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�	�
����	���
�	���	
���������	 
��������	
��
��������	���(pulmonary hypertension,PH) ,�-��./�����012	3

14�56�7�3�8�5�9��
�6:0�;�9<�4;=�,��	 �	5,>0��6��9��
�6:0�;�9<�4;=�,��	?��	�����;�92�
,��5�
�
���2���	,0���@AB� (increased pulmonary blood flow)������B,�-��./������=��
/6�;�9	�<

9
;H�7�3�8�5 �	5,>0��6�;9I�����������3�����@���
�	,
J�	6���	���:�2�4����9K�=�;�9
74��
	2	3 	
��
B�;�9�9�1KA�;
2;����=�6�3,;�	;�9,�
��5�<�
�����=�2���4��������	
��
��������	
����
B����;�5��0<
�;�9�=����@���
�	,
J�	6���	 :��=�2���4<�����6�;�9��1�L�<
�
	�<
9
;H�7�3�8�5,�
4���B(9,18) 

 ;�9OA;H�6��.::L1
��L4�,�3����:�OA;H�,�
��5�<�
�����9�9���5�<
�?����,
;L
���
,;�	@AB��54��
A;PAB� 2�4�4�:�,�-�;�9,�
��5�<�
�@��Q�9R���<
� mediators �4��S ,  cellular 
energetics   & connection , tissue/myocyte interaction,  cellular adhesion molecules  <
� 
remodelling process    ,0J���=�2���4;�90
W��<����	<
���X�;�9	�<
9
;H�7�3�8�56�3,�-�2�6�
<����������	�
3��;
1;�9,�
��5�<�
����,;�	@AB�

1�1��@�� intercellular adhesion molecules-1 (ICAM-1), vascular cell 
adhesion molecule-1 (VCAM-1) <
� E-Selectin  �4�9�11�
�6:<
�;�92�
,��5��
��� ,�-�
�9�,	b����2	39
1������6:,�-��54����;6�9�5�,�
����74�����

�:�;�����;�9�3�01�4� ICAM-
1,VCAM-1,E-selectin,tissue factor and  vascular endothelial growth factor (VEGF) 
receptor ��1�1��6�;9�1��;�9@��;�9�
;,�1(inflammatory cascade) �9�19�,�I�����;�9
,��5��5@�� endothelium �=�6�3��;�9,0��� coagulability, adhesion  @��,�b	,
J�	@��, ;�9
<14��
�@��,P

R<
�;�9�� vasoconstriction (Figure 1) (3,6,7,8,9) 

 6���������	
��
��������	��� ICAM-1, VCAM-1, E-selectin    ��:,�-���A��6�
�.::
5�=��
/�����;�9�93��,0���@AB� (increased expression) ��� endotheilium <
���1�1��6�;�9
��1�L� pulmonary vascular tone , vascular reactivity <
� leukocyte adhesion �	5:�;
;�9OA;H�6�7�3�8�5�������������	
��
��������	���:�; congenital diaphragmatic hernia(4),
sickel cell anemia(5) <
� scleroderma (21) 01�4�7�3�8�5	
�;
4����9�	
1 sICAM-1 (PA��,�-�
ICAM-1����
L	��;:�; endothelium 2��5�46�0
����)6�,
J�	,0�����;@AB�<
��
�0
�XR;
1����
9L�<9�@������	
��
��������	��� PA��7�3��:
5,?J���4�,;�	:�;;�9�� endothelial cell damage <
���



2
;�9;9��L3� sICAM-16�;9�1��;�9 inflammatory cascade �=�6�3,;�	;�9�	�
�@��,�3�
,
J�	0

����9��<
���;�9,�
��5�<�
��4� vascular media <
� endothelium ��;;9�1��;�9��B
,;�	@AB����:��=�6�3,;�	;�9,�
��5�<�
����7�
�,�3�,
J�	�54��K��9<
�������	
��
��������	���
,9JB�9
������2	3( irreversible pulmonary hypertension)(4,5,6) 

6�7�3�8�5,	b;������9��
�6:0�;�9<�4;=�,��	?��	�����;�92�
,��5��
���2���	,0���@AB�
:�����������	
� �
��������	�������� �
�,�-�7
,�J�����:�;����������;�92�
,��5�
�
��������	��;�
�	,�
� ( pulmonary overcirculation )  PA��;
2;;�9,�
��5�<�
���� 
�9�9���5����,;�	@AB� 2�4����9K�X�1�52	3:�;;�9OA;H�6��9��J��2	3�
B���	 ( ,?4� congenital 
diaphragmatic hernia(4), sickle cell  anemia(5), scleroderma <
� atherosclerosis (21) 
,�J���:�;������<�;�4��,;��5�;
1�9�9���5�@��9�112�
,��5������	6��9�,�
4���B 9���
B�


;HI����;�5�����<
�;�9�9
1�
�@���
�	,
J�	6���	�4�����	
���56��
�	,
J�	���
��::�<�;�4��;
� �
�	:�9�	
1 sICAM-1, sVCAM-1, sE-selectin 0JB�m��6�,	b;;
16�7�36�/4
;b<�;�4��;
� ;�9OA;H�KA�1�1��@�� sICAM-1,sVCAM-1,sE-selectin  6�,	b;������9��
�6:
0�;�9<�4;=�,��	?��	���������	
��
��������	��� :A�,�-���;<�4�L������92	39
1;�9OA;H��	52�4
����9K�3�����:�;;�9OA;H��J��S6��	��2	3�
B���	 (4,5,6) 

 6�;�9OA;H���B:A���:L	�L4����5,0J��0���:�R�����
�0
�XR9���4��9�	
1P�9
��sICAM-1
;
1��������	
��
��������	���6�7�3�8�5 congenital heart disease    9���
B�05�5��OA;H�KA�
�.::
5�����7
�4�9�	
1P�9
��sICAM-16�7�3�8�5,	b;������9��
�6:0�;�9���������	
��
��������	����	5
6?37�3�8�5congenital heart disease ���2�4������	
��
��������	���,�-�;
L4���1�L� ,0J��6?3,�-�
@3���
0JB�m���3�����6�;�90
W������9�3�4�2�6������ 


�	�	��	������ 
9�	
1P�9
�� sICAM-1 �������
�0
�XR;
1;�9,;�	 pulmonary hypertension 6�7�3�8�5

�9��
�6:0�;�9<�4;=�,��	�9J�2�4<
����.::
5��2913������������
�0
�XR;
1;�9,0���@AB�@��P�9
�� 
sICAM-1PA��<�	�KA�;�9;9��L3�<
�;�9�
;,�1@�� endothelial cells 



3
���� �!���
"���#	!����� 

1. ,0J���
	9�	
1P�9
�� sICAM-16�7�3�8�5,	b;����������
�6:0�;�9<�4;=�,��	?��	�����
����	
��
��������	���,�9�51,��51;
17�3�8�5,	b;����������
�6:0�;�9<�4;=�,��	
<
�����	
��
��������	�;�� 

2. ,0J��OA;H��4����.::
56	13�������7
�4�;�9,0���@AB�@��9�	
1P�9
�� sICAM-1  
�.::
5���7�3��:
5OA;H��J� ��5L, ,0O, hemoglobin, systolic  pulmonary arterial 
pressure(PAP), diastolic PAP, mean PAP, O2 saturation6� systemic 
artery, O2 saturation 6� pulmonary artery, Rp,  Rp/Rs, Qp,<
� Qp/Qs  

 

��	������	#	!$%#&	 

��7�3�8�5;L��9,�?O���9R�9�05�1�
:Lr�
�;9IR 

!���
��	��	#	!$%#&	 

�����6��9�05�1�
:Lr�
�;9IR10 ,	J�� 9���4��,	J��1������2549 KA�31 ,	J��
X
����� 2549 

 

���
�����#	!����� 

,�-�;�9OA;H���:
5,?����,�9���R2�@3����3�(prospective analytic study) 
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�'��#��
�()���'� 
Congenital heart disease with increased pulmonary blood flow 

���5KA� �����
�6:0�;�9<�4;=�,��	?��	������9���I,
J�	2���	 (pulmonary blood 
flow) ,0���@AB�,�J��,�9�51,��51;
1�9���I,
J�	���2�,
�B5�94��;�5 (systemic blood flow) 2	3<;4 

Left-to-Right shunt ( Acyanotic ) cardiac lesion ,?4� Ventricular septal defect 
(VSD), Atrial septal defect(ASD), Patent ductus arteriosus (PDA), Endocardial cushion 
defect (ECDs) 
 Right-to-Left shunt ( Cyanotic ) cardiac lesion ,?4� Double outlet right ventricle 
without pulmonary stenosis, Single ventricle without pulmonary stenosis, Single atrium, 
Total anomalous pulmonary venous connection, Truncus ateriosus, d-TGA with VSD 
 
Congenital heart disease with decreased pulmonary blood flow 

���5KA� �����
�6:0�;�9<�4;=�,��	?��	������9���I,
J�	2���	 (pulmonary blood 
flow) 
	
