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Radiological Detection of Cardiac Amyloid:

MRI with Pathological Correlation

Navpreet Kaur Khurana, MBBS; Saurabh Jha, MD

Approximately 50% of patients
with light chain (AL) amyloidosis
have cardiac amyloidosis (CA) and
30% of patients over 75 years with
heart failure with preserved ejection
fraction have transthyretin (ATTR)
amyloidosis.! Cardiac MRI (cMRI) is
the primary imaging modality for
CA, with a high sensitivity and spec-
ificity for evaluating AL and ATTR.
However, the diagnostic accuracy
and clinical relevance of the MRI
findings depend on the pretest prob-
ability of these conditions.? Although
over 50 proteins cause amyloidosis,
AL and ATTR are most commonly
responsible for cardiac amyloidosis.?

The AL type includes multiple
myeloma, monoclonal gammopa-
thy of undetermined significance
(MGUS), and Waldenstrom macro-
globulinemia, while the ATTR type is
typically age-related or results from
a mutation in transthyretin. Various
laboratory, imaging, and histopatho-
logical investigations (Table) are
undertaken to detect and monitor
systemic amyloidosis according to
the type of protein involved.

Cardiac amyloidosis can cause
a low-voltage electrocardiogram.
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Table. Diagnosis of Cardiac Amyloidosis

Types

=Light chain (AL)

«Transthyretin (ATTR)

Lab Investigations

«B-type natriuretic peptide (BNP)

=Serum free light chains (kappa & lambda)

=Serum immunofixation electrophoresis

=Troponin | or Troponin T

=Prealbumin

=Renal function test

=Urinalysis

Imaging

=Echocardiography

=Cardiac MR

=Technetium-99 pyrophosphate scan

Histopathology

*Endomyocardial biopsy

=Abdominal fat pad biopsy

=Solid organ biopsy

Deposition of amyloid protein can
increase myocardial and valve thick-
ness and left ventricle (LV) mass,
cause bi-atrial enlargement and
pericardial/pleural effusions. The
disease disproportionately affects
the basal segments of the heart and
often spares the apical segments.
Pathognomonic findings of CA are
rarely present. Mostly, findings of CA
are nonspecific and can mimic those
of other diseases. Cardiac findings
often must be contextualized with
extracardiac signs. For example,

in the absence of a monoclonal

protein in serum or urine, increased
myocardial pyrophosphate (PYP)
uptake has >99% specificity and
positive predictive value for cardiac
ATTR amyloidosis.*

Cardiac MRI

On cMRI, cardiac amyloidosis typ-
ically leads to diffuse subendocardial
or transmural late gadolinium en-
hancement (LGE) and elevated native
T1 and extracellular volume (ECV),
dark blood pool on LGE images, inver-
sion of time to myocardial and blood
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Figure 1. ATTR amyloidosis. An elderly patient with chronically increased
shortness of breath and fatigue. Four-chamber balanced-steady state
free precession (b-SSFP) MRI (A) shows asymmetric thickening of the
LV septum (arrow). LGE in the LVOT (B, arrow). Four-chamber (C) shows
extensive enhancement, particularly in the septum, reflecting the basal
preponderance of amyloidosis. Native T1 was also elevated (not shown).
Endomyocardial biopsy confirmed wild-type ATTR amyloidosis.

pool nulling, and difficulty nulling the
myocardium on T1 scout.’ LGE pre-
dominates in the basal segments of
the myocardium (Figure 1) due to het-
erogeneous mechanical dysfunction,
defined as a myocardial longitudinal
strain impairment pattern. Progres-
sion from subendocardial (Figure 2)
to diffuse transmural LGE (Figure 3)
correlates with disease progression.
Atypical patterns of LGE (Figure
4) include focal patchy LGE, sub-
epicardial LGE, and diffuse patchy
LGE.? Extensive and transmural LGE
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and asymmetric septal thickening
are more commonly associated with
ATTR amyloidosis.® According to a re-
cent meta-analysis, the sensitivity and
specificity of CMR against endomyo-
cardial biopsy reference was found to
be 85.7% and 92.0%, respectively.’
Recent advancements in cardiac

imaging techniques rely on quan-
titative myocardial assessment to
detect cardiomyopathies. Native T1
mapping illustrates the absolute T1
relaxation times on a pixel-by-pixel
basis. Unlike LGE, which is influ-

CME

REVIEW

enced by windowing and nulling, T1
mapping enables direct quantifica-
tion of T1 values. This characteristic
allows T1 mapping to potentially
identify diffuse structural changes
in the myocardium that may not be
detectable through other noninvasive
methods like LGE.

