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Cardiovascular magnetic resonance (CMR) has several advantages compared to TTE. In most centers, it is used for
further investigation of subjects with suspected cardiac amyloidosis (CA) and in patients with confirmed systemic
amyloidosis. On one hand, it offers unmatched precision when it comes to measurements, including the assessment of
the right ventricle; on the other hand, there is a unique opportunity of tissue characterization.
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| 1. Chamber Quantification

Compared to TTE, CMR provides more precise information about structural and functional abnormalities. Cine images are
acquired by merging a number of stationary images taken at different cardiac cycles. They are reconstructed to map views
familiar from TTE studies (e.g., two-, three-, and four-chamber views or short-axis views). The recommended
measurements do not greatly differ from TTE assessment and include wall thickness, function and mass of the left
ventricle, stroke volume index to body-surface-area, atrial size, and the presence or absence of pericardial effusion L.
Typical findings in ATTR CA are higher LV mass index, higher LV volumes, and lower LVEF 2],

In addition to standard measurements, there is a trend towards process optimization using complex computer software for
fully automated measurements, often based on machine learning algorithms. However, these have not yet reached the
routine clinical process, so conventional analysis methods are still required. Easy parameters derivate from CMR images
independent of the aforementioned post-processing software needed to be found. The researchers evaluated the
prognostic value of long-axis strain (LAS, image-based functional marker describing the percentage of longitudinal
shortening of the left ventricle during systole) and previously mentioned myocardial contraction fraction (MCF) in 74
patients with AL. All-cause mortality (primary endpoint) was significantly higher in patients with low MCF. Both impaired
LAS and MCF were preserved as predictors for all-cause mortality and heart transplant 41,

| 2. Strain Imaging

In analogy to speckle tracking in TTE, CMR uses feature tracking for strain analysis. ‘Feature’ refers to a certain
myocardial pattern recognized and followed through a cardiac cycle by post-processing software to observe radial,
circumferential, and longitudinal deformation of the myocardium. Like in STE, patients with CA being evaluated with CMR
feature tracking typically show a pattern of relative apical sparing.

| 3. T1 Mapping

T1 mapping is an emerging tool used for tissue characterization and includes two sequences: native or pre-contrast T1
and post-contrast T1. Images are recommended to be acquired during diastole [&l. Variations of Look-Locker inversion
recovery sequences were introduced to overcome issues with insufficient breath holding in patients. T1 relaxation times
vary with magnetic field strength, and myocardial T1 relaxation times also depend on the patient's age and sex €],
Relaxation times are color-coded for every pixel and assembled on a two-dimensional plane, creating a T1 map (8,

Patients with systemic amyloidosis often have deposition of amyloid fibrils in the kidneys, leading to relevant renal
dysfunction. This is an important limitation for the use of intravenous contrast agents. For the acquisition of native T1,
none of them are necessary. It therefore takes an important diagnostic role when contrast agents are contraindicated.
Native T1 displays not only extra- but also intra-cellular parts of the myocardium. Elevated T1 times are associated with
the presence of CA. A very recent publication studied a large group of patients with suspected systemic amyloidosis.
Though applied to selected individuals, high sensitivity and specificity were achieved (92% and 91%, respectively) 4.



T1 mapping is also believed to be a reliable tool for the monitoring of amyloid burden in AL during chemotherapy .

Extracellular volume (ECV) is defined as extracellular matrix, water, and intracapillary plasma volume. ECV, but also
intracellular volume, are dynamic and vary for different physiological and pathophysiological processes. Combining pre-
and post-contrast T1 mapping enables the calculation of ECV. The patient's hematocrit needs to be measured for that
purpose. A normal ECV value for myocardium is around 25% €. The deposition of amyloid fibrils in CA leads to an
increase of ECV.

Korthals et al. compared receiver operating curves of native T1 and ECV as well as longitudinal strain and were able to
illustrate superior diagnostic performance of native T1 and ECV over longitudinal strain [&. They earlier emphasized that
special attention needs to be drawn towards choosing an adequate control group to define cut-off values [9.
Recommendations by the SCMR and the European Association for Cardiovascular Imaging (EACVI) stated that native T1
and ECV are increased before LGE, enabling earlier diagnosis of CA [111. A meta-analysis by Pan et al. published in 2020
proved the diagnostic performance of ECV to be better than both native T1 and LGE. The same statement can be
translated to the prognostic performance 221,

| 4. Late Gadolinium Enhancement

Gadolinium-based contrast agents (GBCA) are administered intravenously following predefined protocols. In the literature,
cases of nephrogenic systemic fibrosis, a rare kidney disease with poor prognosis, after the use of GBCA are described. It
remains a controversial subject 131, Recent evidence reports deposition of gadolinium in the brain after administration of
GBCA, irrespective of renal function and performance of the blood-brain barrier. There are no reports of neurologic
deficits due to gadolinium deposition. As a consequence, monitoring of renal function is mandatory, and the use of cyclic
GBCA instead of linear agents is recommended X4, The high prevalence of renal disease in patients with suspected
amyloidosis is an important limitation in the use of GBCA. Standards suggest that images are acquired more than ten
minutes after the intravenous administration of the contrast agent. The recommended dose depends on the chosen agent
and should be as low as possible considering the aforementioned potential complications 131,

Phase-sensitive inversion recovery (PSIR) is used to overcome problems with ‘myocardial nulling’. Difficulties in
‘myocardial nulling’ are typical for CA and describe the challenge of finding an inversion time to differentiate the
myocardium from the blood pool when acquiring images with GBCA 28],

Myocardial uptake of gadolinium is referred to as late gadolinium enhancement (LGE). The accumulation of amyloid fibrils
leads to the expansion of extracellular space, where gadolinium uptake experiences regional differences depending on
the extent of expansion. Patterns range from typically described subendocardial to diffuse, transmural, or patchy
dispersion. Though discrimination between different types of CA is not reliably feasible, a study including almost one
hundred patients with cardiac involvement of amyloidosis demonstrated that LGE is more extensive in patients with ATTR
and there is a higher proportion of patients showing transmural patterns of LGE &. Transmural LGE patterns are
suggestive for advanced stages of the disease 2. To our knowledge, there is no established staging system involving
LGE.

| 5. T2 Mapping

T2 mapping is another quantitative tool used for tissue characterization. T2 times are tissue-specific and enable
differentiation between normal and abnormal myocardial tissue. Water has quite a long T2 time. Therefore, the tissue has
a higher content of water, hence myocardial edema can be depicted by this technique. Reference values for T2 times are
different for 1.5 and 3 T MRT scanners 18, Kotecha et al. proved that T2 mapping can be used as an independent
predictor of prognosis in patients with cardiac AL. The study also suggests that different types of CA are part of a
heterogeneous group of diseases, since there are significant differences between untreated individuals with AL, treated
AL, and ATTR 19,

A meta-analysis by Brownrigg et al. analyzed the performance of CMR in differentiating AL and ATTR (sensitivity and
specificity of 28.1-99% and 11-60%, respectively) and compared CMR to scintigraphy (sensitivity and specificity of 88.6—
90.9% and 91.5-97.1%, respectively) 29, In summary, CMR is a useful diagnostic tool for evaluation of CA, but it does not
currently allow the differentiation between the different types of amyloidosis.
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