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Amyloidosis is a multisystemic disease characterized by the accumulation of abnormal pro-
teins in extracellular spaces in various organs, with frequent involvement of the myocardium. 
We report a case of a patient who had cardiac amyloidosis with a trend of reduction in native 
T1 and T2 values and extracellular volume fraction on serial cardiac magnetic resonance imag-
ing after chemotherapy and stem cell transplantation. The native T1 value and the extracellular 
volume fraction are closely associated with tissue amyloid burden in amyloidosis patients. This 
case demonstrated that cardiac magnetic resonance imaging may be used as a non-invasive 
and quantitative biomarker in the treatment monitoring of amyloidosis.
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INTRODUCTION

Amyloidosis is a multisystemic disease characterized by the extracellular accumula-
tion of misfolded proteins in various tissues and organs throughout the body. Light-
chain (AL) amyloidosis is derived from the abnormal breakdown of normal immuno-
globulin light chains caused by an underlying plasma cell dyscrasia. Approximately 
50% of patients with AL amyloidosis develop cardiac involvement, and cardiac amyloi-
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dosis (CA) is a significant factor for morbidity and mortality (1).
Evaluation of prognosis and treatment response in cardiac involvement of AL amyloidosis 

is dependent on electrocardiography (ECG), echocardiography, and serum cardiac biomark-
ers such as N-terminal pro-brain natriuretic peptide (NT-pro-BNP) and troponin T levels.

Native T1 value and extracellular volume fraction (ECV) using cardiac magnetic resonance 
imaging (MRI) have been used for the diagnosis and predicting prognosis of CA (2, 3) usually 
at a single point in time. Here, we present a case where cardiac treatment response was eval-
uated by the reduction of native T1 and T2 values and ECV in serial cardiac MRI after the 
treatment of amyloidosis.

CASE REPORT

A 59-year-old woman visited our hospital for the evaluation of an incidentally detected ab-
normal liver enzyme level during health screening. The patient had no specific clinical 
symptoms or past medical history. She underwent liver biopsy, and the pathologic report was 
AL amyloidosis. She was referred for cardiologic evaluation. ECG revealed low-voltage QRS 
complex. Transthoracic echocardiography revealed thick left ventricular (LV) myocardium 
(16 mm) and diastolic dysfunction. The LV ejection fraction was 77%, which was within the 
normal range. Her serum NT-pro-BNP level was 462 pg/mL (reference value: < 287 pg/mL) at 
initial evaluation. After 3 months, her serum NT-pro-BNP level increased to 2763 pg/mL. She 
received 6 cycles of chemotherapy (a combination of bortezomib, thalidomide, and dexa-
methasone) for 7 months and subsequently underwent autologous peripheral blood stem 
cell transplantation. Her serum NT-pro-BNP level gradually decreased to 329 pg/mL after 
chemotherapy and stem cell transplantation. After treatment, the low voltage QRS observed 
on the initial ECG disappeared. The LV ejection fraction on echocardiography remained in 
the normal range during and after treatment. She showed complete remission of amyloido-
sis and was undergoing regular outpatient follow-up.

The patient underwent 3 MRI studies, with baseline imaging at diagnosis and follow-up 
imaging at 1 month and 12 months after chemotherapy. MRI was performed using a 3.0-T 
scanner (MAGNETOM Trio Tim, Siemens AG Healthcare Sector, Erlangen, Germany). All 
MRI studies included a native T1 and T2 mapping and a post-contrast T1 mapping using a 
modified Look-Locker inversion recovery sequence. The initial MR image showed LV hyper-
trophy and diffuse circumferential subendocardial delayed hyperenhancement of the LV 
myocardium, which is a typical pattern of CA (Fig. 1A). The initial LV thickness was 19.0 mm, 
and the LV mass indexed to body surface area was 82.52 g/m2 (Fig. 1B). Global native T1 and 
T2 values and the ECV of the myocardium were 1471.1 ms (reference value: 1213.9 ± 37.4 ms) 
and 53.7 ms (reference value: 48.5 ± 4.2 ms) and 41.1% (reference value: 25.8 ± 2.2 %), respec-
tively. Based on the follow-up MRI at 1 month after chemotherapy, LV thickness and LV mass 
decreased to 16.7 mm and 79.10 g/m2, respectively. Global native T1 and T2 values and the 
ECV of the myocardium were 1419.1 ms and 51.1 ms and 34.7%, respectively. Twelve months 
after chemotherapy, LV thickness and LV mass decreased to 13.0 mm and 68.04 g/m2, respec-
tively. Global native T1 and T2 values further decreased to 1343.1 ms and 42.1 ms, respective-
ly, and the ECV was approximately 34.9% (Fig. 1C-E).
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DISCUSSION

AL amyloidosis is a multisystemic disease characterized by the extracellular accumulation 
of misfolded proteins from dyscrasic plasma cells in the extracellular spaces of various or-
gans. These insoluble deposits lead to interstitial expansion and disruption of structure and 
function, and cardiac involvement is a significant factor for morbidity and mortality. The 
median survival of amyloidosis patients decreased from 26 months to 10 months when NT-
pro-BNP or troponin T levels increased according to the Mayo staging system (4, 5).

