR,
account for over 95% of all CA [7, 9]. Wild-type
ATTR (ATTRwt)-CA is caused by the deposition
of TTR that has become unstable due to aging
while ATTRv-CA is caused by a genetic TTR
mutation [7, 10].

Though no treatment options were available
historically, novel treatments have been iden-
tified over the years for ATTR-CA and treatment
strategies have improved over the past decade
for the management of AL-CA [7]. However,
optimal benefit can only be achieved by the
diagnosis and treatment of CA during the early
stages of the disease [11]. Early diagnosis of CA
is hindered by insufficient awareness of the
disease, its regional prevalence, clinical red flags
and diagnostic pathways, and the lack of diag-
nostic capabilities and resources.

Several diagnostic algorithms that recom-
mend the use of specialized interdisciplinary
clinical teams and diagnostic equipment for the
early detection and diagnosis of CA have pre-
viously been published [1, 12–18]. In Egypt,
however, structured interdisciplinary care is
underdeveloped, the gold standard diagnostic
tools for CA diagnosis (i.e., endomyocardial
biopsy; EMB) and specialized laboratory equip-
ment are not ubiquitously available, and logis-
tic failures concerning sample deliveries are
common. There is a significant unmet clinical
need for a diagnostic algorithm for CA in the
context of the locally available infrastructure
and resources of the Egyptian healthcare
system.

The aim of this expert review is to detail the
current state of knowledge regarding CA diag-
nosis, identify diagnostic challenges in Egypt,
and propose a new diagnostic algorithm in
accordance with the Egyptian clinical
infrastructure.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed

by any of the authors. Therefore, ethical clear-
ance approval from an Ethical Committee was
not obtained.

CLINICAL PRESENTATION
AND PREVALENCE

Though CA was previously considered a rare
disease, there has been a marked increase in
prevalence over the years [19]. For example,
between 2000 and 2012, the prevalence and
incidence of CA among Medicare beneficiaries
in the United States (US) increased from 8–17
per 100,000 person-years to 18–55 per 100,000
person-years, respectively [20]. The incidence of
CA significantly varies by geography and
patient demographics [15]. Limited prevalence
data on CA is available from Egypt and the rest
of the Gulf region due to the lack of awareness
of the disease, poor diagnostic efficiencies, and
the lack of standardized reporting [21, 22].

According to Kumar et al. in 2018, the
20-year global prevalence rate of AL-CA (also
known as ‘primary’ amyloidosis) was estimated
to be 51.27 cases per million population with a
crude annual incidence rate of 10.44 cases per
million population [23]. AL-CA resembles acute
myocarditis characterized by early symptoms
and rapid progression to end-stage heart failure
caused by the toxic effects of AL fibrils [24].
Typical clinical manifestations of AL-CA
include heart failure with multi-organ involve-
ment including nephrotic syndrome, ortho-
static hypotension, diarrhea, bladder disorder,
peripheral neuropathy, macroglossia, and peri-
orbital purpura [11]. Untreated AL-CA patients
have a poor prognosis with a median survival of
6–12 months [25, 26]. Promisingly, early diag-
nosis and prompt treatment has significantly
increased survival with one in five patients
having a longevity of 10 years, and approxi-
mately 30% surviving 15–20 years following
stem cell transplantation [27]. Considering the
poor prognosis associated with AL-CA, the first
step when amyloidosis is suspected is to rule out
AL-CA via serum free light chain (FLC) assay
and serum or urine protein electrophoresis with
immunofixation (immunoelectrophoresis; see
section ‘‘Laboratory tests’’) [12].
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Based on observations from a 20-year study,
Ioannou et al. reported that 1967 patients were
diagnosed with ATTR-CA [28]. The disease
behaves as a progressive cardiomyopathy char-
acterized by slow amyloid deposition within the
atria, ventricles, and conduction system [24].
For this reason, ATTR-CA symptoms, onset, and
clinical identification typically occur late in the
course of the disease (more so for ATTRwt-CA
as compared to ATTRv-CA). ATTRwt-CA (previ-
ously termed ‘senile’ amyloidosis) commonly
occurs in patients of advanced age. Based on
autopsy studies of patients over 80 years of age
(n = 256), Tanskanen et al. reported that
approximately 25% of patients had ATTRwt-CA
infiltration in the myocardium that was either
mild (78%), moderate (11%), or severe (11%),
regardless of the presence of symptoms [29, 30].
Between 1987 and 2009, less than 3% of
patients were diagnosed with ATTRwt-CA, 14%
between 2010 and 2015, and 25% between 2016
and 2019 [19]. ATTRwt-CA manifestations
include heart failure, conduction disorders,
atrial fibrillation, aortic stenosis, cardiac
impairment, carpal tunnel syndrome, lumbar
spinal stenosis, and traumatic biceps tendon
rupture [5]. ATTRv-CA (previously termed ‘fa-
milial’ amyloidosis) is an autosomal dominant
disease with marked phenotypic heterogeneity
[17]. Interestingly, more than 120 pathogenic
TTR mutations with varied phenotypic presen-
tations have been identified [5]. Clinical mani-
festations associated with ATTRv-CA include
conduction disorders, heart failure, infrequent
atrial fibrillation, ascending bilateral sensory-
motor polyneuropathy, orthostatic hypoten-
sion, diarrhea, constipation, erectile dysfunc-
tion, glaucoma, intravitreal deposition, and
scalloped pupils. Cardiac impairment in ATTRv-
CA varies depending on the mutation. Further,
the age of onset is broad, ranging from 20 to
70 years, and the offspring of an ATTRv-CA
carrier have a 50% chance of inheriting single
nucleotide polymorphism mutations [1].

