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Table 7 Possible applications of various imaging techniques in the diagnosis of HF

| | Echo [cMR |[cath  [sPECT [MDcCT PET
Remodelling/dysfunction ~
Lv: EDV ++ +++ +4+ 4+ +4+ ++ S — S r s 7 4 J
ESV ++ +++ ++ ++ ++ ++ N N g
EF ++ +HH+ ++ ++ ++ ++ [ | L i e gl
Mass ++ ++4 - R ++ .
RV: EDV ++ +++ + - ++ =
ESV ++ +++ + R ++ .
EF ++ ++4 + - ++
Mass ++ 4+ - . ++
LV diastolic dysfunction ++ + +++ - -
Dyssynchrony ++ + - + - c
Aetiology
CAD: lschaemia ++42 +++ +++b +++ - +++
Hibernation 4 +H4 - +++ - 4+
Scar i 4 - ++ - it
Coronary anatomy - - +H+ - +H+ .
Valvular: Stenosls ++4 + +++ - 45 -
Regurgitation ++4 ++ ++ R R _
Myocarditis + +++ +++4 - - -
Sarcoldosls + +++ 444 - - +
Hypertrophic CMP: HCM +H4+ -t + - - -
Amyloidosis ++ ++ +++4 - - -
Dilated CMP: Myocarditis + 4 +++4 - o =
Eosinophilic syndromes | + +4+ +444 - = -
Iron: haemochromatosis | + +++ - - = -
Iron: thalassaemia + +H+ - - -
ARVC ++ +++ +444 - + -
Restrictive CMP: Pericarditis +* ++1 ++8 c +4E .
Amyloidosis ++ 4 +4+ c = -
Endomyocardial fibrosis | + ++ ++4 - = -
Anderson-Fabry s + - - - =
Unclassified CMP Takotsubo-CMP ++ ++ +++ - - B
Main advantages
Wide avallabllity | Good quality Good Good Reasonable Limited
'I:loort:ﬂlll:gon lr:ﬂgesc'l'lano avallability | availability | availability availability
Relatively low cost 0 radiation High quality images E:Zss:quallty
Main disadvantages
- Echo window Limited availability | Radiation Radiation | Radiation Radiation
57 needed Contraindications® | Invasive Image quality limited | Limited ] ] g ]
‘ ) Functional analysis antybma avallability ESC Guidelines for the diagnosis and treatment
N / I faythma of acute and chronic heart failure 2012
B
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Biplane Ellipsoid Model

Combined Triplane Model




Cardiac Radiology

Matthias C. Dulce, MD ¢ Gerhard H. Mostbeck, MD < Kerstin K. Friese, BS - 3-dimensional reconstruction:
Gary R. Caputo, MD ¢ Charles B. Higgins, MD LV =S51+52+ S3+...
L] A- .
Quantification of the Left Ventricular moditied Simpson's Rule
. ule:
Volumes and Function with Cine MR LW < Ams LG+ (hm s ADV2x L3+ 185 93 L2
Imaging: Comparison of Geometric Models ——
1 A
with Three-dimensional Data "
- biplane ellipsoid:
LW a=w6x Lx (4/xx AM/D) x (4/x x AlL) ‘
Table 2 A,
Correlation of Global LV Volumes and Function in Both Groups
EF
EDV(mL)  ESV(mL) SV (mL) « hemisphere cylinder: Yg'
Student LWaAmx L2+ 23 xAmx /2= 58 x Amx L ‘
Group and Method r SEE r SEE r SEE f test ‘A
Healthy volunteers (n = 10)
3D vs SR 99739 8¢ 5197 €2 NS
3D vs BP 97 6.2 93 45 88 7.7 NS
3D vs HC 97 90° 8 90° 95 58° . « single-plane ellipsoid:
3D vs SP 95 106 83 6.6 78 151 NS LV e (8xAlxAl}/(3xxL)=085x(AlxA)/L
3D vs TF 86 M6 82 12 73 13 NS A,
Patients with LV hypertrophy (n = 10)
3D vs SR A SR T s T G T S | NS
3D vs BP 9 59 <96 ‘31 B85S NS
3D vs HC 96 62t .95 29% .94 7.2* NS « mod. Teichholz formula:
3D vs SP 81 78 B3 84t 26 137 »
3D vs TF 78 150° 35 72¢ 84 127 . LWe[7/@4+0)1x0x Dx D

Note.—Values were obtained with geometric models versus a three-dimensional data set of cine MR
images. NS = not significant, r = linear regression coefficient, SEE = standard error of the estimate. See
Table 1 for other abbreviations.