Cardiac MRI is a significantly useful tool used to establish the diagnosis of CA. Native T1 
relaxation time is a composite measure of the interstitial and myocardial cells. ECV is a direct 
measure of the myocardial interstitium calculated from the relative changes in T1 relaxation 
time of the myocardium and blood pools after gadolinium administration. The accumulation 
of substances in the interstitial space of the myocardium causes a significant increase of the 
native T1 and ECV values in CA (2). Previous studies have confirmed that myocardial native T1 
value and ECV are considered surrogate markers of cardiac amyloid burden (2, 3, 6). Cardiac 
amyloid load quantified with native T1 and ECV are important prognostic and predictive bio-
markers of CA (3, 7). An increased native T1 value is associated with an approximately sixfold 
increase of mortality in CA (3), and ECV greater than 45% has an approximately fourfold in-
crease of mortality in CA (3). Moreover, an increased native T1 value is also significantly asso-
ciated with diastolic dysfunction, and several cardiac biomarkers reflect disease severity (3).

Fig. 1. A 59-year-old woman with baseline MRI and 1 month and 12 months follow up MRI after treatment of 
cardiac amyloidosis.
A. The initial late gadolinium enhancement image shows an extensive circumferential subendocardial de-
layed hyperenhancement, which decreases in serial images.
B. LV wall thickness on cine image decreases from 19.0 mm to 16.7 mm and 13.0 mm at 1-month and 
12-month follow-ups, respectively; LV mass indexed to body surface area also decreases from 82.52 g/m2 to 
79.10 g/m2 and 68.04 g/m2, respectively.
LV = left ventricular
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Fig. 1. A 59-year-old woman with baseline MRI and 1 month and 12 months follow up MRI after treatment of 
cardiac amyloidosis.
C. The global native T1 values of the myocardium on native T1 map decreases from 1471.1 ms to 1419.1 ms 
and 1343.1 ms after 1 month and 12 months after chemotherapy, respectively; ECV also decreases from 
41.1% to 34.7% and 34.9%, respectively.
D. The global T2 value of the myocardium on native T2 map gradually decreases from 53.7 ms to 51.1 ms 
and 42.1 ms after 1 month and 12 months after chemotherapy, respectively.
E. Timeline of the clinical course represents the changes in serum cardiac biomarkers, native T1 value, ECV, 
T2 value, and LV mass. Native T1 value, ECV, T2 value, and LV mass decreased after treatment, which corre-
lated with the changes in serum biomarkers.
ECV = extracellular volume fraction, LV = left ventricular, NT-pro-BNP = N-terminal pro-brain natriuretic peptide
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A previous study reported that myocardial T2 value significantly increased in CA, suggest-
ing myocardial edema, specifically in AL patients. However, myocardial T2 was not a predic-
tor of survival in CA (8).

This case report provides insight into the potential role of serial T1 mapping MRI assess-
ment in the treatment of AL amyloidosis. Decreasing trend of myocardial native T1 and T2 
values, ECV, LV mass [suggesting the reduction of the cardiac amyloid burden, not atrophy of 
the myocardium (9)], and NT-pro-BNP level after the treatment of AL amyloidosis patient 
were observed in this case report. A previous study reported a case of monitoring cardiac re-
sponse of AL amyloidosis using myocardial native T1 values (10). The study presented the pos-
sibility of using cardiac MRI without contrast media in patients with renal failure. Our study 
suggested that not only native T1 but also ECV is an indicator of amyloid burden, and ECV ac-
curately measures interstitial burden. Additionally, T2 value also showed serial decrement af-
ter treatment, suggesting the improvement of myocardial edema. Therefore, a follow-up as-
sessment of these indicators is considered beneficial in the evaluation of treatment response.