�,�J��,�9�51,��51;
1�9���I,
J�	���2�,
�B5�94��;�5 (systemic blood flow) 2	3<;4 

Tetralogy of Fallot(TOF), Double outlet right ventricle with pulmonary stenosis, 
Single ventricle with pulmonary stenosis, Pulmonary atresia with intact ventricular  
septum, Pulmonary atresia with ventricular septal defect, Tricuspid atresia with 
pulmonary stenosis 
 
Pulmonary hypertension(PH) 

���5KA� ;�9���������	
��
��������	��� ����=�:=�;
	���� �J� mean pulmonary 
arterial pressure ��;;�4� 25 mmHg 6�@I�0
; I 9�	
1�B=���,
(18) 

�����C	�#	!����� 

9�	
1P�9
�� sICAM-1 6�7�3�8�5,	b;������9��
�6:0�;�9<�4;=�,��	 �������
�0
�XR;
1
����9L�<9�@������	
��
��������	 



5
�'���	#�D���#	!����� 

,�-�;�9OA;H�,>0��7�3�8�5���9
1�
�2�36�90.,0J���=�;�9����
�6: PA���
;:�������
9L�<9�@����������	
��
���6���	���6�9�	
1��A��PA����:2�4�������
�;�
�5����
���;

7�3�8�5�
;:�2	39
15�,0J����1�L������
�6:
3�,�
��9J�;9��L3�;�9�=����@���
�6: 
PA����:��7
�4�;�9,�
��5�<�
�@��9�	
1P�9
�� sICAM-1   
 2�42	3�=�;�9OA;H������
�0
�XR9���4�� 9�	
1P�9
�� sICAM-1<
�;�9,�
��5�<�
�
���;�5��0@���
�	,
J�	6���	 

;�9OA;H���B2	3�=�;�9�
	9�	
1P�9
�� sICAM-1  ,0�5��
�,	�5�,�4��
B� 2�42	3�
	9�	
1
adhesion molecules �J��S ,?4� sE-selectin, sVCAM-1 
 

�!�E�F�"���
	D�G	��HD'!�� 

,@3�6:KA�;�9,�
��5�<�
�@�� sICAM-16���������	
��
��������	���6�,	b;
,@3�6:KA������
�0
�XR9���4�� sICAM-1<
�����9L�<9�@����������	
��
���

�����	���6�,	b; 
,@3�6:KA��.::
5�4��S�����7
�4�;�9,0���@AB�@��9�	
1P�9
�� sICAM-1PA��<�	�KA�;�9

;9��L3�<
�damage@��endothelial cells6�7�3�8�5,	b;�9��
�6:0�;�9<�4;=�,��	 
,�-�<�����6�;�90
W������9�3����,@3�6:,;��5�;
1;�9,�
��5�<�
���� 

�9�9���5�@����������	
��
��������	��� 
,�-�<�����6�;�90
W������9�3����,@3�6:,;��5�;
1;�9	�<
9
;H����������

����	
��
��������	���6�7�3�8�5,	b;�9��
�6:0�;�9<�4;=�,��	 6�3��	�
3��;
1;�9,�
��5�<�
�
����9�9���5� 

� ��!!
����	�
#�D�%)�!���G	�#	!���������	�!#	!I�#	!�#'H� 

:=�����
��54�����;�9OA;H��3�5;�4�,�w����5����
B�2�36�9�5�,�
����;=���	 �=�6�3
;�9��,�9���R<
�<�
7
;�9OA;H��������4�,?J��KJ�
	
��9J�������:=�,�-��3��@5�59�5�,�
�
;�9OA;H�6�3���@AB� 



6
@3�:=�;
	6�	3��,����L����6?36�;�9��:
5 
;�9,;b1�
��54��,
J�	<
�/�9J�@3���
���9�112�
,��5�6�7�3�8�51��9�5��:�=�2	3


=�1�;,�J���:�;������:=�;
	@��;�9,@3�2�5
��
�6:�9J��
�	,
J�	�3���4��S �=�6�32	3@3���
���2�4
�91K3�� 

�����
�;�
�5@��?��	����0�;�9<�4;=�,��	���OA;H��=�6�37
;�9OA;H�6�
�9�?�;9�������
�;�
�5<
���:2�4����9K<�
7
2	3 

2�4����9K��,
J�	@�����;����,�-�;
L4�,�9�51,��51( controlled  group )2	3:9��
,�J���:�;�./�����	3��:9�5X99��=�6�3;�9<�
7
;
1;
L4�,�9�51,��51��@3�:=�;
	6�;�9@5�57

;�9OA;H��4�2� 

��J�D�	
���#	!����� 
1
��A;@3���
0JB�m��@��7�3�8�5,�J��<9;9
1,;��5�;
1

;HI��
��2� �9��
��;�9,:b1�8�5 

;�9����:>
5�9� �9��
��;�9,:b1�8�56��	��<
�5����,�52	39
1�	57�3��:
5��1K��:�;7�3�8�5 1�	�
��9	� <
�@3���
:�;,�?9�,1�5�7�3�8�56� 

�9�:94��;�57�3�8�5<
�1
��A;��;�9<
���;�9<�	��4��S 
�4��9�:����3���x�1
��;�90JB�m���J� CBC, BUN, Creatinine 

 �=�;�9����
�6:��56�3;�96�35�sedation( Chloral hydrate, Midazolam, <
�/�9J�
Fentanyl) ,0J���9�,�������7�	�;�����;�5�����<
�1
��A;�4�0�9���,��9R���9�112�
,��5����
6?3�3�����6�;�9OA;H� 

�=�;�9,;b1�
��54��,
J�	:�; right atrium <
� left ventricle (6�1��9�5),0J���9�:
9�	
1P�9
�� sICAM-16�@I��=�;�9����
�6: 

�=�;�9�
	9�	
1 sICAM-1 6��3���}�1
��;�9 
1
��A;@3���
<
�7
�9�:����3���x�1
��;�9,0J����,�9���R����K��� 
�
B���B:���;�9OA;H�6�7�3�8�5������9��
�6:0�;�9<�4;=�,��	?��	���������	
��
��������	

�;�� (normal pulmonary artery pressure)6�

;HI�,	�5�;
�,0J���=�@3���
���9�;�16�;�9
��,�9���R,0J����1�=�K��6�;�9OA;H��9
B���B
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Blood for Serum sICAM-1  
• RA(right atrium) 
• LV(left ventricle) 

Cardiac catheterization parameters

Discharge
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Congenital heart disease

Increase endothelial expression
of ICAM-1 

Pulmonary endothelial damage
and activation 

↑ pulmonary arterial pressure↑Qp, Rp

Cyanosis

↑ Hct

Vascular inflammation damage
and dysfunction 

Pulmonary vascular obstructive disease
(PVOD) 

↑ sICAM-1     
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��	D����)����I�#	!
���Y�#	!����� 

• ,@�5���9�;�9��:
5 

• ,�����9�;�9��:
5�4��I�;99�;�90�:�9I�	3��:9�5X99�,0J��0�:�9I�;�9
��:
56���LH5R 

• ;=���	;
L4��
��54�� 

• ,;b19�19��@3���
:�;;
L4��
��54�� 

• ;�9OA;H�6��3���x�1
��;�9 

• ;�9��,�9���R7
;�9OA;H� 

• ;�9�9L�<
�9�5���7
;�9OA;H� 

�Y�#	!D�	
����	� 
������������� ���� � 1 � ��"� 2549 '�( ���� � 31 *����"� 2549 

 
+���(� � 1 ,-.(+���(���.������(�� 

��
���� ��.� 	�.
�.

�.�
.

��.�
.

�.�
.

".�
.

�.�
.

#.�
.

�.�
.

�.�
.

1. ����/ ��0"�(�1�(�������� 
2. ���������231�+��4�1�(,25���-�6�(�"�7�4(�74
3. �����89��9���/64�:2
4.����� �9�� �(/64�:2
5. ������"��5;</64�:2
6. ����/ �����(��,25�������-�4/64�:2
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����� 2


�#�	!����	���������
#�����'�� 

���
�D����Z&[� 
;�92�
,��5�<
�����	
��
��������	 ,�-��.::
5����������=��
/�4��9�9

���5�;�92�
,��5�6�7�3�8�5������
�6:0�;�9<�4;=�,��	?��	�����;�92�
,��5��
���2���	,0���@AB��
B�
?��	,@�5�<
�2�4,@�5� ,�J���:�;;�92�
,��5��
���6���	 ��7
�4� afterload  <
� output @��
�
�6:�3��
4��@�� <
���7
��1�L�,
J�	���2�
,��5�;

1�
�6:�3��
4��P3�5 <
��w��;
��
�6:
�3��
4��P3�5�4� preload ������,;��2� ;�9�������������	
��
��������	���,�-�,�
����:�;
;�9����� �����
�6:��5,9JB�9
�<
�;�92�
,��5��
���2���	,0���@AB�,�-�,�
���� :A���7
6�3 
RV afterload   <
� LV preload ,0���@AB� <
���7
6�9�5�5���4�;�9,�
��5�<�
�<
�;�9
�=����@��;
3��,�JB��
�6: ��;�
B������������	
��
��������	�����;,;��;�4�����	
��
���
@��94��;�5 ��7
6�3,;�	����� Eisenmenger~s syndrome PA��,�-�7
6�32�4����9K74��
	<;32@
����7�	�;��@��7�3�8�52	3 

