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Abstract : [ Objective ] We aimed to evaluate the role of contour—based registration in quantification of myocardial
extracellular volume fraction (ECV) based on T1 mapping technique. [ Methods] T1 mapping images of the basal, mid-
cavity and apical short axis slices of 26 healthy volunteers (16 males and 10 females ) were obtained before and after
administration of contrast agent using Modified Look—Locker Inversion Recovery (MOLLI) on a 3.0T Magnetic Resonance
Imaging system. ECV was calculated by routine method and registered method. For each slice, subjects were divided into
the deformation subgroup and the control subgroup. Routine ECVs and registered ECVs were compared for each subgroup.
[Results] Left ventricular deformation among T1 mapping images occurred in 16 subjects (61.5% ). In all three slices,

registered ECV maps had better image quality and more highest grade images than routine ECV maps. Routine ECVs
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[ (26.81+2.78)% , (25.38+3.05)% , (28.66+4.10)% | were statistically different from registered ECVs in global
[ (25.75+2.42)% , P=0.001], mid—cavity [ (24.30+2.45)% , P=0.016] and apical slices [ (27.22+3.38)%, P=0.010].
In deformation subgroups of all the 3 slices, registered ECVs were lower than routine ECVs with smaller SDs (P=0.038,
0.012, 0.016). The apical ECVs were higher with larger SDs than the other two slices and the global ECVs (routine: F=
4.799, P=0.004; registered: F=4.822, P=0.003). [ Conclusions] Contour—based registration can improve the image qual-

ity and precision of ECV quantification in cases with ventricular shape deformation among source images.
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Pre-contrast T1 mapping

Post-contrast T1 mépping

Routine ECV map

S ———————

Contour-based
Registration

The epi— and endo—myocardial contours of each pre— and post—contrast motion—corrected T1-mapping image were carefully traced. Then all im-

ages were registered to one of the pre—contrast T1 mapping images, usually the first image, and registered T1 maps were generated with twisted struc-
tures surrounding the left ventricular myocardium

El1 #EEARNTE

Fig.1 The process of contour—based registration

A: Grade IV, excellent; B: Grade I, good; C: Grade Il , fair; D: Grade 1, poor.

2 ECVEBRRESR
Fig.2 Grading of image quality of the ECV maps
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Table 1 Demographic characteristics information and

left ventricular function

Mean+SD
Agelyears 46.1+£10.6
Height /em 167.0£8.5
Weight/kg 69.3+13.1
BMI 24.7+3.1
BSA/m® 1.88+0.20
Heart Rate/min 69.1+7.7

Blood pressure
118.2+13.1/73.4£9.5
(Systolic/Diastolic)/mmHg

EDV/mL 140.1+38.8
ESV/mL 55.5:22.8
EF/% 61.1+7.3

CO/(L/min) 5.83+1.73
ED-MASS/g 97.5+36.5
ED-MASS/BSA 54.5:21.8

22 BEfRARNER
B HLECV B 4E ECV & Y [RZ i & 43 9

*2 ECVEGRESDLRFR
Table 2 Image grades of ECV maps

Basal slice (n=25"")

Mid—cavity slice (n=26)

Apical slice (n=26)

Grade

Routine Registered Routine Registered Routine Registered
v 44.0% (n=11)  60.0% (n=15)  385% (n=10)  69.2% (n=18) 15.4% (n=4) 26.9% (n=1)
I 40.0% (n=10) 32.0% (n=8) 46.2% (n=12) 26.9% (n=7) 38.5% (n=10) 38.5% (n=10)
I} 8.0% (n=2) 4.0% (n=1) 11.5% (n=3) 3.8% (n=1) 42.3% (n=11) 34.6% (n=9)
I 8.0% (n=2) 4.0% (n=1) 3.8% (n=1) 0% (n=0) 3.8% (n=1) 0% (n=0)

"ECV map of one subject was failed to generate due to incorrect localization.
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DR 2, IR O RO RS EL T ECV E AL 16 M7 B EH (61.5%) & /b —A 2 1 1)
G KR (IV G+ M9%) 43531 4 92% . 96.2% Fil T1 mapping E& B ZE AR O O
65.4% , Y15 T H L ECV R (5 91 K 84% . 84.7% B AL A BRI A2 2253 1] R 44.0% (11/25) . 42.3%
F153.9%) . (11/26) F157.7% (15/26) o 43 BT 32 2 v 28 35 WL 5%

Native T1 map Post—contrast T1 map ECV map

Routine . )
' )

Al

f"

-

Registered
The blurred margin of the anterior wall (A3) caused by inconsistent ventricular shape between native and post—contrast T1 maps was improved
after contour—based registration (B3).
B3 —&555xEREELOCERMETEMTVECY B (A1-A3) #f & TVECV E (B1-B3)

Fig.3 Routine (A1-A3) and registered (B1-B3) T1/ECV maps of the mid—cavity slice of one subject (a 55—year—old female)

Native T1 map Post—contrast T1 map ECV map

Routine

Registered

The artifacts (A3) caused by inconsistent ventricular shape between native and post—contrast T1 maps were miligated after contour—based

registration (B3).
4 —ZNEBEUHTFERELCENLEEEMTI/ECY B (A1-A3) Fnf & TI/ECV B (B1-B3)

Fig4 Routine (A1-A3) and registered (B1-B3) T1/ECV maps of the basal slice of one subject (a 55-year—old female )
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Table 3 Detailed information of ventricular deformation and the changes of ECV maps brought by contour—based

registration (n)
. . Basal slice Mid—cavity slice Apical slice
Ventricular deformation ()
Type I (4)  Typell (7) Typel (4) Typell (7) Typel (7) Typell (8)
Image quality improved 3 6 3 6 7 4
Image quality improved and grades elevated 2 4 3 6 3 4

R4 EHMECVSHE A& ECY HIEXT ¢ #16

Table 4 Paired—samples ¢ test between routine ECV and registered ECV (x+s,%)
Routine Registered Paired ¢ P
Global 26.81+2.78 25.75+2.42 3.89 0.00
Basal 26.24+2.72 25.56+2.70 1.86 0.08
Mid-cavity 25.38+3.05 24.30+2.45 2.58 0.02
Apical 28.66+4.10 27.22+3.38 2.79 0.01

K5 AEEEMSAFEEECY 5EMECY RIB R ¢ 1016

Table 5 Paired—samples ¢ test between registered ECVs and routine ECVs in different groups and slices  (x+s,%)

group ECV Mean+SD (% ) Paired ¢ P
Basal (n=23") Deformation(n=11, 44.0% ) Routine 26.71+2.61 2.39 o
Registered 25.15+1.75
Control (n=12) Routine 25.82+2.87 -0.67 .
Registered 25.94+3.38
Mid—cavity (n=26) Deformation(n=11, 42.3%) Routine 26.81+3.12 3.05 0.01
Registered 24.35+2.27
Control (n=15) Routine 24.32+2.61 0.38 ol
Registered 24.26+2.66
Apical (n=26 ) Deformation(n=15, 57.7%) Routine 29.72+4.48 2.74 002
Registered 27.46+3.61
Control (n=11) Routine 27.22+3.15 1.21 s
Registered 26.89+3.19

1) The basal ECV map of one subject was failed to generate due to incorrect localization; ECV values of another two basal routine ECV maps

were excluded because of severe artifacts.
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