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ABSTRACT

BACKGROUND: Cardiac amyloidosis is a serious progressive disease with a high mortality rate. The differential diagnosis
of cardiomyopathies due to amyloid light-chain (AL) amyloidosis and transthyretin (ATTR) amyloidosis is important for selecting
the optimal treatment strategy.

AIM: The aim of this study was to evaluate the capabilities of cardiac magnetic resonance imaging in the differential diagnosis
of cardiomyopathies due to AL and ATTR amyloidosis.

MATERIALS AND METHODS: A retrospective analysis of the medical records of 25 patients with a confirmed diagnosis
of amyloid cardiomyopathy was performed. Patients were divided into two groups according to the type of amyloidosis, with
group 1 including patients with cardiomyopathy due to AL amyloidosis and group 2 including patients with cardiomyopathy
due to ATTR amyloidosis. All patients underwent contrast-enhanced cardiac magnetic resonance imaging. Volumetric and
linear cardiac parameters, ventricular function, and late gadolinium enhancement patterns were assessed. Standard statistical
methods were used, and differences were considered significant at p <0.05.

RESULTS: Group 2 showed a more significant thickening of the myocardial walls compared to group 1 (interventricular septum:
18 [17; 18] vs. 14.5 mm [12.8; 16.0], p <0.01, posterior wall of the left ventricle: 14 [13; 17] vs. 10.5 mm [10; 12.3], p <0.01).
The indexed mass of the left ventricle myocardium was 110 [92; 125] in group 2 and 85 mm [69.3; 91.8] in group 1 (p <0.01).
In group 2, late gadolinium enhancement with a transmural left ventricle pattern was more frequently observed in the basal and
mid-lower-lateral segments, whereas in group 1, a subendocardial pattern of late gadolinium enhancement was more frequent
in the mid-anterior and lower-lateral segments (p <0.05). In addition, frequency of simultaneous contrast enhancement in
the subendocardial layers of the interventricular septum on the left ventricle and right ventricle sides was higher in group 2
(100% of cases vs. 50%, p <0.01). Late gadolinium enhancement of the right ventricle was also more common in group 2
(100 vs. 58%, p <0.05), especially in the interventricular septum and inferior wall area (p <0.05). Semi-quantitative assessment
of LGE using the Query Amyloid Late Enhancement (QALE) showed greater contrast enhancement in group 2: 13 [12; 14] vs.
10.5 [1.75; 12], p <0.01), and a score greater than 13 differentiated between cardiomyopathy due to AL amyloidosis and ATTR
amyloidosis with a sensitivity of 69% and a specificity of 83%.

CONCLUSION: Cardiac MRI identifies typical features of cardiomyopathies due to AL amyloidosis and ATTR amyloidosis for
their differential diagnosis. Further research is needed to confirm diagnostic accuracy of the patterns identified.

Keywords: cardiac amyloidosis; systemic amyloidosis; cardiac magnetic resonance imaging; late gadolinium enhancement;
QALE; transthyretin amyloidosis; light-chain amyloidosis.
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AHHOTALINA

06ocHoBaHMe. AMUNOMA03 cepaLa — Cepbé3Hoe nporpeccupytollee 3aboneBaHWe C BbICOKOW cMepTHOCTbIO. [uddepeH-
LManbHas OMarHoCTUKa KapavMoMMonaTuil BCNeACTBUE amuionpo3a Nerkvx uened (AL-ammnonpos) M TpaHCTUPETMHOBOMO
amunonposa (ATTR-amunonao3) BaxHa A51s Bbibopa oNTMManbHOM TaKTUKM JIEYEHUS.

Lienbto nccnefoBaHms SBNSETCA OLEHKA BO3MOXHOCTEN MarHUTHO-Pe30HaHCHOI ToMorpadum cepaua B anddepeHunancHoll
AMarHocTMKe Kapavomuonatuii Bcneacteue AL- n ATTR-amunonposa.

