
���������	��ก���ก
�ก������ก������	�����ก����ก�����������ก��  
�	������������ ���	!���	�"�" 48 %���&��!�ก'���ก������� � 

 
 
 
 
 

 
 
 
 

�
	(	�)  	�*+�( 
 
 
 
 
 

 
 
 
 

�
���	
,	-.	(/��0	���	'	1��2��ก��+1ก3����'��ก���� 
��
44�,�����+�����'���56
� (ก��,���������'4�) 

��56
��
������ �'��
�������'
�� 
,.+. 2556 

 
�
2�
�-
=2���'��
�������'
�� 

 

 

 

 

 

 
 

 

 

 

 

 

 

Copyright by Mahidol University 



 

 

 

 

 

 
 

 

 

 

 

 

 

Copyright by Mahidol University 



 

 

 

 

 

 
 

 

 

 

 

 

 

Copyright by Mahidol University 



� 

 
ก
��
ก�����"ก�+ 

 
 

 ���������	
L-(-��.�J���M 2%�%������1ก�+!�*'3���1�����#'
������%�����7���������
������ ���
 %�.�����! "����#
 �� ���
���&��ก��#'(ก  ���ก�+!���.*�3*�����8�ก����ก�� 8#�
�J�&��ก�� 7��*�3�J�*'3*���������N �'�% �������� ��-*ก�277��-ก���������N 7��
���������	
%������1���8 8��*'38#�กJ�'(�8 *ก������ก��1�"%��'�% ����������	
L-(-��.���M 
�1-��!
%���%� �����ก��7�ก��-7�-��3�+!�&:��������� 
 7�ก��-7�-��3�+!������������� ���
 %�.�+�� %�(�%+�,�ก+'*'3������������� ���
 
��.ก)�!
  *ก��"� �
  �� ���
���&��ก�����1 ���ก�+!�8#��J�*�3�J�  ��.*�3*�����ก����ก���� (�*'3
�&:����8#����1�����
��8#����������	
�&:�2&��1�(�O+&�3���
7��ก����ก�� ����1ก(���.�����ก��7�  
ก��-7�-��3�+!������������� ���
 %�. � �� ����#� &�3	��ก��1ก����-���������	
*'3 �'
��ก����� ��.��-�'�
 ��3ก�'I+� ก��1ก���������+!�+4� ���ก�+!�8#��J�*�3�J�����1���1 &�(-&�+���
.�#�
8#��(%� �*'3�1-��!
����7�.� 
 7�ก��-7�-��3�+! -�%� 1��%�  ���8#�ก���1�1�'�.��%� 8#����1�(ก ���1#���8� �&:�
กJ�'(�8  *'38#�ก����(-��+��+ก%���1�"%��'�% 7�ก��-7�-��3�+!�� ���
�+ก�������2%�&�3
���	
&�3����������1���*ก������ก���(.�*������
�(� �O��&P  +-(� *'37�7�-�+!��
������1�+��
���-�'�����1#�-(!6���#(� 54 �+ก���������������#'
�*'3�&:�กJ�'(�8 1��'�% ��J���M 
ก����ก����(.���. 
 7�7�-��3�+!#(�#���#����&R��*'3� ��#���������-�'"�����-�'�������*'3
"�����-�'S�1��'�%+'��%������
.��KTU�8#����1�3%�ก8�ก���กM-��-��17��1�'  7�7�-�+!ก'+�1
�(������ �
����-�%� M-�+�*��*'39������8#����1ก�+!������18�ก��8��7��1�'8�ก����ก���� (�8�
��(.���. ��J���M '+'���2&%���%� 
 ��������+%7�7�-�+!�+ก�������2%�8#�ก�������#'
�*'31�2%�ก'���O��8������. ���1�����
��(-��+�8#�ก���J����������	
L-(-��.�J���M �&:������%� �+!&�3"���
�(�8%����ก�% �ก���������	

L-(-��. 7�1�-*%��+ก����%(����ก'���1��(.���.� 
 

                                                                                                         �������  ������  
 

 

 

 

 

 

 
 

 

 

 

 

 

 

Copyright by Mahidol University 



���������	
��	 
�
���	
��	
����                                                                                                                                        ���	
������ / � 

�����	��
�
	ก
��ก��ก���
�
ก
���� ������ก
���ก� ���!���
�ก
	"�#$%�&�	�
���'����(��"��)	) 48 ,�!�-
�(�ก 
����ก
��
���'� 
FACTORS PREDICTING SYSTEMIC INFLAMMATORY RESPONSE SYNDROME IN PATIENTS WITH  
MAJOR TRAUMA WITHIN 48 HOURS AFTER INJURY 
 

 ��B�
C  �
DE�B  5437250  NSAN/M 
 

�	.
. (ก
��	
�
�#$%"�M�) 
 

D�)ก��
ก
��B!��OกP
���	
������: ������  -� ����, �	.�.,  ���  ���	��PSBก��, �	.�.,                               
กTP��  (ก%�-����,  �.�. �. ,�U� $�, �.�. (E��	E
 ���) 

 

��D��	�� 
ก
�����	D��U��BU
B���V���) �D���W!�EOกP
ก
��ก��ก���
�
ก
���� ������ก
���ก� ���!���
�ก
	"�

#$%�&�	�
���'����(��"��)	) 48 ,�!�-
�(�ก����ก
��
���'�(�)EOกP
��
�
�ก
���
�
	X��D�

���(��X��ก
�
�
���'� ก
���� ���X����
�ก
	����ก
��
���'� (�)��,�B
��ก
	���ก
��ก��ก���
�
ก
���� ������ก
�
��ก� ���!���
�ก
	 ก���
����	�
� DW� #$%�&�	�B!���ก
���กP
"�-���	
�
�"��)	) 48 ,�!�-
�(�ก����ก
��
���'�  
��
��� 81 �
	  �D�W!��
W��B!",%"�ก
�����	��)ก���%�	 (������OกX%�
$� �����DD�  (������OกD�

���(��X��
ก
��
���'� (ISS) (������Oกก
���� ���X����
�ก
	����ก
��
���'� (RTS) (������Oก��,�B
��ก
	 (BMI) 
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���'� ���"�M� (�%�	�) 75.3) �ก���
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ABSTRACT 

This research aimed at studying Systemic Inflammatory Response 

Syndrome (SIRS) among patients within 48 hours after sustaining severe injuries. It 

also aimed to study the predicting power of the Injury Severity Score, Revised Trauma 

Score, and Body Mass Index on SIRS. The sample in this study were 81 patients who 

had sustained severe injuries and had been admitted to tertiary care hospitals in 

Bangkok. Data collection was performed by utilizing the personal and injury data 

recording sheet, Injury Severity Score, Revised Trauma Score, Body Mass Index and 

Systemic Inflammatory Response Syndrome Scale. Binary Logistic Regression 

Analysis was employed for data analysis, with a significance level of .05.  

 The majority of the sample was male (95.1%) with an average age of  

34.54 years (S.D. ± 16.66). About 75% of the sample had blunt injury. The results 

revealed that within 48 hours after sustaining severe injuries, 85.2% of patients 

demonstrated Systemic Inflammatory Response Syndrome. The Injury Severity Score 

was a significant factor that predicted SIRS within 48 hours (OR = 1.16; 95% CI 1.00-

1.34; p = .04).  The percentage of variance of the co predicted model including Injury 

Severity Score, Revised Trauma Score, and Body Mass Index  accounted for  34% 

(Nagelkerke R
2
 = .34).   

 From the results of the study it can be recommended that the Injury 

Severity Score should be used to assess all patients who sustain severe injuries.  

Moreover, severely injured patients should receive continuous monitoring for SIRS so 

that it can be detected early and the proper care can be started promptly to prevent 

further physical deterioration. 

