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Abstract
To compare inversion time (TI) parameters, native T1, and extracellular volume (ECV) on cardiac magnetic resonance (CMR) 
imaging between patients with cardiac amyloidosis (CA) or hypertrophic cardiomyopathy (HCMP). Forty six patients with 
biopsy-confirmed CA and 30 patients with HCMP who underwent CMR were included. T1 and TI values were measured 
in the septum and cavity of the left ventricle on T1 mapping and TI scout images. TI values were selected at nulling point 
for each myocardium and blood pool. Native T1, ECV, and TI interval values were significantly different between the CA 
(1170.5 ± 86.4 ms, 56.7 ± 12.2, − 11.5 ± 28.4 ms) and HCMP (1059.5 ± 63.4 ms, 28.5 ± 5.8, 66.2 ± 25.4 ms) (all p < 0.001). 
The diagnostic performance of the TI interval (area under the ROC curve, 0.975) was not inferior to that of the ECV (0.980, 
p = 0.776), and it was superior to that of the native T1 (0.845, p = 0.004). The diagnostic performance of TI interval was 
comparable to that of ECV for differential diagnosis between CA and HCMP. TI interval showed the feasibility as quantita-
tive CMR parameter when T1 mapping images are not available.

Keywords Amyloidosis · Cardiovascular magnetic resonance · Extracellular volume · Hypertrophic cardiomyopathy · 
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Abbreviations
AUC   Area under the ROC curve
CA  Cardiac amyloidosis
CMR  Cardiovascular magnetic resonance
ECV  Extracellular volume

GRAPPA  Generalized auto-calibrating partially parallel 
acquisitions

HCMP  Hypertrophic cardiomyopathy
LGE  Late gadolinium enhancement
LV  Left ventricle
LVEDV  Left ventricular end-diastolic volume
LVESV  Left ventricular end-systolic volume
MOLLI  Modified look-locker inversion recovery
TR  Repetition time
TE  Echo time
ROC  Receiver-operating characteristic
SA  Short-axis
SSFP  Steady-state free precession
SV  Stroke volume
TI  Inversion time

Introduction

Cardiac amyloidosis (CA) has a poor prognosis [1], so diag-
nosis for treatment decisions is important. Although endo-
myocardial biopsy is the most accurate method for the diag-
nosis of CA, the procedure has risks due to its invasiveness 
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[2]. Echocardiography is the most commonly used non-
invasive imaging method, but it is insensitive in the early 
stage of CA [3]. Several studies have shown that CA can be 
diagnosed using cardiovascular magnetic resonance (CMR) 
with late gadolinium enhancement (LGE) images because 
of its characteristic enhancement pattern, including diffuse, 
global subendocardial enhancement [4–6], but CA might 
show atypical features, such as patchy or focal enhancement 
[7]. The most common LGE patterns of hypertrophic cardio-
myopathy (HCMP) are patchy and multifocal distributions 
[8–10], so differentiating between CA and HCMP can be 
difficult if the CA does not show specific LGE patterns. In 
addition, amyloid deposition shortens the T1 time of the 
myocardium, making it difficult to identify the appropriate 
nulling time during acquisition of the LGE images [4].

T1 mapping and extracellular volume (ECV) have been 
introduced as quantitative parameters according to the devel-
opment of the CMR techniques [11, 12]. Recently, studies 
have compared patients with CA, HCMP, or non-amyloid 
cardiomyopathy using values of native T1 mapping and ECV 
[13–15]. However, additional acquisition time is required 
to obtain T1 mapping, and acquiring T1 mapping images 
both before and after injection of gadolinium contrast is 
required to calculate ECV. The inversion time (TI) scout 
images, which are a type of routine image, generally are 
used to obtain LGE images corresponding to the optimal 
nulling time. From the TI scout images, we can determine 
the nulling time of the LV cavity and myocardium. Indeed, 
assessment of the temporal order of nulling on the TI scout 
images in patients with CA has been used to establish the 
characteristics of CA [16]. We hypothesized that quanti-
tative parameters obtained from the TI scout images will 
demonstrate characteristic values for CA patients. Thus, the 
purpose of this study was to compare the native T1, ECV, 
and TI parameters on CMR imaging between patients with 
CA or HCMP and to evaluate whether the TI parameter can 
replace the ECV as a quantitative CMR parameter.

