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1 ��� T1 �	
��� T2 �
�����
����
����� ������������	�ก��� � 1.5 Tesla 12 
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1 ��������	��
�����
����
�� ������ Spin Echo Pulse Sequence 9 

2 )�*��+�ก�,�
-��
��
���ก�����./0�� ( )  ��
ก�,ก,
�12�+23��	���34��1��ก�,
5�
��	���-- T1 �	
ก�,5�
��	���-- T2 

11 

3 ��+�5	�
��3��7��8�ก�,��	��
���3�
�9��	ก1	��
���ก�,5�
��	�� T1 �	
 T2 

9+���� (8�/�3� 1) ��:�-,4�1�;4<=
����� T1 �	
 T2  �����3 (/�3� 2) ��:�����ก�
ก0-9>,���=

����� T1 ����0�� �	
����� T2 >��ก	�� (/�3� 3)  �:��,0-�
������,�
9��	ก1	���+8�?�
=
����� T1 �����3 �	
 T2  ����0��  

15 

4 �*�*
������	��
��
���+�,�-�� (timing diagram) 4���	��
��
����
�� ������ ,
�+5
������ (spin echo multi-echoes pulse sequence) �ก8��
99�:��;<��=>�����?	��-� 8 
TE   

20 

5 ���AB��?	����CD<C=��E�5�4����;F��G;<� (Known types of  tissues)   CD<,�?�ก��;F��G;<� 4 
E�5�4��A,I 
=Jก���>-G��;F�CD<K,�,DK4,
�A=;���;F��G;<�
ก+5 (Normal tissues) ��-�
4��K4,
� (Fat) ��-�4��ก=J�Iก���� (Cartilage) ��J��;�� (Blood clots) �==?B�GI�
��GP�A�������+5กC=�ก=J��ก4�����>�*���QI�G�ก���
=J,�: 2 �R�+5�,+= 
�I�
=J,�: 4 �R�+5�,+=   

24 

6 ���AB��?	����+
-�G����5<����+=-?4���*��K4,
�  (Carotid Endarterectomy, CEA)
�==?B�GI���GP�A�������+5กC=�ก=J��ก4�����>�*���QI�G�ก���
=J,�: 2 
�R�+5�,+= �I�
=J,�: 12 �R�+5�,+=   

26 

7 ����+
-�G���ก�=-��+	��A���4���K���P�ก�=�=>�����+�,=J���+
�4-�� (cross 
section) A�����;��������=+5��48�+
-?�ก�*��K4,
� ��G��;�ก�=5�-:CD<,Dก�=+D�+
�
,�กCD<�B�A=;��=5�-:กV<�ก���4��ก�=+D�+
� 4��A�����;�� (ICA) 4>��.2�� (Left 
Internal Carotid Artery) 

28 

8 ก�=-���;F�CD<CD<��P? (ROIs) ��G��;�ก��� TE CD< 1 (?�ก 8 TE) ��;<��	��-:A���� T2 
(T2 mapping) CD<+	��A�����DG-ก
�C
F� 8 TE (ก) ���4��AB��?	����CD<C=��E�5�4��
��;F��G;<� (4) ���AB��?	����+
-�G����5<����+=-?4���*��K4,
� (CEA) (�) ���A���
��;��������=+5��48�+
-?�ก�*��K4,
�4>��R>�G (Left Internal Carotid Artery)  

29 
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9 (ก) ���\��GAB��?	������;F��G;<�CD<C=��E�5�4����;F��G;<� (Known types of tissue) 
(��,�A�D<G,�D�	�) �;� ��-�4��K4,
� (A
-�IกQ=�D�A�;��) �;� ��-�4����;�� (��-�D�F	�
��5�) �;� ��-�4��ก=J�Iก���� (�IกQ=�D4�-) �;� ��-�4����;F�CD<K,�,DK4,
�A=;���;F��G;<�

ก+5 (4) ��� T2 mapping �
��1��=:�	
�����+2=�กก�, mapping ��� T2 ���0������ T2 
= 81-86 ,5��5-5��CD �	�
+����� T2 = 8-15 ,5��5-5��CD ก,
+Zก
�
������ T2 = 33-40 
,5��5-5��CD �	
����
��������0�A=;���;F��G;<�
ก+5����� T2 = 16-20 ,5��5-5��CD ���	:�+0- 
�>,��-����-ก0-)�* multiple contrast weighted images (�) )�* T1W, (�) )�* T2W 
�	
 (=) )�* PDW ����:�������+��3ก0� ���	:�+0- )�* T2 mapping ����,7��ก/�4+
4����;F��G;<��+2
����/0+�=�=�ก�������+�-�)�* T2 mapping ���)�* multiple 
contrasts weighted images �2
�8/2)�*=�ก�	�� weighted images ��>,
ก
-ก�,
34�4=c0�=d�=
����,7��ก/�4+�
�����
����
�+2   

