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Opinion statement

Cardiac involvement in amyloidosis is associated with poor outcomes. The standard test
for the diagnosis of cardiac amyloidosis is endomyocardial biopsy but given current
advances in noninvasive imaging, the diagnosis is frequently obtained or strongly
suspected without biopsy. Echocardiography is the most utilized cardiac imaging modality,
particularly myocardial strain measures with this modality have been found to be a predictor
of clinical outcomes, superior to traditional parameters. Other known imaging modalities
with new, useful protocols for this pathology include nuclear imaging and cardiac magnetic
resonance (CMR). In particular, CMR has excellent sensitivity and specificity.

Introduction

Amyloidosis is a rare disease caused by the deposition of
misfolded β-pleated fibrils in tissues and organs leading
to dysfunction by multiple mechanisms [1•, 2–6]. So
far, 31 different types of amyloid fibril proteins have
been described in humans; and up to six types of amy-
loid fibril proteins can affect the heart [7•]. Light chain
(AL) and transthyretin (ATTR) amyloidosis are the two

most prevalent and studied types in cardiac amyloidosis.
The annual incidence rate of AL amyloidosis is estimated
to be nine per million person-years, and [8, 9] cardiac
involvement takes place in over 50 % of cases [10•].
ATTR amyloidosis is divided in two subtypes: wild-type
ATTR and hereditary/mutant ATTR. Wild-type ATTR,
formerly known as senile systemic amyloidosis, is a
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disease that predominantly affects the elderly. Although
its true prevalence is unknown, postmortem studies
revealed wild-type ATTR deposition in approximately
25 % of individuals 80 years and older [11]. In a major-
ity of cases, the heart is the only affected organ and
patients typically present with infiltrative cardiomyopa-
thy and symptoms of heart failure [12]. Hereditary-ATTR
is caused by mutations in the TTR gene leading to a less
stable TTR protein and high tendency to forming amy-
loid fibrils. More than 100 different point mutations
have been identified thus far [13–15]. Besides cardiomy-
opathy, patients with hereditary-ATTR usually develop

concurrent peripheral and autonomic neuropathy [16].
Cardiac involvement in all types of amyloidosis is a
primary determinant of treatment selection and progno-
sis. Currently, the gold standard test for the diagnosis of
cardiac amyloidosis (CA) is endomyocardial biopsy
with immunohistochemical staining. However, due to
the invasive nature of the procedure and the application
of current advances in noninvasive imaging modalities,
the diagnosis of CA is frequently obtained without
endomyocardial biopsy. Current innovative advances
in the use of noninvasive imaging for diagnosing CA is
the primary focus of this review.

Echocardiography

Echocardiography is themost utilized imagingmodality for diagnosing CA. The
echocardiographic features of CA, first illustrated on M-mode tracings in 1975,
were described as a “stiff heart” with normal left ventricle (LV) diastolic dimen-
sions, increased systolic dimension, and a small pericardial effusion [17•].
When two-dimensional echocardiography was later introduced, cardiac amy-
loid phenotype was characterized further. This phenotype consists of a thick-
walled ventricle with increased myocardial echogenicity giving it a speckled
appearance [18, 19], valve thickening, small LV chamber volume, bi-atrial
enlargement, small pericardial effusion, and restrictive diastolic filling [20].
LV systolic function is usually preserved in the early stages of the disease [19,
21, 22]. Increased ventricular wall thickening in the presence of electrocardio-
graphic low-voltage was found to have a diagnostic sensitivity and specificity
around 70 and 90 %, respectively [3, 23]. Although these findings are charac-
teristic of AL CA, they aremost often seen only in later stages of the disease [24].
Similar echocardiographic features are described in ATTR CA [25]. In the late
1980s, color flowDoppler provided a better understanding of the physiology of
heart failure in CA and introduced diastolic dysfunction as a cardinal charac-
teristic of this disease [26]. A study done by Klein et al. analyzed left ventricular
inflow by Doppler proved that shortened deceleration time and increased early
diastolic filling velocity to atrial filling velocity ratio were good predictors of
cardiac death [27]. Recently, advanced echocardiographic techniques revealed
further underlying mechanical abnormalities in CA and helped refine the
approach to diagnosis and disease prognostication [28]. A decline in longitu-
dinal function measured by strain and strain rate with tissue Doppler imaging
detected early impairment in LV systolic function before alterations in conven-
tional echocardiographic parameters or the onset of heart failure symptoms in
CA [29–31]. Doppler-derived peak mean basal strain was also found to be a
strong predictor of clinical outcome and superior to traditional echocardio-
graphic parameters [32]. However, tissue Doppler based strain imaging has
been surpassed by speckle-tracking echocardiography (STE), an angle-
independent technique that has less intra and inter-observer variability. STE
global longitudinal strain analysis differentiates CA from hypertrophic
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cardiomyopathy and secondary LV hypertrophy [33]. Interestingly, in patients
with AL and ATTR CA, regional longitudinal strain is significantly reduced in all
segments in themid-ventricle and basal wall regions but with apical sparing, see
Fig. 1. This is demonstrated by a characteristic “polar map” plot seen in color-
coded LV strain display. These findings are in contrast with hypertrophic
cardiomyopathy in which regional longitudinal strain is markedly reduced at
the septum [34•].