In Saudi Arabia, data mining identified that
p.Val142Ile was the most common variant
associated with amyloidosis (allele frequency
0.001) [22]. The variant c.238A[G(p.Thr80Ala)
was also found in the Saudi population (allele
frequency of 0.00004), which was similarly

common in 1.1% of the population in north-
west Ireland [31]. Authors reported that globally
common variants that were not present in Saudi
Arabia included p.Val50Met (common in west-
ern Europe), p.Leu131Met (common in Den-
mark), p.Ile88Leu (common in Italy),
p.Ser70Arg (common in Mexico), as well as
p.Val50Ala, p.Ala117Ser, and p.Gly103Arg (all
common in China) [32–36]. A recent review
recommended the genetic screening of at-risk
family members in order to facilitate early
diagnosis of ATTRv [37]. However, genetic
screening relies on a comprehensive under-
standing of the regional ATTRv prevalence
based on ATTR databases, for which Arab pop-
ulations are markedly underrepresented.

Though the prevalence of CA in Egypt is
currently unknown, based on global estimates,
we anticipate a higher CA prevalence than pre-
viously assumed. The diagnostic CA algorithm
for Egypt has been developed in alignment with
the regional context of diagnostic advances and
availability of targeted treatment options.

DIAGNOSTIC CHALLENGES

A patient-experience survey identified that 37%
of patients had symptoms for more than a year
prior to CA diagnosis, 32% have seen at least
five physicians prior to diagnosis, 65% pre-
sented to a primary care physician first for AL-
CA amyloidosis, and only 19% were correctly
diagnosed [38]. There are three key challenges
leading to the underdiagnosis or misdiagnosis
of CA. Firstly, CA typically presents with non-
specific signs and symptoms, especially in the
early stages of disease progression, with com-
plex phenotypic and genotypic heterogeneity.
Additionally, knowledge and awareness regard-
ing CA is fragmented among healthcare pro-
fessionals (HCPs). Furthermore, real-world
clinical applications of biopsy (CA diagnostic
gold standard) are limited since this technique
is expensive, requires special expertise, and is
associated with significant procedural risks [39].

Due to the high cost and the lack of spe-
cialized transportation logistics and local
expertise to handle associated procedural risks
and mitigate sampling errors, EMB is not
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available in Egypt. However, scintigraphy can
diagnose CA without the need for a biopsy and
can therefore be leveraged for diagnosis. Labo-
ratory functions such as serum and urine testing
capabilities are not ubiquitously available in
Egypt. Moreover, there is a lack of structured,
interdisciplinary collaboration of specialists in
the Egyptian healthcare system (e.g., neurology,
hematology, gastroenterology, pathology,
genetics, and cardiology teams). There is also a
lack of specialized facilities for cardiovascular
disease management, clearly defined patient
pathways, access to diagnostic tools, and clini-
cal expertise. Local experts attribute these bar-
riers to the lack of interest among HCPs in
learning about CA red flags and existing mis-
conceptions among HCPs that CA is incurable,
uncommon in Egypt, and very expensive to
treat.