31 

10 ����+
-�G���4����� T2 ��J��� R2 CD<K�>?�ก�	��-:P�A�V<��5ก�R�CD<+	��A�����DG-ก
�
C
F� 8 TE ?�กก�=_�+��=�_ (curve fitting) P���� simple mono-exponential ��� T2 = 
38.8101 ,5��5-5��CD ��J��� R2 = 0.9934 

32 

11  (ก) )�* T2 Mapping �
��1��=:�	
��03
�����4������,3=�
��5�����0� (CEA) ����+2
=�กก�, mapping ��� T2 ?�กก�=�g���4,h� (curve fitting) P���� simple mono-
exponential �>,��-����-ก0-)�* multiple contrast weighted images (�) )�* T1W, 
(�) )�* T2W �	
 (�) )�* PDW ����:�������+��3ก0� ���	:�+0- )�* T2 mapping 
����,7��ก��3�>,
ก
-)��8��5�����0��+2
����/0+�=�=�ก�������+�-�)�* T2 
mapping ���)�* multiple contrasts weighted images �2
�8/2)�*=�ก�	�� weighted 
images ��>,
ก
-ก�,34�4=c0�=d�=
����,7��ก��3�>,
ก
-)��8��5�����0��+2  

33 

12 ����+
-�G������ T2 ��J��� R2 P�A�V<��5ก�R�CD<+	��A�����DG-ก
�C
F� 8 TE �
�
�1��=:�	
��03
�����4������,3=�
��5�����0� (CEA) ?�กก�=�g���4,h� (curve fitting) 
P���� simple mono-exponential ��� T2 = 94.4362 ,5��5-5��CD ��J��� R2 = 0.98597  

34 

13 (ก) )�* T2 Mapping �
��	
+�	�
+�+�  ICA �����03=�ก�5�����0��2��.2�� ����+
=�กก�, mapping ��� T2 ?�กก�=�g���4,h� (curve fitting) P���� simple mono-
exponential  �>,��-����-ก0-)�*  multiple contrast weighted images  (�)  )�* T1W,  

35 
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 (�)  )�* T2W, (�)  )�* PDW, (=)  )�* BALANCE �	
 (c)  )�* TOF  ����:������ 
�+��3ก0� ���	:�+0- )�* T2 mapping ����,7��ก��3�>,
ก
-)��8��5�����0��+2 

����/0+�=�=�ก�������+�-�)�* T2 mapping ���)�* multiple contrasts weighted 
images �2
�8/2)�*=�ก�	�� weighted images ��>,
ก
-ก�,34�4=c0�=d�=
����,7
��ก��3�>,
ก
-)��8��5�����0��+2 (	Zกo,����	�
�/��) ��
 �	
+�	�
+�+� ICA 
�����03=�ก�5�����0��2��.2��  (��,��
�����+
ก=0����+�) ��
 ,Z�
��	
+�	�
+�+�  
ICA   

 

14 ����+
-�G���4����� T2 ��J��� R2 4����;F��G;<�A�V<�E�5�CD<�
i���-�
=Jก����GP�
�*��K4,
�4��A�����;����� ICA 4>��R>�G P�A�V<��5ก�R�CD<+	��A�����DG-ก
�C
F� 8 
TE ?�กก�=�g���4,h� (curve fitting) P���� simple mono-exponential ��� T2 = 
75.048 ,5��5-5��CD ��J��� R2 = 0.99199   

36 
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MRI     Magnetic Resonance Imaging 

SE     Spin Echo 

GRE     Gradient Recalled Echo 

TR     Repetition Time 

TE     Echo Time 

Mxy     Transverse Magnetization 

Mz     Longitudinal Magnetization 

T1     Spin-lattice relaxation time 

T2     Spin-spin relaxation time 

RF     Radio Frequency 

SNR     Signal to Noise Ratio 

NSA     Number of Signal Average 

FOV     Field of View 

ROI     Regions of Interest 

BB     Black Blood 

AHA     American Heart Association 

FC     Fibrous Cap 

LC     Lipid Core 

LRNC     Lipid-Rich Necrotic Core 

IPH     Intraplaque Hemorrhage 

CEA     Carotid Endarterectomy 

CAS     Carotid Artery Stenosis 

CAS     Carotid Artery Stent                                                                         



+ 

 

CCA     Common Carotid Artery 

ICA     Internal Carotid Artery 

ECA     External Carotid Artery 

TIA     Transient Ischemic Attack 

LDL     Low-Density Lipoprotein 

IMT     Intima-Media Thickness 

NO     Nitric Oxide 

NBF     Neutral Buffered Formalin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 