* Significant differences compared with a three-dimensional data set were P < .05.
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EDV (ml)

ESV (ml)

SV (ml)

EF (%)

Mass (g)

Indexed to BSA
EDV/BSA (ml/m?)
ESV/BSA (ml/m?)
SV/BSA (ml/m?2)
Mass/BSA (g/m?2)

EDV (ml)
ESV (ml)
SV (ml)
EF (%)
Mass (g)
Indexed to BSA
EDV/BSA (ml/m?)
ESV/BSA (ml/m?)
SV/BSA (ml/m?)
Mass!BSA (g/m?2)

20-29 (years)
139 (99, 179)
48 (29, 66)
91 (63, 119)
66 (56, 75)
110 (74, 146)

82 (65, 99)
28 (19, 37)
54 (42, 66)
62 (47, 77)

50-59 (years)
126 (86, 166)
41 (22, 59)
85 (57, 113)
68 (59, 77)
108 (72, 144)

73 (56, 90)
24 (14, 33)
50 (37, 62)
63 (48, 78)

: S g ||—|-|-|Sj"

30-39 (years)
135 (94, 175)
45 (27, 64)
89 (61, 117)
66 (57, 75)
106 (70, 142)

79 (62, 96)
27 (17, 36)
53 (40, 65)
62 (47, 77)

60-69 (years)
122 (82, 162)
39 (20, 57)
83 (56, 111)
69 (60, 78)
109 (73, 145)

70 (53, 87)
22 (13, 31)
48 (36, 60)
63 (48, 78)

40-49 (years)
130 (90, 171)
43 (25, 62)
87 (59, 115)
67 (58, 76)
107 (71, 143)

76 (59, 93)
25 (16, 34)
51 (39, 63)
63 (48, 77)

70-79 (years)
118 (77, 158)
36 (18, 55)
81 (54, 109)
69 (60, 78)
110 (74, 146)

67 (50, 84)
21 (12, 30)
47 (34, 59)
63 (49, 78)

e
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20-29 (years)

EDV (ml) 167 (126, 208)
ESV (ml) 58 (35, 80)
SV (ml) 109 (81, 137)
EF (%) 65 (57, 74)
Mass (g) 148 (109, 186)
Indexed to BSA
EDV/BSA (ml/m?) 86 (68, 103)
ESV/BSA (ml/m2) 30 (19, 41)
SV/BSA (ml/m?) 56 (44, 68)
Mass/BSA (g/m2) 76 (59, 93)
50-59 (years)
EDV (ml) 154 (113, 196)
ESV (ml) 51 (29, 74)
SV (ml) 103 (75, 131)
EF (%) 67 (58, 76)
Mass (g) 146 (107, 184)
Indexed to BSA
EDV/BSA (ml/m2) 79 (62, 97)
ESV/BSA (ml/m2) 26 (15, 37)
SV/BSA (ml/m2) 53 (41, 65)

Mass/BSA (g/m?) 74 (57,91)

Cardiovascular Magnetic Resonance

Pocket Guide

30-39 (years)

163 (121, 204)

56 (33, 78)
107 (79, 135)
66 (57, 75)

147 (109, 185)

83 (66, 101)
29 (18, 39)
55 (43, 67)
75 (59, 92)

60-69 (years)

150 (109, 191)

49 (27, 72)
101 (73, 129)
67 (58, 76)

145 (107, 183)

77 (60, 95)
25 (14, 36)
52 (40, 64)

73 (57, 90)
a x

b)

40-49 (years)
159 (117, 200)
54 (31, 76)
105 (77, 133)
66 (58, 75)
146 (108, 185)