The primary factors contribut-
ing to increased native T1 values
are edema (increased tissue water
content seen in conditions like acute
infarction or inflammation) and an
expansion of the interstitial space

Applied Radiology 9
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confirmed amyloidosis.

Figure 2. AL amyloidosis. An elderly patient with AS, diastolic
dysfunction, LVH, and new multiple myeloma. Four-chamber b-SSFP
(A) demonstrates thickened left ventricle with septum measuring 18
mm, maximally. There is multifocal LGE (B) in mid-myocardial and
subendocardial distribution. No obstructive features to suggest HCM.
Native T1 and ECV were elevated. CMR findings were highly suggestive
of amyloidosis. Tc-99 PYP scan was negative. Endomyocardial biopsy

Figure 3. Concomitant AL and ATTR amyloidosis. An elderly patient with CAD, atrial fibrillation and ventricular tachycardia. Four-chamber b-SSFP
(A) shows bi-atrial enlargement and severe concentric hypertrophy. There is extensive LGE (B) with LV and RV involvement. Native T1 and ECV were
elevated. There was grade 3 uptake on PYP scan (not shown). Endomyocardial biopsy demonstrated AL and wild-type ATTR amyloidosis.

10

(such as fibrosis in infarction, cardio-
myopathy, and amyloid deposition).
On the other hand, low native T1
values are associated with lipid over-
load (eg, Anderson-Fabry disease,
lipomatous metaplasia in chronic
myocardial infarction) and iron
overload. Native T1 values represent
a combined signal from myocytes

Applied Radiology

and ECV, which can sometimes lead
to pseudonormalization of abnormal
values. Notably, native T1 mapping
can be performed even in patients
with severe renal impairment, for
whom the use of gadolinium-based
contrast agents is not suitable.
Contrast-enhanced T1 mapping is
primarily used in combination with

native T1 mapping to determine the
ECV fraction. Standard gadolini-
um-based contrast agents are distribut-
ed in the extracellular space, leading to
a decrease in myocardial T1 relaxation
times proportional to the local gado-
linjum concentration. Consequently,
areas with fibrosis and scar tissue
exhibit shorter T1 relaxation times,
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Figure 4. AL amyloidosis. An adult with HTN, prediabetes, and atrial flutter
presented with dyspnea. CMR revealed increased myocardial native T1
and difficulty in nulling the myocardium on T1 scout (not shown). Three-
chamber (A) b-SSFP (B) shows concentric thickening of the LV. Patchy,
mid-myocardial LGE is present (B). The patient was subsequently found

to have subclinical lytic bone lesions and was diagnosed with multiple
myeloma. Endomyocardial biopsy confirmed AL-type amyloidosis.

A

-

particularly after contrast administra-
tion. The hematocrit level reflects the
cellular component of blood. Measur-
ing the ECV, which encompasses the
interstitium and extracellular matrix,
involves obtaining T1 values of myocar-
dial tissue and blood before and after
administering contrast agents, along
with the patient’s hematocrit value.
ECV serves as an indicator of myocar-
dial tissue remodeling and provides

a measurement unit that aligns with
physiological understanding.

Normal ECV values of around
25.3% (at 1.5 T) have been observed
in healthy individuals. Apart from
amyloid deposition, an increased
ECV is commonly associated with
excessive collagen deposition,
making it a more reliable measure
of myocardial fibrosis. Conversely,
low ECV values are found in cases of
thrombus formation and fat/lipoma-
tous metaplasia. ECV can be calculat-
ed for specific myocardial regions or
visualized using ECV maps. Elevated
native T1 is 89% sensitive and 80%
specific, and increased ECV is 93%
sensitive and 87% specific for CA.?
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Mimics and Mimicry

Detecting cardiac amyloidosis on
cMRI is challenging despite ad-
vancements in imaging techniques.
Additionally, the histopathological
evidence required to validate CMR
interpretations remains limited.
Nonischemic and ischemic car-
diomyopathies may mimic cardiac
amyloid on imaging.

False-Positive Interpretations

The imaging features of CA may
overlap with ischemic heart dis-
ease, hypertrophic cardiomyopathy
(HCM), hypertensive heart disease,
acute myocarditis, and other infiltra-
tive disorders like Anderson-Fabry
disease and iron overload. In this
section, we discuss specific exam-
ples of false-positive interpretations
and challenges in accurate iden-
tification of CA.