��;:�;�
B�;�9�����;�92�
,��5�2���	,0���@AB�<
�����	
��
��������	���,�-�
,�
���� ��7
6�3,;�	;�9,�
��5�<�
�@��7�
��
�	,
J�	��56���	 �	5�� hypertrophy  
<
� hyperplasia  @�� vascular  smooth muscle ��;�9����@�� elastic <
� fibrous 
tissue   PA��K3�2�42	39
1;�9<;32@��,��L:���7
6�3,;�	;�9,�
��5�<�
�K��9@��7�
��
�	,
J�	
�54��K��9 (,?4�6� grade IV-VI @�� Health-Edwards grading,1979)(18) <
�,;�	��������	
�
�
��������	���,9JB�9
� 6����;

1;
�;�9,�
��5�<�
����,;�	@AB�2�4��� ��:����9K;

1,�-��;��
2	3��5�

�2	39
1;�974��
	<;32@��,��L (,?4�6� grade I-III @�� Health-Edwards grading) (18) 

;�9OA;H����74����01�4� pulmonary endothelium ��1�1��6�;�9��1�L� basal 
pulmonary vascular tone , homeostasis, leukocyte adhesion, pulmonary vascular 
reactivity  ,production of growth factor and barrier function  �	5,�-�7
:�;�x��
�0
�XR@�� 
local vasoactive substance :�; pulmonary vascular endothelial ,�� (Figure1,2,3)(3) 6�
�����9J��9�����=�6�3�� pulmonary endothelial cell damage PA���=�6�3,P
�R�93�� specific 
markers and protein �	5,>0�� sE-selectin , sVCAM-1 , sICAM-1 <
���;�9�
;,�1@��,�3�
,
J�	�=�6�3��;�9�	�
�@��,�3�,
J�	<
��� pulmonary resistance ,0���@AB�(19) 
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Figure2.Role of sICAM-1, sVCAM-1, sE-selectin  to Inflammatory  cascade and 
endothelial  dysfunction (3) 
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Figure3. Role of sICAM-1, sVCAM-1, sE-selectin  to Inflammatory  cascade and 
endothelial  dysfunction(3) 

$�$�
 �
��
��$�%	��%�����  

6����.O. 2005 Kato,GJ <
��I�2	39�5���9�	
1@�� soluble endothelium-derived 
adhesion molecules in the plasma specimens 6�7�3�8�5 sickle cell disease 01�4�;�9,0���
@��9�	
1 soluble adhesion molecule �������
�0
�XR;
1 pulmonary hypertensionPA��<�	�KA�
�4��� endothelial dysfunction �	501�4� soluble VCAM-1,ICAM-1, E-selectin �������
�0
�XR
;
1mortality and risk of death 6�7�3�8�5����� pulmonary hypertension(5) 

6����.O. 2004  Budhiraja R. <
��I� 2	3OA;H�KA�;�9,�
��5�<�
�@�� endothelium 
dysfunction in pulmonary hypertension �	5OA;H�6�7�3�8�5 HIV,�9���	��������� chronic 
hypoxia :�,;�	 pulmonary hypertension(cor pulmonale) 01�4���;�9,�
��5�<�
�@�� 
vasoactive  mediater  �
�5�
�,0J����1�����4�;9�1��;�9,�
��5�<�
�@�� endothelial 
cells dysfunction ,?4� nitric oxide(NO), prostacyclin, endothelin-1,  prostacyclin, 
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serotonin, thromboxane,sICAM-1,sVCAM-1,sE-selectin,tissue factorPA��01�4���9�	
1,0���@AB�
6�7�3�8�5,�
4���B�54�����
5�=��
/����K���(19) 

6����.O. 2004  Kobayashi, H, et al <
��I� 2	39�5���9�	
1@�� serum level @��
adhesion molecules 3 �
� (sICAM-1, sELAM-1, and  sVCAM-1) 6���9;<9;,;�	 20 9�5���
,�-� congenital diaphragmatic hernia (CDH) 01�4� 9�	
1@�� sICAM-16�;
L4������ CHD with 
persistent pulmonary hypertension(PPH):=���� 11 9�5,�4�;
1 227.0+/-98.9 ng/ml ���4����
;�4� 9�	
1@�� sICAM-16�;
L4������ CDH without PPH :=���� 9 9�5 ( 140.29+/-37.4 ng/ml ,   
p<0.05 ) <
�9�	
1@�� ICAM-16�;
L4������ controls  ( 130.0+/-23.8 ng/ml , p <0.05) �54����
�
5�=��
/ �	5�4�,>
��5@�� serum  sELAM-1 6� CDH patients with PPH (116.5+/-19.2 
ng/ml)���4����;�4�6�;
L4�@�� CDH patients without PPH (79.3+/-27.9 ng/ml; p<0.01) <
� 
6�;
L4� controls (58.4+/-14.5 ng/ml; p<0.001)�54�����
5�=��
/ , �4�,>
��5@�� serum 
sVCAM-1 levels in CDH patients with PPH (1596.9+/-460.4 ng/ml)���4����;�4�6�;
L4�@�� 
CDH patients without PPH (1069.3+/-444.6 ng/ml; p<0.01) <
� controls (838.0+/-171.2 
ng/ml; p<0.001 <�4:�;;�9OA;H�01�4�9�	
1@�� serum adhesion molecule levels 6�;
L4� 
CDH patients without PPH 2�4������<�;�4������K���;
16�;
L4� controls , Pulmonary 
vascular endothelial cells 6� CDH lung with PPH ��9�	
1@��adhesion molecules ���;�4�
;
L4� controls :�;@3���
	
�;
4��7�3�=�;�9��:
5�
B������m���4� adhesion molecules ��1�1��
�=��
/����=�6�37�3�8�5 CDH ,;�	���� PPH2	3(4) 

6����.O. 2001 Giuseppe cella <
��I��=�;�9OA;H�9�	
1 plasma markers  
[sP,sE,sL-selectin, thrombomodulin, nitric oxide(NO)] of endothelial dysfunction 6�7�36�/4
���2	39
1;�9����:>
5,�-� primary pulmonary hypertension <
� secondary pulmonary 
hypertension :=���� 15 9�5( men 4,women 11, mean age 49.7 +/-2.9 yr, 79�5����:>
5 
primary pulmonary hypertension , 8 9�5����:>
5 secondary pulmonary hypertension) 
,��51;
1;
L4�,�9�51,��51 healthy  control  20 9�5 01�4� sP-, sE-selectins, thrombomodulin
���4����6�;
L4� pulmonary hypertension ��;;�4� ;
L4� control (p <0.05 ) 6�@I����sL-
selectin <
� nitric oxide  ���4���=�;�4�,�J��,��51;
1;
L4� control ( sL-selectin  p <0.0001, NO  
p <0.01) 7�3�=���:
5�9L��4���;�9,;�	 endothelium dysfunction 6�7�3�8�5���,�-� pulmonary 
hypertension <�4,�J���:�;;�9OA;H���B��@3�:=�;
	�J�:=�����
��54���3�5 :A��3���=�;�9OA;H�
�4�2�(6) 
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6��� �.O. 2000 Sakamaki, F, et al. <
��I� 2	39�5����4���;�9,0���@AB�@��9�	
1 

plasma P-selectin <
���;�9
	
�@��9�	
1 thrombomodulin 6�;
L4�7�3�8�5����� primary 
pulmonary hyprtension(PPH) 32 9�5, 6�;
L4�7�3�8�5 secondary pulmonary hypertension 31 
9�5 ,�J��,��51;
1;
L4� healthy subjects 17 9�5 <
���;�9	�@AB��

�:�;6�3;�99
;H�	3�5 
continuous prostacyclin therapy:�;;�9OA;H��9L��4���;�9
	
�@��9�	
1thrombomodulin 
<
���;�9,0���@AB�@��9�	
1 P-selectin 6� PPH <
�6� secondary pulmonary hypertension
,�J���:�;�� endothelial injury PA����:��7
6�3,;�	 thrombosis �����(7) 

6��� �.O. 2000  Paul <
��I� 2	3�=�;�9OA;H��������
�0
�XR9���4��9�	
1@��
plasma marker (CRP,sICAM-1,Interleukin-6, homocystein);
1 9�	
1@�� lipid ,0J��6?36�;�9
��	���������,���5�6�;�9,;�	 atherosclerosis <
� coronary heart disease 6�7�3�8�5�/��
:=���� 366 9�5 �	5<14�7�3�8�5,�-� 2 ;
L4� ;
L4�<9;,�-�7�3�8�5�/������� cardiovascular event 
myocardial infaction):=���� 122 9�5 <
�;
L4�������,�-�7�3�8�5�/�����2�4�� cardiovascular 
event (myocardial infarction):=���� 244 9�5 01�4�9�	
1P�9
�� sICAM-1 ,�4�;
1 349±121.3 
ng/ml6�;
L4�<9; <
� 321.3 ± 107.4 ng/ml 6�;
L4����������
=�	
1 PA��:�;;�9OA;H���B01�4�
9�	
1P�9
�� sICAM-1 ���@AB�6�;
L4������ cardiovascular event<
��� LDL>130 mg/dl �54����
�
5�=��
/����K��� (P =0.03)  <
�2	3�X�1�5�4�,�-�7
�����;�9�
;,�1@���
�	,
J�	<
��� 
endothelial cells dysfunction PA��,�-�;9�1��;�9,�
��5�<�
����,;�	6� atherosclerosis �=�6�3��
;�9,0���@AB�@�� markers 	
�;
4�� ��;:�;��B5
�01�4���;�9,0���@�� CRP, Interleukin-6,  
homocystein 6�;
L4�<9;�54�����
5�=��
/����K��� ( p<0.05 ) (20) 