 

KEY WORDS: MAJOR TRAUMA / INJURY SEVERITY SCORE /  

  REVISED TRAUMA SCORE / BODY MASS INDEX /  

  SYSTEMIC INFLAMMATORY RESPONSE SYNDROME 
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��� ��
ก!"�������"�#$%#&��
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)���
*'
+
��'",,!*�"ก#�-��.��/�0�ก   

��
12*#�-��.3�	  0�	����
#�-��.3�	
4���3������
��� ����/
,25%

ก�"ก#6  �%#6�"�+.�ก�
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2552  
4����
��� ��4/��!*�,�
���ก
���ก:
�%0�*�	
�
�12* 463,305 )% )���#$%!���
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#�-7
ก��%2/*A'%)% A�-�#$%'
���"ก
��'4	74����#$%!�%��� 2 0�	!���
ก
��'4	74����
กก
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�
��� ����
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ก�A'%)% ('(
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'��B ก�-���*
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+
��'",, 2554)  ก
��
��� �ก�!����ก��)�
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  D2/*
��
3#12*)�
�7���
	�%ก
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��ก
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�-Aก�)�!�)���A�-'�*)
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�    (Rowell, Connelly, Webber, Tippett, 
& Schuetz, 2011)  

ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
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	 (Systemic Inflammatory Response 
Syndrome : SIRS)  �#$%#&��
'",E
��4/��3����!	�%���#c�	�
��� ��"%A�* ก�"�
!
ก
��!�'%!*
��!ก
�!�ก�'���/���
*ก
	  
�ก�ก��,25%�%7��* 24 12* 72 7�/�0
*���*ก
��
��� � (Pastores, Thakkar, 
Gennis, Katz, & Kvetan, 1996)  !"����ก
��B,!*ก
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/�
��
*ก
	,�-�4/%!%��ก��ก:
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ก
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��� ��
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��ก��ก�"�
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��!�'%!*��!ก
�!�ก�'���/���
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	���
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3����!	�- 29 12*��!	�- 61 (Nesmith et al., 2009)  �
F/!�ก��ก
��
��� ��"%A�*��F!E
�-7 !ก�
กก
�
�'4	��F!� �-��E�
�)"�
ก�%,!*��
*ก
	�-�!�'%!*��%�4E
	�%���
3
�12*%
�4 ���	ก
�ก�-�"�%�D��B
0
0%3D�B (monocytes) A�-ก�-�"�%ก
�����A�-���/*'
���
*u�(
%�%

ก (Harbrecht et al., 2008) 
D2/*A��*�

�%�
�4/3���#$% 2 ก�"�
 ��*%45 ก�"�
'�*�'��
����ก��ก
�!�ก�'�  (pro-inflammatory mediators) 
'��
*0�	 TH-1 cells (T-helper cells) 3��Aก� Tumor necrosis factor (TNF- α), Interlukin (IL)-I, IL-
6, IL-8 A�- Interferon-gamma (INF) �#$%��% A�-ก�"�
��!��
%ก
�!�ก�'� (anti-inflammatory 
mediators) '��
*0�	 TH-2 cells 3��Aก� IL-4, IL-10 IL-11, IL-13 A�- Transforming Growth Factor 
(TGF)-β �#$%��%  ก
��'4	'
�"�3#,!*ก
����/*'
���*ก��
�  ก �-%(
3#'��ก
��ก��ก�"�
!
ก
�
�!�'%!*��!ก
�!�ก�'���/���
*ก
	 ((Robertson & Coopersmith, 2006; Toft & Tonnesen, 2008)   

�%���#c�	�4/�ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	 ��!	�- 26 �-��t%
3#'��
ก
��ก������7F5!�%ก�-A'��F!� (sepsis)   ��!	�- 18 �-��t%
3#'��ก
��ก������7F5!�%ก�-A'��F!�
�"%A�* (severe  sepsis)  A�-��!	�- 4  �-��t%
3#'��E
�-7 !ก�
กก
�����7F5!�%ก�-A'��F!� 
(septic shock)  (Robertson  &  Coopersmith, 2006)   �
ก3
�3�����ก
���A���ก:
�4/��

-'
      A�-
'


�1#�-�
�%3����5*A���-	-A�กก �-��t%
3#'��ก
�����7F5!�%ก�-A'��F!�!	�
*�"%A�*A�-E
�-
7 !ก�
กก
�����7F5!�%ก�-A'��F!�A�-%(
3#'��)�

���#ก���%ก
�3����4	%��F!�A�-)�

3
�
'
�"��-���
*ก
�,%'�*!!กD���%A�- )�

��!*ก
��7�!!กD���% A�-%(
3#'��ก�"�
!
ก
�!��	�-
�(
*
%�ก���!*��
	!��	�- (Multiple Organ Dysfunction  Syndrome : MODS) A�-�ก��!��	�-
A�-�-����
*u ,!*��
*ก
	��
���� (Multiple Organ Failure : MOF) A�-�'4	74���3���%���
��!

  
(Brochner & Toft, 2009; Rueden, Bolton, & Vary, 2009)  #&���	'(
)���4/
4����!!���
ก
��!�74���
A�-)�

��ก
�,!*����
��� �)F! ก
��ก��ก�"�
!
ก
�!��	�-�(
*
%�ก���!*��
	!��	�-���*ก
�
�
��� � (Dewar, Mackay, & Balogh, 2009; Ulvik, Kvale, Wentzel-Larsen, & Flaatten, 2007)  
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���������	
��	 
�
���	
��	
����                                                                                                         �	.
. (ก
��	
�
��������) / 3 

ก
�.2ก:
�%���#c�	�4/3������
��� ��(
%�% 4,300 �
	  ����
�ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'�
��/���
*ก
	 )���#$%��!	�- 33  A�-����
)�
)-A%%ก�"�
!
ก
��!�'%!*ก
�!�ก�'���/���
*ก
	 
(SIRS score) '


�1�(
%
	!���
ก
��
	3��
4)�

A
�%	(
 (ROC = 0.87) (Behdad & Hosseinpour, 
2006)   

�
กก
�����%����ก��
�4/��
%

����
#&���	�4/�ก4/	�,�!*ก��ก
��ก��ก�"�
!
ก
�
�!�'%!*��!ก
�!�ก�'���/���
*ก
	�%���#c�	�
��� ��"%A�*3��Aก�   )�

�"%A�*,!*ก
��
��� � 
(Injury Severity Score : ISS)  ก
��!�'%!*,!*��
*ก
	���*ก
��
��� � (Revised  Trauma Score  
: RTS) A�-��7%4
��ก
	 (Body Mass Index : BMI)  D2/*#&���	��5* 3 #&���	�#$%#&���	�4/'


�1
#�-�
�%A�-%(
3#�7�3��*�
	  ก
�#�-�
�%)�

�"%A�*,!*ก
��
��� ��

���ก'
ก�'


�1
#�-�
�%3�� 2 7%�� 3��Aก�  ก
�#�-�
�%ก
��
��� ��

ก
	��E
),!*!��	�-�4/3������
��� � 
(anatomical) )F!  Injury Severity Score  A�-ก
�#�-�
�%ก
��#�4/	%A#�*�
*�	
+�'�4����	
,!*
��
*ก
	 (physiological) )F!  Revised  Trauma Score  (Sharma, 2005)  A�-ก
�.2ก:
0�	%(
ก
�
#�-�
�%ก
��#�4/	%A#�*�
*�	
+�'�4����	
,!*��
*ก
	0�	#�-�
�%�
กก
��!�'%!*,!*��
*ก
	
���*ก
��
��� �A�-ก
�#�-�
�%ก
��
��� ��

ก
	��E
),!*!��	�-0�	#�-�
�%�
ก)�

�"%A�*
,!*ก
��
��� �  ����
��5*'!*#&���	
4)�

'�
��%+B��!!���
ก
��'4	74���A�-�-	-���
ก
�%!%
0�*�	
�
�,!*���#c�	�4/3������
��� �  A�-'


�1���
�(
%
	!���
ก
��'4	74���A�-�-	-���
ก
�
%!%0�*�	
�
�3��  (p < 0.05) (Moni, Rezaishiraz, & Zafarghandi, 2000) 