Methods

Patient population

Between October 2011 and April 2016, 46 consecutive 
patients with histopathologically diagnosed CA of the light-
chain type were included in this study. All patients under-
went CMR examination at the time of pathologic diagnosis. 
The mean interval between pathologic diagnosis and CMR 
study was 2.7 ± 2.4 days (median 2 days; range 0–10 days). 
In addition, 30 consecutive patients with clinically diag-
nosed HCMP of a concentric or septal type and ten asymp-
tomatic subjects who underwent screening CMR for a health 
checkup at the Health Promotion Center of our institute 

were included in this study. None of ten control subjects 
had hypertension or diabetes. This study was approved by 
the Institutional Review Board at Samsung Medical Center, 
one of the major tertiary referral centers in Seoul, Korea, and 
the requirement for informed consent for the use of patient 
data was waived.

CMR imaging protocol

All patients underwent cardiac MRI with a 1.5 T scan-
ner (Magnetom Avanto, Syngo MR B17 version; Siemens 
Healthcare, Erlangen, Germany) and a 32-channel phased-
array receiver coil during repeated breath-holds. CMR scans 
consisted of localizing images (axial, coronal, and sagittal), 
cine scans, native T1 mapping, late gadolinium enhancement 
scans, and post-T1 mapping.

After localization, cine images of the left ventricle (LV) 
were acquired using a steady-state free precession (SSFP) 
sequence on 4-, 3-, and 2-chambers and short-axis (SA) 
views for obtaining 30 contiguous SA slices to include the 
entire LV with a 6-mm slice thickness and 4-mm intersec-
tion gaps. Balanced SSFP cine images with the generalized 
auto-calibrating partially parallel acquisitions (GRAPPA; 
Siemens Medical Solutions, Erlangen, Germany) reconstruc-
tion algorithm were obtained during multiple breath-holds. 
Cine images were acquired with the following parameters: 
repetition time/echo time, 3.31 ms/1.31 ms; flip angle 72°; 
phases per cardiac cycle 30; field of view 240 × 300 mm2; 
matrix 256 × 150; and generalized auto-calibrating partially 
parallel acquisitions (GRAPPA) acceleration factor, 2.

T1 mapping images were acquired with modified Look-
Locker inversion-recovery (MOLLI) sequence. The pre-
contrast MOLLI was composed of 5 images over 5 heart-
beats after the first inversion pulse and 3 images over 3 
heartbeats after the second inversion pulse [a 5(3)-3 pro-
tocol with a pause of 3 heartbeats]. Finally, eight images 
during 11 heartbeats were obtained, and T1 maps were 
generated after registration of individual inversion images 
with inline motion correction prior to non-linear curve fit-
ting using the 3-parameter signal model. The post-contrast 
MOLLI scheme was 4(1)-3(1)-2 over 11 heartbeats with 
three inversion pulses. Finally, nine images with different 
TIs were acquired. The following scan parameters were 
used: slice thickness 8 mm; flip angle 35°; field of view 
360 mm × 307 mm; initial TI 120 ms; TI increment 80 ms; 
voxel size 1.87 × 1.88 × 8 mm3; TR (Repetition time)/TE 
(Echo time), 2.4/1.01 ms; partial Fourier, 7/8; and GRAPPA 
parallel imaging factor, 2. Post-contrast images were 
acquired at the same positions as the pre-contrast images 
within 15 min after the injection. All scans were carried out 
by qualified technicians and supervised by an experienced 
radiologist.
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The TI scout gradient echo sequence had the following 
parameters: 8 mm thick, mid ventricle level, TR 23.58 ms, 
TE 1.11 ms, flip angle 30°, generated using 20 or 30 ms 
increments (depending on heart rate) from 85 to 795 ms.