6����.O. 1996 Biffl, W. L <
��I�OA;H�9�	
1@�� sICAM-1<
� nitric oxide (NO)
6� human umbilical vein endothelial cells (HUVEC)6��
�	�	
���	5;�9,0��,
�B5�
HUVEC <
�;9��L3�6�3,;�	;�91�	,:b1@��,P

R�9�19�,�IICAM-1 expression 1� umbilical 
vein endothelial cell <
��
	9�	
1@�� sICAM- 01�4���;�9
	
�@��9�	
1 nitric oxide <
���
;�9,0���@��9�	
1 intercellular adhesion molecule (ICAM-1) (8) 
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����� 3

��J�D�	
���#	!����� 

!�
������J�#	!����� 

1. �!�F	#!���$%#&	 (Population) 
 1.1 �9�?�;9,�w����5(Target populations) 
 �=�;�9OA;H�6�7�3�8�5,	b;������9��
�6:0�;�9<�4;=�,��	�L;9�5PA��9
12�36���7�3�8�5�8�5
;L��9,�?O���9R90.:Lr�
�;9IR,0J���=�;�9����
�6:���@3�14�?�B@��;�99
;H�9���4���
����1
������ 2549 KA� 31X
����� 2549 
 1.2 ;},;I�R;�9�
	,
J�;,@3���OA;H�(Inclusion criteria) 
 - 7�3�8�5,	b;��5L�
B�<�4 <9;�
�	 KA� 18 �� 

- ���9��
���9J�;�9�9�:94��;�5 ���14�?�B�4����9��
�6:0�;�9<�4;=�,��	�L;9�5 
- ��@3�14�?�B6�;�9�=�;�9����
�6: 

1.3 ;},;I�R;�9�
	��;:�;;�9OA;H�(Exclusion criteria) 
 - 7�3�8�5���2�4,Pb�615��5��;�9,@3�94����9�;�9;�9��:
5 

- 7�3�8�5����=�;�9����
�6:<�42�42	3�=�;�9�
	����	
�:�; pulmonary artery  
 - ��;�9�=����@���
1�9J�2�7�	�;�� 

- ������7�	�;��6�;�9<
;,�
��5�;��P�����	�54��9L�<9� 
- ��9�11�����L3�;
�1;094�� 
- �������
�6:,�3�7�	�;�� 

2. #	!
�	��^��	D�����G	�(Sample size)
�	5�3�����:�;;�9OA;H�@�� Kobayashi   6����.O. 2004(4) PA��OA;H�;�9,�
��5�<�
�

@��9�	
1 plasma sICAM-1 6�7�3�8�5congenital diaphragmatic hernia ����� pulmonary 
hypertension <
�2�4�� pulmonary hypertension :=���� 20  9�5 �	501�����
�0
�XR@��
9�	
1 plasma  sICAM-1 6�7�3�8�5����� pulmonary hypertension :=���� 11 9�5 (227+/-98.9 
ng/ml) ���4����;�4�;
L4����2�4�� pulmonary hypertension :=���� 9 9�5(140.29+/-37.4 ng/ml) 
�54�����
5�=��
/����K���(P<0.05) :�;@3���
	
�;
4��:A��=����=���I@��	;�9OA;H���B������9 
	
���B
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n/gr  = 2 (Zα/2 + Z β)²σ²/(µ1- µ2)² 

 σ² = [(n1-1) SD1²+ (n2-1) SD2²] / (n1+n2 ) � 2
�	5;=���	6�3 µ1, µ2= �4�,>
��5@��9�	
1 sICAM-1 <�4
�;
L4� 

SD1 SD2= �4�,1��5�,1�@��9�	
1 sICAM-1 <�4
�;
L4� 
α = 0.05� Z α /2=1.96 

 β = 0.1� Z β = 1.28 
 n1 = 11 9�5, n1= 9 9�5 
<���4�6����9 n/ gr  = 15.9 �� 
,09��>��
B�:=�����
��54��6�<�4
�;
L4��54���3�5�3��,�4�;
1 16 �� 
,�J���:�;5
�2�4,�5��@3���
;�9�=�6�,	b;��;4�� :A�6?3@��	�
��54��;
L4�
� 40 9�5 �	5

������:=�����
��54��P�9
���������9K�9�:2	3:�;;�9�=� ELISA : 1 kits (80 samples) PA��
����9K�=�6�7�3�8�5;
L4�
� 40   9�5 

3.#	!���
#����#	!��D(Observation and Measurement)

3.1 ;�9�9�,���9�	
1@������	
��
��������	<
��4�0�9���,��9R���2	3:�;;�9����
�6:(cardiac 
catheterization) 

�=�;�9�9�,����	5;L��9<0�5R7�3,?��5�?�/��@��9��
�6:�	5�9�,����4�0�9���,��9R
�4��S	
���B(1) 

1 Systolic, diastolic ��� mean pulmonary arterial pressure (PAPs,PAPd,PAPm) 
 2	3:�;;�9�
	@I��=�;�9����
�6: ��4�5,�-� mmHg 

2 Pulmonary to systemic flow ratio(Qp/Qs) 
 �=���I:�; Pulmonary flow(Qp)

Systemic flow(Qs) 
Pulmonary flow(Qp) =    Vo2

CPV - CPA 
Systemic flow(Qs)    =    Vo2

CAO � CMV 
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Vo2 �J� oxygen consumption (ml/min) �9���I�4�:�;;�9�=���I �����5L ,0O<
��
�9�
;�9,�3�@���
�6: 6�,	b;7�3�/�� �=���I:�;���9 138.1-17.04Ln(Age) + 0.378(heart rate), 
6�,	b;7�3?�5 �=���I:�;���9 138.1�11.49 Ln(age) + 0.378(heart rate) (1) 
C �J� oxygen content (ml/L) 6��=�<��4��4��S 

3 Pulmonary to systemic pressure ratio( Pp/Ps) 
�=���I:�; Systolic pulmonary pressure(Pp)

Systolic systemic pressure(Ps) 
4 Pulmonary to systemic resistance ratio(Rp/Rs) 

�=���I:�; Pulmonary vascular resistance(Rp)
Systemic vascular resistance(Rs) 

Pulmonary vascular resistance(Rp) = Mean PA pressure � Mean LA pressure
Pulmonary flow(Qp) 

Systemic vascular resistance(Rp)   = Mean AO pressure � Mean RA pressure
Systemic flow(Qs) 

3.2 ;�9�9�:9�	
1P�9
�� sICAM-1 
 

3.2.1 ;�9,;b1�
��54�� (Sample collection and storage) 
,;b1�
��54��,
J�	@I��=� cardiac catheterization 6� clot blood tube �9���I 1-5 �
.
:
	�4��3���x�1
��;�9����A;��9�;��R ?
B� 9  �
��� �=�,
J�	���2	3���.��<5; 1000 9�1/���� ��� 10 
���� <5;P�9
��,;b1����LI����� -70º c ,0J��,�-��
��54��6�;�9�9�:��9�	
1P�9
�� sICAM-1 
 

3.2.2 ;�9�9�:9�	
1P�9
�� sICAM-1 
�=�;�9�9�:9�	
1P�9
�� sICAM-1 	3�5 commercial ELISA kits (R&D system, MN, USA) 
;9�1��;�9�
B���	:�	=�,���;�9��� Hepatitis  Virus Research Laboratory @�������?�;L��9
,�?O���9R �9�05�1�
:Lr�
�;9IR 
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#	!
#d�!��!���'��e� 

@3���
0JB�m��@��7�3�8�5 , 7
;�9�9�:����3���x�1
��;�9 , �4�0�9���,��9R���2	3:�;;�9
����
�6: <
�7
;�9�9�:��9�	
1P�9
�� sICAM-1 6� pulmonary artery @I��=�;�9����
�6: 
:�2	39
1;�91
��A;
�6�<111
��A;@3���
( ���7��; )<
��=�;�9,;b1@3���
�
B���	
�6�
���0��,��9R ,0J���=����9�:<
���,�9���R@3���
�4�2� 

#	!��

!	��"�'��e� (Data analysis): 
 
1. Compare the levels of   sICAM-1 between Group A (congenital heart disease with 

pulmonary hypertension)and Group B (congenital heart disease without pulmonary 
hypertension) patients using unpaired t-test. 

2. Correlation coefficient between levels of   sICAM-1 and the severity of PH (pulmonary 
arterial pressure and arteriolar resistance) and other parameters by using simple 
linear regression analysis and stepwise multivariable regression. 