Coronary artery disease (CAD)
leads to fibrosis of cardiac tissue
causing ischemic cardiomyopathy.
In ischemic cardiomyopathy, there
is subendocardial and transmural

LGE, though the distribution is ter-
ritorial rather than diffuse. In such
instances, quantitative assessment
becomes critical. Although native
T1 may be increased, ECV is usually
normal (Figure 5).

In HCM, asymmetric septal thick-
ening is characteristically seen along
with systolic anterior mitral valve
movement, causing LV outflow tract
(LVOT) obstruction and leading to a
high-velocity jet in the LVOT tract.
Variations in HCM presentation
include apical thickening, symmetric
hypertrophy, and absence of LVOT
obstruction. The typical LGE pattern
seen in HCM is intramyocardial con-
fluent areas representing areas of fi-
brosis, myocardial disarray, necrosis,
and scarring. LGE and T1 mapping
play a role in prognostic evaluation.

Poor contrast between blood pool
and myocardium, characteristically
seen in CA, is nonspecific and can
also be seen in HCM. Patients with
HCM exhibit high native T1 values
as compared to those with healthy
hearts or hypertensive heart disease,
although the elevation is significantly

Applied Radiology
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Figure 5. CAD. An adult with chronic kidney disease and stroke history presented with acute decompensated heart failure and recurrent large
pericardial effusion. Short-axis (A) half-Fourier acquisition, single-shot turbo spin echo (HASTE) shows myocardial thickening and pericardial effusion.
There is multifocal mid-myocardial LGE (B, C) and a single apical segment of subendocardial delayed enhancement (C, arrowhead). Poor contrast
between the blood pool and the myocardium raised the possibility of amyloidosis. Endomyocardial biopsy was positive for trichrome staining,
demonstrating areas of fibrosis. No amyloid was seen on Congo red staining.

Figure 6. HCM. An elderly patient with HTN,
CAD, AS, dyspnea, and AL amyloidosis.

LVEF is hyperdynamic and LV is thickened,
maximal 21 mm in septum (A, B). Intense
mid-myocardial LGE in the basolateral wall
(C) and weak confluent LGE across septal,
inferior, and lateral walls at the base (D). The
absence of LVOT obstruction and LGE basal
preponderance pattern favored amyloid.
However, the hyperdynamic EF, low LV end
systolic volume, normal ECV, and good contrast
between blood pool and myocardium favored
severe LVH /HCM. Though replacement
fibrosis can be seen in HCM, extensive LGE
would depress LV EF. Endomyocardial biopsy
was negative for amyloid. Scattered foci of
cardiomyocyte hypertrophy and significant
interstitial fibrosis favored HCM.

12

higher in patients with CA.%% In
HCM, native T1 and ECV are known
to be elevated even in the absence of
LGE."If there is diffuse LGE, the ejec-
tion fraction will likely be depressed
in a patient with HCM (Figure 6).
Hypertensive heart disease can

resemble CA because it leads to wall
thickening, elevated native T1, and LGE

Applied Radiology

which can be variable in extent and
distribution. Specifically, when there
is left-ventricular wall thickening that
cannot be accounted for by arterial
hypertension (HTN), it is important

to consider the possibility of ATTR
amyloidosis, especially in older men.
Dilated cardiac chambers and reduced
ejection fraction that often accompany

severe hypertensive cardiomyopathy,
as well as a normal myocardial nulling
pattern, can provide essential clues to
distinguish between the two (Figure 7).
Myocarditis can also mimic CA,

although it typically presents acutely
and in young persons. Endomyocar-
dial biopsy remains the gold standard
for the diagnosis of myocarditis, but
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Figure 7. Hypertensive cardiomyopathy. An adult with HTN, mild decrease in functional capacity, and dilated cardiomyopathy with reduced LVEF. Four-
chamber b-SSFP (A) demonstrates bi-atrial and LV enlargement. There is diffuse, near circumferential myocardial delayed enhancement (B, C, arrows).
Native T1 and ECV are mildly elevated, EFs are low, and there is poor contrast between blood-pool and myocardium. Endomyocardial biopsy revealed
severe subendocardial fibrosis, amyloid negative.

.\

Figure 8. ATTR amyloidosis. An elderly patient with congestive heart failure (CHF) and severe AS. EF was low. Four-chamber b-SSFP (A) shows dilated
LV with LVH. PSIR images (B) show patchy areas of mid-myocardial delayed enhancement. The findings were not characteristic of CA. PYP scan was
negative for ATTR amyloid (C). Endomyocardial biopsy revealed diffuse fibrosis and Congo red staining. Typing revealed AANF-type and wild type

transthyretin amyloidosis.