Anatomical and functional analysis of the left 
ventricle

CMR image analyses were performed by one experienced 
investigator (Y.K) blinded to the clinical results. Septal and 
posterior wall thicknesses were measured on SA images at 
the LV mid-ventricular level. Quantitative evaluation of 
LV volume and mass at end diastole and end systole was 
performed. Frames with the largest and smallest ventricu-
lar volumes were chosen as end diastole and end systole, 
respectively. The LV end-diastolic volume (LVEDV), LV 
end-systolic volume (LVESV), LV ejection fraction, stroke 
volume (SV), cardiac output, and LV mass were calculated 
from the SA cine images using ARGUS™ software (Sie-
mens Healthcare, Erlangen, Germany) with semiautomatic 
contour detection. Manual correction of the automatically 
rendered endo- and epicardial contours was performed in 
all data-sets, and the papillary muscles and myocardial tra-
beculations were included in the ventricular cavity. The LV 
mass was measured by multiplying the sum of total LV myo-
cardial volume from the cine images by specific gravity of 
the myocardium.

Analysis of T1 mapping with ECV quantification 
and TI scout

For the acquisition of myocardial T1 values, ROIs for signal 
intensity were drawn manually in the septum of the pre- 
and post-contrast T1 maps at the mid-ventricular level. The 
T1 value of blood was measured by positioning a circular 
ROI in the LV cavity while avoiding the papillary muscle. 
The ECV of the myocardium was calculated as follows: 
ECV (%) =

(

ΔR1
m
∕ΔR1

b

)

× (1 − hematocrit level) × 100 , 
where R1 is 1/T1;  R1m is the R1 of the myocardium;  R1b 
is the R1 of the blood; and ΔR1 is the change in relaxivity. 
The change in relaxivity (ΔR1) was determined with the 
following equation: ΔR1 = R1post − R1pre, where  R1post and 
 R1pre are the R1 after and before contrast administration, 
respectively [17, 18].

The TI scout used for delayed hyper-enhancement was the 
time to complete nulling of the signal of the myocardium. TI 
scout images were acquired at 10 min after contrast injection. 
The temporal order of nulling of the contrasted blood pool in 
the LV cavity and myocardium (interventricular septum) was 
recorded in each case from the TI scout sequence. We com-
pared the TI of the nulling point between the CA, HCMP, and 
control groups. We also analyzed the intervals of TI obtained 

from the LV cavity and myocardial septum in those groups 
(Fig. 1).

Statistical analysis

Statistical analysis was performed with SAS version 9.4 (SAS 
Institute, Cary, NC) and R 3.4.0 (Vienna, Austria). The clinical 
features and CMR parameters between the CA, HCMP, and 
control groups were compared using Fisher’s exact test for 
categorical variables and Kruskal–Wallis test for continuous 
variables. Comparisons of TI between the CA, HCMP, and 
control groups were performed by ANOVA and Kruskal–Wal-
lis tests; for the post-hoc analysis, we used Mann–Whitney 
U test with Bonferroni correction. Receiver-operating charac-
teristic (ROC) curve analysis was used to test the predictive 
performance of TI and intervals of TI between the LV cavity 
and myocardium and the results were presented as the area 
under the ROC curve (AUC) and 95% confidence interval (CI). 
The comparison of AUC for diagnostic performance among 
CMR parameters was analyzed by using the DeLong method 
[19]. The correlation between the representative parameter, 
such as ECV and other CMR parameters, was calculated with 
Spearman’s correlation coefficient. Interobserver agreement 
for the measurement of TI scout and T1 mapping was analyzed 
with intraclass correlation coefficients (ICCs). ICC values of 
0.20 or less were indicative of poor agreement; 0.21–0.40 was 
considered fair; 0.41–0.60, moderate; 0.61–0.80, good; and 
0.81 or more, excellent correlation. In all statistical analyses, 
p values < 0.05 were considered statistically significant.