���!��	^ 

�1�9���I���:=�,�-��3��6?36�;�9OA;H��9
B���B�	5�9���I 
1. ELISA kit for  sICAM-1 = 35,000 1�� 
2. Tube for clot blood collection (5 1�� x 80 9�5) = 400 1�� 
3. Tube for collection of serum (5 1�� x 80  9�5) = 400 1�� 
4. �4���1<��,:3���3�����3���}�1
��;�9 2,000 x 3 �� = 6000 1�� 

9�� = 41,800 1�� 
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����� 4

Y�#	!��

!	��"�'��e� 

�'��e�����H� 
:�;;�99�19��@3���
@��7�3�8�5,	b;������9��
�6:0�;�9<�4;=�,��	 �������5L�
B�<�4

<9;,;�	KA� 18 �� PA��9
12�36���7�3�8�5�8�5;L��9,�?O���9R 90. :Lr�
�;9IR ,0J���=�;�9����
�6: 
���@3�14�?�B@��;�99
;H�9���4���
����1 ��.�.2549 KA� 31 X.�. 2549 ��7�3�8�5���,@3�;�9OA;H�
�
B���	 40 9�5 ����5L�
B�<�4 3 ,	J�� KA� 15�� 8 ,	J�� (��5L,>
��5 4 �� 2 ,	J��) <14�,�-�,0O?�5 
16 9�5(��	,�-� 41.5%) ,0O�/�� 24 9�5(��	,�-� 58.5%) �	5,�-�7�3�8�5,	b;������9��
�6:0�;�9
<�4;=�,��	?��	�����;�92�
,��5��
���2���	,0���@AB� (increased pulmonary blood flow) 32 9�5 
<5;,�-��9��
�6:0�;�9<�4;=�,��	?��	���2�4,@�5� 26 9�5 <
�<5;,�-��9��
�6:0�;�9;=�,��	?��	
,@�5� 6 9�5 ,�-�7�3�8�5,	b;������9��
�6:0�;�9<�4;=�,��	?��	�����;�92�
,��5��
���2���	
	
� 
(decreased pulmonary blood flow) 8 9�5 	
����<�	�;�9<:;<:�6���9����� 2

<7�������� 1 <�	�93�5
�@��,0O<
�;�9����:>
5@��7�3�8�5;
L4�����=�;�9OA;H� 

male

female

sex

 

41.5%
58.5%
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��9����� 2 :=����7�3�8�5<
�?��	@������0�;�9@��7�3�8�5����=�;�9OA;H�

Diagnosis ���� �	
 ��
 
1.1���
��

������������������������

������
�

����� 

-VSD 8 6 14 

-VSD and PDA 4 2 6 

-Common AV canal defect 3 0 3 

-PDA 1 2 3 
1.2���
��

���������������������
������

������

����� 

-DORV  with VSD 2  0 2 

-Single atrium 1  0 1 

-TAPVR (supracardiac)  0 1 1 

-Truncus  arteriosus 1 1 2 

2.���
��

��������������������  

-TOF 4 4 8 

��
�����
� 24 16 40 
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<7�������� 2 <�	�93�5
�@��;�9����:>
5@��7�3�8�5;
L4�����=�;�9OA;H� 

TOF

truncus arteriosus,
DORV with VSD,
TAPVR,singlenatrium

VSD,complete AV
canal,PDA,VSD and
PDA

Dx

 

@:6AB���3����� ������(��/4(C+A�+� 0.�,+125�231�� �����5���/4(/64�:2+���D�,254��3.�(
+���(� � 3

66.7%15.4%

17.9%



22 
��9����� 3 @3���
0JB�m��@��7�3�8�56�<�4
�;
L4�����=�;�9OA;H� 

Increase blood flow 
@3���
�
��2� acyanotic cyanotic  

Decrease blood 
flow Total  

,0O(��) ?�5 10 2 4 16 
�/�� 16 4 4 24 

��5L,>
��5(,	J��) 48.8 26 74.2 50.2 
?4����5L(,	J��) 5-144 3-120 5-190 3-190 
( Mean ±SD ) (48.8±48) (26±46) (74±62.3) (50.2±50.9) 
Hgb*(mg/dl) 12.36 ±1.39 14.55 ±1.82 16.48 ±3.05 13.72 ±2.59 
Cr*(mg/dl) 0.33 ±0.15 0.25 ±0.1 0.43 ±0.16 0.34 ±0.15 

*Mean ± SD  

 

�	56�;
L4������;�92�
,��5��
���2���	,0���@AB��
B���	 32 9�5 ��7�3�8�5 26 9�5����3��2	39
15�
,0J����1�L������
�6:��5�J� Lanoxin, Angiotensin converting enzyme inhibitor, 
Aldactone,  Furosemide 
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#	!�!��!�D�� Serum ICAM-1 

�=�;�9,;b1�
��54��,
J�	:�;�
�6:�3��1�@�� 40 �
��54�� �3��
4��P3�5 12  �
��54���	5�
	,�-�
����,@3�<�� (OD) ,�9�51,��51;
1 ICAM-1 standard curves  �=��9
1?L	�	��1,>0��	
�6�
;9����� 1
���'$�% 1 ���'��#���
��  ICAM-1 Assay 
 

1000.00800.00600.00400.00200.000.00

ICAM1

2.50

2.00

1.50

1.00

0.50

0.00

O
D

R Sq Linear = 0.982
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#	!��

!	��"�'��e� 

9�	
1 siCAM-1@��<�4
�;
L4�����=�;�9OA;H�<�	�	
���9����� 4 <
�,�J��,�9�51,��51�4� 
Pre-pulmonary sICAM-1 (:�; right atrium)  <
� Post-pulmonary sICAM-1( :�; left 
ventricle ) 6�7�3�8�5:=���� 12 9�5	
�;9����� 2 01�4�2�4������<�;�4��;
�����K��� (p=0.43) 
	
�6���9����� 5

+���(� �4. �5.�9 Serum ICAM-1 E�@:6AB��,+125�231�� ������������ 

increase blood flow Level of 
serum(ng/ml) acyanotic cyanotic 

decrease blood 
flow Total 

416.74±101.34* 419.43±112.01* 321.85 90.17* 390.65±104.41*
ICAM-RA (n=24)  (n=6) (n=10) (n=40) 

406 ± 81.76** 
ICAM-LV (n=12)  

* Mean ± SD (range of data), ** P=0.43 by pair t-test ��7�4�� �9��9�5.�9E� right atrium 

 

���'$�% 2. ���'	�����	$����(��� pre-pulmonary ��( post-pulmonary sICAM-1 
 

0

100

200

300

400

500

600

1 2 3 4 5 6 7 8 9 10 11 12

ICAM1-LV
ICAM1-RA

p=0.43 by 
pair t-test 
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#��� $�%5. �A� �9�� �9�5.�9 pre-pulmonary ,25 post-pulmonary sICAM-1 

Pair t-test   p=0.43 

,�J���:�;2�4������<�;�4��;
�����K���9���4�� pre-pulmonary <
� post-pulmonary sICAM-1 
6�;�9OA;H���B:A�2	3OA;H��������
�0
�XR@�� sICAM-1 6� RA ;
1�.::
5����
�����J��SPA��:�
;
4���4�2� 

#!	g��� 3 ���'	�����	$����(��� sICAM-1 )
 RA (prepulmonary sICAM-1) )
�#*�(��+*�
$�%,-�.� 

PV stenosis,primary
pulmonary hypertension

TOFtruncus arteriosus,
DORV with VSD,

TAPVR,singlenatrium

VSD,complete AV
canal,PDA,VSD and

PDA

Dx

550

500

450

400

350

300

95
%

CI
IC

AM
1_

RA

Level of ICAM-1 Mean N Std. Deviation 
ICAM1-RA 420.6641 12 88.73284 

ICAM1-LV 406.7997 12 81.76109 

416.74 ± 
101.34

419.43 ± 112.01 

335.12 ± 9.83

Gr1 (n=24) Gr2 (n=6)             Gr3 (n=10)
Gr.1= acyanotic CHD with increase blood flow 
Gr.2= cyanotic CHD with increase blood flow 
Gr.3 = CHD with decrease  blood flow

Gr1 vs. Gr 2 p=0.7
Gr 2 vs.Gr 3 p=0.04 
Gr1 vs Gr 3 p=0.01 
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:�;;9����� 3 :�,�b�2	3�4��4�,>
��5@��9�	
1 serum sICAM-1 6�;
L4������,
J�	2�
,��5�2���	
,0���@AB�(;
L4� 1+2)���;�4�;
L4������,
J�	2�
,��5�2���	�3�5
�(;
L4�3) �54�����
5�=��
/����K��� 
<�42�4������<�;�4��@�� sICAM-1 9���4��;
L4������,
J�	2���	,0���@AB�(;
L4� 1 <
�;
L4� 2) 

��9����� 6. <�	��4�,>
��5@��9�	
1 Serum sICAM-1 6�;
L4������;�92�
,��5��
���2���	,0���
@AB�;
1;
L4������;�92�
,��5��
���2���	
	
� 

�231�@:6AB�� Serum ICAM-1 ������@:6AB�� 
increase pulmonary blood flow 417.27±101.53* 30 
decrease pulmonary blood flow 323.69±85.76* 10 
Total 392.17±105.24* 40 