In regards to the echocardiographic differences among the most common
types of amyloidosis, wild-type ATTR is characterized by greater LV wall thick-
ness compared to hereditary-ATTR and AL amyloidosis [35]. Also, apical re-
gional strain is significantly lower in ATTR when compared to AL amyloidosis
[34•].

Nuclear imaging

Multiple nuclear medicine imaging techniques and radiopharmaceuticals are
available for the diagnosis and prognostication of CA. This review focuses on
the three most studied and commonly used modalities; (Technetium-99m)-
3,3-diphosphono-1,2-propanodicarboxylic acid (99mTc-DPD) scintigraphy,
Iodine-123 Metaiodobenzylguanidine (I-123 MIBG) scan, and Pittsburgh
compound-B labelled with the radionuclide carbon-11 (11C-PiB) positron
emission tomography (PET).

Bone-seeking tracers

99mTc-DPD is a non-FDA-approved bone-seeking tracer. Studies have consis-
tently shown that patients with ATTRCAhave a strongmyocardial uptake of the
tracer with statistically significant higher heart retention and heart to whole-
body retention ratio (H/WB) of late 99mTc-DPD compared to AL CA patients

Fig. 1. Serial polar map images obtained with STE from a 54 y/o man with primary lambda light chain amyloidosis, that received
Velcade plus dexamethasone induction therapy, followed by autologous stem cell transplantation (SCT). a Polar map (PM)
representation pre SCT showing markedly reduced longitudinal strain values, with a slight advantage in function to the apical
(center) segments; GLS −6.4 %, LVEF = 43 %, 6-min walk: 300 m. b Same map now 3 months after SCT; GLS −10.9 %, LVEF= 46 %,
6-min walk: 600 m. c The images 16 months after SCT; GLS −11 %, LVEF= 50 %, by then the patient could do a short jog.
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and patients without CA [36, 37•, 38]. Thus, in terms of differentiating ATTR
from AL etiology, 99mTc-DPD scintigraphy has a sensitivity and specificity
close to 100 % in CA patients with moderate-to-high myocardial uptake [20,
21]. In patients with mild myocardial uptake, positive predictive (PPV) and
negative predictive value (NPV) are 80 and 100 %, respectively. Whereas in
patients with strong myocardial uptake with attenuated bone uptake, PPV and
NPV are 100 and 68 %, respectively [21]. 99mTc-DPD myocardial uptake has
also been reported in elderly patients with wild-type ATTR [39]. In a recent
study, 99mTc-DPD scintigraphy was used to evaluate elderly patients admitted
with heart failure with preserved ejection fraction (HFpEF). This diagnostic
modality was able to detect wild-type ATTR in 13 % of cases of HFpEF, thus
suggesting a potential role of 99mTc-DPD scintigraphy as a screening tool in
elderly patients with HFpEF [40]. Early detection with 99mTc-DPD myocardial
uptake has also been described in hereditary-ATTR CA caused by unusual
genetic mutations (non-Val30Met) even before electrocardiographic and echo-
cardiographic changes occur. Finally, H/WB determined by 99mTc-DPD scin-
tigraphy was found to be a significant predictor of major adverse cardiac event
(MACE)-free survival. When mean left ventricle wall thickness is 912 mm, the
presence of a H/WB 97.5 was associated with poor MACE-free survival [41].

Sympathetic innervation

I-123 MIBG is a radioactive catecholamine analogue that is taken up by the
presynaptic neural endings of the cardiac sympathetic system and stored in
granules [42]. Thus, nuclear imaging with I-123 MIBG is indirect and only
occurs when there is sympathetic nerve destruction. In 1995, the first report of
lack of I-123 MIBG myocardial activity in a patient with familial amyloidotic
polyneuropathy (FAP) was published [43]. Further studies found that I-123
MIBG can detect myocardial adrenergic denervation in patients with hereditary-
ATTR before the development of echocardiographic signs of CA [44, 45].

PET scan

11C-PiB is a tracer derived from thioflavin T, an amyloid dye. This compound is
used in PET scanning to visualize amyloid deposits in patients with CA. Mul-
tiple small studies showed that 11C-PiB uptake was consistently increased in all
patients with CA, but not seen in healthy controls [46, 47]. The sensitivity and
specificity of 11C-PiB PET scan for the diagnosis of CA was 87 % (95 %
confidence interval [CI] 0.58 to 0.98) and 100 % (95 % CI 0.56 to 1.00),
respectively. The diagnostic accuracy is 0.91 [29].