Results

Patient characteristics

Patient characteristics for all groups are summarized in 
Table 1. There were no significant differences in age or sex 
among the CA, HCMP, and control groups. Body surface 
area was about 0.1 m2 higher in patients with HCMP than in 
other groups (p < 0.001). Patients with CA had 5–6% signifi-
cantly lower hematocrit level than did patients with HCMP 
(p < 0.001). Among the CMR parameters, left ventricular 
mass index was lower in patients with CA than patients 
with HCMP by 30 g/m2 (p < 0.001). There was a significant 
difference between patients with CA and HCMP in LVEF, 
LVEDV and SV among the remaining CMR parameters (all 
p < 0.001).

TI of the nulling point and TI interval obtained 
from the myocardium and LV cavity in CA, HCMP, 
and control groups

There were significant differences in TI in the myocar-
dial septum among the CA, HCMP, and control groups 
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(Fig. 2a). Patients with CA had significantly decreased TI 
of the myocardium (192.1 ± 33.2 ms) compared to patients 
with HCMP (234.6 ± 29.0 ms, p < 0.001) and controls 
(244.6 ± 19.8 ms, p < 0.001). The TI of the LV cavity was 
increased in patients with CA (203.5 ± 36.9 ms) compared 
to patients with HCMP (168.4 ± 35.7 ms, p < 0.001) and 
controls (160.7 ± 18.1 ms, p < 0.001) (Fig. 2b). There were 
no statistically significant differences in the TI of the myo-
cardium or the TI of the LV cavity between HCMP patients 
and controls (p = 0.320 and 0.937, respectively) (Table 2).

The TI interval differed significantly between the 
myocardium and the LV cavity (Fig. 3). The CA group 
had a decreased TI interval (-11.5 ± 28.4 ms, p < 0.001) 
compared to the HCMP group (66.2 ± 25.4 ms). The TI 
interval differed significantly between the CA and control 
groups (83.9 ± 16.8 ms, p < 0.001), but not between the 
HCMP and control group (p = 0.096).

Fig. 1  TI scout images and TI curve in patients with cardiac amy-
loidosis and hypertrophic cardiomyopathy. Inversion time (TI) scout 
images with ROI measurement of LV cavity (yellow circle) and myo-
cardium (red circle) and TI curve in patients with cardiac amyloido-
sis and hypertrophic cardiomyopathy. a and b TI interval (TI value 

of the myocardial septum—TI value of the left ventricular cavity, 
arrow in b), − 22 ms in a 52-year-old man with cardiac amyloidosis. 
c and d TI interval (arrow in d), 70  ms in a 58-year-old man with 
hypertrophic cardiomyopathy. [LV left ventricle, RV right ventricle on 
short-axis views (a, c)]
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Native T1 mapping and ECV in CA, HCMP, 
and control groups

Native T1 mapping differed significantly between the 
CA (1170.5 ± 86.4 ms), HCMP (1059.5 ± 63.4 ms), and 

control groups (965.0 ± 49.9 ms, p < 0.001). Posthoc anal-
yses also revealed significant differences between the CA 
and HCMP groups, CA and control groups, and HCMP 
and control groups (all p < 0.001) (Fig. 4a). Patients with 
CA showed increased ECV values (56.7 ± 12.2) compared 

Table 1  Basic characteristics of 
CA, HCMP, and control groups

CA cardiac amyloidosis, HCMP hypertrophic cardiomyopathy, BSA body surface area, Hct hematocrit, 
CMR cardiovascular magnetic resonance, LVEF left ventricular ejection fraction, LVEDV left ventricular 
end-diastolic volume, LVESV left ventricular end-systolic volume, SV stroke volume, CO cardiac output, 
LVM left ventricular mass, i index, myo myocardium, LV left ventricle
*Statistically significant results of the difference between the findings of CA, HCMP and control groups 
(p < 0.05)
† P value between groups of CA and HCMP
‡ P value between groups of CA and control