81 (64, 99)
27 (17, 38)
54 (42, 66)
75 (58, 91)

70-79 (years)
146 (105, 187)
47 (25, 70)

99 (71, 127)
68 (59, 77)
144 (106, 183)

75 (58, 93)
24 (13, 35)
51 (39, 63)

73 (56, 89)
ER

*



L G < L
Clinical Echocardiography MRI Reduction in
change SD N SD N  sample size(%)
EDV,40ml i 23.8 121 74 12 90
ESV, 10 ml 15.8 53 6.5 10 81
EF, 3% (abs) 6.6 102 2.9 15 85
mass, 10 g 36.4 273 64 9 97

EDV, end-diastolic volume; EF, ejection fraction; ESV, end-
systolic volume; LV, left ventricle

Papillary muscles Papillary Trabeculae
and trabeculae muscles excluded
included excluded
EDV (ml) 130.8 £ 33.4 120815 Sk T 0784
ESV (ml) 312 £15.5 42.4 + 14.3 3246041101
EF (%) 60.9:+ 3.7 652 44 68.2 + 4.8*
Mass (g) 110.6:%£.2.3.1 1S 7ak 2510 122957 = D5

*(p<0.001)
IBRAHIM et al. 1999
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The International Journal of Cardiovascular Imaging (2019) 35:2001-2008
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Fig.1 Evaluation of right ventricular function: RV end-diastolic strain of the free lateral wall of the right ventricle (¢, RVF reduced

for calculation of right ventricular fractional area change (a, RVF if>—20%), and S’ (d. RVF reduced if <0.095 m/s) (1)

reduced if < 35%), TAPSE (b, RVF reduced if <17 mm). longitudinal ORIGINAL PAPER q
Check for
updates

Visual assessment of right ventricular function by echocardiography:
how good are we?

Matthias Schneider' @ - Hong Ran? - Stefan Aschauer' - Christina Binder' - Julia Mascherbauer’ - Irene Lang' -
Christian Hengstenberg' - Georg Goliasch' - Thomas Binder’

Received: 30 April 2019 / Accepted: 17 June 2019/ Published online: 24 June 2019
© The Author(s) 2019
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Fig.3 Correct identification of reduced right ventricular function
(RVF, defined as cardiac magnetic resonance imaging derived right
ventricular ejection fraction <50%) of the different methods of RVF
gradation. GLS global longitudinal strain, FAC fractional area change,
S’ tissue Doppler imaging basal free lateral wall of the right ventricle,
TAPSE tricuspid annular plane systolic excursion

Ly b ) 7 N~ r N 77 77 S q
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L
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Intermediate [ A
Beginners [N
0 10 20 30 40 50 6 70 8 90 100

® concordant 1 grade different ' 2 grades different

Fig.5 Concordance with cardiac magnet resonance imaging derived
right ventricular ejection fraction of the different levels of expertise

Conclusion

To our knowledge, the present study is the first interna-
tional investigation to demonstrate that “eyeballing” alone
differentiates between normal and abnormal RVF with
excellent sensitivity but poor specificity. and that accurate
classification of the degree of RV systolic dysfunction via
“eyeballing” alone is imprecise, even among expert echo-
cardiographers. Better concordance with the gold stand-
ard was found for the three advanced groups as compared
with beginners. However, overall assessment quality was
unsatisfactory. In accordance with current guidelines, the
present data suggest that “eyeballing”™ should be combined
with measurement of other parameters of RVF.
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Eur Radiol (2011) 21:2111-2120
DOI 10.1007/s00330-011-2152-0

CARDIAC TAPSE = L1 - 12
Diagnostic accuracy and variability of three semi-quantitative (L1-12)

. . . . . RVFS = ——— x100
methods for assessing right ventricular systolic function L1

from cardiac MRI in patients with acquired heart disease )

END SYSTOLE

Jérome Caudron « Jeannette Fares «
Pierre-Hugues Vivier - Valentin Lefebvre -
Caroline Petitjean - Jean-Nicolas Dacher