*Mean ± SD 

:�;��9����� 6 :�,�b��4�9�	
1 sICAM-1 6�;
L4������;�92�
,��5��
���2���	,0���@AB� ���4����;�4�
6�;
L4������;�92�
,��5��
���2���	
	
� �54�����
5�=��
/����K��� ( unpaired t-test, p=0.01) 

 

��9����� 7. <�	��4�,>
��5@��9�	
1 Serum sICAM-1 6�;
L4����������	
��
��������	���,��51;
1
;
L4�������
��������	�;�� 

CHD serum sICAM-1 n p value 

with PHT 413.6 ± 105.7 * 22 0.03 

without PHT 328.1± 68.5 * 12   

* Mean±SD, PHT= pulmonary hypertension (mean pulmonary  artery hypertension>25 
mmHg) 
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#!	g��� 4. ;9��<�	�9�	
1 sICAM-1 6�;
L4����������	
��
��������	���,��51;
1;
L4�������
���
�����	�;��(unpaired t-test) 

 

1.00.00

PAPmean

600.00

500.00

400.00

300.00

200.00

100.00

IC
AM

1_
RA

15

 

:�;;9����� 4 <
� ��9����� 7 :�,�b��4�6�;
L4�7�3�8�5�9��
�6:0�;�9<�4;=�,��	���������	
��
������
��	��� (n=22) ��9�	
1sICAM-1 ���;�4�6�;
L4�7�3�8�5�9��
�6:0�;�9<�4;=�,��	�������	
��
������
��	�;�� (n=12) �54�����
5�=��
/����K��� 

413.6 ± 105.7 ng/ml

328.1± 68.5 ng/ml

0= mean pulmonary pressure(PAPm) </= 25 mmHg 
1= mean pulmonary pressure (PAPm)  > 25 mmHg 

P=0.03
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�	5:�;;�9OA;H���B01�4�9�	
1@��P�9
�� sICAM-1 ���,0���@AB��
�0
�XR;
1 mean pulmonary 
arterial pressure, diastolic pulmonary pressure, systolic pulmonary pressure, Qp , 
Qp/Qs, Rp/Rs <
�Rp  ���,0���@AB��54�����
5�=��
/(p<0.05) 	
�;9����� 5-11 
 �4���.::
5���2�4�������
�0
�XR;
1 sICAM-1 2	3<;4 aortic saturation, pulmonary arterial 
saturation, ,0O, Qs <
� Rs  	
�;9�����12-15 <
���9�����10 
 
#!	g��� 5. ;9��<�	������
�0
�XR9���4��9�	
1 sICAM-1 RA <
� mean pulmonary 
arterial pressure (PAPm) 

80.0070.0060.0050.0040.0030.0020.0010.00

PAPm

600.00

500.00

400.00

300.00

200.00

100.00

IC
AM

1_
RA

R Sq Linear = 0.297

 

:�;;9����� 5 <�	�6�3,�b��4�����	
��
��������	 mean PAP ���,0���@AB��������
�0
�XR;
19�	
1
P�9
�� sICAM-RA (pre-pulmonary sICAM-1)���,0���@AB��54�����
5�=��
/����K��� (p=0.003) 
 

r=0.51, p=0.003



29 
#!	g��� 6 ;9��<�	������
�0
�XR9���4��9�	
1 sICAM-1 RA <
� diastolic PAP (PAPd) 

60.0050.0040.0030.0020.0010.000.00

PAPd

600.00

500.00

400.00

300.00

200.00

100.00

IC
A

M
1_

R
A

R Sq Linear = 0.127

 

:�;;9����� 6 <
� 7 <�	�6�3,�b��4�����	
��
��������	 diastolic PAP<
�systolic PAP ���
,0���@AB��������
�0
�XR;
19�	
1P�9
�� sICAM-RA���,0���@AB��54�����
5�=��
/����K��� (p=0.05) 
 

r=0.36, p=0.05
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#!	g��� 7 ;9��<�	������
�0
�XR9���4��9�	
1 sICAM-1 RA <
� systolic PAP(PAPs) 

120.00100.0080.0060.0040.0020.000.00

PAPs

600.00

500.00

400.00

300.00

200.00

100.00

IC
A

M
1_

R
A

R Sq Linear = 0.231

 

R=0.48, p=0.005
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#!	g��� 8 ;9��<�	������
�0
�XR9���4��9�	
1 sICAM-1 RA <
� Qp 

 

12.0010.008.006.004.002.000.00

Qpc

600.00

500.00

400.00

300.00

200.00

100.00

IC
A

M
1_

R
A

R Sq Linear = 0.101

 

R=0.34, p=0.04

Qp
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#!	g��� 9 ;9��<�	������
�0
�XR9���4��9�	
1 sICAM-1 RA <
� Qp/Qs 
 

4.003.002.001.000.00

Qp/Qs

600.00

500.00

400.00

300.00

200.00

100.00

IC
A

M
1_

R
A

R Sq Linear = 0.078

 

:�;;9����� 8 <
� 9 <�	�6�3,�b��4� 9�	
1@�� Qp <
� Qp/Qs ���,0���@AB��������
�0
�XR;
19�	
1
P�9
�� sICAM-1 ���,0���@AB��54�����
5�=��
/����K��� (p < 0.05) 
 

R=0.38, p=0.02
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#!	g��� 10 ;9��<�	������
�0
�XR9���4��9�	
1 sICAM-1 RA <
� Rp 
 

12.0010.008.006.004.002.00

Rpc

600.00

500.00

400.00

300.00

200.00

100.00

IC
A

M
1_

R
A

R Sq Linear = 0.231

 

r=0.48, p=0.008

Rp
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#!	g��� 11 ;9��<�	������
�0
�XR9���4��9�	
1 sICAM-1 RA <
� Rp/Rs 
 

0.800.600.400.20

RpRsc

600.00

500.00

400.00

300.00

200.00

100.00

IC
A

M
1_

R
A

R Sq Linear = 0.227

 
:�;;9����� 10 <
� 11 <�	�6�3,�b��4� 9�	
1@�� Rp <
� Rp/Rs ���,0���@AB��������
�0
�XR;
1
9�	
1P�9
�� sICAM-1 ���,0���@AB��54�����
5�=��
/����K��� (p < 0.05) 
 

Rp/Rs

r=0.48, p=0.009
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#!	g��� 12 ;9��<�	������
�0
�XR9���4��9�	
1 sICAM-1 RA <
� Qs 
 

6.005.004.003.002.00

Qsc

600.00

500.00

400.00

300.00

200.00

100.00

IC
A

M
1_

R
A

R Sq Linear = 0.005

 

r=0.069, p=0.68

Qs
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#!	g��� 13 ;9��<�	������
�0
�XR9���4��9�	
1 sICAM-1 RA <
� Rs 

 

50.0040.0030.0020.0010.00

Rsc

600.00

500.00

400.00

300.00

200.00

100.00

IC
A

M
1_

R
A

R Sq Linear = 0.031

 

r=-0.18, p=0.29

Rs
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��9����� 8. <�	��4�,>
��5@��9�	
1sICAM-1 6�;
L4�������
	�4�������3�����@���
�	,
J�	���
��	���> 0.5 ,��51;
1;
L4�������
	�4�������3�����@���
�	,
J�	�����	 <0.5 

 

CHD serum sICAM-1 n p value(unpaired t-test) 

with Rp/Rs >0.5 464.49± 37.16* 3 0.026 

With Rp/Rs <0.5 380.72±107.72* 26   

* mean ± SD 
 
:�;��9����� 8 01�4�9�	
1@�� Rp/Rs >0.5 , ��9�	
1@��P�9
�� sICAM-1 l���;�4�;
L4������ Rp/Rs 
< 0.5 �54�����
5�=��
/����K��� (p=0.026) 
 
#!	g��� 14 ;9��<�	������
�0
�XR9���4��9�	
1 ICAM-1 RA <
� Ao sat 
 

100.0090.0080.0070.0060.0050.00

AO sat

600.00

500.00

400.00

300.00

200.00

100.00

IC
AM

1_
RA

R Sq Linear = 0.038

r=0.19, p=0.24
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#!	g��� 15 ;9��<�	������
�0
�XR9���4��9�	
1 sICAM-1 RA <
� pulmonary arterial 
saturation(PA sat) 
 

90.0080.0070.0060.0050.00

PA sat

600.00

500.00

400.00

300.00

200.00

100.00

IC
AM

1_
RA

R Sq Linear = 0.002

 

:�;;9�����14 <
� 15 <�	�6�3,�b��4� �4� oxygen saturation���,0���@AB��������
�0
�XR;
19�	
1
P�9
�� sICAM-1 ���,0���@AB�<�42�4���
5�=��
/����K��� (p>0.05) 
 

r=0.42, p=0.80
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#!	g��� 16 ;9��<�	������
�0
�XR9���4��9�	
1 sICAM-1 RA <
���5L@��7�3�8�5 

200.00150.00100.0050.000.00

Age2

600.00

500.00

400.00

300.00

200.00

100.00

IC
A

M
1_

R
A

R Sq Linear = 0.157

 