CA (n = 46) HCMP (n = 30) P  value† Control (n = 10) P  value‡

Age (years) (range) 59.2 ± 9.3 56.9 ± 11.4 0.324 53.3 ± 6.6 0.196
Sex (M:F) 30:16 26:4 0.038 5:5 0.040
BSA*  (m2) 1.7 ± 0.2 1.8 ± 0.2 < 0.001 1.7 ± 0.1 0.001
Hct* (%) 38.7 ± 4.5 44.4 ± 3.9 < 0.001 44.1 ± 4.0 < 0.001
CMR parameter
 LVEF* (%) 57.3 ± 13.1 69.2 ± 7.5 < 0.001 66.1 ± 4.1 < 0.001
 LVEDV* (ml) 112.4 ± 34.5 139.4 ± 32.4 0.001 118.8 ± 20.7 0.004
 LVESV (ml) 48.9 ± 27.1 43.7 ± 18.7 0.541 45.2 ± 18.5 0.834
 SV* (ml) 63.5 ± 20.4 95.7 ± 21.7 < 0.001 78.0 ± 10.3 < 0.001
 CO* (l/min) 4.8 ± 1.3 6.1 ± 1.4 < 0.001 5.2 ± 0.6 < 0.001
 LVM* (g) 169.0 ± 55.2 246.5 ± 62.6 < 0.001 94.2 ± 25.7 < 0.001
 LVEDVi* (ml/m2) 67.2 ± 20.0 75.7 ± 16.6 0.009 69.1 ± 11.1 0.028
 LVESVi (ml/  m2) 29.4 ± 17.0 23.9 ± 11.4 0.059 26.0 ± 9.5 0.155
 SVi* (ml/  m2) 37.8 ± 10.8 51.8 ± 9.4 < 0.001 45.4 ± 5.0 < 0.001
 LVMI* (g/  m2) 100.3 ± 27.1 133.9 ± 31.2 < 0.001 54.2 ± 11.7 < 0.001

Fig. 2  TI values in hypertrophic cardiomyopathy, cardiac amyloido-
sis, and healthy controls. Inversion time (TI) values obtained from 
the TI scout of the a myocardial septum and b left ventricular cav-
ity in three groups of patients. Comparisons between subgroups: a 

Hypertrophic cardiomyopathy (HCMP) versus cardiac amyloidosis 
(CA), p < 0.001; CA versus control, p < 0.001; HCMP versus con-
trol, p = 0.320. b HCMP versus CA, p < 0.001; CA versus control, 
p = 0.001; HCMP versus control, p = 0.937
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to patients with HCMP (28.5 ± 5.8, p < 0.001) and con-
trols (24.8 ± 4.7, p < 0.001) (Fig. 4b). The ECV differed 
significantly between the HCMP and control groups 
(p = 0.016).

Interobserver reliability was excellent for the meas-
urement of TI scout and native T1 mapping [ICCs for TI 
scout, 0.936 (CI 0.866–0.970); for native T1 mapping, 
0.898 (CI 0.786–0.952)].

Comparison of TI values, native T1 Mapping and ECV 
for differential diagnosis between HCMP and CA

In the comparison of diagnostic performance of the TI 
interval (myocardium-LV cavity), native T1 mapping, and 
ECV between HCMP and CA, ROC curve analysis (Fig. 5) 
showed an AUC of 0.975 for the TI interval, which was 
not significantly different from that of the ECV (0.980, 
p = 0.776). The AUC for the TI interval was significantly 
greater than that for native T1 mapping (0.845, p = 0.004). 
The optimal cutoff values obtained from Youdens index 
were 25 for the TI interval, 1130.9 for the native T1 value, 
and 40.1 for the ECV. Each sensitivity and specificity is as 
follows: TI interval, 0.967, 0.891; native T1, 0.761, 0.833; 
ECV, 0.957, 0.933.

Spearman rank correlations were performed to identify 
which CMR parameters, such as TI value and LV mass 
index, were correlated with ECV. There was a strong corre-
lation between ECV and TI interval (r = − 0.724, p < 0.001) 
and a moderate correlation between the TI of the myocar-
dium and ECV (r = − 0.581, p < 0.001) (Table 3).