Marepuansi u MeToabl. [IpoBeAEH aHaNM3 MeAVLIMHCKUX aHHbIX 25 MaLUVEeHTOB C NOATBEPKAEHHBIM AUarHO30M KapavMoM1oNaTus,
pasfeniéHHbIX Ha [iBe rpynnbl B 3aBUCMMOCTM OT TUMa aMunongoesa. 1-a rpynna — Kapavomuonatus BeneacTave AL-amunonaosa,
2-5 rpynna — Bcnepcteue ATTR-amunonpo3a. BceM nauyeHTaM npoBefeHa MarHUTHO-Pe3oHaHcHas ToMorpadus cepaua ¢ KOH-
TpacTupoBaHueM. OLeHnBanu 06bEMHbIE M NIMHENHbIE MOKa3aTenu cepALa, GYHKUMIO eNy[0UKOB W NaTTePHbI NO3AHEr0 HaKonne-
HUA ragosMHWA. Vcnonb3oBanu cTaHaapTHble CTaTUCTUYECKUE MeTofbl, PasMumMa cumTany 3HauuMbiMm nipu p <0,05.

Pesynbtathl. Y nauueHToB 2-i rpynnel Habnopanm bonee BbipaXeHHOe YTONLLEHWE CTEHOK MUOKAapAa B CPaBHEHWUW C Na-
uveHTammn 1-ii rpynnbl (Mexokenyaoykosas neperopoaka 18 [17; 18] npotus 14,5 MM [12,8; 16], p <0,01, 3apHas cTeHKa
nesoro xenyaouka 14 [13; 17] npotws 10,5 MM [10; 12,3], p <0,01). MHaekcupoBaHHas Macca MMOKap[a JIEBOTO JKenyAo4Ka
B0 2-it rpynne — 110 r/M?[92; 125], Torpa Kak B 1-i rpynne AaHHbIA NokasaTenb coctaun 85 r/m?[69,3; 91,8], p <0,01).
Cpepy naumeHTOB 2-11 rpynMbl Yalle 0TMeYanu No3LHee HaKoM/eHWe rafloNIMHUS C TPaHCMypasnbHbIM NaTTepHoOM B 6asasb-
HOM 1 CpefHeM HIKHe-BOKOBbIX CErMeHTax NeBOro XenyAoyKa, B TO BpeMsl KaK Yy naumeHToB 1-i rpynnel — valle onpege-
nsanu cy63HA0KapAUanbHbIA NaTTepH NO3AHEr0 HAKOMNEHUS FafofIMHUA B CPELHMX NepefHe- U HUKHe-BOKOBbIX CerMeHTax
(p <0,05). Takxke y NauUMEHTOB 2-i rPyNMbl YacToTa Cly4aeB OLHOBPEMEHHOIO HAaKOMMIEHUA KOHTPACTHOro Npenapara B cybaH-
AOKapaManbHbIX COSX MEXOKENYA04KOBOW NeperopoAKy o CTOPOHbI JIEBOIO XeJy[04Ka M MPaBoro XenyLoyKa oKasanach
Boiwe (100% cnyyaes npotus 50%, p <0,01). [o3aHee HaKoMNeHMe rafoMHUA B NPaBOM eyA0uKe TaKKe Yalle BCTpeyasy
cpeav nauuenToB 2-1 rpynnbl (100% npotus 58%, p <0,05), ocobeHHO B 06/1aCTM MEXOKENYLOYKOBOI NEPErOPOAKM U HUMKHEI
cTeHku (p <0,05). MonyKonmyecTBEHHas OLEHKA NO3AHEro HaKOMeHUs rafoMHuA ¢ noMolubto nokasatens QALE (The query
amyloid late enhancement) nokasana bonee 06LMPHOE HaKoM/IEHWE KOHTPACTa Y NauueHToB 2-i rpynnbl — 13 [12; 14] npo-
B 10,5 6annos [1,75; 12], p <0,01), a Konnuectso 6annos bonee 13 npeaocTaBMIo BO3MOXKHOCTb PasfiNiMTL KapAMOMMUONa-
Tn Bcnepcteue AL- u ATTR-ammnonpo3a c YyBCTBUTENBHOCTBIO 69% 1 cneumduyHocTbio 83%.

3aksnioyeHmne. MarHuTHo-pe3oHaHcHas ToMorpadms cepaLa no3BoseT BbiSBNATb XapaKTepHble 0COBEHHOCTU KapAuoMUona-
tmin Bcneacteme AL- n ATTR-ammnonposa, 4to MoXeT NoMoub B UX anddepeHumanbHon auarHoctuke. C Lenbio NnoaTBepm-
LEHWs IMarHoCTUYECKON TOYHOCTH, BbISIBIEHHBIX NaTTePHOB, He06X0AMMO NPOLOMIKEHUE UCCIEA0BAHUN.

