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Sonographic assessment of carotid
atherosclerosis: preferred risk indicator for future
cardiovascular events?
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Figure 3 : Intima-media thickness (IMT measurement) according to the Mannheim consensus [ �� ]. +96�42C@E:5�2CE6CJ�!$+�D9@F=5�36�A2C�
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Figure 4 : Schematic view of the carotid artery , displaying fields of view and types of measurements. 'C:?4:A=6�>62DFC6>6?ED�@7�2E96C@�
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Carotid atherosclerosis imaging with ultra-
sound and outcome

'IH7CA9 GHI8=9G 5GG9GG=B; H<9 F9@5H=CBG<=D 69HK99B H<9
5ACIBH C: 75FCH=8 5H<9FCG7@9FCG=G 5B8 H<9 =B7=89B79 C: =G�
7<59A=7 9J9BHG =B H<9 <95FH 5B8 H<9 6F5=B 5F9 BIA9FCIG�
, 56@9G �5\7GIAA5F=G9 H<9 @5F;9GH CB9G� K<=7< =B7@I898 5H
@95GH 
			 GI6>97HG =B 7C<CFH GHI8=9G �H56@9 �5�� �CF 7CA�
D5F=GCB� CIH7CA9 GHI8=9G 7CBG=89F=B; 7CFCB5FM 75@7=:=75�
H=CB 5F9 F9DF9G9BH98 =BH56@9 �65B8 8=F97H 7CAD5F=GCB GHI8�
=9G�=BH56@9��7�

'B9 C: H<9 :=FGH GHI8=9G 7CB79FB=B; H<9 DFC;BCGH=7 =AD57H
CB CIH7CA9 C: 5H<9FCG7@9FCG=G =A5;=B; IG=B; 75FCH=8 I@HF5�
GCIB8 K5G DI6@=G<98 =B 
��
 3�� 4� !B 
��� �=BB=G< A9B�
7CFCB5FM 9J9BH F=G? =B7F95G98 K<9B 7CAD5F98 K=H< GHFI7�
HIF5@ 7<5B;9G ����:C@8 :CF =BH=A5@ H<=7?9B=B; �D � &+�� :CF
GA5@@ 75FCH=8 D@5EI9G 
���:C@8 �D �	�	
� 5B8 ����:C@8 :CF

GH9BCH=7 D@5EI9 �D �	�	
�� !B 
���� "5D5B9G9 F9G95F7<9FG
:CIB8 75FCH=8 GH9BCG=G 5B8 D@5EI9 I@79F5H=CBG HC 69 DF9�
8=7H=J9 :CF =G7<59A=7 GHFC?9 3�� 4� !B 
���� �9@75FC 9H 5@�
:CIB8 =B7F95G9G =B D@5EI9 6IF89B =B 75FCH=8 5B8 :9ACF5@ 5F�
H9F=9G HC 69 DF98=7H=J9 :CF 75F8=CJ5G7I@5F 9J9BHG 5B8 895H<
=B ���� 5GMADHCA5H=7 GI6>97HG 5:H9F 5 :C@@CK�ID H=A9 C: �
M95FG 3�� 4 5B8 =B 
����
 @CK�F=G? GI6>97HG �����+���.�
+HI8M� 5:H9F 
	 M95FG 3�� 4� +D9B79 G<CK98 =B �		� H<5H
,( � K5G DF98=7H=J9 :CF 75F8=CJ5G7I@5F 9J9BHG K=H< =B7F95G�
=B; F=G? =B H<9 <=;<9F EI5FH=@9G C: ,(�� H<9 5B5@MG=G =B�
7@I898 
��� D5H=9BHG� ACGH C: K<CA <58 <58 5 DF9J=CIG
GHFC?9 CF HF5BG=9BH =G7<59A=7 5HH57?G 3�� 4� ': H<9G9� ��

K9F9 CF=;=B5@@M DF=A5FM 75F9 D5H=9BHG� :CF K<CA =H K5G
G<CKB H<5H H<9 588=H=CB C: DCGH9F=CF H9GH DFC656=@=H=9G 65G98
CB H<9 �5M9G H<9CF9A �H56@9 �� =ADFCJ98 8=G7F=A=B5H=CB
:CF DF98=7H=B; :IHIF9 AMC75F8=5@ =B:5F7H=CB 5:H9F ��� M95FG

Table 1: '2C2>6E6CD�7C6BF6?E=J�FD65�7@C�E96�BF2?E:7:42E:@?�@7�42C@E:5�A=2BF6D�

Plaque characteristic Measurements Reference

!?4C62D6�@7�!$+ ���
�>> *A6?46������0 �� 1

�@F3=:?8�@7�!$+ *A6?46������0 �� 1

�@F3=:?8�@7�!$+ $2??96:>��@?D6?DFD�0�� 1

+9:4<6?:?8�@7�!$+ �����>>  2?52�0 �� 1

*F3;64E:G6�2DD6DD>6?E '@=2<�0�� 1

�?4C@249:?8�:?E@�E96�=F>6? 
���>> $2??96:>��@?D6?DFD�0�� 1

!?4C62D6�@7�!$+ Q����>> $2??96:>��@?D6?DFD�0�� 1�
*A6?46�0�� 1

+6IEFC6�492?86D *:?89�0�� 1

'=2BF6�J6D�@C�?@ %2>3:�0

 1

*F3;64E:G6�2DD6DD>6?E '=2BF6�3FC56?�?@?6�E@�D6G6C6 '6E6CD�0
� 1

'=2BF6�AC6D6?46 %F>36C�@7�A=2BF6D '=:492CE�0
� 1

'=2BF6�E9:4<?6DD !?�>> )F?56<�0

 1

'=2BF6�2C62 !?�>> � *A6?46�0�� 1

'=2BF6�G@=F>6 !?�>> 
 �236C�0
� 1

�49@�=F46?4J �C2J�D42=6 *E6:?�0
� 1

�@?EC2DE�286?E '=2BF6�G2D4F=2C:EJ �@=:�0
� � 
� 1

!$+���:?E:>2�>65:2�E9:4<?6DD

Table 2: a: $2;@C�@FE4@>6�DEF5:6D�FD:?8�42C@E:5�:?E:>2�>65:2�E9:4<?6DD�2?5�42C@E:5�A=2BF6�

Author/acronym [ref.] n Outcome Effect

����*��� -��0 
� 1 �
�


 $@CE2=:EJ %@�A=2BF6��6G6?ED�
���
�2C@E:5�A=2BF6��6G6?ED�
�
�

)@EE6C52>�0
� 1 �
�� �$! '=2BF6�J	?�� )�����������!����S���

)@DG2==�0�
 1 ���
 �$! '=2BF6�J	?�� )�����������!����S���
!$+�E6CE:=6��	
�� )�����������!�
��S���

)@DG2==�0�� 1 ���
 *EC@<6 '=2BF6�J	?�� )���
�������!�
��S���
!$+�E6CE:=6��	
�� )�����������!����S���

�)!��>6?�0 �� 1 ���� �$! !$+�Q��
�>>�� )�����������!���
S���

�)!��H@>6?�0 �� 1 ���� �$! !$+�Q��
�>>�� )�����������!�
��S���

�)!��H@>6?�0 �
 1 ���� *EC@<6 !$+��
��	���
�� )�����������!�
��S�
��

�)!��>6?�0 �
 1 �
�� *EC@<6 !$+��
��	���
�� )�
���������!����S���

+C@>DR�0�� 1 ���� �$! +' ��E6CE:=6D�� )�����������!����S
�


+C@>DR�>6?�0
� 1 ���� �$! +' ��E6CE:=6D�� )�����������!���
�S���

+C@>DR�H@>6?�0
� 1 ���� �$! +' ��E6CE:=6D�� )���
�������!����S���

+C@>DR�>6?�0
� 1 ���� �$! !$+�BF2CE:=6D�� )�����������!�
���S
��

+C@>DR�H@>6?�0
� 1 ���� �$! !$+�BF2CE:=6D�� )�����������!����S���

+C@>DR�>6?�0�� 1 ���� *EC@<6 +' ��E6CE:=6D�� )�����������!����S���

+C@>DR�H@>6?�0�� 1 ���� *EC@<6 +' ��E6CE:=6D�� )�����������!���
�S���

+C@>DR�>6?�0�� 1 ���� *EC@<6 !$+�BF2CE:=6D�� )�����������!�
��S���

+C@>DR�H@>6?�0�� 1 ���� *EC@<6 !$+�BF2CE:=6D�� )���
�������!�
��S��


$�*��0 �� 1 ���� �-� !$+�BF2CE:=6� )������������!����S���

$�*��0 �� 1 ���� �-� �2C@E:5�D4@C6�� )�����������!��������

�$! � 24FE6 >J@42C5:2= :?72C4E:@?� �)!� � E96 �E96C@D4=6C@D:D ):D< :? �@>>F?:E:6D DEF5J� �! � 4@?7:56?46 :?E6CG2=� ����*���-� � 42C@E:5�76>@C2= >@CA9@=@8J 2?5 42C5:@G2D�
4F=2C�6G6?ED���-����42C5:@G2D4F=2C�5:D62D6�� )���92K2C5�C2E:@��!$+���:?E:>2�>65:2�E9:4<?6DD��$�*����E96�$F=E:��E9?:4�*EF5J�@7��E96C@D4=6C@D:D��+'����E@E2=�A=2BF6�2C62

Review article: Biomedical intelligence *H:DD�$65�.<=J ���
�������H�
���

*H:DD�$65:42=�. 66<=J�W�'���@7�E96�@?=:?6�G6CD:@?�W�HHH�D>H�49

'F3=:D965�F?56C�E96�4@AJC:89E�=:46?D6�T�EEC:3FE:@?�S�%@?��@>>6C4:2=�S�%@��6C:G2E:G6D���
U�
%@�4@>>6C4:2=�C6FD6�H:E9@FE�A6C>:DD:@?��*66�9EEA�		6>9�49	6?	D6CG:46D	A6C>:DD:@?D�9E>=�

'286���@7���



C: :C@@CK�ID �5F95 IB89F H<9 7IFJ9 3�-�4 :CF &��( !!!
F=G? 	���� ,( ��DCGH9F=CF H9GH DFC656=@=HM 	���� D � 	�	���
3�� 4� !B �		��  C@@5B89F F9DCFH98 CB ��
� DFCGD97H=J9@M
:C@@CK98 <95@H<M GI6>97HG 5GG9GG98 =B H<9 *CHH9F85A GHI8M
5B8 :CIB8 H<5H 75FCH=8 !%, �K=H< =B7@IG=CB C: F9;=CBG K=H<
75FCH=8 D@5EI9� K5G 5 GHFCB;9F DF98=7HCF :CF 9BGI=B; GHFC?9
H<5B 75FCH=8 D@5EI9 5@CB9 3�	 4� !B �		
� . 5B 89F %99F F9�
DCFH98 CB ���� GI6>97HG :FCA H<9 *CHH9F85A GHI8M K=H<
5GG9GGA9BHG C: 75FCH=8 GHFI7HIF5@ 7<5B;9G �75FCH=8 5B8
:9ACF5@ D@5EI9� 75FCH=8 !%, K=H< =B7@IG=CB C: D@5EI9� 5CF�
H=7 D@5EI9� 5B8 :CIB8 9EI5@ DF98=7H=J9 DCK9F :CF 9BGI=B;
AMC75F8=5@ =B:5F7H=CB 3�� 4� !B �		�� +H9=B 9H 5@� F9DCFH98
CB ���� CF=;=B5@@M <95@H<M GI6>97HG 5GG9GG98 =B H<9 &CFK9�
;=5B ,FCAG[ GHI8M 5B8 :CIB8 ,(� HC 69 5 GHFCB;9F� GH5H=GH=�
75@@M G=;B=:=75BH A5F?9F :CF =B7=89BH AMC75F8=5@ =B:5F7H=CB
H<5B !%,� 9GD97=5@@M =B KCA9B� 5:H9F 7CFF97H=CB :CF G9J9F5@
7CBJ9BH=CB5@ 75F8=CJ5G7I@5F F=G? :57HCFG 3�� 4 5B8 H<=G C6�
G9FJ5H=CB F9A5=B98 G=;B=:=75BH 5:H9F 5B 9LH9B898 :C@@CK�ID
C: 
� M95FG 3