'(
��������4/3������
��� ��
กก
��
��� �
4)�

�"%A�*

ก ก �-
4ก
����/*'
��
���!
��!�B�,�
'��ก�-A'��F!�A�-�D��BA�-�,�
'��ก�-��%ก
��!�'%!*��!ก
��
��� ���F!ก
�!�ก�'� �4/
�-�(
�����
*ก
	ก���'��'E
�-#ก��A�-7��	ก(
����7F5!0�)!!ก3# ก
��
��� ��4/3
��"%A�*��
*ก
	�-
�7�ก�-��%ก
�%45��4	*�� ก%�!	A���
ก��

4ก
��
��� ��"%A�*   ก�-��%ก
�%45ก �-1�ก�7�

ก,25% 
(Aller et al., 2006; Lenz et al., 2007) pro - inflammatory Cytokines  �-1�ก���/*!!ก



ก��F/!���
��
*ก
	�!�'%!*��!�"�74��4/

�"ก�
%3��  A��1�

4

ก3#ก ,
�'
�"�  '


�1ก�ก
��(
*
%,!*
�D��B#ก��3��  �ก�����'4	

ก

	��F!1�
�"ก�



ก�%�ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/�
��
*ก
	 (Tsukamoto, Chanthaphavong, & Pape, 2010)  �
กก
�.2ก:
�4/��
%

0�	
4���1"#�-'*)B
��F/!.2ก:
#&���	�(
%
	ก
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	�%���#c�	�4/3�����
�
��� ��"%A�*  .2ก:
�%ก�"�
���#c�	�
��� ��4/
4)-A%%)�

�"%A�*,!*ก
��
��� �

กก��
���
ก�� 
9  )-A%%  16 )-A%%A�-  17  )-A%%  �
ก��ก
�.2ก:
��!"����ก
��B,!*ก
��ก��ก�"�
!
ก
�
�!�'%!*��!ก
�!�ก�'���/���
*ก
	  )���#$%��!	�- 51.4 - 81.9  (Beale  et al., 2006; Lustenberger, 
Turina, Seifert, Mica, & Keel, 2009; Mommsen et al., 2012; Sakamoto et al., 2010)  ���#c�	�
��� �
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'�%4%
n  %
).�4                                                                                                                                                                         ��%(
 / 4 

�"%A�*��
	�-��
4!���
ก
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	�-����"%A�* 
(severe SIRS)  ���/
'�*,25%!	�
*
4%�	'(
)���
*'1���  (p < 0.05)  

กก��
�
��� ��"%A�*�-����4	�  
A�-)-A%%)�

�"%A�*,!*ก
��
��� ��4/'�*,25%
40!ก
'�ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'�
��/���
*ก
	3��

กก��
)-A%%)�

�"%A�*,!*ก
��
��� ��/(
�#$% 1.07 ���
 (OR 1.07, CI 1.05-1.09) 
(Keel et al., 2006)   

ก
��!�'%!*,!*��
*ก
	���*ก
��
��� �  �-'�*������ก��ก
��#�4/	%A#�*�
*
'�4����	
�%�-����
* u ,!*��
*ก
	  �7�%  )�

��%0����  !���
ก
��
	��  A�-�-���)�


���'2ก���  �
กก
��
��� ��-'�*����!ก
�'���'4	��F!�A�-%5(
��5*E
	�%A�-E
	%!ก��
*ก
	  
(Butcher & Balogh, 2009)  �
F/!��
*ก
	3������
��� ��-
4ก
�ก�-�"�%ก
��!�'%!*��!ก
�!�ก�'�
��F!ก
��!�'%!*,!*E�
�)"�
ก�%  �ก��ก
��(
�
	,!*�D��B�	F/!�"��!���F!� (endothelium)   
4ก
�
�#�4/	%A#�*ก
�D2
��
%�	F/!�"�
�D��B (membrane permeability)  ก
�ก�-�
	,!*ก
�3����4	%��F!�
���*  �(
����%F5!�	F/!,
���F!�A�-!!กD���%  ,
�)�

'
�"��-���
*!!กD���%�4/3#��45	*�%F5!�	F/!ก��
)�

��!*ก
��7�!!กD���%,!*�%F5!�	F/! ก
�3
�'


�1)��)"
ก
�!�ก�'�A�-)�

3
�'
�"�,!*ก
�
'��
*'
�ก
��
��� ��#$%���
กก
��4/�-��E�
�)"�
ก�%,!*��
*ก
	1�กก�-�"�%���*ก
��
��� ��"%A�* 
�-���,!*ก
��#�4/	%A#�*�%��
*ก
	%(
3#'��ก
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	 
(Robertson & Coopersmith, 2006; Rueden et al., 2009)  0�	�4/ก
��!�'%!*,!*��
*ก
	���*ก
�
�
��� �  '


�1�(
%
	!���
ก
��'4	74���3��  (Area Under Receiver Operating Characteristic: 
AUROC = 0.81)  A�-'


�1�(
%
	�����+Bก
��
��� �3���4A�-'�*��12*ก
��(
�%�
�4/,!*  
��
*ก
	���*ก
��
��� �3��  (AUROC = 0.85) (Oyetunji et al., 2010)  0Dก
0
0�-A�-)�-               
(Sakamoto et al., 2010) 3���(
ก
�.2ก:
�%���#c�	�4/3������
��� � ����
���#c�	�4/�,�
���ก
���ก:
�%
0�*�	
�
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	  )���#$%��!	�- 53.3  A�-�(
%�%
�ก��B,!*ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	�4/���/


ก,25%
4)�

'�
��%+Bก��)-A%%
)�

�"%A�*,!*ก
��
��� ��4/'�*,25%!	�
*
4%�	'(
)��  (p = 0.0007) A�-�(
%�%�ก��B,!*ก�"�

!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	�4/���/


ก,25%
4)�

'�
��%+Bก��)-A%%ก
��!�'%!*
,!*��
*ก
	���*ก
��
��� ��4/�/(
 (p < 0.0001)  

��7%4
��ก
	

ก��F!E
�-!��%�#$%#&���	�'4/	*�4/�-�ก��)�

���#ก��,!*!��	�-  ���/

)�

�"%A�*,!*ก
��
��� �A�-E
�-A��กD�!%���*ก
��
��� �  0�)!��%
4)�

�'4/	*���/


ก,25%
�4/�-�ก��ก
�����7F5!���*3������
��� �  (Ciesla et al., 2006; Serrano, Khuder, & Fath, 2010)  �%
ก
�.2ก:
12*��ก�-��,!*E
�-!��%�%���#c�	�4/3������
��� �
4��
	ก
�.2ก:
�4/����
E
�-!��%�-
���/
!���
ก
��'4	74����4/'�*,25% !��	�-A�-�-����
*u ,!*��
*ก
	��
�������/
'�*,25% A�-�-	-���
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���������	
��	 
�
���	
��	
����                                                                                                         �	.
. (ก
��	
�
��������) / 5 

ก
���ก��ก:
�4/�!���#c�	��กj�   ��!��%�(
%�%��%%!%�%0�*�	
�
� (Brown et al., 2005; Ciesla 
et al., 2006; Hoffmann, Lefering, Gruber-Rathmann, Rueger, & Lehmann, 2011;  Winfield et al., 
2010)  ก
�.2ก:
�%���#c�	�4/3������
��� ��"%A�*�4/
4)-A%%)�

�"%A�*,!*ก
��
��� � ���
ก��
��F!