The challenges in Egypt are not necessarily
reflective of those in Western countries. Until
now, published diagnostic algorithms have
mainly been based on the healthcare systems of
developed nations, which use a wide range of
clinical, laboratory, and imaging indicators.
Diagnosis comprises two important phases,
clinical suspicion (phase one) followed by
definitive diagnosis (phase two). Each phase is
associated with specific clinical diagnostic
techniques. For example, clinical features, elec-
trocardiography (ECG), echocardiography
(ECHO), and cardiac magnetic resonance
imaging (cMRI) serve to raise suspicion of CA
and facilitate early diagnosis, whereas labora-
tory tests (i.e., blood or urine electrophoresis
with immunofixation), biopsy, scintigraphy-
based nuclear imaging, and genetic testing serve
to definitively diagnose CA.

RAISING CLINICAL SUSPICION
PRIOR TO DEFINITIVE DIAGNOSIS

‘Red flags’ that raise suspicion of CA can be
garnered from three key areas: clinical features,
laboratory biomarkers, and imaging techniques
such as ECG, ECHO, and cMRI.

Clinical Clues

Clinical clues may present as cardiac manifes-
tations or non-cardiac manifestations, or can
be garnered from the patient history as non-
presenting symptoms (Fig. 1). Although identi-
fying clinical features are an important first step
in the diagnostic workup of CA, they are
insufficient for accurate diagnosis and should be
considered alongside laboratory biomarkers and
imaging techniques [40].

Imaging

Multimodal imaging techniques, such as ECG,
ECHO, and cMRI, are valuable screening tools
for the early diagnosis of CA in high-risk indi-
viduals [16].

Electrocardiography
Aggregation of amyloids deposited within car-
diac tissue is associated with electrical distur-
bances. In a report of 127 patients with biopsy-
proven AL-CA, the most common ECG findings
were low voltage (46%) and the presence of
pseudo-infarct patterns (47%) [42]. Additional
ECG findings associated with CA include left
anterior hemiblock, T-wave abnormalities (is-
chemic or nonspecific), and atrial fibrillation
[3, 43]. Interestingly, ECG findings appear to be
somewhat specific to the type of CA. A retro-
spective study comparing ECG abnormalities
between AL-CA and ATTR-CA in 244 patients
(AL-CA, n = 106; ATTRwt, n = 108; ATTRv,
n = 30) reported that atrial fibrillation presented
in over 33% of ATTRwt-CA patients, compared
to 20% and 6% for ATTRv-CA and AL-CA,
respectively [24]. Furthermore, ATTR-CA
patients commonly presented with AV block,
and intraventricular delay, whereas AL-CA
patients presented with low-voltage sinus
rhythm. In addition, QRS voltages are a typical
finding in the early stages of cardiac involve-
ment [44]. Early identification of lowered QRS
voltages or fragmented QRS are associated with
poor prognosis and should prompt a consider-
ation of CA, warranting further investigations.
It is important to note that ECG is limited by
low-sensitivity and specificity, due in part to
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interference from non-cardiac comorbidities
such as obesity. ECG findings should therefore
be considered together with information yiel-
ded from ECHO and cMRI [4].

Echocardiography
ECHO is an important part of the CA diagnostic
work up and is widely available in most medical
facilities both globally and locally within Egypt.
Classic cardiac involvement is typically
observed via ECHO in the advanced stages of
CA. Characteristic ECHO findings include
increased cardiac wall thickness (typically
12 mm or greater) in the absence of a known
cause (e.g., hypertension) and is often less sev-
ere in AL-CA than in ATTR-CA [41]. Other fea-
tures include increased left and right ventricular
(LV, RV) wall thickening with granular spark-
ling, normal or mildly decreased LV chamber
volume with atrial enlargement, atrial septal
thickening, valve thickening, signs of elevated

filling pressures as well as restrictive diastolic
filling (grade II-IV diastolic dysfunction), pre-
served or moderately decreased LV ejection
fraction (LVEF) with poor longitudinal func-
tion, CA characteristic LV strain pattern with
apex preservation (termed ‘bull’s eye’ or ‘cherry-
on-top’) and finally, low tissue Doppler veloci-
ties 505050 sign [3, 43, 45]. Abnormal RV or LV
strain is considered an early diagnostic clue
associated with CA [46]. Atrial thrombi are
commonly detected in 35% of AL-CA [47].
Notably, the severity and magnitude of ECHO
abnormalities together with the rapid rate of
progression are associated with the worst prog-
nosis [48]. Importantly, not all patients mani-
fest the aforementioned characteristic ECHO
features. Some patients may present with heart
failure alongside normal LV wall thickness,
which is characteristically increased in CA
patients. This may be attributable to circulating
light chain-mediated cardiotoxicity causing