 4� !B 5 GA5@@9F GHI8M :FCA �<=B5� 0=9 9H 5@�
F9DCFH98 CB 
��
 GI6>97HG G7F99B98 :CF 9BGI=B; AMC75F8=5@
=B:5F7H=CB 5B8 GHFC?9� 5B8 :CIB8 5@@ A95GIF9G C: GHFI7HIF5@
7<5B;9G =B H<9 75FCH=8 5FH9F=9G �!%, A95GIF98 5H G=L G=H9G�
,( �� BIA69F C: D@5EI9G� HC 69 9::97H=J9 :CF F=G? DF98=7�
H=CB 5:H9F 58>IGHA9BH :CF 7CBJ9BH=CB5@ 75F8=CJ5G7I@5F F=G?
:57HCFG 3�
 4� !B �	
	� $CF9BN F9DCFH98 CB H<9 5H<9FCG7@9�
FCG=G DFC;F9GG=CB GHI8M =B7@I8=B; 
�	
 @CK�F=G? D5H=9BHG
K=H< 5 :C@@CK�ID C: 
	 M95FG 5B8 :CIB8 75FCH=8 !%, 89�
F=J98 :FCA H<9 7CAACB 75FCH=8 5FH9FM� H<9 6I@6 5B8 H<9 =B�
H9FB5@ 75FCH=8 5FH9FM HC 69 @9GG DF98=7H=J9 H<5B H<9 �F5A=B;�
<5A 5B8 +�'*� F=G? AC89@G� 6IH CB@M �� C: GI6>97HG <58
75FCH=8 D@5EI9G 3�� 4� �;5=B =B �	
	� �<5A6@9GG DI6@=G<98
H<9 F9GI@HG :FCA H<9 �H<9FCG7@9FCG=G *=G? =B �CAAIB=H=9G
GHI8M ��*!��� =B K<=7< 
��

� GI6>97HG K9F9 :C@@CK98
ID :CF 
� M95FG 5B8 5GG9GG98 :CF HF58=H=CB5@ F=G? :57HCFG�

75FCH=8 !%, 5B8 DF9G9B79 C: 75FCH=8 D@5EI9 3�	 4� ,<9 �-�
=B7F95G98 G=;B=:=75BH@M K=H< H<9 588=H=CB C: 75FCH=8 !%, CF
75FCH=8 D@5EI9 HC HF58=H=CB5@ F=G? :57HCFG� !B �	

� %5H<�
=9G9B 9H 5@� F9DCFH98 CB ���
 GI6>97HG 5GG9GG98 =B H<9 ,FCA�
G[ GHI8M 5B8 :CIB8 ,(� 6IH BCH 7CAACB 75FCH=8 !%, HC
69 DF98=7H=J9 :CF =B7=89BH =G7<59A=7 GHFC?9 5:H9F AI@H=J5F=�
5H9 58>IGHA9BH 3�� 4� !B �	
 