กก��
 16 )-A%%   ����
���#c�	�4/
4��7%4
��ก
	�4/'�* (BMI ≥ 30)  ��F!
4E
�-!��%
4
A%�0%�
,!*!���
ก
��
	�4/���/
'�*,25%�
F/!�#�4	���4	�ก�����#c�	�4/
4)�
��7%4
��ก
	#ก��  A�-�%
ก
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	��3���/(
�%���#c�	�4/
4)�
��7%4
��ก
	#ก��
,�-��4	�ก�%�-��3��'�*�%ก�"�
���#c�	�4/
4)�
��7%4
��ก
	�/(
A�-'�*ก��
#ก��  ��
12*ก
��ก��ก�"�

!
ก
�!��	�-�(
*
%�ก���!*��
	!��	�-A�-!��	�-A�-�-����
*u ,!*��
*ก
	��
���� �-��3��
�%���#c�	�4/
4)�
��7%4
��ก
	'�*ก��
#ก�� (Nelson et al., 2012)  A�-ก
�.2ก:
'��%����A'�*����� %
��
E
�-!��%�%���#c�	�
��� ��-'�*��12*ก
����/
!���
ก
��'4	74���  �%#&��"��%E
�-!��%
4)�

7"ก
���/


ก,25%A�-�#$%)�

��
�
	��
�
F/!���#c�	����
%453������
��� �  ��ก�-��,!*E
�-!��%�-'�*
�����+B�%���#c�	�4/3������
��� ��"%A�*  ��*%�5%�2*��F!ก��7%4
��ก
	��F/!

���)�
-�B��
'


�1
�(
%
	ก
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	�%���#c�	�
��� ��"%A�*3����F!3
� 

�-�� %3����
)�

�"%A�*,!*ก
��
��� � ก
��!�'%!*,!*��
*ก
	���*ก
��
��� �
A�-��7%4
��ก
	
4)�

�ก4/	�,�!*ก
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	 ก
�
����%����ก��
�%#�-��.3�	3
���ก
�.2ก:
��*ก��
��%���#c�	�
��� ��"%A�*  ก
��-�"12*
#&���	�'4/	*,!*���#c�	3����5*A���-	-A�ก�4/�,�
���ก
���ก:
A�-���
�-��*���ก
�#�!*ก�%���#c�	��F/!3
����
�ก��E
�-A��กD�!%��
*u �



3��  ���-	-���
ก
�%!%0�*�	
�
���!��%)�
�7���
	�%ก
�
��A���ก:
�	
�
�  0�	��A�������#c�	3�����)�

#�!�E�	   ��*%�5%ก
�.2ก:
)��5*%45�2*'%��.2ก:
��F/!
���)�
-�B��
)�

�"%A�*,!*ก
��
��� � ก
��!�'%!*,!*��
*ก
	���*ก
��
��� �A�-            
��7%4
��ก
	'


�1�(
%
	ก
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	�%���#c�	�
��� �
�"%A�*3����F!3
� 
 
 

1.2 ��	�	
ก	�� !�" 

1. ก
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	�%���#c�	�
��� ��"%A�*�%
�-	- 48 7�/�0
*A�ก���*ก
��
��� ��#$%!	�
*3� 

2. )�

�"%A�*,!*ก
��
��� � ก
��!�'%!*,!*��
*ก
	���*ก
��
��� �  A�-��7%4

��ก
	�(
%
	ก
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	�%���#c�	�
��� ��"%A�*�%
�-	- 48 7�/�0
*A�ก���*ก
��
��� �3����F!3
�  !	�
*3� 
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'�%4%
n  %
).�4                                                                                                                                                                         ��%(
 / 6 

1.3 ��$�%������&   
1. ��F/!.2ก:
ก
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	�%���#c�	�
��� �

�"%A�*�%�-	- 48 7�/�0
*A�ก���*ก
��
��� � 
2.  ��F/!.2ก:
!(
%
�ก
��(
%
	,!*)�

�"%A�*,!*ก
��
��� �  ก
��!�'%!*,!*

��
*ก
	���*ก
��
��� �  A�-��7%4
��ก
	��!ก
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/�
��
*ก
	�%���#c�	�
��� ��"%A�*�%�-	- 48 7�/�0
*A�ก���*ก
��
��� � 
 
 

1.4 �

$ (	�ก	�� !�"   
)�

�"%A�*,!*ก
��
��� � ก
��!�'%!*,!*��
*ก
	���*ก
��
��� �  A�-��7%4


��ก
	  '


�1�(
%
	ก
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	�%���#c�	�
��� �
�"%A�*�%�-	- 48 7�/�0
*A�ก���*ก
��
��� �3�� 
 
 

1.5 ก������� *ก	�� !�" 

ก
�����	)��5*%45�7�A%�)��,!*ก�-��%ก
��
*�	
+�'�4����	
�4/3���
กก
�����%
����ก��
�4/�ก4/	�,�!*��F/!!+��
	)�

'�
��%+B,!*���A#��4/�7��%ก
�.2ก:
 ��*��!3#%45  �
F/!���#c�	
3������
��� ��"%A�*�%E
�-#ก����
*ก
	
4ก�3กก
��!�'%!*���	#n�ก���	
ก
�!�ก�'�  D2/*�-7��	
#�!*ก�%A�-ก(
���'�/*�4/!�ก�'�  
�����D��B1�ก�(
�
	�
ก�7F5!0�)A�-'�/*A#�ก#�!
�4/�,�
'����
*ก
	  
ก�3ก%45�-�	"�3#�
F/!��
*ก
	3ก����ก
�Aก�3,E
�-�4/�(
����ก��ก
��
��� ���F!ก
�!�ก�'�3�� 
��
*ก
	�-�(
����ก��ก
����/*�
���!��!�B�,�
'��ก�-A'��F!�A�-�D��B  D2/*ก
����/*'
���*ก��
��#$%
ก�-��%ก
��4/�ก��,25%�
กก
��!�'%!*��!ก
��
��� ���F/!#��������
*ก
	!	���%E
�-�"�	E
�  
ก�3ก%45��4	ก��
  ก
��!�'%!*��!ก
�!�ก�'� (Aller et al., 2006; Lenz et al., 2007) ก�-��%ก
�
!�ก�'��#$%��14�
*�4/�ก��,25%�
F/!
4E	�%��
	��!'��%��'��%�%2/*,!*��
*ก
	  �
ก���ก�-�"�%%�5%1�ก
ก(
�����F!�
�3#��
*ก
	ก ก���)F%'��'E
�#ก��  A��1�
ก�-��%ก
�%45'F��%F/!*��!3#�#$%���
-
4
���ก�-�"�%��
� (second hit) !
���7�%  
4ก
��
��� ��"%A�*

ก 
4ก
��#�4/	%A#�*�%�-��
3����4	%���
���	�-
4�����ก�-��%ก
�!�ก�'��ก��,25%!	�
*��!�%F/!*  �-��E�
�)"�
ก�%1�กก�-�"�%�%
ก
�)��)"
E
�-�"�	E
�,!*��
*ก
	
4)�

���!*%(
3#'��ก
��#�4/	%A#�*�4/��4	ก��
 ก�"�
!
ก
�
�!�'%!*��!ก
�!�ก�'���/���
*ก
	 (Robertson & Coopersmith, 2006)   
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'(
��������4/3���
��� �  �
กก
��
��� �
4)�

�"%A�*

ก ก �-
4ก
����/*'
��
���!
��!�B�,�
'��ก�-A'��F!�A�-�D��BA�-�,�
'��ก�-��%ก
��!�'%!*��!ก
��
��� ���F!ก
�!�ก�'��4/
�-�(
�����
*ก
	ก���'��'E
�-#ก��A�-7��	ก(
����7F5!0�)!!ก3# ก
��
��� ��4/3
��"%A�*��
*ก
	�-
�7�ก�-��%ก
�%45��4	*�� ก%�!	A���
ก��

4ก
��
��� ��"%A�* ก�-��%ก
�%45ก �-1�ก�7�

ก,25% 
(Aller et al., 2006; Lenz et al., 2007)  pro - inflammatory Cytokines  �-1�ก���/*!!ก



ก��F/!���
��
*ก
	�!�'%!*��!�"�74��4/

�"ก�
%3��  A��1�

4

ก3#ก ,
�'
�"�  '


�1ก�ก
��(
*
%,!*
�D��B#ก��3��  �ก�����'4	

ก

	��F!1�
�"ก�



ก�%�ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/�
��
*ก
	 (Tsukamoto et al., 2010)  