In conclusion, measurement of native T1 and T2 values and ECV using cardiac MRI is con-
sidered as a noninvasive and quantitative biomarker for assessing the treatment response of 
AL amyloidosis patients with cardiac involvement. Considering that CA is a significant factor 
for morbidity and mortality in AL amyloidosis patients, it plays an important role in clinical 
practice.

Author Contributions
Conceptualization, H.Y.J.; data curation, all authors; formal analysis, all authors; investigation, S.J.; 

methodology, H.Y.J.; project administration, H.Y.J.; supervision, H.Y.J.; visualization, S.J.; writing—
original draft, S.J.; and writing—review & editing, H.Y.J. 

Conflicts of Interest
The authors have no potential conflicts of interest to disclose.

Funding
None

REFERENCES

1. Dubrey SW, Cha K, Anderson J, Chamarthi B, Reisinger J, Skinner M, et al. The clinical features of immuno-
globulin light-chain (AL) amyloidosis with heart involvement. QJM 1998;91:141-157

2. Karamitsos TD, Piechnik SK, Banypersad SM, Fontana M, Ntusi NB, Ferreira VM, et al. Noncontrast T1 map-
ping for the diagnosis of cardiac amyloidosis. JACC Cardiovasc Imaging 2013;6:488-497

3. Banypersad SM, Fontana M, Maestrini V, Sado DM, Captur G, Petrie A, et al. T1 mapping and survival in sys-
temic light-chain amyloidosis. Eur Heart J 2015;36:244-251

4. Dispenzieri A, Gertz MA, Kyle RA, Lacy MQ, Burritt MF, Therneau TM, et al. Serum cardiac troponins and N-
terminal pro-brain natriuretic peptide: a staging system for primary systemic amyloidosis. J Clin Oncol 
2004;22:3751-3757

5. Kumar S, Dispenzieri A, Lacy MQ, Hayman SR, Buadi FK, Colby C, et al. Revised prognostic staging system 
for light chain amyloidosis incorporating cardiac biomarkers and serum free light chain measurements. J 
Clin Oncol 2012;30:989-995

6. Robbers LF, Baars EN, Brouwer WP, Beek AM, Hofman MB, Niessen HW, et al. T1 mapping shows increased 
extracellular matrix size in the myocardium due to amyloid depositions. Circ Cardiovasc Imaging 2012;5: 
423-426

7. Kristen AV, Brokbals E, Aus dem Siepen F, Bauer R, Hein S, Aurich M, et al. Cardiac amyloid load: a prognos-



jksronline.org434

Serial T1 Mapping in Cardiac Amyloidosis

tic and predictive biomarker in patients with light-chain amyloidosis. J Am Coll Cardiol 2016;68:13-24
8. Ridouani F, Damy T, Tacher V, Derbel H, Legou F, Sifaoui I, et al. Myocardial native T2 measurement to dif-

ferentiate light-chain and transthyretin cardiac amyloidosis and assess prognosis. J Cardiovasc Magn Re-
son 2018;20:58

9. Aus dem Siepen F, Buss SJ, Andre F, Seitz S, Giannitsis E, Steen H, et al. Extracellular remodeling in patients 
with wild-type amyloidosis consuming epigallocatechin-3-gallate: preliminary results of T1 mapping by 
cardiac magnetic resonance imaging in a small single center study. Clin Res Cardiol 2015;104:640-647

10. Hur DJ, Dicks DL, Huber S, Mojibian HR, Meadows JL, Seropian SE, et al. Serial native T1 mapping to moni-
tor cardiac response to treatment in light-chain amyloidosis. Circ Cardiovasc Imaging 2016;9:e004770

T1 지도화 기법 심장 자기공명영상 추적 검사를 이용한 
심장 아밀로이드증의 치료 반응 평가

손진우 · 홍유진*

아밀로이드증은 세포 외 공간에 비정상적인 단백질이 축적되는 것을 특징으로 하는 전신 질

환이며, 심근을 포함한 다양한 기관을 침범한다. 저자들은 심장 아밀로이드증 환자에서 항암 

화학 요법 및 줄기세포 이식 후 심장 자기공명영상의 추적검사에서 조영 전 T1 및 T2 수치와 

세포 외 부피 분율의 감소를 보인 사례를 보고한다. 조영 전 T1 이완시간 및 세포 외 부피 분

율은 아밀로이드증 환자에서 조직의 아밀로이드 축적 정도와 밀접한 관련이 있다. 이 사례를 

통해 T1 지도화 심장 자기공명영상 기법이 심장 아밀로이드증의 치료 반응 모니터링에 비침

습적이며 정량적인 도구로서 큰 역할을 할 수 있는 가능성을 확인할 수 있다.
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