A

the patchy nature of inflammation
causes a low rate of detection of
~ 35%.* CMR typically shows dilated
cardiac chambers and a patchy,
nonischemic LGE distribution from
epicardium to mid-myocardium."
Storage disorders like Ander-
son-Fabry disease and iron overload
can also mimic CA. Fabry disease
leads to a typical inferolateral mid-
wall LGE pattern. Native T1 values are
characteristically decreased and are
shown to precede the development of
left ventricular hypertrophy (LVH)."

False-Negative Interpretations

False-negative interpretations can
result from the presence of concomi-
tant cardiac pathologies and comor-

November / December 2023

bidities, causing atypical imaging
findings. The prevalence of calcific
aortic stenosis (AS) and CA tends
to rise with advancing age, and it is

not uncommon for these conditions
to coexist in elderly individuals.
Identifying CA in patients with AS
poses specific challenges owing to
similar pathophysiological, clinical,
and imaging features between the two
conditions. Among individuals with
calcifying AS, studies have reported
the occurrence of ATTR amyloidosis
in approximately 32% of men over age
74.1° However, more recent research
indicates a prevalence ranging from
12 to 16%.1718 Furthermore, patients
with both calcifying AS and ATTR am-
yloidosis have notably poorer survival

’l‘

rates following valve replacement
interventions or surgeries when com-
pared to those without amyloidosis."

Therefore, confirming the
diagnosis of CA is crucial as it can
guide the therapeutic management
of AS and potentially involve the
utilization of recently developed
pharmacological treatments tar-
geting ATTR amyloidosis. Certain
features that point toward concom-
itant CA in patients with AS include
a low-voltage ECG despite LVH,
severe biventricular hypertrophy,
severe LV longitudinal strain with
apical sparing, myocardial granular
speckling on echocardiography; and
extensive LV LGE with elevated ECV
on CMR.* (Figure 8)

Applied Radiology
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Figure 9. ATTR amyloidosis. An elderly patient with primary familial cardiomyopathy, recurrent pulmonary embolism, HTN, and atrial fibrillation, with
increased shortness of breath and fatigue. CMR demonstrates moderately dilated left and right atrium, relatively thick proximal interventricular septum.
PSIR images show predominantly mesomyocardial, band-shaped, delayed enhancement in the inferolateral wall near the base of the heart (A, B,
arrows). Good contrast between the blood pool and myocardium is seen. On inversion time cine scout images (not shown), normal myocardial nulling
pattern was seen. Findings were not typical for CA. Endomyocardial biopsy revealed wild-type ATTR amyloidosis.

T T
.

-

Figure 10. ATTR amyloidosis. An elderly patient with CHF, severe AS, and HTN with suspected sarcoidosis. Four-chamber b-SSFP (A) demonstrates
cardiomegaly with dilation of the LA. There is predominant mid-myocardial LGE in the inferoseptum from the base to the mid-LV and the basal lateral/
inferolateral wall, and focal LGE at the RV insertion points (B, arrows). Native T1 and ECV were elevated, Findings were thought to be consistent with

cardiac sarcoidosis; however, PET was negative. Endomyocardial biopsy revealed ATTR-positive amyloidosis.
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Idiosyncratic myocardial nulling

and poor contrast between blood

pool and myocardium on inversion
recovery sequences are characteristi-
cally seen in CA. To an extent, the time
chosen to perform LGE sequences is
arbitrary, and this can lead to false
negative interpretations. Furthermore,
poor contrast between the blood pool
and myocardium depends on contrast

Applied Radiology

kinetics, making the procedure
nonspecific (Figure 9). Phase-sensitive
inversion-recovery (PSIR) sequences
reduce the need for optimal null point
determination. Cardiac sarcoidosis can
resemble CA, as the former has a vari-
ety of appearances on CMR and can be
transmural and multifocal (Figure 10).
Cardiac involvement, associated with a
significantly worse prognosis, is found

in about 25% of patients with sarcoid-
osis at autopsy. Clinically, however,
it is only diagnosed in 5% of patients
with sarcoidosis.? Like CA, sarcoidosis
leads to elevated native T1 and ECV.
Assessment of pretest probability
of CA is essential to limit false-nega-
tive interpretations. The presence of
known TTR gene mutations, together
with nonspecific LGE characteristics,
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Figure 11. ATTR
amyloidosis. An adult

who underwent liver
transplant with a known
Glu61Gly (mutated
transthyretin) gene variant
presented with increased
shortness of breath and
fatigue. Transthoracic
echocardiogram
demonstrated LVEF of 45%
and mild concentric LVH.
Four-chamber b-SSFP (A)
demonstrates normal LV
size. Delayed enhancement
PSIR image (B) shows
diffuse, patchy myocardial
delayed enhancement from
the subendocardium to
subepicardium, and mostly
involving the lateral wall.
Findings are nonspecific
and not the typical amyloid
pattern.Endomyocardial
biopsy showed TTR
amyloidosis with GIu61Gly
gene variant confirming the
deposition of transthyretin
from the transplanted liver.