ก
��
��� ��"%A�*

ก'�*�����
4ก
��#�4/	%A#�*,!*�-��3����4	%E
	�%��
*ก
	
���/


ก,25%D2/*�-'�*������ก��E
�-���!*�"�	E
����/
,25%  D2/*ก
��!�'%!*,!*��
*ก
	���*ก
�
�
��� ��-�(
����ก��ก
��#�4/	%A#�*�
*'�4����	
�%�-����
* u ,!*��
*ก
	3��Aก�  )�

��%
0����  !���
ก
��
	��  A�-�-���)�

���'2ก���  �
กก
��
��� ��-'�*����!ก
�'���'4	��F!�A�-
%5(
��5*E
	�%A�-E
	%!ก��
*ก
	  (Butcher & Balogh, 2009)  �
F/!��
*ก
	3������
��� ��-
4ก
�
ก�-�"�%ก
��!�'%!*��!ก
�!�ก�'���F!ก
��!�'%!*,!*E�
�)"�
ก�%  �ก��ก
��(
�
	,!*�D��B�	F/!�"
��!���F!�  
4ก
��#�4/	%A#�*ก
�D2
��
%�	F/!�"�
�D��B  ก
�ก�-�
	,!*ก
�3����4	%��F!����*  
�(
����%F5!�	F/!,
���F!�A�-!!กD���%  ,
�)�

'
�"��-���
*!!กD���%�4/3#��45	*�%F5!�	F/!ก��)�


��!*ก
��7�!!กD���%,!*�%F5!�	F/!  '�*�����ก
��(
�%�
�4/,!*�D��B���#ก��A�-�D��B�
	  ก
�3
�
'


�1)��)"
ก
�!�ก�'�A�-)�

3
�'
�"�,!*ก
�'��
*'
�ก
��
��� ��#$%���
กก
��4/�-��
E�
�)"�
ก�%,!*��
*ก
	1�กก�-�"�%���*ก
��
��� ��"%A�*  �-���,!*ก
��#�4/	%A#�*�%��
*ก
	
%(
3#'��ก
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	 (Robertson & Coopersmith, 2006; 
Rueden et al., 2009) 

#&���	'(
)��!4ก#�-ก
��%2/*�4/
4����!ก
�#����"�	E
�,!*��
*ก
	)F!  ��ก:�-
0)�*'��
*,!*��
*ก
	���#c�	��F!��7%4
��ก
	  �%ก
�.2ก:
����	�4/��
%

�-	-���
 10 #6�4/��
%


����
���#c�	ก�"�
�4/
4��7%4
��ก
	'�*ก��
#ก����F!!	���%E
�-!��% ก��
�)F! 
4)�
��7%4
��ก
	


กก��
��F!���
ก�� 30 กก./
2 �#$%���#c�	!4กก�"�
�4/
4)�

���!*�%ก
�)��)"
�"�	E
�,!*��
*ก
	
�
F/!�ก��ก
��
��� �3��A�-�#$%#&���	�'4/	*�4/�-�ก��)�

���#ก��,!*!��	�-  ���/
)�

�"%A�*,!*
ก
��
��� �A�-E
�-A��กD�!%���*ก
��
��� �  0�)!��%
4)�

�'4/	*���/


ก,25%�4/�-�ก��ก
����
�7F5!���*3������
��� �  (Ciesla et al., 2006; Serrano et al., 2010)  3,
�%�#$%��: (lipotoxicity) �
ก
ก
����/
,25%,!*3,
�%'-'
E
	�%�D��B��
*u ,!*��
*ก
	 �7�% �D��B��� �D��Bก��

�%F5!�
	 �D��B
ก��

�%F5!����� �D��B���!�!% ��
��5*�D��B�	F/!�"��!� �(
����ก���	
+�'E
�E
	�%��!���F!�
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�����  ���ก�
����������������� ��!�"�ก#�$��%$��
�&'%��ก�
'�!�� �(� ��� (cytokines)  �4�� 5 
&���$�ก�
�!ก���  ����'�!�ก�
��6�"7��
��$8��� 6%
!���6�"7�"�9�4�:  pro-inflammatory 
cytokines  ��ก����B��&'%
4��ก�:��������4�"C�D�������
Cก
�� 6% #�$��%$��
�&'%��ก�
'�!�� �(�
 ����������ก���� �4�E�&'%��6��6C�����
Fก6ก�
�
������������9ก�� 6%  �ก�6E����:��ก��:'
B�
F%��Cก�����ก"��ก�6ก�C4���ก�
��������4�ก�
�!ก����!�$
4��ก�: (Brochner & Toft, 2009; Cave 
et al., 2008)   

"�กก�
���$�$

8ก

���$4��$��
C��
����ก�
��6�"7�  ก�
����������

4��ก�:'�!�ก�
��6�"7����6!D���$�ก�:���$���!��!�S�ก!�ก�
�ก�6ก�C4���ก�
��������4�ก�

�!ก����!�$
4��ก�: ก�
 �4����
F�$��C�ก�
�!ก�������$�� �4��6C����ก�
�
%����
ก�

��6�"7��9T�E�"�กก�
���
���#U���C%�ก!����
4��ก�:FUกก
��C%�'�!�ก�
��6�"7�
C��
�  "�ก���ก�4�$
���%���%�����
F�
C9�9T��$���!��!�S� 6%6!��E�#�� 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

�������	
 1.1  ��6�ก
����$��6ก�
$�"!:  

 

6!D���$�ก�: 
���EU%9V$:��6�"7� 

�$��
C��
����ก�
��6�"7� 
�$��
C��
����ก�
��6�"7� 

ก�
����������
4��ก�:'�!�ก�
��6�"7� 

#�$��%$��
�&'%��ก�
'�!��    
 �(� ����������ก���� 

ก
��C%�ก�
��������4�ก�
�!ก���
'
B�ก�
����������#U���C%�ก!� 

'�!����
ก�
��6�"7��4�� 5 
Pro-inflammatory cytokines 
Anti-inflammatory cytokines 

 �4����
F�$��C�ก�
��������4�ก�
�!ก��� 

ก�C4���ก�
��������4�ก�
�!ก����!�$
4��ก�:  
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1.6 �����$ก	�� !�" 

ก
�����	)��5*%45�#$%ก
�.2ก:
�7�*���	
	  ��F/!.2ก:
!(
%
�ก
��(
%
	,!*)�

�"%A�*
,!*ก
��
��� �  ก
��!�'%!*,!*��
*ก
	���*ก
��
��� �  A�-��7%4
��ก
	��!ก
��ก��ก�"�

!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	�%���#c�	�
��� ��"%A�*�%�-	- 48 7�/�0
*A�ก���*ก
�
�
��� ��%���#c�	�4/3������
��� ��"%A�*�
ก!"�������"  !
	"  18 #6,25%3#��5*��.7
	A�-��.���*  �4/���
3����ก:
�%0�*�	
�
�.����
7 A�-0�*�	
�
�E�
���!�"�	��7 �-	-���
�%ก
�.2ก:
��5*A�� ��F!%

4%
)
 �"�+.�ก�
7 2556 12* ��F!%
�1"%
	%  �"�+.�ก�
7 2556    

 

 

1.7 � "	
$����� 

��	
�%�������ก	��	*�!0�  �

	12*  �-���)�

�"%A�*�4/����
��� �3������
ก
!"�������"�
ก�"ก'
���"D2/*
4����!ก
��'4	74���A�-ก
��!�74���,!*����
��� � 0�	ก
�����-���)�


�"%A�*,!*ก
��
��� �,!*!��	�-�%��
*ก
	A���-������ �%ก
�.2ก:
)��5*%45�7��)�F/!*
F! Injury 
Severity Score (ISS)   ��t%
0�	��)�ก!�BA�-)�- (Baker et al.,1974)  A�-A7
#��#6	%A�-)�- 
(Champion et al.,1990)  A#�0�	 +��77�	   ก
��%��%��B (2544)   D2/*A��*�������
��� ��#$% 6 
������ ��*%45)F!  1..4�:-A�-�(
)!    2. ���%�
   3. ���*!ก  4. 7�!*��!*A�-!��	�-�%7�!*�7�*ก�
% 
5. ก�-��ก�7�*ก�
%A�-A,%,
 6. ����%�*  0�	#�-�
�%�
ก������,!*ก
��
��� ��"%A�* 3 !�%���
A�กA���%(


	กก(
��*'!*  %(
)�
)-A%%

��
ก�%'


�1�7�#�-�
�%)�

�"%A�*,!*ก
��
��� � 
0�	)�
)-A%%'�*�

	12*
4)�

�"%A�*

ก  )�
)-A%%�/(
�

	12*
4)�

�"%A�*%�!	 