� (C@5? F9DCFH98 H<5H =B ����
A9A69FG C: H<9 �F5A=B;<5A '::GDF=B; +HI8M 7C<CFH 9J5@�
I5H98 :CF 75F8=CJ5G7I@5F CIH7CA9 8IF=B; 5 :C@@CK�ID C: �
M95FG� 6CH< =BH9FB5@ 75FCH=8 !%, 5B8 =BH9FB5@ 75FCH=8 D@5EI9
:CFA5H=CB� 89:=B98 5G 5B !%, H<=7?B9GG C: Z
�� AA� =A�
DFCJ98 H<9 �-� G=;B=:=75BH@M K<9B 7CAD5F98 K=H< H<9
�F5A=B;<5A F=G? 9EI5H=CB 3�
 4� &5EJ= ;=J9G 5B 9L79@@9BH
5B8 7CADF9<9BG=J9 CJ9FJ=9K F9;5F8=B; CIH7CA9 GHI8=9G
D9F:CFA98�K=H<�75FCH=8�I@HF5GCIB8�3�	 4�

+9J9F5@ ACF9 F979BH F9J=9KG 5B8 A9H5�5B5@MG9G <5J9 699B
DI6@=G<98 =B CF89F HC DIH 8=::9F9BH 9A9F;=B; =A5;=B;
AC85@=H=9G =BHC D9FGD97H=J9 K=H< H<9 DF9G9B79 C: GHFI7HIF5@
7<5B;9G 5B8 CIH7CA9 �H56@9 �7�� +=ACBG 5B5@MG98 H<9
DFC;BCGH=7 =AD57H C: 75FCH=8 !%, 7CAD5F98 K=H< 75FCH=8
D@5EI9G IG=B; 7�GH5H=GH=7G ��-�� 5B8 :CIB8 H<5H 75FCH=8
!%, K5G BCH GID9F=CF HC H<9 �F5A=B;<5A F=G? G7CF9 :CF
H<9 DF98=7H=CB C: =G7<59A=7 <95FH 8=G95G9 3�
 4� !B �	
�
�9B *I=>H9F 9H 5@� DI6@=G<98 5 A9H5�5B5@MG=G CB 

 DCDI�
@5H=CB�65G98 7C<CFHG K=H< 85H5 :FCA 
����� GI6>97HG 5B8
7CAD5F98 7CAACB 75FCH=8 !%, K=H< H<9 �F5A=B;<5A F=G?
G7CF9� ,<9M :CIB8 5 AC89GH =ADFCJ9A9BH =B F97@5GG=:=�
75H=CB 5B8 <5N5F8 F5H=C� 6IH BCH :CF �-� 3
� 4� !B565 9H
5@� DI6@=G<98 5 A9H5�5B5@MG=G C: 

 DCDI@5H=CB�65G98 GHI8�
=9G� K<=7< =B7@I898 �
���� D5H=9BHG 3�
 4� �CAD5F98 K=H<
75FCH=8 !%,� 75FCH=8 D@5EI9 K5G 5 G=;B=:=75BH@M 69HH9F DF9�
8=7HCF C: :IHIF9 AMC75F8=5@ =B:5F7H=CB K=H< �-�G C: 	��

5B8�	��
��F9GD97H=J9@M��D���	�	
��

Table 2b : $2;@C�@FE4@>6�DEF5:6D�FD:?8�4@C@?2CJ�2CE6CJ�42=4:7:42E:@?�

Author/acronym [ref.] n Outcome AUC p-value

)288:�0�� 1 �
�
�� $@CE2=:EJ 
���S
��� 
�

�

�6EC2?@�0�� 1 ���� $��� 
���S
��
 
�

�

�C25�0�
 1 ��

 $��� 
���S
��� 
�

�

�C36=�0�� 1 ���� $��� 
���S
��� 
�

�

$�*��0 �� 1 ���� $��� 
���S
��
 
�

�

$�*��0 �� 1 ���� �-� (F2CE:=6�!�GD�!-�� )�����������!����S���

$�*��0 �� 1 ���� �-�  )������������!����������

$�*��0 �
 1 ���� �-� ����
��6G6?ED���
S����
�����


��6G6?ED��
��S�����

�,� � 2C62 F?56C E96 4FCG6� ��� � 4@C@?2CJ 2CE6CJ 42=4:F> D4@C6� �! � 4@?7:56?46 :?E6CG2=� �-� � 42C5:@G2D4F=2C 5:D62D6�  ) � 92K2C5 C2E:@� $��� � >2;@C 25G6CD6 42C5:@�
G2D4F=2C�6G6?ED��$�*����E96�$F=E:��E9?:4�*EF5J�@7��E96C@D4=6C@D:D

Table 2c : $6E2�2?2=JD6D�@?�@FE4@>6�DEF5:6D�4@>A2C:?8�EC25:E:@?2=�C:D<�724E@C�>@56=D�H:E9�42C@E:5�:?E:>2�>65:2�E9:4<?6DD�2?5�42C@E:5�A=2BF6�

Study [ref.] n Outcome Effect

$6E2�2?2=JD:D�0�� 1 ������ �-� �C2>:?892>��,��
����������!�
���S
���

$6E2�2?2=JD:D�0�� 1 ������ �-� �2C@E:5�!$+��,��
����������!�
���S
���
�@>A2C:D@?�@7��,���DE2E:DE:42==J�?@�D:8?:7:42?E�:>AC@G6>6?E

$6E2�2?2=JD:D�0�� 1 ���
�� �-� �2C@E:5�A=2BF6��,��
����������!�
���S
���

$6E2�2?2=JD:D�0�� 1 ���
�� �-� �2C@E:5�!$+��,��
����������!�
���S
���
)6=2E:G6�5:28?@DE:4�@55D�C2E:@����������!����S��� ��A���
�
�

�,����2C62�F?56C�E96�4FCG6���!���4@?7:56?46�:?E6CG2=���-����42C5:@G2D4F=2C�5:D62D6��!$+���:?E:>2�>65:2�E9:4<?6DD

Table 3: �2=4F=2E:@?�@7�A@DE�E6DE�C:D<�FD:?8�E96��2J6D�E96@C6>�0�� 1�

'+'�A@D:E:G6���'-�V�*���	�0'-�V�*�������S�'-�������S�*'�1

'+'�?682E:G6��0'-�V����S�*��1�	�0'-�V����S�*�����*'�V����S�'-�1

'+' A@D:E:G6 � A@DE�E6DE AC@323:=:EJ 7@C 2 5:D62D6 :7 E96 E6DE :D A@D:E:G6 0A2E9@=@8:42=1� '+' ?682E:G6 � A@DE�E6DE AC@323:=:EJ 7@C 2 5:D62D6 :7 E96 E6DE :D ?682E:G6 0?@C>2=1� '- � AC6E6DE
AC@323:=:EJ�0@C�AC6G2=6?46�L'-N1�7@C�2�5:D62D6��*����D6?D:E:G:EJ��*'���DA64:7:4:EJ

Review article: Biomedical intelligence *H:DD�$65�.<=J ���
�������H�
���

*H:DD�$65:42=�. 66<=J�W�'���@7�E96�@?=:?6�G6CD:@?�W�HHH�D>H�49

'F3=:D965�F?56C�E96�4@AJC:89E�=:46?D6�T�EEC:3FE:@?�S�%@?��@>>6C4:2=�S�%@��6C:G2E:G6D���
U�
%@�4@>>6C4:2=�C6FD6�H:E9@FE�A6C>:DD:@?��*66�9EEA�		6>9�49	6?	D6CG:46D	A6C>:DD:@?D�9E>=�

'286���@7���



Dir ect comparison of carotid and calcified
coronary plaque for outcome prediction
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Figure 7 : Clinical significance of plaque measurements by integration of the Bayes theorem. ��A=2BF6�2C62�@7��
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