Fig. 1 Clinical clues which may raise suspicion of cardiac
amyloidosis [14, 41]. CA cardiac amyloidosis, AL amy-
loidogenic immunoglobulin light chain, ATTRv hereditary

transthyretin-mediated amyloidosis, ATTRwt amyloid
transthyretin-wild-type, HF heart failure, HFpEF heart
failure with preserved ejection fraction
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myocardial dysfunction [49, 50]. Current con-
sensus identifies that ECHO is limited by a lack
of sensitivity in the early stages of the disease
and is therefore employed to raise clinical sus-
picion and not a definitive diagnosis [51].

Cardiac Magnetic Resonance Imaging
cMRI holds an important place in the non-in-
vasive diagnostic workup of ATTR-CA [52].
cMRI can be employed to determine amyloid
burden via accurate measurement of cardiac
structure, function, and pathology [53]. Specif-
ically, cMRI can assess morphological charac-
teristics associated with CA such as increased
myocardial thickness (greater in ATTR-CA than
AL-CA), preserved ejection fraction, diastolic
dysfunction, and ventricular strain patterns
[52]. Tissue characterization on the other hand
is typically evaluated using late gadolinium
enhancement (LGE) and T1 mapping tech-
niques [54].

Gadolinium (Gd)-enhanced cMRI can quan-
tify changes in myocardial extracellular spaces
that are observed in CA patients [55]. For
example, in a healthy individual, the myocar-
dial extracellular space is approximately 25%,
compared with 60% in ATTR-CA patients [56].
Gd accumulates exclusively in the myocardial
extracellular space since it is bound to a
macromolecular chelator which restricts the
molecule from passing through the entire cell
membrane. Using characteristic LGE patterns
on Gd-enhanced cMRI, Vogelsberg et al.
demonstrated that the CA diagnostic sensitivity
and specificity of cMRI are 80% and 94%,
respectively [54]. In addition, the use of LGE
patterns for early CA diagnosis has been pro-
posed since cMRI patterns can present before a
significant increase in mass size [52, 57]. Nota-
bly, the clinical applications of linear Gd-based
contrast agents in CA patients are limited in
that it is contraindicated in patients with esti-
mated glomerular filtration rate (eGFR) below
30 ml/min/1.73 m2, which is a common finding
in AL-CA [52]. Medical agencies emphasize the
need to assess the risks and benefits of using Gd-
based contrast agents in patients with chronic
kidney disease against diagnostic challenges of
performing a non-contrast scan and

recommend using the least possible dose of Gd-
based contrast agents if a cMRI is needed
[58, 59]. Alternatively, low doses of high-relax-
ivity Gd-based contrast agents can be used [59].
However, limitations associated with Gd-en-
hanced cMRI LGE may, in some cases, be over-
come by using T1 mapping.

T1 mapping can detect CA, track progression
over time, and may help to determine the type
of CA (i.e., AL-CA or ATTR-CA) [60]. T1 map-
ping quantifies the longitudinal relaxation time
of myocardial signals pre-contrast (native T1) or
post-contrast by color coding image pixels to
generate a ‘‘map’’ of myocardial intrinsic signals
during a single breath-hold. Clinically, the
progression of diffuse fibrosis to scar tissue and
later amyloid with edema can be visualized via
native T1 imaging. This provides an early ‘red
flag’ indicator since increased native T1 is typi-
cally detected before LGE, biomarker elevation,
or LV hypertrophy can be observed. Cut-off
values have been developed for T1 maps gen-
erated by the scanner at 1.5 T. Suspicion of CA
may be excluded with 98% negative predictive
value when T1 is below 1036 ms and confirmed
with 98% positive predictive value when T1 is
greater than 1164 ms [61].