ก	�$����������1	�ก	"����ก	��	*�!0�  �

	12*  ก
��#�4/	%A#�*�
*'�4����	

,!*��
*ก
	���*ก
��
��� � '�*���(
����ก��ก
��#�4/	%A#�*ก
��(
*
%,!*�-����
*u �%��
*ก
	
���*�
ก�4/3������
��� �  �%ก
�.2ก:
)��5*%45�7��)�F/!*
F! �7��)�F/!*
F!  Revised  Trauma Score 
(RTS) ��t%
0�	A7
#��#6	%A�-)�- (Champion et al., 1989) A#�0�	 +��77�	  ก
��%��%��B 
(2544)  0�	'


�1#�-�
�%3���
กก
��#�4/	%A#�*�
*'�4����	
 3 #�-ก
� )F! �-���
	��  
�-��)�

��%0���� A�-�-���)�

���'2ก������*�
ก���#c�	3������
��� ���%�4�
F/!A�ก�����!*
!"�������"A�-�"ก���% 0�	)�
)-A%%�/(
 �

	12* 
4)�

�"%A�*

ก�'4/	*��!ก
��'4	74���  )�
)-A%%
'�* �

	12*  
4)�

�"%A�*%�!	 

*�2��
��ก	"  �

	12* �����,�4/�#$%)�
��*745E
�-0E7%
ก
�A�-)�

��!*ก
�
���**
%,!*��
*ก
	 �#$%!���
'��%,!*%5(
�%�ก����#$%ก�0�ก��
�
����	'��%'�*�#$%�
��	กก(
��*
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'!* ��7%4
��ก
	)�
#ก��!	���-���
* 18.50 � 25.00 กก./
2  (World Health Organization, 1995) 
'(
������7%4
��ก
	�4/

กก��
��F!���
ก�� 30 �����
�#$%)�
��7%4
��ก
	�4/A'�*12*E
�-!��% 

ก�%1
�	ก	�$������$1�ก	���ก��������1	�ก	" �

	12*  ก
��!�'%!*,!*��
*ก
	
��!,��%ก
�!�ก�'�  D2/*�-
4ก
�A'�*!!ก�
*)��%�ก'!*7%����F!

กก��
 (Bone et al., 2009) 
��*%45 

1. !"��E�
�ก
	

กก��
 38 ��F!%�!	ก��
 36 !*.
�D��D4	' 
2. !���
ก
����%,!*����� 

กก��
 90 )��5*��!%
�4 
3. !���
ก
��
	��

กก��
  20 )��5 *��!%
�4  ��F!)�

��%�
*'��%,!*ก�
D

)
�B�!%3�!!ก3D�B�%��F!� (PaCO2) %�!	ก��
 32 
�����
��#�!� 
4. �(
%�%�
 ���F!�,
� (WBC) 

กก��
 12,000 �D��B��!��ก�
.กB
�����
�� ��F!%�!	

ก��
 4,000 �D��B��!��ก�
.กB
�����
�� ��F!
4�
 ���F!�,
�7%��A�%�!�B
 (band form) 

กก��
   
��!	�- 10 

0�	A���-,�!
4)-A%%���
ก�� 1 )-A%%  )-A%%

กก��
��F!���
ก�� 2 )-A%% )F!  
�ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/���
*ก
	 1�
%�!	ก��
 2 )-A%% )F! 3
��ก��ก�"�
!
ก
�
�!�'%!*��!ก
�!�ก�'���/���
*ก
	 
 
 

1.8 ���4"2�&����	*�1	!�5*6���!	กก	�� !�" 

���4/3���
กก
�.2ก:
)��5*%45

�7��#$%,�!
���F5%C
%��F/!�
*A%��
*�%ก
���A����#c�	 
A�-ก
����
�-��*����

!
ก
��#�4/	%A#�*�%ก
��ก��ก�"�
!
ก
��!�'%!*��!ก
�!�ก�'���/�
��
*ก
	�%���#c�	�
��� ��"%A�* 
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����� 2 

ก�	���
�
		�ก		
 

 

 
ก
�����	��� !"# $%&"ก
�'(ก)
*+
"
�ก
��+
"
	,*!��

�-".�!,*!ก
��
�$�/�  ก
�

�*�0"*!,*!��
!ก
	���!ก
��
�$�/�  .�1��2"#
��ก
	��*ก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�
*�ก$0���3���
!ก
	�"���%4�	�
�$�/��-".�!  5(3!
#ก
�'(ก)
����"$*ก0
�.�1!
"����	�"%�1$�/"
��!��*6%"#  

2.1 ���%4�	�
�$�/��-".�! 
  2.1.1 ��

�

	,*!ก
��
�$�/��-".�! 

2.1.2 %�1$8�,*!ก�6กก
��
�$�/� 
2.1.3 �	
:�08
��#3$ก��,( "���!ก
��
�$�/��-".�! 
2.1.4 ก
�$%�#3	".%�!�#3$ก��,( "ก���1����
! < 8
	�"��
!ก
	���!ก
��
�$�/� 

2.2 ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	 
  2.2.1 �	
:�0�#����	
$ก#3	�ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	 
  2.2.2 ก
�%�1$
�"ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	 
  2.2.3 ��ก�1��,*!ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	��**��	�1��
!< 

2.3 %=���	�#3
#����*ก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	 
  2.3.1 ��

�-".�!,*!ก
��
�$�/� 
  2.3.2 ก
��*�0"*!,*!��
!ก
	���!ก
��
�$�/� 
  2.3.3 ��2"#
��ก
	 

2.4 0�-%ก
�����"����ก��
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2.1 �����
��������	���	� 
 

2.1.1 �
�
�
��� �ก�	�������	���	� 
�1��ก
���ก)
���%4�	�#36������
�$�/�,*!��?����*$�#	%�1$�'**0$��$�#	               

(The Victorian State Trauma System) 6�����"�	

,*!ก
��
�$�/��-".�! (major trauma) �Q* ���%4�	
�#36�����ก
���"��R�	��
6������
�$�/� S�	%�1ก*����	ก
��
�$�/�*	�
!"�*	 1 $ก��T��!��*6%"#  

1. $0#	2#������!�
�$�/� 
2.  $,�
���ก
���ก)
�"�*���%4�	��กU� ��Q* high dependency area $%&"$��


กก��
 24 

2�3�S
! .�16�����ก
���ก)
S�	�2�$��Q3*!2��	�
	�� 
3. 6������
�$�/�,*!�1��*��	�1��
!ก
	�� !.�� 2 ���$��,( "6% (S�	6
�"����
ก
�

�
�$�/�,*!����"�!) S�	�2�$ก��Tก
�.��!���$��ก
��
�$�/� $%&" 6 ���$�� �

ก
�%�1$
�"��


�-".�!,*!ก
��
�$�/� (Injury Severity Score: ISS) ��Q*�1.""��

�-".�!,*!ก
��
�$�/� 
(ISS) 

กก��
 15 �1."" 

4.  6�����ก
���ก)
���	���^ก
�R-ก$R�" (urgent surgery) $ก#3	�ก�� ก
��
�$�/�8
	�"
ก1S��ก'#�)1 8
	�"2�*!*ก 8
	�"2�*!��*! ��Q* ก
�	(�ก�1��ก$2�!ก�
"��Q*ก�1��ก0�"���! 

5. 6__`
2/*� �
" +
 .�1 �
	���+
�
ก (asphyxia) �#3��*!���ก
���ก)
�"�*���%4�	
��กU�.�16�����ก
���ก)
S�	�2�$��Q3*!2��	�
	��$%&"$��


กก��
 24 2�3�S
! 