Conclusion (A1 - A2)
RVFAC = ——— X 100

Despite 1ts important prognostic value, RV function often
remains disregarded mn patients referred for cardiac MRI
examination. We demonstrated that rnght ventncular fractional

area change was a feasible, fast, accurate and reproducible
semi-quantitative method for evaluating RVEF mn daily
practice, even 1 non-experienced observers. Thus, the time-
consuming quantitative method could be reserved for patients
-with abnormal right ventricular fractional area change.
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Basso et al.1¢

Gadolinium CMR reveals myocardial hyperenhancement in HCM. The extent of hyperen-
hancement is associated with progressive ventricular dilation and markers of sudden
death, (] Am Coll Cardiol 2003;41:1561-7) © 2003 by the American College of

Cardiology Foundation

Moon JC et al. J Am Coll Cardiol 2003 41:1561-1567

Kim RJ, Judd RM (Editorial) J Am Coll Cardiol 2003 41:1568-1572

Adabag AS, et al. J Am Coll Cardiol 2008;51:1369-1374 / Dimitrow PP et al. Int J Cardiovasc Imaging 2008;24:77-83
Paya E et al. J Cardiac Fail 2008;14:414-419 / Suk T et al. Heart, Lung and Circulation 2008;17:370-374
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Conclusions—In cardiac amyloidosis, CMR shows a characteristic pattern of global subendocardial late enhancement
coupled with abnormal myocardial and blood-pool gadolinium kinetics. The findings agree with the transmural
histological distribution of amyloid protein and the cardiac amyloid load and may prove to have value in diagnosis and
treatment follow-up. (Circulation. 2005;111:186-193.)




LV mass

Septum
thickness

V4 4

r

-

AL amyloidosis ATTR amyloidosis

*  Mildly increased *  Markedly increased
<100 g/m? > 100 g/m?

Septum AL < Septum ATTR

* Less extensive LGE * More extensive LGE
Often (global) *  Often more diffuse and
transmural pattern

subendocardial
pattern
QALE score <13 * QALEscore 213
>1050- 1150 ms
Native T1, > Native T1,x
>0.40
ECV, < ECV,rm

treatment (Phase IIl)
extensive LGE extensive LGE

QALE score for DD AL and ATTR

4 3 2

1 0 (No LGE)
Base Max. LV

Mid LGE: 12
Apex (4x3)

+6, If any RV LGE

Max. LGE Score : 18 (12+6)



Gadolinium enhanced cardiovascular magnetic
resonance in Anderson-Fabry disease’

Evidence for a disease specific abnormality of the myocardial

interStitium James .C‘ C' Mgon‘ European Heart Journal (2003) 24, 2151-2155

found in four (50%) heterozygous females (mean 4.6%). In 12 (92%) patients with
abnormal gadolinium uptake, hyperenhancement occurred in the hasal infero-lateral
wall where, unlike myocardial infarction, it was not_sub-endocardial, In two male

Conclusion These observations suggests that myocardial fibrosis occurs in AFD and
may contribute to the hypertrophy and the natural history of the disease.
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Differentiation of Heart Failure Related to Dilated
Cardiomyopathy and Coronary Artery Disease Using
Gadolinium-Enhanced Cardiovascular Magnetic Resonance s with DCM. there were 3

ents with CAD (13%); and
patchy or longitudinal striae of midwall enhancement clearly different from the distribution in patients with CAD (28%).

Conclusions—Gadolmmm CMR 15 a powerful technique to distinguish DCM from LV dysfunction related to CAD and
yields new msights in DCM. These data suggest that using the coronary angiogram as the arbiter for the presence of LV
dysfunction caused by CAD could have lead to an mcorrect assignment of DCM cause in 13% of patients. possibly
because of coronary recanalization after infarction. The mudwall myocardial enhancement m patients with DCM 1s
similar to the fibrosis found at autopsy: 1t has not previously been visualized in vivo and warrants further mvestigation.
CMR may become a useful alternative to roufine coronary angiography in the diagnostic workup of DCM. (Circulation.
2003;108:54-59.)
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Bogaert J et al. Clinical Cardiac MRI 2005

7o N
Gutberlet M at al. Radiology 2008; 246: 401-409
-7/