DEFINITIVE DIAGNOSIS

Upon clinical suspicion of CA, patients should
undergo a definitive diagnostic work up. It is
therefore fundamental to patient prognosis that
HCPs have sound clinical understanding of CA
and the associated diagnostic tools. In a recent
online survey, CA awareness, knowledge of
disease manifestations, and approach to diag-
nosis were evaluated in 272 physicians practic-
ing across United Arab Emirates, Bahrain, Qatar,
Oman, and Kuwait [62]. Data revealed that 17%
of responders did not consider themselves to be
familiar with the signs and symptoms of CA.
Data also suggested that 41% of responders
would not consider CA in patients with heart
failure and 61% would not consider CA in
patients with severe aortic stenosis, both of
which are known to be associated with CA. Data
further suggested that many responders did not
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find diagnostic utility in scintigraphy with
bone-seeking radiotracers (40%) or clinical
biomarkers (69%).

Laboratory Tests

Upon suspicion of CA, the presence of AL-CA
should be assessed via the measurement of
serum free light chain (FLC) assay and serum or
urine protein electrophoresis with immunofix-
ation (immunoelectrophoresis) [12]. Immuno-
electrophoresis, in combination with serum
FLC assay, has 99% sensitivity for the diagnosis
of AL amyloidosis [63]. Notably, electrophoresis
must be performed in combination with
immunofixation, since immunofixation identi-
fies the presence of monoclonal bands and
electrophoresis determines their type. In the
presence of monoclonal proteins, an immediate
patient referral to hematology should be regis-
tered. In addition to serum or urine protein
immunoelectrophoresis, bone marrow biopsy is
recommended to confirm plasma cell dyscrasia
and determine the percentage and type of
kappa- or lambda-producing plasma cells [12].

Scintigraphy-Based Nuclear Imaging

Nuclear imaging with bone seeking tracer is a
non-invasive technique to diagnose ATTR-CA in
patients who do not have a monoclonal gam-
mopathy (i.e., monoclonal bands on serum or
urine immunofixation, or an abnormal FLC
ratio) [18]. Bone scintigraphy has a sensitivity of
more than 99% and a specificity of 86% for
ATTR-CA. In Western counties, the most com-
mon scintigraphy bone imaging agents are
99mTc-pyrophosphate (PYP), 99mTc-3,3-diphos-
phono-1,2-propanodicarboxylic acid (DPD) or
99mTc-hydroxymethylene diphosphonate
(HMDP) [4], whereas in Egypt, 99mTc-PYP is
more commonly used due to regional avail-
ability. Scans are graded according to the uptake
of the bone tracer that binds to TTR amyloid.
The following grading criteria has been estab-
lished: grade 0, no uptake; grade 1, uptake but
less than ribs; grade 2, uptake equal to that of
ribs; grade 3, uptake greater than that of ribs.
Grade 2 or 3, along with the absence of

monoclonal gammopathy, has a 100% positive
predictive value for ATTR-CA. False-positive
scans for AL can occur, as it is difficult to dif-
ferentiate between a grade 1 and a grade 2 scan
in clinical practice. However, the risk of false-
positive scans due to blood pooling can be
reduced by delaying imaging by 3 h. It is
important to note that it is possible for a patient
to have early amyloidosis even with a negative
scintigraphy scan. In this case, a biopsy will be
required to confirm diagnosis. Where biopsy is
not possible, experts note that it is acceptable to
closely monitor the patient and repeat scintig-
raphy scans within 6–12 months to confirm
diagnosis and initiate treatment.

Biopsy

EMB with histopathological evaluation is the
gold standard diagnostic tool for CA [18].
However, EMB is associated with several limi-
tations such as high cost, the requirement of
expertise to perform EMB surgery, significant
procedural risks, and a high risk of sampling
errors [64]. As such, in real-world clinical prac-
tice, CA is typically diagnosed using cMRI,
scintigraphy, and positron emission tomogra-
phy, while EMB is reserved for clinically
ambiguous cases where patients present with
mild or moderate uptake of 99mTc-PYP. Alter-
natively, biopsy samples taken from less inva-
sive regions can spare patients from EMB, where
possible [65, 66].

According to the Mayo Clinic, abdominal fat
aspirate can be used to determine the type of
amyloid deposit with reduced surgical risk
compared to EMB [67]. Surrogate sites (e.g.,
abdominal fat) and extracardiac biopsies are
often clinically preferred in order to make a
timely diagnosis when EMB requires patient
referral to specialized and experienced centers
[65]. Following sample collection, diagnosis is
determined via Congo red staining analysis,
which produces a pathognomonic green bire-
fringence under cross-polarized light in the
presence of amyloid fibrils [3]. Notably,
abdominal fat aspirate with Congo red staining
is preferred, as it is sensitive for AL amyloid
(* 70%), ATTRv amyloid (* 67%), and
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ATTRwt amyloid (14%) [43]. Subsequently,
amyloid typing using techniques like immuno-
histochemical staining can be used to identify
the type of deposited amyloid fibrils [29].