6. ���%4�	�
�$�/��#36�����ก
���ก)
����"S�!�	
�
��� !.�� 3 ��",( "6% 
7.  ���%4�	�
�$�/��#3���ก
�0�!��*

�
ก0^
"�	
�
�*Q3" $�Q3*���ก
���.�R-ก$R�"��Q*

���6����ก)
�"�*���%4�	 high dependency area 
���%4�	�
�$�/��-".�!$%&"0
$��-ก
��
	�"���%4�	�-ก$�'�-ก��	 ก
��
�$�/��#3$ก��,( "



�
ก*-����$��-��
! < $2�" *-����$��-�
!�^	"�T �^
*$�*�T65�T .�1�
กก
��+
��
	��
!ก
	 S�	ก
� �̂ก	�!
��Q* �̂ก.�!  5(3!���%4�	
�ก�1
#ก
��
�$�/�,*!*��	�18
	�"��
!ก
	���*
ก�"��
	�1�� 0�!�����
$ก��8
�1�-ก�

2#���6���� !��**��	�10+
���.�1*��	�10��"%�
	 $"Q3*!�
ก�1��6��$�#	"$�Q*�6
�
0


�^0�!**ก5�$�"6%$�# 	!0��"��
! < ,*!��
!ก
	6�� 6
�0


�^$ก��,��"ก
��2�**ก5�$�"�"
ก
�.%�*��,*!$5��T (aerobic metabolism) 0�!�����ก
��+
�"�
�#3,*!$5��T���%ก��.�1$5��T�
	  
�+
���$ก��ก�-�
*
ก
�*��	�1�+
!
"�ก���*!��
	*��	�15(3!$%&"0
$��-0+
����+
������%4�	$0#	2#���6��  
(Henning, Woods, & Howley, 2011; Rueden et al., 2009)  S�	%=���	�#3
#����*��

�-".�!,*!ก
�
�
�$�/� %�1ก*����	   
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1.  *
	-�#3

ก,( "$%&"%=���	���ก,*!��

$0#3	!�#3$ก#3	�,�*!ก��ก
��
�$�/��-".�!��
�� !
ก
�$0#	2#���  �"���%4�	ก�1��ก5#3S��!��ก��*���
ก
�$0#	2#���,*!���%4�	�#3
#*
	-

กก��
 55 %n $%&"
0*!$��
,*!���%4�	�#3
#*
	-"�*	ก��
 55  %n   *
	-�#3$��3


ก,( "
#��ก�1����*�1�������.�1��*�
$�Q*� ��
!ก
	%�������"�1	1%������2�$2	6�����! $"Q3*!�
ก���0�!*
	-
#.�!��
"�
",*!��*�
$�Q*�0��"%�
	$��3
,( " *���
ก
�$��",*!�����0�!0-�.�1%��

��$�Q*��#30�!**ก�
ก�������*"
�#
���! �+
���$ก��8
�12/*ก�
กก
��
�$�/� (Oyetunji, et al., 2011) 

2. $�' S�	$�'2
	�1
#��

$0#3	!��*ก
�$ก��ก
��
�$�/��-".�!

กก��
$�'���!  
3.  $��Q3*!�Q3
.*�ก*p*�T$%&"0
$��-0+
����#3�+
���$ก��*-����$��- .�1	�!�+
�����
!ก
	

�*�0"*!��*ก
��
�$�/����%ก�� ��"��R�	6��	
ก .�1���%4�	_qr"���2�
 (Weigelt, Brasel, & Klen, 
2009; Scheetz, 2010)   

�"���%4�	�
�$�/��-".�!�10�!����*ก
�$%�#3	".%�!,*!�1���
	��  �1��
6��$�#	"S����  .�10
*!�#36�����ก
�ก�1��ก�1$�Q*"  ��
 (̂!ก
�$%�#3	".%�!,*!0���
�2#�
#
���+
������6������
�$�/�$0#	2#���6���"�1	1$��
*�"���$�/� ��!"� "ก
�%�1$
�"���%4�	�#36������
�$�/�
���ก�1�+
*	�
!���$�/� �	
�
���*!
#��

���$�/�.�1���*
�"ก
�2��	$��Q*���%4�	���
ก��.��	T 
��*��"���$��#	
$��Q3*!
Q* $��Q3*!�2�������*
*	��$0
* $�Q3*2��	2#������%4�	6����"�#  �
กก
�'(ก)

����
ก
��
�$�/��-".�!  
#*���
ก
��
	�#30�
��":Tก���1	1$��
ก
��
�$�/�*	��   3 �1	1  
%�1ก*����	  

1. �1	1R�����" (immediate death)  %�1

���*	�1 50  ���%4�	�1$0#	2#�����"�#��Q*
8
	�" 2 v 3 "
�#���!$ก��*-����$��-  0
$��-$ก���
กก
�R#ก,
�,*!0
*!��Q*6,0�"���!  �������Q*
��*�$�Q*������#36������
�$�/�   

2. �1	1.�ก (early death)  %�1

���*	�1 30  ���%4�	�1$0#	2#���8
	�" 2 -3 2�3�S
!
���!ก
�$ก��*-����$��-  0
$��-ก
�$0#	2#����
ก8
�1,
�**ก5�$�"  ก
�$0#	$�Q*��
ก0��"��
! < ,*!
��
!ก
	�� !8
	�".�18
	"*ก 

3. �1	1���! (late death)  %�1

���*	�1 20  ���%4�	�1$0#	2#���8
	���!ก
�$ก�� 
*-���� $��-��
	��"��Q*$%&"0�%�
�T,�1*	���"S�!�	
�
�  0
$��-ก
�$0#	2#���
�ก$ก���
ก
8
�1.��ก5�*"  $2�" ก
����2Q *  *��	�1��
$���  ก
�$0#	2#����"2��!"# �1
#��

0�
��":Tก��ก
�
��ก)
.�1ก
�2��	2#���$�Q *!��"$�Q *!��" (ก
��"
  $5/""�"�T,  *�����  S�0�!�T  .�1'���*�  0�":-, 
2551; Giannoudis, 2003) 

ก
�'(ก)
�"���%4�	�
�$�/��+
"�"  1,649  �"  ���$%&"���%4�	�
�$�/�2"��
#.���1�- 
(penetrating injury) ��*	�1 43.06  ���%4�	�
�$�/��
�$�/��
ก.�!ก�1.�ก (blunt injury) ��*	�1 
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38.3 $�Q3*$%�#	�$�#	���
" +
�
��"$�Q*��"ก
����.	ก���%4�	�
�$�/��-".�! ����
���%4�	�
�$�/�
�-".�!
#��
" +
�
��"$�Q*�0�!

กก��
���%4�	�
�$�/�$�/ก"�*	*	�
!
#"�	0+
����
!0 �̂�� (p < 0.0001) 
(Paladino, Subramanian, Nabors, Bhardwaj, & Sinert, 2010) 

 
2.1.2 �	!�"�� �ก#$กก�	�������  (mechanism of injury) 
��,*!ก
��
�$�/��1.�ก��
!ก�"�

0
$��- $
Q3*
#.�!��Q*��� -̂

ก�1����
!ก
	 ก
�

�
�$�/��1

ก��Q*"�*	,( "*	��ก��.�!�#3

ก�1��.�1���!!
"�#3 �̂
	�*�0����
!ก
	 ก
��
�$�/�
.��!$%&" 2  %�1$8� 6��.ก�  ก
��
�$�/��#3�+
���$ก��.���1�-.�1�
�$�/��
ก.�!ก�1.�ก 
(Schulman, 2009; Weigelt et al., 2009) 

1. �������5�6�
���#�!#�  
ก
��
�$�/��#3$ก���
ก��� -̂�#3
#*+
"
��1�-�1��! 6��.ก� �
�.�� �̂ก	�!��Q* �̂ก.�! �1