KnioyeBble cnoBa: aMunoupaos cepaua; CUCTEMHBIN  aMMNOWAO3; MarHMTHO-pe3oHaHCHasA TOMOI'paCl)VIFI cepoua;
0TCPO4YeHHOEe KOHTpacTUpoBaHUe rafosintHUEM; QALE; TpaHCTVIpeTVIHOBbIVI aMUNOMA03; aMUNON03 NETKUX Lienen.
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BACKGROUND

Cardiac amyloidosis is a serious, progressive disease that
causes heart failure and death. It is defined by the extracellular
deposition of a specific protein—polysaccharide complex (amyloid)
inthe myocardium. The most common types of cardiac amyloidosis
are amyloid light-chain (AL) amyloidosis and transthyretin (ATTR)
amyloidosis, which are caused by immunoglobulin light chain
amyloid and transthyretin deposition, respectively. The differential
diagnosis of cardiomyopathies due to AL and ATTR amyloidosis
is crucial for selecting the optimal treatment strategy [1-3].

Amyloidosis is a rare condition. However, recent findings
indicate that amyloid cardiomyopathy is underestimated
as a cause of common cardiac disorders. Due to advancements
in cardiac imaging and improved diagnosis and treatment
strategies, the options for diagnosing and managing cardiac
amyloidosis have expanded [4, 5]. Algorithms proposed
by the American College of Cardiology [6, 7] and the European
Society of Cardiology [8] are currently used for diagnosing
this condition.

Cardiac amyloidosis is diagnosed by assessing clonal
dyscrasia using an immunochemical analysis of serum
and 24-h urine samples. The analysis involved serum
and urine protein electrophoresis with immunofixation,
as well as a serum-free light chain assay to rule out
AL amyloidosis. If the test is positive, a right ventricular
(RV) endomyocardial biopsy can be performed to confirm
the diagnosis and distinguish between AL and ATTR
amyloidosis. In the absence of clonal dyscrasia, ATTR
amyloidosis is confirmed using scintigraphy with technetium
radiopharmaceuticals (*™Tc-PYP, "™Tc pyrophosphate;
#mTc-DPD, *™Tc-3,3-diphosphono-1,2-propanodicarboxylic
acid; *™Tc-HMDP, *™Tc-hydroxyl-methylenediphosphonate),
with an uptake rate of 2-3; a biopsy is not required. TTR
genotyping is also possible, particularly for detecting
hereditary disease forms, even without family history or
signs of polyneuropathy. However, endomyocardial biopsy
is the gold standard in cases with inconclusive test results.
This method has high specificity and sensitivity for detecting
amyloid deposits by Congo red staining [6, 8, 9].

Time-delayed contrast-enhanced magnetic resonance
imaging (MRI) is highly effective in diagnosing cardiac
amyloidosis and detects contrast uptake patterns
inthe myocardium characteristic of amyloid deposits and allows
the assessment of cardiac functional disorders [10-12].
Moreover, cardiac MRI allows for the differential diagnosis
between AL and ATTR amyloidosis-induced cardiomyopathy,
considering the pattern of delayed contrast uptake, signs
of severe concentric ventricular hypertrophy, and increased
myocardial mass [13].

AIM

To assess the potential of cardiac MRI in the differential
diagnosis of cardiomyopathy due to AL or ATTR amyloidosis.
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METHODS
Study design

We conducted a cross-sectional, observational,
single-arm, single-center study to review the medical
records of patients with confirmed cardiomyopathy due to AL
or ATTR amyloidosis.

Eligibility criteria
We used contrast-enhanced cardiac MRI findings obtained

between January 1, 2021, and May 31, 2024.

Inclusion criteria:

« confirmed cardiomyopathy due to AL or ATTR amyloidosis
in accordance with the American College of Cardiology
guidelines [14, 15], European Society of Cardiology
guidelines [8], and Russian guidelines for the diagnosis
and treatment of systemic amyloidosis [9];

« available contrast-enhanced cardiac MRI findings; and

+ signed informed consent (the study only included data
from patients who signed an informed consent form
for the use of their data for research purposes, approved
by the City Clinical Hospital No. 1 named after N.I.
Pirogov).