Cardiovascular magnetic resonance

Cardiovascular magnetic resonance (CMR), specifically with late-gadolinium
enhancement (LGE), is a very useful imagingmodality that can differentiate CA
from other etiologies of LV hypertrophy such as hypertension and hypertrophic
cardiomyopathy [48]. In terms of diagnosing CA, this modality has a sensitivity
of 80% and a specificity of 94%. Its PPV andNPV are 92 and 85%, respectively
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[49]. LGE was introduced by Saeed et al. in 1989 to identify infarcted myocar-
dial tissue [50]. When given intravenously, gadolinium diffuses out of the
capillaries into the interstitium because it does not penetrate intact cell mem-
branes [51, 52]. LGE occurs when there is an enlarged interstitial space. This is
due to slower distribution kinetics and a higher regional gadolinium concen-
tration [53, 54]. This phenomenon is seen in CA secondary to abnormal deposit
of beta-pleated fibrils in the interstitium. Standard LGE techniques require
selecting an appropriate inversion time, to nullify signals from normal cardiac
muscle and visualize endomyocardial amyloid deposition. Adequate LGE ap-
preciation anchors on an accurate inversion time selection; thus, it is imperative
to work with an experienced operator in CMRwith LGE. Global subendocardial
is the classical LGE pattern described in both AL and ATTR amyloidosis which
matches amyloid distribution on histology. [55] In CA, CMR with LGE has
prognostic implications as well. Maceira et al. found that gadolinium kinetics
could predict mortality. In their study, parameters such as a fast blood gadolin-
ium clearance, a low intramyocardial subepicardium-subendocardium T1 gra-
dient, and a low subepicardial-blood T1 gradient reflect a higher amyloid
burden and were associated with decreased survival. [56•] Myocardial T1
mapping is a CMR tissue characterization technique also used nowadays to
diagnose CA. This technique uses native (without contrast) and post-contrast
measurements, in addition to the patient’s hematocrit, to determinemyocardial
extracellular volume (ECV) [57–59]. Native T1, myocardial mean ECV calcu-
lated at contrast equilibrium (ECVi), and 15-min post-bolus (ECVb) are signif-
icantly increased in CA. Upon multivariate analysis an ECVi 90.45 remained
significantly associated with mortality (hazard ratio 4.41, 95 % CI 1.35–14.4;
P=0.01). [60] Recently, Fontana et al. studied CA using LGE with phase-
sensitive inversion recovery (PSIR). This reconstitution technique removes the
problematic operator-dependent inversion time selection, decreasing the po-
tential for human error. In this particular study, amyloid deposition in the heart
was found to be a continuum, accurately represented by three different LGE
patterns (absent, subendocardial, and transmural). The LGE patterns were
found to correlate with amyloid burden assessed per ECV by T1 mapping, in
both AL and TTR amyloidosis. Transmural LGE was found to be a significant
predictor of mortality, regardless of the amyloid type (hazard ratio 4.1, 95% CI
1.3–13.1; PG0.05) [61•].

Regarding CMR with LGE differences among the different types of amyloid-
osis, subendocardial LGE is more prevalent in AL when compared to ATTR
amyloidosis. On the other hand, transmural LGE is more prevalent in ATTR
[61•].

Commentary

The presence of cardiac involvement in amyloidosis is associated with poor
outcomes. This is partially due to the challenges of early disease detection,
especially in patients without systemic involvement. However, if CA is a diag-
nostic consideration, newer noninvasive imaging tools aid in achieving a
diagnosis perhaps without the need of an endomyocardial biopsy. Given the
reproducibility reported so far, the availability and cost, it is reasonable to
believe that the best initial diagnostic modality used should be speckled

Curr Treat Options Cardio Med (2016) 18: 46 Page 5 of 9 46



tracking echocardiography imaging for strain analysis. Not only is this imaging
modality safe to use in patients with kidney injury, it can also help differentiate
CA from hypertrophic cardiomyopathy or hypertensive cardiomyopathy. STE
strain analysis detects mild systolic function impairment before a decrease in LV
ejection fraction. CMR is without a doubt the most accurate imaging modality.
Newer techniques like T1 mapping and LGE by PSIR provide early detection
and prognosis of CA. When distinguishing CA etiology, both STE andMRI with
LGE provide clues to differentiate AL from ATTR. However, 99mTc-DPD is the
best test for this purpose and is safe for use in patients with kidney injury.

If the use of CMR with LGE per PSIR and T1mapping becomes more readily
available worldwide, physicians will be able to detect CA in very early stages,
while still susceptible to disease-modifying therapies. Thus, we predict an
increase in the prevalence of CA due to both an increase in the diagnosis of
asymptomatic patients and an increase in survival. We believe the need for
endomyocardial biopsy in order to diagnose CA will decrease significantly.
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