Discussion

The main finding of our study was that the TI interval 
between the myocardium and LV cavity showed a higher 
AUC value (0.975) than did the native T1 (0.845, p = 0.004) 
and showed non-inferiority to the ECV (0.980, p = 0.776) for 
differential diagnosis between CA and HCMP. In the corre-
lation analysis of CMR parameters and ECV, the TI interval 
showed the strongest correlation with ECV (r = − 0.724, 
p < 0.001).

Pandey et al. [16] reported diagnostic utility for the 
presence of myocardial amyloidosis using the pattern of 
nulling on the TI scout sequence of CMR and analyzed 
the TI scout sequence with specific attention to the order 
of temporal nulling between the myocardium, blood 

Table 2  Comparison with 
CMR parameters between CA, 
HCMP, and control groups

CMR cardiovascular magnetic resonance, CA cardiac amyloidosis, HCMP hypertrophic cardiomyopathy, 
ECV extracellular volume, TI inversion time, myo myocardium, LV left ventricle
*Statistically significant results of the difference between the findings of CA, HCMP and control groups 
(p < 0.05)
† P value between groups of CA and HCMP
‡ P value between groups of CA and control

CA (n = 46) HCMP (n = 30) P  value† Control (n = 10) P  value‡

Native T1* (myo) (ms) 1170.5 ± 86.4 1059.5 ± 63.4 < 0.001 965.0 ± 49.9 < 0.001
ECV* (%) 56.7 ± 12.2 28.5 ± 5.8 < 0.001 24.8 ± 4.7 < 0.001
TI* (myo) 192.1 ± 33.2 234.6 ± 29.0 < 0.001 244.6 ± 19.8 < 0.001
TI* (LV cavity) 203.5 ± 36.9 168.4 ± 35.7 < 0.001 160.7 ± 18.1 < 0.001
TI interval* (myo-LV) − 11.5 ± 28.4 66.2 ± 25.4 < 0.001 83.9 ± 16.8 < 0.001

Fig. 3  TI interval in hypertrophic cardiomyopathy, cardiac amyloido-
sis, and healthy controls. Inversion time (TI) intervals (TI value of the 
myocardial septum—TI value of the left ventricular cavity) in three 
groups of patients. Comparisons between subgroups: Hypertrophic 
cardiomyopathy (HCMP) versus cardiac amyloidosis (CA), p < 0.001; 
CA versus control, p < 0.001; HCMP versus control, p = 0.096



1775The International Journal of Cardiovascular Imaging (2018) 34:1769–1777 

1 3

pool, and spleen. They found that patients with myocar-
dial amyloid infiltration null the myocardium before the 
blood pool, while non-amyloid patients null the blood 
pool before the myocardium. On the basis of their find-
ings, we explored a new CMR parameter using TI scout 
and T1 mapping images. We found two distinctive results: 

(1) Patents with CA had significantly decreased TI of the 
myocardium (192.1 ± 33.2 ms) compared to patients with 
HCMP (234.6 ± 29.0 ms, p < 0.001). This finding can 
be explained by shortening of the TI caused by higher 
ECV in CA patients than HCMP patients. Previous inves-
tigators [12, 13, 15] have also found that patients with 
CA have significantly higher ECV than patients with 
HCMP. (2) Patients with CA showed increased TI in the 
LV cavity (203.5 ± 36.9 ms), compared to patients with 
HCMP (168.4 ± 35.7 ms, p < 0.001) or healthy controls 
(160.7 ± 18.1 ms, p = 0.001). The pathophysiology of this 
phenomenon is not well understood, but Maceira et al. [20] 
reported that blood gadolinium clearance is significantly 
faster in amyloid patients, resulting in a higher blood T1 
over time and a lower T1 of the myocardium compared 
to controls. These opposing effects result in a markedly 
smaller difference in TI between the blood and myocar-
dium in the amyloid patients compared to healthy controls. 