�+
���$ก��*�"��
	�

."�ก�10-"%q"��Q*
#�   �"�
	�#3 �̂ก	�!$"Q *$	Q3*�1 �̂ก�+
�
	

กก��
 �̂ก.�! 
$"Q3*!�
กก�10-"%q"
#���!!
"

กก��
 �1$�/"6����
���!!
"*
"-8
��"ก
��+
�
	,*!ก�10-"%q"
,( "*	��ก����

$�/�.�1,"
�,*!��กก�10-"  *
�-:%q"�(!.��!**ก$%&"  ��

$�/��3+
 ก�
!.�10�! 
ก�10-"%q"�#3
#��

$�/�0�! 6��.ก� ก�10-"�#3	�!�
ก*
�-:0!��

   "*ก�
ก"# ���!!
"�#3 �̂
	�*�0��
��
!ก
		�!  ,( "ก��
��.�1��

$�/��#3���! (deceleration) ,�1�#3ก�10-"��
"$"Q *$	Q3*,*!��
!ก
	   
��!"� "$"Q *$	Q3*�#3�"
."�" $2�" ก�1��ก��Q*����1 �̂ก�+
�
	

กก��
$"Q *$	Q3*�#3S%��!��Q*�(�"�*	 $2�" 
%*� ก�10-"�#3.��
.�1��3!$%&"$0�"��!�1�+
�
	$"Q *$	Q3*"�*	ก��
ก�10-"�#3�
-"�����Q*.�ก
**ก$%&"$0#3	! < 

 
2. ���������ก�	�ก	!��ก  
ก
��
�$�/��#3$ก���
ก��� -̂�#36
�
#�
ก�1����*0��"��0��"�"(3!,*!��
!ก
	�+
���$ก�� 

ก
��+
�
	,*!$"Q *$	Q3*  0��"����
�ก$%&"ก
��
�$�/���
	�1��.�1�-ก�

��*2#���

กก��
�
�$�/�
2"���#3
#.���1�-  $��
1�
�$�/��
ก.�!ก�1.�ก�
!��� !�16
�0


�^
*!$�/"�
�.���
ก
8
	"*ก�(!	
ก.ก�ก
���"��R�	  
#��
	��ก)�1 6��.ก� 

2.1 Crush injury $%&"ก
��
�$�/��#3$ก���
กก
������S�	��! �+
���
#
ก
��
	,*!$"Q *$	Q3*$"Q3*!�
ก
#ก
��
�$�/���*��*�$�Q*� $2�"ก��

$"Q *.,"��Q*,
�#3 �̂ก�����$%&"
$��
"
"�
ก�(ก^��
 ��
!ก
	�1 �̂ก�+
�
	�
ก��
	ก�6ก 6��.ก� �
กก
������S�	��!�
ก 
compartment syndrome .�1�
ก$"Q *$	Q3**
� �̂ก�+
�
	

ก,( "���!�
ก.ก�6,8
�1,
�$�Q*�6��.���
(reperfusion injury) $ก��8
�1$�Q*�$%&"ก�� (acidosis) $%&"��" 
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2.2 Deceleration injury  $%&"ก
��
�$�/��#3$ก��,( "�",�1�#3���%4�	ก+
��!
$��Q3*"�#3���	 ��

$�/�0�!.�1ก�1��0�3!ก#�,�
!.����	-��!��"�# $2�" �^2"ก�" *��	�18
	�"
��
!ก
	S�	$R�
1�#36
����."�"ก���+
����1R#ก,
� $2�" 0��"��",*! descending aorta 0��"��",*! 
jejunum ,� �6� .�1,� �,*! mesentery $%&"��" 

2.3 Compression injury $ก���
ก.�!*��S�	
#������%4�	*	����!ก�
! $2�" 
�̂ก�^��� �ก�
ก�#30�!  �+
���
#��

��"8
	�"$��3
,( " �̂
$%&"2��!��*!�1�+
���ก�1��!�
R#ก ���
�



.�ก �+
60���Q*ก�1$�
1%=00
�1.�ก ��Q*ก�1��ก$2�!ก�
"��ก 
2.4 Decompression injury $ก���
ก��

��"8
	"*ก��
!ก
	���!*	�
!

���$�/� �+
���*
ก
'�"��
!ก
	,	
	����"$ก��*�"��
	 $2�"�"����#3�+
" +
�(ก.���,( "0�����" +
*	�
!
���$�/� �"$ก��$0�"$�Q*�*-���"�
ก*
ก
' $%&"��" 

ก
��
�$�/��#3�+
���$ก��.���1�-.�1�
�$�/��
ก.�!ก�1.�ก 0


�^*:��
	 (̂!ก
�
�*�0"*!,*!$"Q *$	Q3*��
!ก
	��*ก
��
�$�/�.�12��	�+
"
	��

�-".�!,*!ก
��
�$�/�6��  
(Alexandropoulou & Panagiotopoulos, 2010)  �
กก
�'(ก)
,*!�*	$�* 0
�:.�1*
$2*�T (Boyle, 
Smith, & Archer, 2008) S�	
#��� -̂%�10!�T$�Q3*'(ก)
ก�6กก
��
�$�/�$�#	!*	�
!$�#	�0


�^
�+
"
	ก
��
�$�/��-".�!�"ก
����ก�*!���%4�	�
�$�/� (triage) ก�*" (̂!S�!�	
�
� ����
ก�6ก
ก
��
�$�/��#3��

ก�#30-� �Q* *-����$��-�
กก
��
�$�/�S�	�^��ก�	
"	"�T  .�1*-����$��-�ก�
ก�#3
0�!

กก��
 5 $
�� ���%4�	�#3���*	��8
	�"�^	"�T

กก��
 30 "
�#0


�^�+
"
	ก
��
�$�/��-".�! 
6��*	�
!
#"�	0+
����
!0 �̂�� (p < 0.0001) ,  (p = 0.0003) �

�+
��� S�	ก+
�"�"�	0+
����
!0 �̂�� �̂
    
p < 0.05   .�1�"���%4�	6������
�$�/����!*ก2"���#3
#.���1�- ���
ก��ก
�
#ก
��
�$�/�,*!�����
����
 ��*	�1 82 ,*!���%4�	�� !�
� 0
$��-ก
��
�$�/�$ก���
กก
� �̂ก.�! 5(3!�+
���$ก��*���
ก
�
$0#	2#�����*	�1 15.6   0��"0
$��-�
กก
� �̂ก	�!�+
���$ก��*���
ก
�$0#	2#���0�! (̂!��*	�1  81 S�	
*���
ก
�$0#	2#����
กก
� �̂ก	�!���$��2�*!��*!.�1���$�����!*ก�16
���
!ก�"  S�	*���
ก
�
$0#	2#���0��"���� 
#��

0�
��":Tก��ก
��
�$�/�,*!����� (Degiannis et al., 2006)  �
กก
�'(ก)

,*!	
!.�1��1 (Yang et al., 2009) ����
ก
��
�$�/����!*ก.�12�*!��*!2"���#3
#.���1�-�1
#
*���
ก
��
	�3+
ก��
ก
��
�$�/��
ก.�!ก�1.�ก  .�1ก
���
���	�!�!$%&"0�3!0+
���0+
�������%4�	�#3
#
*
ก
��
�$�/����!*ก��Q*2�*!��*!2"��
#.���1�-        

�
กก
�'(ก)
����	�#3��
"

����
 *���
ก
�$0#	2#���,*!����
�$�/�,( "*	��ก����

�-".�!
,*!ก
��
�$�/����
ก��ก
�
#S�����
,*!����
�$�/� (Kuwabara et al., 2010) �
กก�6กก
��
�$�/�
�10�!����*��

�-".�!,*!ก
��
�$�/�.�1ก
�$%�#3	".%�!�
!�	
:�0�#����	
�#3.�ก��
!ก�"  ก
�

#��

$,�
��$ก#3	�ก��ก
��
�$�/�0


�^���ก
���.�  $�̀
�1��!*�"��
	.�18
�1.��ก5�*"��
! < 
.�1���