Genetic Testing

Genetic testing is important in the context of
strong suspicions of ATTRv to determine disease
prognosis and verify the eligibility for novel
ATTR-targeted therapies [65]. ATTRv gene
mutations are influenced by age, mutation type,
and geographical location. For example, the
penetrance of the c.148G[A(p.(Val50Met))
variant in patients aged 50 years is markedly
higher in Portugal (80%) than in France (18%)
and Sweden (11%). Moreover, penetrance con-
siderably increases with advanced age. In Por-
tugal, France, and Sweden, penetrance in
patients aged 70 years is increased by 11%, 32%,
and 25%, respectively, compared to patients
aged 50 years [68]. Genetic testing should be
performed parallelly alongside genetic coun-
selling and are recommended in the following
scenarios:

• To verify ATTR-CA when clinical features,
ECHO, ECG, and cMRI have raised a high
index of suspicion in combination with
unexplained LV hypertrophy in the absence
of monoclonal gammopathy.

• To differentiate between ATTR variants
(ATTRv and ATTRwt) when scintigraphy-
based nuclear imaging is grade 2 or higher
in the absence of monoclonal gammopathy
[65].

• Genetic screening for first-degree adult bio-
logical relatives of indexed patients with
proven ATTRv-CA [4]. Screening is crucial
for early diagnosis of asymptomatic ATTRv-
CA mutation carriers. Although the genetic
testing of minors is not typically recom-
mended since ATTRv is associated with adult
onset, it may be indicated in minors with a
positive family history of CA.

DIAGNOSTIC ALGORITHM

Previously published diagnostic algorithms for
CA have amalgamated diagnostic screening
techniques that raise suspicion of CA with those
that definitively diagnose CA [1, 12–18, 69, 70].
This approach is successful in countries where
diagnostic facilities are equipped with specialist
expertise and advanced diagnostic equipment,
and where cost is not a concern. However,
techniques such as ECHO and cMRI that raise
CA suspicion are not ubiquitously available
across Egyptian facilities. Figure 2 details an
adapted algorithm for application in Egypt that
isolates the definitive diagnostic techniques
necessary to accurately diagnose CA and does
not include diagnostic screening tests that raise
the suspicion of CA, which are the initial steps
in other published diagnostic algorithms. This
is not to say that techniques associated with
raising clinical suspicion are not valuable.
Rather, such techniques should be employed,
where possible, to yield the most comprehen-
sive patient disease profile and facilitate early
diagnosis. On the other hand, diagnostic tech-
niques that raise the suspicion of CA must not
be prioritized above, or delay access to, using
definitive diagnostic techniques or add to
already existing health care costs. Importantly,
this clinical algorithm guides appropriate amy-
loid-typing to mitigate misdiagnosis, erroneous
treatment selection, and improve overall diag-
nostic accuracy in Egypt.

Both invasive and non-invasive diagnostic
techniques have applications in the diagnosis of
CA. Notably, invasive diagnostic criteria apply
to all forms of CA (i.e., AL-CA and ATTR-CA),
yet non-invasive criteria apply only to ATTR-CA
[4]. Further, serum or urine immunofixation
should be conducted, where possible, in parallel
with scintigraphy and bone marrow or fat
aspiration. Regional experts have called for
national improvements regarding serum or
urine testing capabilities in Egypt since these
techniques are not ubiquitously available across
all Egyptian facilities.

Findings of scintigraphy-based nuclear
imaging, a non-invasive diagnostic technique,
may be evaluated via quantitative or semi-
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quantitative assessment of myocardial tracer
uptake. Quantitative evaluation of cardiac
retention is achieved by calculating the heart-
to-contralateral lung uptake ratio (H/CL) at 1 h.
A H/CL ratio greater than 1.5 with intensely
diffuse myocardial tracer retention has a 97%
sensitivity and 100% specificity for identifying
ATTR-CA [71]. Semi-quantitative evaluation is
achieved by visual comparison of bone uptake
at 3 h [69]. Visual scores of 2 or higher on planar
or single-photon emission computerized
tomography (SPECT) images at 3 h are classified
as ATTR-CA positive, and scores of 1 or lower, as
ATTR-CA negative. A grade of 2 or higher, in the
absence of monoclonal gammopathy, has a
100% positive predictive value for ATTR-CA.