:�;;9����� 16   ;
L4�7�3�8�5�����5L��;01�4���9�	
1 sICAM-1 
	
��54�����
5�=��
/����K���<�4
��::��X�1�52	3�4�,�-�,09��7�3�8�5�����5L��;�4��6�/4,�-�7�3�8�5;
L4������;�92�
,��5�2���	

	
� 

r=-0.40.p=0.01

Age (month)
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#!	g��� 17 ;9��<�	������
�0
�XR9���4��9�	
1 sICAM-1 RA <
� ,0O 

1.000.800.600.400.200.00

sex

600.00

500.00

400.00

300.00

200.00

100.00

IC
A

M
1_

R
A

0= male, 1= female
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�	!	���� 9. �9L������
�0
�XR9���4�� ,0O<
�9�	
1 sICAM-1 
 

Sex ������@:6AB�1� ICAM1_RA(ng/ml) 

female 24 397.36±96 

male 16 384.83±119.75 

:�;;9�����17 <
� ��9����� 8 <�	������
�0
�XR9���4��9�	
1P�9
�� sICAM-1 ;
1,0O@��;
L4�
7�3�8�5�	501�4�7�3�8�5,0O�/�� (:=���� 24 9�5 ) ��9�	
1P�9
�� sICAM-1 ,�4�;
1 397.36 ± 96 
ng/ml PA�����;�4�7�3�8�5,0O?�5 (:=����16 9�5) ��9�	
1P�9
�� sICAM-1  ,�4�;
1 384.83 ± 119.75 
ng/ml <�42�4���
5�=��
/����K��� ( p=0.7 by Chi-square test ) 
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#!	g��� 18 ;9��<�	������
�0
�XR9���4��9�	
1 sICAM-1 RA <
� Hemoglobin (Hgb) 
 

Hgb
21.0018.0015.0012.009.00

IC
AM
1_
RA

600.00

500.00

400.00

300.00

200.00

100.00

R Sq Linear = 0.101

 

:�;;9����� 18  <�	�6�3,�b��4�9�	
1 Hemoglobin ���,0���@AB��������
�0
�XR;
1;�9,�
��5�<�
�
@��9�	
1P�9
��sICAM-1<117;7
� �54�����
5�=��
/����K��� (p< 0.05) 
 

r = -0.13, P=0.045



43 
6�;�9OA;H���B2	3<�	�6�3,�b��4����.::
5�
�5�54�������7
�4�9�	
1@�� sICAM-1 PA��<�	�,�-�
��9���9L�9��	
���9����� 10 : �	501�4� ��5L, systolic PAP, diastolic PAP, mean PAP, Qp, 
Qp/Qs, Rp, Rp/Rs ���,0���@AB���7
�4�9�	
1@�� sICAM-1 �54�����
5�=��
/����K��� (p<0.05) 
�4�� hemoglobin���,0���@AB��������
�0
�XR<117;7
�;
19�	
1 sICAM-1  ��;:�;��B6�;�9��:
5��B
5
�01�4� ,0O,9�	
1 oxygen saturation 6� systemic arterial pressure(Ao sat) <
�6� 
pulmonary artery(PA sat), systemic blood flow(Qs) <
� resistance(Rs) 2�4��7
�4�9�	
1
P�9
��sICAM-1(p>0.05) 
 
�	!	���� 10 �9L������
�0
�XR9���4�� predictors and sICAM-1  

 

Predictor n r p predictor n r p

Age 40  -0.4 0.01 Systolic PAP 32 0.48 0.005 

Sex 40 - 0.7* Mean PAP 32 0.51 0.003 

Qp 38 0.34 0.04 Diastolic PAP 32 0.36 0.05 

Qs 38 0.07 0.68 Rp 29 0.23 0.008 

Qp/Qs 38 0.38 0.02 Rs 37 -0.18 0.29 

Hgb 40 -0.13 0.04 Rp/Rs 40 0.48 0.009 

PA sat 38 0.42 
 

0.80 
 

Ao sat  38 0.19 0.24 

* unpaired t-test 
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�	!	���� 11 <�	������
�0
�XR9���4�� �.::
5����
����<
�9�	
1 sICAM-1�	5��X� stepwise 
multiple regression 

Model Summary

.546a .298 .272 92.71997
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

Predictors: (Constant), PAPma. 

ANOVA(b) 
 

Model 
Sum of 

Squares df Mean Square F Sig. 
1 Regression 98737.524 1 98737.524 11.485 0.002(a) 

Residual 232118.79 27 8596.992 
Total 330856.32 28 

a Predictors: (Constant): PAPm 
b Dependent Variable: ICAM1_RA 
 

Excluded Variablesb

.118a .707 .486 .137 .945
-.037a -.071 .944 -.014 .102
-.558a -1.375 .181 -.260 .153
-.036a -.190 .851 -.037 .759
-.038a -.227 .822 -.044 .961

Qp/Qs
PAPs
PAPd
Rp
Hgb

Model
1

Beta In t Sig.
Partial

Correlation Tolerance

Collinearity
Statistics

Predictors in the Model: (Constant), PAPma. 

Dependent Variable: ICAM1_RAb. 

���+���(� � 11 C.6���"��5;<;�"���-��D��*<�5;�1�(Ah������("2 ��",25 sICAM-1.6����*  
stepwise multiple regression D9�1�Ah�����. ��� ��Ai� independent predictor -��;��9sICAM-1 
"74 mean  pulmonary arterial pressure (PAPm)  
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����� 5

#	!�m��!	�Y�#	!����� 

#	!�m��!	�Y�#	!����� 

Soluble ;�74 circulating intercellular adhesion molecules (sICAM-1),�-���9����

��
:�; vascular endothelium cell �4��S @��94��;�59�� endothelium @�� pulmonary vascular 
bed 6�;9I������ endothelial damage <
� activation ;�9OA;H���B01�4�9�	
1 serum sICAM-1 
6��3���
�6:;4��2���	 (pre-pulmonarysICAM-1, in RA) ��9�	
12�4<�;�4��:�; serum 
sICAM-1 6��3���
�6:��5�

�;

1:�;��	 (post-pulmonary sICAM-1, in LV) 6�7�3�8�5
�9��
�6:0�;�9<�4;=�,��	 :A�����9K6?3 pre-pulmonary sICAM-1 6�;�9��,�9��R�4�2�2	3 

;�9OA;H���B01�4�9�	
1 serum sICAM-1 6�7�3�8�5�9��
�6:0�;�9<�4;=�,��	,��9�	
1
,0���@AB�6�7�3�8�5���������	
��
��������	,0���@AB��54�����
5�=��
/����K���<
�5
�01�4�9�	
1
serum  sICAM ,0���@AB�?
	,:�6�7�3�8�5�9��
�6:0�;�9<�4;=�,��	��������� pulmonary artery 
hypertension �	501�4�7�3�8�5;
L4���B���9���Iserum sICAM-1���;�4��9��
�6:0�;�9<�4;=�,��	���
����	
��
��������	�;���54�����
5�=��
/����K��� :�;7
;�9OA;H�	
�;
4��<�	�6�3,�b��4�
�9���I serum sICAM-1 ���,0������@AB��4�:�,�-�7
,�J���:�;;�9������ pulmonary 
hypertension  PA���4�:��X�1�52	3:�;��;�9�
;,�1@���
�	,
J�	��	(pulmonary vessel)
94��;
1�� endothelial dysfunction :A��=�6�3��;�9,0���@��9�	
1 serum sICAM-1 PA���
3�5�
A�
;
1;�9OA;H�@�� Kobayashi, H, et al <
��I�(4) ���2	3OA;H�9�	
1@��P�9
�� adhesion 
molecules (sICAM-1, sELAM-1, and sVCAM-1) 6�7�3�8�5��9;<9;,;�	<
������� 
congenital diaphragmatic hernia (CDH)�	501�4�9�	
1@����9	
�;
4����9�	
1,0���@AB�6�;
L4�
���������	
��
��������	����54�����
5�=��
/����K��� 

��;:�;��B6�;�9OA;H�@�� Paul <
��I�(20) 5
�2	3�=�;�9OA;H��������
�0
�XR9���4��
9�	
1 plasma marker (CRP,sICAM-1,Interleukin-6, homocystein);
1 9�	
1@�� lipid ,0J��6?3
6�;�9��	���������,���5�6�;�9,;�	 atherosclerosis @���
�	,
J�	�	501�4�6�;
L4�7�3�8�5
���������cardiovascular event (myocardial  infarction) ��9�	
1P�9
�� sICAM-1 ���;�4�;
L4�
7�3�8�5���2�4������cardiovascular event (myocardial infarction)�54�����
5�=��
/����K��� PA��
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�X�1�52	3:�;;�9�� endothelial cells dysfunction <
���;�9�
;,�1@���
�	,
J�	PA��,�-�
;9�1��;�9,�
��5�<�
����,;�	6� Atherosclerosis �=�6�3��;�9�93�� sICAM-1,0���@AB� 

6�;�9OA;H���B;b01

;HI�,?4�,	�5�;
� �	5�������
�0
�XR6�9�	
1���;
��KA���� 
	
��
B�;�9�����9�	
1 serum sICAM-16�7�3�8�5����� pulmonary hypertension ,0���@AB�,?J���4�,�-�7