Fig. 4  Native T1 (a) and ECV (b) in hypertrophic cardiomyopathy, 
cardiac amyloidosis, and healthy controls. Comparisons between sub-
groups: a Hypertrophic cardiomyopathy (HCMP) versus cardiac amy-

loidosis (CA), p < 0.001; CA versus control, p < 0.001; HCMP versus 
control, p < 0.001. b HCMP versus CA, p < 0.001; CA versus control, 
p < 0.001; HCMP versus control, p = 0.016. ECV extracellular volume

Fig. 5  ROC curve for native T1, ECV, and TI interval. Receiver-
operating characteristic (ROC) curves to detect the diagnostic perfor-
mance of native T1, extracellular volume (ECV) and inversion time 
(TI) interval for differential diagnosis between cardiac amyloidosis 
and hypertrophic cardiomyopathy. AUC  area under the curve

Table 3  Correlation of CMR parameters and ECV

A correlation adjusting for sex, BSA and Hct was performed
CMR cardiovascular magnetic resonance, ECV extracellular volume, 
TI inversion time, myo myocardium, LV left ventricle, LVMI LVmass 
index

ECV vs. Case n Rho P value

TI interval 86 − 0.705 < 0.001
TI (myo) 86 − 0.597 < 0.001
TI (LV cavity) 86 0.323 0.003
LVMI 86 0.205 0.063
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It can be assumed that an increased amyloid load affects 
renal function, resulting in disturbance of gadolinium 
clearance.

To our knowledge, this is the first study to report an 
increased TI of the blood pool in patients with CA com-
pared to healthy controls and HCMP patients. We specu-
lated that the TI interval between the myocardium and LV 
cavity would differ significantly between patients with CA 
and HCMP. Indeed, we revealed a remarkable difference in 
TI interval between patients with CA (− 11.5 ± 28.4 ms) 
and those with HCMP (66.2 ± 25.4 ms, p < 0.001). Thus, 
the TI interval might have potential as a method for diag-
nosing cardiac involvement of amyloidosis and differential 
diagnosis for HCMP. In our study, we reported an AUC of 
0.975, which represents the diagnostic performance of the 
TI interval between the myocardium and LV cavity. This 
AUC value, was similar to other CMR parameters, such 
as ECV, which have been highly useful in the diagnosis of 
cardiac amyloidosis (AUC, 0.980, p = 0.776), and superior 
to the native T1 (AUC, 0.845, p = 0.004).

Several previous studies of CMR have investigated 
non-invasive techniques for the diagnosis of myocardial 
amyloidosis, and the usefulness of CMR has been noted 
[13–16, 21–24]. Previous investigators [13, 14] found that 
T1 mapping can differentiate patients with cardiac involve-
ment of amyloidosis from normal controls with high diag-
nostic accuracy and from patients with hypertrophic cardi-
omyopathy or aortic stenosis, two other conditions causing 
LV hypertrophy. It is well known that cardiac involvement 
in amyloidosis leads to excessive accumulation of extra-
cellular contrast agents and a subsequent marked increase 
in ECV [15, 21, 23]. The ECV is considered to be a more 
accurate and reliable parameter than the native T1 [12, 21, 
22]. We found a strong correlation between the diagnostic 
performance of ECV and TI interval in a Spearman rank 
correlation test. Thus, the TI interval may be considered as 
another potential parameter, especially when T1 mapping 
is not available. However, since the number of patients in 
our study was relatively small, the clinical application of 
this parameter should be verified in larger cohort studies.

Our study had several limitations, mainly its single-
center, retrospective study design. These aspects of our 
study design limit the generalizability of the findings and 
raise the possibility of selection bias. In addition, the 
sample size was relatively small. However, we tried to 
include all patients with histopathologically proven CA by 
endocardial biopsy. Second, we analyzed multiple CMR 
parameters at the interventricular septum and interpreted 
these as representative of the whole myocardium. Third, 
a comparison with echocardiography was not performed 
because it was outside the scope of the study.

Conclusions

The diagnostic performance of the TI interval between the 
myocardium and LV cavity was superior to that of the native 
T1 and non-inferior to that of the ECV for differential diag-
nosis between CA and HCMP. In addition, the TI interval 
showed a strong correlation with ECV. We suggest that the 
TI interval has the potential to replace ECV as a quantitative 
CMR parameter when T1 mapping images are not available.
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