Grade 0 indicates no uptake or normal bone
uptake; grade 1 indicates uptake less than that
of rib; grade 2 indicates uptake equal to that of
rib; grade 3 indicates uptake greater than that of
rib with mild or no rib uptake.

EMB, an invasive diagnostic technique, is
included within the algorithm since it is the
established gold standard diagnostic tool for
CA, and to highlight the urgent unmet need to
facilitate biopsy testing in Egypt. Until then,
regional experts outlined that when biopsy is
not possible, it is acceptable to closely monitor
the patient and repeat scintigraphy assessments
after 1 year to confirm diagnosis before initiat-
ing treatment.

Fig. 2 Diagnostic algorithm for Egypt. AL immunoglob-
ulin light chain, ATTR amyloid transthyretin, ATTRv
hereditary transthyretin-mediated amyloidosis, ATTRwt
amyloid transthyretin-wild-type, CA cardiac amyloidosis,
CM cardiomyopathy, FLC serum free light chain
immunoglobulin assay, Tc-PYP technetium

pyrophosphate, TTR transthyretin. *If AL-CA is con-
firmed by organ biopsy, treat it as a medical emergency. If
ATTR-CA is confirmed by organ biopsy, confirm sub-type
and initiate sub-type specific treatment. Note: Organ
biopsy in the algorithm includes endomyocardial biopsy
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TTR gene sequencing is indicated in sus-
pected ATTR-CA since it is impossible to dis-
tinguish between ATTRv and ATTRwt on
clinical results alone [72]. Further, TTR amyloid
can infiltrate the tendons in distal biceps and
cause the tendons in proximal biceps to rup-
ture. This is common in patients with ATTR-CA.
Geller et al. found that 33% (37 of 111) of
patients with ATTRwt had distal bicep tendon
rupture [73]. Similarly, TTR amyloid may
deposit in the lumbar spinal area, rotator cuff,
large joints of the hip and knee, as well as the
carpal tunnel. During carpal tunnel release,
distal bicep tendon rupture, and spinal stenosis
surgery, tissue is typically removed and dis-
carded without pathological evaluation. This
presents a window of opportunity for patho-
logical examination and early diagnosis of
ATTR-CA in Egypt. Sperry et al. demonstrated
that 10.2% (10 of 98) of men undergoing carpal
tunnel release surgery tested positive for amy-
loidosis based on Congo red staining [74].

Furthermore, carpal tunnel syndrome is
thought to precede CA manifestations by
approximately 5–10 years [75].

STAGING AND PROGNOSIS

Staging criteria that estimate the mean survival
for AL-CA and ATTR-CA based on the elevation
of various biomarkers such as cardiac troponin
T (cTnT), N-terminal pro-B-type-natriuretic
peptide (NT-proBNP), difference in serum free
light chains (dFLC), and eGFR have been pro-
posed (Table 1) [76–78].

The most commonly used staging criteria for
AL-CA patients was developed by the Mayo
Clinic, which associated patients having cTnT
of 0.025 ng/ml or higher, NT-proBNP more than
1800 pg/m, and dFLC more than 18 mg/dl with
the worst prognosis (6 months; Table 1) [76].
Interestingly, the extent of cardiac involvement
in AL-CA may be determined by calculating the

Table 1 Amyloidosis staging according to biomarker levels and form of cardiac amyloidosis

CA type Biomarker cut-off values Stages Mean survival (months)

Kumar et al. [76]

AL-CA cTnT C 0.025 ng/ml I: no biomarkers 94

NT-proBNP[ 1800 pg/ml II: 1 biomarker (any) 40

dFLC[ 18 mg/dl III: 2 biomarkers (any) 14

IV: 3 biomarkers 6

Gillmore et al. [77]

ATTRwt-CA

ATTRv-CA

NT-proBNP[ 3000 ng/l I: no biomarkers 69.2

eGFR\ 45 ml/min/1.73 m2 II: 1 biomarker (any) 46.7

III: 2 biomarkers 24.1

Grogan et al. [78]

ATTRwt-CA NT-proBNP[ 3000 ng/l I: no biomarkers 66

cTnT[ 0.05 lg/l II: 1 biomarker (any) 40

III: 2 biomarkers 20

AL amyloidogenic immunoglobulin light chains, ATTRv hereditary transthyretin-mediated amyloidosis, ATTRwt amyloid
transthyretin-wild-type, CA cardiac amyloidosis, cTnT troponin T, dFLC difference in serum free light chains, eGFR
estimated glomerular filtration rate, NT-proBNP N-terminal pro-B-type-natriuretic peptide
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kappa–lambda ratio, which, if lesser than 0.26
and greater than 1.65, indicates monoclonal
lambda gammopathy and monoclonal kappa
gammopathy, respectively [76].