Study setting

A contrast-enhanced cardiac MRI was performed
in the MRI and CT department of the City Clinical Hospital
No. 1 named after N.I. Pirogov. We included the medical
records of outpatients and inpatients. Amyloid cardiomyopathy
could be the principal diagnosis or a complication of another
condition.

Study duration

We reviewed the medical records between June 1, 2024,
and July 31, 2024.

Intervention

The analysis of medical records included clinical
examination, blood test, electrocardiography (ECG),
echocardiography, and cardiac MRI findings.

A cardiac MRI was performed using the Vantage ExelArt
TOSHIBA 1.5T and Philips Ingenia 1.5-T Evolution scanners,
according to the optimized protocols for diagnosing cardiac
amyloidosis. We used a specific sequence of scanning
protocols to assess the heart morphology, ventricular
function, and signs of amyloid deposits:

1. A series of scans (localizers) in three planes for examination
planning.

2. A cine-MRI in the steady-state free precession mode
in two-, three-, and four-chamber views and a series
of short-axis scans from the base to the apex of the left
ventricle (LV).

3. Fat-suppressed T2-weighted imaging.

4. Black blood T2-weighted imaging.
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5. TI-scout (look-locker) imaging 8—10 min after contrast
injection to determine the optimal myocardial inversion time
(TI) or the phase-sensitive inversion recovery sequence.

6. Post-contrast T1-weighted imaging to assess delayed
contrast uptake in the myocardium (late gadolinium
enhancement, LGE) 10-15 min after contrast injection.

All examinations were ECG-gated, with breath holding,
where necessary. The slice thickness and interslice gap were
6—8 and 2 mm, respectively. The total examination time was
~45-60 min.

Main study outcome

The main study outcome was changes in cardiac
MRI in patients with cardiomyopathy due to amyloidosis.
We assessed the following parameters: LV volumetric
and linear measures; LV and RV LGE patterns.

Additional study outcomes

The additional study outcome was a semiquantitative
LGE assessment using the Query Amyloid Late Enhancement
(QALE) score.

Subgroup analysis

The study included two groups based on the amyloidosis type:
o Group 1: patients with cardiomyopathy due to AL
amyloidosis;
o Group 2: patients with cardiomyopathy due to ATTR
amyloidosis.

Outcomes registration

Images were processed and analyzed using the specialist
cvi42  software (Circle Cardiovascular Imaging Inc.,
Canada). Two qualified radiologists experienced in cardiac
imaging independently assessed the cardiac MRI findings.
The interobserver variability was additionally assessed.
Changes in LV volumetric and linear measures were recorded.
Contrast uptake patterns in the myocardium depending
on the type of amyloidosis were identified. We used the QALE
score developed by Dungu et al. [13] for a semi-quantitative
LGE assessment. The analysis involves three LV levels: basal,
middle, and apical. The maximum score for each level is four
points, depending on the contrast uptake pattern. If the RV
is involved, the maximum score for each level increases to six
points. Thus, the total QALE score ranged from 0 (no LGE)
to 18 (global transmural LV LGE plus RV involvement).

Ethical review

The Local Ethics Committee of I.M. Sechenov First
Moscow State Medical University approved this study
(Minutes No. 15-24 of June 6, 2024).

Statistical analysis

Sample size calculation: The sample size was not
calculated in advance due to the rarity (orphan) of the disease.
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Considering the limited number of patients with this condition,
all eligible patients were included.

Statistical analysis methods: The qualitative
parameters were compared using the x or Fisher's exact
test. The quantitative parameters were compared using
the nonparametric Mann—-Whitney test. The results were
presented as Me [A25; Q75], where Me is the median and Q25
and Q75 are the 25th and 75th percentiles, respectively.
Differences were considered significant at p < 0.05.

RESULTS

Participants

The study included 25 patients with confirmed
cardiac amyloidosis, with 12 and 13 patients in Groups 1
and 2, respectively. The mean age was 71.7 + 12 years; 46%
of the patients were male.

Table 1 shows the patient characteristics, including
demographics and clinical data.