:�;;�9�����;�9�9
1�
��4�;�9��;�9�
;,�1@�� endothelial cell 9���
B�,;�	:�;;�9�� endothelial 
dysfunction �=�6�3��9�	
1@�� serum sICAM-1 ,0���@AB� 

6�;�9OA;H����74����01�4��.::
5�����7
�4�;�9,;�	pulmonary vascular  obstructive 
disease (PVOD) 2	3<;4 pulmonary arterial pressure(PAP),  pulmonary flow(Qp) <
�����
��;P�,:���=�(1) <�46�;�9OA;H���B01�4�������;P�,:���=�2�4��7
 <�4 pressure (PAP) ;
1 flow 
(Qp)��7
<�4 pressure(PAP) ��7
��;;�4� flow(Qp)   

6�;
L4�7�3�8�5����=���OA;H�6�;�9OA;H���B�4��6�/4������	
��
���6���	��� <
�01�4�
6�7�3�8�5���������	
��
�	,
J�	6���	�����;;�4� 25mmHg<
� ��9�	
1@�� Rp/Rs ��;;�4� 
0.5 PA��,�-�7�3�8�5���������,���5�����4�;�9,;�	 pulmonary vascular disease ��9�	
1 serum 
ICAM-1,0���@AB� ,�J��,�9�51,��51;
17�3�8�5�����Rp/Rs �3�5;�4� 0.5 	
��
B���;��;�9@5�5,�
�<
�
:=�����9�?�;96�;�9OA;H��4�2� ��::�����9K�=�9�	
1 sICAM-1��6?36�;�9��	���7�3�8�5
�9J�6?36�;�905�;9IR�9�6�7�3�8�5���������,���5�����4�;�9�=�74��
	2	3 

�'�
������ 

;�9OA;H���B��@3�:=�;
	���:=���I�9�?�;9�3�5;�4�����
B�,�w����5 �J���7�3�8�5���������
�
�6:0�;�9<�4;=�,��	?��	�����;�92�
,��5��
���2���	,0���@AB��
B����,@�5�<
�2�4,@�5�9�� 40 ��
:�;����=���I@��	�
��54��2�3 80 �� (;
L4�
� 40 ��) <
�7�3�8�5<�4
���������0�;�9����
�6:
<�;�4��;
��=�6�3��;�9,�
��5�<�
���� hemodynamics �4��;
� ��;:�;��B5
����.::
5�J��S�
�5
�54��PA����:�4�7
6�3��;�9�93�� sICAM-1 2�4,�4�;
� �=�6�39�	
1�����
�0
�XR9���4���.::
5�4��S 
,�
4��
B�;
1 sICAM-1 ���4���=� (r ����L	,�4�;
10.5)  <
�2�4����9K,�9�51,��51@3���
6�<�4
�
;
L4��	5;�9:
1��4�9�?�;9������4�0�9���,��9R�J��S����
3�5�
A�;
�2	3 9���
B�2�4�� normal control 
group �54��<�3:9��,�J���:�;��@3�:=�;
	6�,9J���@��:9�5X99�;�9��:
5 6�;�9OA;H�:A���B6?3;
L4� 
control group ,�-�7�3�8�5 tetralogy of Fallot (TOF) PA��9�	
1P�9
�� sICAM-1 ��:7�	�;��:�; 
���� chronic hypoxia PA��K3�2	3��;�9,;b19�19��@3���
,0���@AB�<
���;�9<:;<:�?��	@������
0�;�9�54��,�-�9�,1�51��;@AB� 9���
B���;�9,;b1�
��54��,
J�	6��=�<��4�@��Pulmonary vein 
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,Systemic/SVC <
� Pulmonary artery  �=����9�;�1;�9��,�9���R@3���
��:�=�6�301
�����
�0
�XR���?
	,:�@AB� <
�����9K�=�@3���
2���,�9���R�������
�0
�XR@��9�	
1P�9
�
sICAM-1;
1;�9,�
��5�<�
�6��
�	,
J�	��	������@AB�PA����::�6?36�;�9��	���<
�05�;9IR
�9�2	36�������4�2� 

��;:�;�
B� 6�;�9OA;H���B2�4����9K��1�L�7
:�;5����6?36�;�9��1�L������
�6:��5
�����::���7
�4�9�	
1 sICAM-1 2	3<
�2�4����9KOA;H������
�0
�XR9���4��;�9�93��sICAM-1
;
1;�9,�
��5�<�
����05�X����0@���
�	,
J�	��56���	<
� vascular reactivityPA���4�:�
,�-��9�,	b��=��
/���?4�505�;9IR�9�6�7�3�8�5��������� pulmonary vascular disease <
�����
����	
��
��������	��� ���,;�	@AB�6�7�3�8�5�9��
�6:0�;�9<�4;=�,��	

	
��
B�;�9OA;H�:=�,�-�:��3��,0���9�5�,�
�6�;�9OA;H�6�3���5���@AB�,0J��,0���:=����
�
��54��6�3��;,0�5�0��4�;�9��,�9���R����K��� <
�6�32	37
;�9OA;H�����4�,?J��KJ�<
��=�2�6?3
�3�����2	3 ,�J���:�;6�;�9OA;H���B2	3OA;H�9�	
1@��P�9
�� sICAM-1 �54��,	�5�PA����@3�:=�;
	
���	3��,�
�<
�,����L�;�9��:
5 ��;��@5�5,�
�<
�,0���,����L�6�;�9OA;H��4�:��=�;�9��
�����
�0
�XR9���4�� serum markers �J��S (,?4� sVCAM-1,sE-selectin,NO,CRP) 6�7�3�8�5
�9��
�6:0�;�9<�4;=�,��	 ,0J��6?3,�-��9��5?�R6�;�9�X�1�5;�9,;�	;�9�
;,�1@���
�	,
J�	
<
� endothelial dysfunction 6��������������	
��
��������	��� PA��6��������;��@3���
���
?
	,:��4�:����9��5?�R6�;�96?3 serum markers	
�;
4��6�;�9��	�����;�97�3�8�5<
�
05�;9IR�9�2	3 
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���g�!"�I�#	!
#d��'��e�Ye'�n�������	#	!$%#&	 

9�	
1sICAM-16�7�3�8�5,	b;������9��
�6:<�4;=�,��	?��	���������	
��
��������	���<
��.::
5���
�
���������7
�4�9�	
1 sICAM-1 

Levels of soluble intercellular adhesion molecules-1 (sICAM-1) in patients with 
congenital heart disease and pulmonary hypertension 

 

=�	
1���.......................... 
,;b1@3���
�	5................�
����.......................ward...................... 
 
�'��e�����H� 
,0O.......................      ��5L................��...................,	J�� 
�B=���
;.................kg.   �4�����...............cm(Body Surface Area............m2)
�!����� 
1.�
�	 � �91;=���	 � ;4��;=���	(��5L�99�R...........�
�	��R)

�B=���
;<9;�
�	...........g. 
2.�9��9�:=��
�<
��9��
���	��

*�9��
�6:0�;�9<�4;=�,��	 ;�9����:>
5.................................................................. 
 *,�52	39
1;�9�9�:�
J��,��5����3���
�6: (Echocardiogram)�9J�����
�6: (Cardiac 
catheterization) 

� ,�5 Date........../............./............         
7
;�9�9�::Structural abnormality............................................... 

 :Evidence of Pulmonary hypertension � �� � 2�4�� 
� 2�4,�5�9�: 

*5��9��
�6:���6?3�9�:=�........................................................................ 
 *����0�;�9<�4;=�,��	�J�� � �� �J�.................................... � 2�4�� 

*�9��9�:=��
��J��................................................................................... 
 *5��J����;,��J�:�;5��9��
�6: .......................................................... 
 *�9��
��;�974��
	��������������������� 
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Physical Examination �!#!��
General  BT......................�c   PR......................./min   HR....................../min 
 BP..................mmHg    RR...................../min O2 Sat room 
air....................% 
Respiratory � �;�� � 7�	�;�� 
9�1L..................................................................................... 
CVS  *Active precordium � �� � 2�4�� 

*Heave  � Rt  � Lt 
 *S1S2 � �;�� � 7�	�;�� 
9�1L............................................. 
 *Murmur  � �� 
9�1L.....................................................................................    
 � 2�4�� 

*Other abnormal heart 
sound....................................................................................... 

Abdomen *Liver.........................................cm. from Right  costal margin 
Ext  *Clubbing � �� � 2�4�� 

Initial laboratory Date........../............./............         
CBC   Hb........................g/dl   
BUN/Cr.......................    
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Cardiac catheterization Date........../............./............      �9�,����	5..............................                 

1 Structural 
abnormality...........................................................................................................................
.. 
2 Parameters 

- PAP= systolic�����,diastolic�����mmHg 
 Mean ������.mmHg 
- Qp���������� 
- Qs���������� 
- Qp/Qs.................................. 
- Rp........................................ 
- Rs........................................ 
- Rp/Rs.................................. 
- Cardiac output.....................  L/min 
- Cardiac index.......................  L/min/m2
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