Figure 12. ATTR amyloidosis. An elderly patient with history of atrial
fibrillation, ventricular tachycardia, HTN, and CAD presented with heart
failure. Four-chamber b-SSFP (A) demonstrates LV thickening. There

is LGE in the anterior and anterior septal walls that extends from base
to apex; toward the base there is near transmural involvement, while
toward the apex, the involvement is more subendocardial than it is
transmural, (B, C, arrows). The morphology and distribution of LGE is
ischemic. The patient developed chronic heart failure, and PYP scan
after a year demonstrated Grade 3 PYP uptake (D), highly suggestive of
ATTR amyloidosis. Endocardial biopsy confirmed wild type cardiac ATTR
amyloidosis.
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Figure 13. Visual grading system. Planar
Tc99 PYP scan demonstrating the uptake
of transthyretin amyloid relative to the
rib uptake. A = Grade 0, B=Grade 1,C =
Grade 2, D = Grade 3.

Figure 14. ATTR amyloidosis NM imaging. SPECT/CT Tc-99m PYP scan demonstrating Grade 3 uptake (greater than rib uptake with mild/absent rib

uptake). H/CL =2.62. There is no significant blood pool present.

must raise suspicion for ATTR (Figure
11). The TTR gene has over 100 single
nucleotide polymorphisms, with 80
confirmed pathogenic mutations.
These variations result in variant TTR
amyloidosis, which exhibits diverse
clinical phenotypes and patterns

of inheritance.

Certain mutations, such as V30M
and V1221, are associated with cardiac
involvement, with V1221 being prev-
alent, and potentially contributing to
the development of heart failure, in

16 Applied Radiology

the US African American population.?

As more treatments and preventive
strategies emerge, the TTR genotype
of patients can assist in guiding family
screening. A streamlined approach

to assessing pretest genetic risk could
provide patients and clinicians with
valuable guidance when considering
genetic testing.

Early CA may cause territorial LGE
distribution that mimics ischemic car-
diac disease (Figure 12). Quantitative T1
assessment and bone scintigraphy are

Radiological Detection of Cardiac Amyloid: MRI with Pathological Correlation

useful in such situations to screen pa-
tients with nonspecific CMR findings.

Role of Nuclear Imaging

Nuclear imaging plays a significant
role in detecting ATTR amyloidosis.
The modality offers high specificity
(88.6-97.1%) and sensitivity (90.9 -
91.5%)* for distinguishing between
ATTR and AL types. In the absence
of monoclonal proteins in serum or
urine, increased myocardial PYP up-
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take has >99% specificity and positive
predictive value for cardiac TTR amy-
loidosis.* Technetium (Tc) -99m PYP,
Tc-99mhydroxymethylene diphospho-
nate (HMDP), and Tc-99 mdicarboxy-
propane diphosphonate (DPD) bone
scans have been used for ATTR CA.*
Visual grading system (grades 0-3) can
be used to quantify Tc-99m uptake for
ATTR CA (Figure 13). Uptake of grade
2/3 is considered positive for ATTR
cardiac amyloidosis.

False positives may result from
blood pool activity in LV and in-
creased adjacent rib uptake. Single
photon emission CT (SPECT) enables
accurate discrimination of myocar-
dial uptake from cardiac blood pool
(Figure 14). Semi-quantitative analysis
of myocardial uptake can also be
performed using heart-to-whole body
(H/WB) ratio or heart-to-contralateral
lung (H/CL) ratio. Mean H/WB ratio
of ATTR CA is reported to be 10%,
while H/CL ratio with a cut-off value
of 1.5 can differentiate ATTR from
AL. Amyloid-targeting PET tracers 11c
PIB, 18f florbetapir, 18f florbetaben,
and 18f flutemetamol are currently
being developed.* Early results with
18f florbetapir PET demonstrate
higher myocardial uptake for AL
than for ATTR.?

Conclusion

No diagnostic test is perfect;
false-positives and false-negatives
occur throughout diagnostic med-
icine. Nevertheless, awareness of
how similar the conditions we seek to
distinguish from CA can look like CA
is important. Where the diagnosis can
lead to substantial change in manage-
ment, such as with CA, we advise more
liberal pathological correlation.
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