Primary results

MRI: cardiac volumetric and linear measures

Group 2 had more pronounced myocardial wall thickening
than Group 1 (interventricular septum, LV involvement,
18 mm [17; 18] vs. 14.5 mm [12.8; 16], p < 0.01; LV posterior
wall 14 mm [13; 17] vs. 10.5 mm [10.0; 12.3], p < 0.01)
(Fig. 1). No significant differences were found in LV ejection
fraction parameters: 53% [42; 66] vs. 56.5% [51.5; 66.3],
p > 0.05). However, the LV mass index was higher in Group 2
(110 mm/m? [92; 125] vs. 85.0 mm/m? [69.3; 91.8], p < 0.01).
Pleural effusion was detected in 67% and 46% of patients
in Groups 1 and 2, respectively, but the difference was not
significant (p = 0.530).

MRI: delayed contrast uptake in the myocardium

LGE was detected in all patients in Group 2 and 11
(85%) patients in Group 1 (Table 2). RV LGE was detected
in all patients in Group 2 and 58% of patients in Group 1
(p < 0.05). Group 2 had a significantly higher rate of contrast
uptake in the interventricular septum and RV inferior wall
(62% vs. 8%, p < 0.05) (Fig. 2). A simultaneous subendocardial
LGE in the LV and RV in the interventricular septum was found
Group 2, resulting in the double-line sign (100% vs. 50%,
p < 0.01) (Fig. 3). Atrial LGE was observed in 69% and 50%
of patients in Groups 2 and 1, respectively (p > 0.05).

The analysis of contrast uptake distribution by cardiac
segments revealed transmural LGE in Group 2 at the basal
and middle levels (inferolateral segments, Fig. 4) (p < 0.05).
Group 1 showed subendocardial LGE at the middle level
(antero- and inferolateral segments, Fig. 5) (p < 0.05).
The other segments showed no specific contrast uptake
patterns (p > 0.05) (Table 3). The circular contrast uptake
rates were not significantly different.
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Table 1. Comparison of patient characteristics
Characteristics Group 1, n=12 Group 2,n=13 p-value
Demographics
Age, years 64.5[59.3;71.8] 79 [74; 84 <0.01
Males, n (%) 5(42) 11 (85) 0.07
Clinical findings

Chronic heart failure, NYHA class II, n (%) 7(58) 6 (46) 0.83

Chronic heart failure, NYHA class IlI, n (%) 5(42) 7 (54) 0.83

Hypertension, n (%) 4(33) 4(31) 1.0

Coronary artery disease, n (%) 2(17) 5(38) 0.44

Polyneuropathy, n (%) 2(15) 3(23) 1.0

Spinal stenosis, n (%) 0(0) 1(8) 1.0

Carpal tunnel syndrome, n (%) 0(0) 1(8) 1.0
Anamnestic findings

Pacemaker implantation, n (%) 2(15) 1(8) 0.94

History of revascularization, n (%) 1(8) 3(23) 0.65

History of myocardial infarction, n (%) 2(17) 3(23) 1.00
Electrocardiography

Low GRS voltage on ECG, n (%) 5 (42) 5(38) 1.00

Pseudo-infarction changes, n (%) 6 (50) 2(19) 0.15

Complete right bundle branch block, n (%) 1(8) 2(19) 1.00

Grade 1 atrioventricular block, n (%) 1(8) 4(31) 0.37

Atrial fibrillation, n (%) 6 (50) 7 (54) 1.00
Laboratory findings

NT-proBNP > 300 pg/mL, n (%) 12 (100) 13 (100) 0.07

Troponin | > 0.023 ng/mL, n (%) 5 (42) 7 (54) 0.83

Proteinuria > 1.0 g/day, n (%) 11(92) 1(8) <0.01

Echocardiography

Left ventricular ejection fraction, % 57 [48; 63] 54 [54; 58] 0.51

Interventricular septum, mm 15 [14; 17] 17 [16; 19] 0.01

Left ventricular posterior wall, mm 13[12; 15] 16 [14; 171 0.09

Note. Low voltage on ECG was defined as all QRS amplitudes <5 mm (standard leads) or < 10 mm (precordial leads). NYHA, New York Heart
Assaciation classification; NT-proBNP, N-terminal prohormone of brain natriuretic peptide.
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IS Secondary results