The prognostic profile of ATTR-CA is mark-
edly more favorable compared to AL-CA and is
associated with longer patient survival [41].
Regarding ATTRv, prognosis is determined pri-
marily by the genetic mutation profile and
those that are classified as having myocardial
involvement (e.g., V122I) tend to have shorter
survival rates compared to those that are clas-
sified as having neuropathic involvement (e.g.,
V30M) or ATTRwt [79, 80]. Grogan et al. pro-
posed a staging criterion for ATTRwt patients,
which associated patients with NT-proBNP over
3000 ng/l and cTnT greater than 0.05 lg/l with
the worst prognosis of 20 months [81]. How-
ever, more recently, Gillmore et al. proposed
staging criterion for both ATTRv and ATTRwt,
which associated patients with NT-proBNP
greater than 3000 ng/l and eGFR below 45 ml/
min/1.73 m2 with the worst prognosis of
24.1 months [77].

In addition to biomarker-based staging
methods, which are fast and low-cost indicators
of survival, ECHO, 99mTc-PYP scintigraphy, and
cMRI also hold prognostic value [82–84].
Specifically, apical sparing with reduced LVEF,
myocardial contraction fraction, global longi-
tudinal strain, and stroke volume index on
ECHO are associated with poor prognosis [80].
Further, heart-to-contralateral ratio of 1.6 or
higher assessed via 99mTc-PYP scintigraphy, as
well as decreased indexed ejection volume and
increased LGE, extracellular volume, and native
T1 assessed via cMRI are also associated with
poor disease prognosis.

DISCUSSION

Globally, the prognosis for CA patients has
improved significantly with increasing disease
awareness and educational initiatives, special-
ized referral centers, and Centers of Excellence,
as well as the advent of diagnostic techniques
(particularly non-invasive techniques) and
diagnostic algorithms. In Egypt, the lack of CA
awareness amongst HCPs regarding prevalence,

red flags, diagnostic pathways, as well as the
unavailability of clinical expertise associated
with CA diagnosis must be overcome to
improve CA prognosis in this region.

CA awareness and educational initiatives for
HCPs are vital for better CA prognosis. A recent
survey conducted in the Unites States (US)
identified that 85% of primary care providers
were not confident in differentiating between
ATTRv and ATTRwt, 74% were not familiar with
various mutations of ATTRv, 74% were not
confident with genetic testing techniques, 67%
were not confident identifying soft tissue red
flags and 63% were not confident differentiat-
ing between ATTR-CA and AL-CA [85]. We
hypothesize that these knowledge gaps also
apply to the HCPs in Egypt, since the avail-
ability of prevalence data, medical infrastruc-
ture, and access to diagnostic equipment are
notably limited compared to the US. Experts in
Egypt underline the need for local initiatives to
focus on CA prevalence, red flags, diagnostic
techniques, implementation of the Egyptian
diagnostic algorithm in clinical practice, and
the establishment of a multidisciplinary
healthcare structure. Furthermore, awareness
initiatives must emphasize the importance of
accurately reporting clinical cases in order to
reliably track disease management and disease
prevalence within the region. The latter may be
supported by the integration of an online con-
sultation platform to bridge the gap between
the patient and specialist HCPs.

To further support the success and impact of
the proposed initiatives, there is an unmet need
to establish specialized referral centers and
Centers of Excellence across Egypt. Centers of
Excellence offer an established multidisci-
plinary HCP structure, as well as the availability
of specialized laboratories and diagnostic
equipment within one clinical facility. Experts
within Egypt further emphasize the need to
develop protocols and checklists as educational
tools to guide HCPs in CA case reporting.
Experts also detail the need to establish a system
to ensure quality control of the serum or urine
immunofixation assays, which are an integral
diagnostic test in the workup of CA.

This review presents the current state of
knowledge regarding CA in Egypt and outlines a
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new diagnostic algorithm that leverages regio-
nal expertise in nuclear cardiology and isolates
definitive diagnostic techniques for early
detection and diagnosis of CA in the region.
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