HLVPW
Semi-quantitative LGE assessment of cardiac amyloidosis

We performed a semiquantitative LGE assessment

14 145 using the QALE score during the analysis of postcontrast
10 | %10,5 T1-weighted images of the ventricles. Group 2 had larger

LGE areas than Group 1: 13 points [12; 14] vs. 10.5 points
[1.75; 12], p < 0.01 (Fig. 6). We performed a receiver operating
characteristic (ROC) analysis to determine a predictive model
for the QALE score in patients with cardiomyopathy, depending

Group 2

Fig. 1. Box plot of the linear measures of cardiac magnetic
resonance imaging in Groups 1 and 2. AL, light-chain amyloidosis

Group 1 on the amyloidosis type. The analysis confirmed the QALE

score’s usefulness in determining the amyloidosis type:

(Group 1); ATTR, transthyretin amyloidosis (Group 2); IVS, the area under the ROC curve (AUC) was 0.83 (sensitivity 69%,
interventricular septum; LVPW, left ventricular posterior wall. specificity 83%, QALE threshold > 13 points).
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Table 2. Comparison of late gadolinium enhancement cases depending on the segment on MRI.

Digital Diagnostics

Group 1, n=12

Group 2,n=13

0 1 2 3 0 1 2 3

Basal level
Segment 1 (anterior), n 4 2 6 0 3 0 8 2
Segment 2 (anteroseptal), n 7 1 3 1 4 3 5 1
Segment 3 (inferoseptal), n b 2 4 0 4 3 5 1
Segment 4 (inferior), n 2 2 5 3 1 2 7 3
Segment 5 (inferolateral), n 2 1 5 4 0 1 1 n*
Segment 6 (anterolateral), n 3 2 5 2 1 2 5 5

Middle level
Segment 7 (anterior), n 5 1 6 0 4 3 5 1
Segment 8 (anteroseptal), n 5 3 4 0 6 1 5 1
Segment 9 (inferoseptal), n b 1 5 0 5 2 5 1
Segment 10 (inferior), n 3 1 7 1 6 1 4 2
Segment 11 (inferolateral), n* 3 0 9 0* 3 1 ™ g
Segment 12 (anterolateral), n* 4 0 8* 0 5 4 2* 2

Apical level
Segment 13 (anterior), n 6 0 6 0 7 0 5 1
Segment 14 (septal), n 6 0 6 0 5 1 5 2
Segment 15 (inferior), n b 0 6 0 9 1 3 0
Segment 16 (lateral), n 6 0 6 0 8 1 4 0
Total*, n 9 5 w o4& 12 9 12 12

Combination of the segments
Basal level of the interventricular septum (segments 2 and 3), n b 1 3 0 4 3 5 1
Middle level of the interventricular septum (segments 8 and 9), n 5 1 4 0 5 1 5 1
Interventricular septum (segments 2, 3, 8, 9, and 14), n 4 0 2 0 2 1 2 0
Basal level, lateral wall (segments 5 and 6), n 2 1 3 2 0 1 1 5
Middle level, lateral wall (segments 11 and 12), n 3 0 8* 1 3 1 1* 1
Lateral wall (segments 5, 6, 11, 12, and 16), n 2 0 3 0 1 0 0 0
Circular distribution with a subendocardial pattern
Basal level, n 2 0
Middle level, n 3 1
Apical level, n 6 2
Circular distribution with any contrast uptake pattern

Basal level, n 4 7
Middle level, n 6 5
Apical level, n 5 4

Note. 0, no late gadolinium enhancement areas; 1, intramyocardial late gadolinium enhancement pattern; 2, subendocardial late gadolinium

enhancement pattern; 3, transmural late gadolinium enhancement pattern; *, significant intergroup difference (cases of late gadolinium enhancement

with the same pattern in the groups).

DOl https://doi.org/10.17816/DD635007

674



ORIGINAL STUDY ARTICLES Vol. 5 (4) 2024 Digital Diagnostics
1;{; 100 00 MGroupl mGroup2  This conclusion is clinically significant because these two

90
80
70
60
50
40
30
20
10

0

8

RV RV interventricular RV inferior
septum wall

Fig. 2. Distribution of late gadolinium enhancement cases in the
right ventricle in the groups. RV, right ventricle; AL, light-chain
amyloidosis (Group 1); ATTR, transthyretin amyloidosis (Group 2);
LGE, late gadolinium enhancement.

DISCUSSION

Summary of primary results

This retrospective study revealed that cardiac MRI
plays a significant role in the differential diagnosis of AL
amyloidosis- and ATTR amyloidosis-induced cardiomyopathy.

conditions require fundamentally different therapeutic
approaches [16].

Discussion of primary results

Distinctive signs of amyloid cardiomyopathy include more
pronounced myocardial wall thickening (interventricular
septum, LV involvement, and LV posterior wall) and anincreased
LV mass index in ATTR amyloidosis compared with AL
amyloidosis, which was consistent with previous findings,
indicating that ATTR amyloidosis is associated with more
severe myocardial hypertrophy. Based on Dungu et al. [13],
AL amyloidosis was characterized by a minimal increase
in the LV mass index compared with ATTR amyloidosis. They
reported a significant LV wall thickening in ATTR amyloidosis
compared with AL amyloidosis: 18 + 2 vs. 14 + 3 mm.
Kriste et al. reported similar findings: the myocardial mass
in ATTR amyloidosis compared with AL amyloidosis was
164 + 57 vs. 159 + 61 mg. The maximum LV wall thickness
in ATTR amyloidosis was significantly higher than that in AL
amyloidosis. These changes are due to an increased amyloid
load in ATTR amyloidosis [14, 15].

Fig. 3. Time-delayed contrast-enhanced cardiac magnetic resonance imaging scans in transthyretin amyloidosis. Subendocardial contrast
uptake in the interventricular septum (right and left ventricular involvement) (red dashed lines).

Fig. 4. Time-delayed contrast-enhanced cardiac magnetic resonance imaging scans in transthyretin amyloidosis. Transmural contrast
uptake at the basal and middle levels (inferolateral segments), subendocardial contrast uptake at the basal level (anterior, anterolateral,
and inferior segments) of the left ventricular myocardium (white arrows), and subendocardial contrast uptake in the interventricular

septum (right ventricular involvement) (yellow arrow).
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Fig. 5. Time-delayed contrast-enhanced cardiac magnetic resonance imaging scans in light-chain amyloidosis. Subendocardial contrast
uptake at the basal and middle levels (inferolateral segments) of the left ventricular myocardium (white arrows).

Table 3. Comparative analysis of late gadolinium enhancement cases in various cardiac structures in the groups.

. Group 1, Group 2,
Characteristics n=12 n=13 p-value
Late gadolinium enhancement in the right ventricle, n (%) 7 (58) 13 (100) <0.05
Late gadolinium enhancement in the right ventricular inferior wall, n (%) 1(8) 8 (62) <0.05
Late gadolinium enhancement in the interventricular septum (right ventricular involvement), n (%) 6 (50) 13 (100) <0.05
Late gadolinium enhancement in the right ventricular wall, n (%) 6 (50) 9 (69) >0.05
Late gadolinium enhancement in the atria, n (%) 6 (50) 9 (69) >0.05
!_ate gadolinium ;enhancement in the interventricular septum (right and left ventricular 6 (50) 13 (100) <0.05
involvement), n (%)
16 ROC curve
1.0
14
12 0.8
10
3 z 0.6
i 8 . 2
3 . & 0.4
4 0.2
2 00 — QALE (AUC=0.83)
0.0 02 04 0.6 08 10

0

Group 2 Group 1

Fig. 6. Box plot of the Query Amyloid Late Enhancement (QALE)
score in Groups 1 and 2. AL, light-chain amyloidosis (Group 1);
ATTR, transthyretin amyloidosis (Group 2).

LGE patterns in these types of cardiac amyloidosis
differ, which can be useful in the differential diagnosis. AL
amyloidosis is more commonly associated with a global
subendocardial contrast uptake, whereas ATTR amyloidosis
is characterized by a transmural or focal contrast
uptake [13, 17]. Despite these differences, the differential
diagnosis between AL amyloidosis- and ATTR amyloidosis-
induced cardiomyopathy based on cardiac MRI findings can be

DOI: https://doi.org/10.17816/0D635007

1 - Specificity

Fig. 7. ROC curve for the Query Amyloid Late Enhancement (QALE)
score. Solid line: QALE score, area under the curve (AUC) 0.83 (95%
confidence interval: 0.64-0.97); sensitivity 69%; specificity 83%.

challenging due to similar visual patterns. Semiquantitative
LGE assessment and additional imaging techniques
(scintigraphy with *™Tc-DPD) have been proposed to improve
the diagnostic accuracy [18].

The analysis of LGE characteristics revealed specific
patterns for each amyloidosis type, which can be used
for the differential diagnosis. The most valuable findings are
as follows:
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Fig. 8. Time-delayed contrast-enhanced cardiac magnetic resonance imaging scans in transthyretin amyloidosis. a, transmural contrast
uptake at the basal level (lateral segments) and intramural contrast uptake at the basal level (inferior segment) of the left ventricular
myocardium (white arrows), QALE score: 15 points. b, circular subendocardial contrast uptake at the middle level (all segments) of the left
ventricular myocardium (yellow arrows), QALE score: 10 points.

« ATTR amyloidosis: more commonly associated
with a pronounced transmural LGE at the basal and middle
levels, in the inferolateral segments of the LV, with RV
involvement, particularly in the interventricular septum
(LV involvement) and the RV inferior wall (Fig. 8, a).

« AL amyloidosis: more commonly associated
with a subendocardial LGE, mostly at the middle levels,
in the antero- and inferolateral segments (Fig. 8, b).
These findings are consistent with those of previous

studies [13, 17, 19], which also found specific LGE patterns

in AL and ATTR amyloidosis, including a more pronounced

contrast uptake in ATTR amyloidosis (p < 0.001) [17].

Based on the available data, ATTR amyloidosis can
be distinguished from AL amyloidosis with a sensitivity
and specificity of 82% and 76%, respectively, based on the QALE
score of > 13 points [13]. We found that ATTR amyloidosis was
similarly characterized by a more pronounced LGE compared
with AL amyloidosis.

The significant amyloid buildup in the myocardium in ATTR
amyloidosis is most likely due to a longer disease duration
than in AL amyloidosis. In AL amyloidosis, myocardial
damage is caused by both amyloid buildup and the direct
toxic effect of the immunoglobulin light chains, resulting
in lower amyloid levels in the myocardium.

Our study revealed that patients with AL amyloidosis
have a higher risk of pleural effusion than patients with ATTR
amyloidosis. This is a significant finding because it can be
associated with more severe systemic involvement in AL
amyloidosis, as confirmed by Binder et al. [20].

The double-line sign in the interventricular septum
in ATTR amyloidosis is an interesting phenomenon, indicating
simultaneous subendocardial LGE in the LV and RV (See Fig. 3).
This sign was observed in all patients with ATTR amyloidosis,
possibly making it an important diagnostic marker. However,
available publications do not describe this contrast uptake
pattern, necessitating further studies.

Notably, no significant intergroup differences were
observed in the LV ejection fraction and volumetric measures.
In this context, myocardial deformation assessment will

DOl https://doi.org/10.17816/DD635007
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likely be more useful for assessing the functional aspects
of the heart in amyloidosis [21].

Study limitations

This study has the following limitations:

« the sample size was relatively small.

+ the study did not assess the effect of concomitant
cardiovascular diseases and interventions.

However, we found no significant differences when
comparing the clinical and anamnestic signs in the groups
(See Table 1). Notably, a significant age difference of 11 years
was observed between the groups (p < 0.01), which
likely affected the result interpretation. However, despite
the observed differences, many characteristics of cardiac MRI
findings in amyloid cardiomyopathy are nonspecific and can be
seen in both amyloidosis types, highlighting the importance
of a comprehensive diagnosis, including clinical, laboratory,
and imaging examinations.

CONCLUSION

The study findings show that contrast-enhanced cardiac
MRl is a highly effective tool for the differential diagnosis of AL
amyloidosis- and ATTR amyloidosis-induced cardiomyopathy.
Using typical contrast uptake patterns and additional imaging
techniques can significantly improve the diagnostic accuracy.
Further studies and new diagnostic criteria and tools are
required to improve the diagnosis and treatment of this
complex condition.
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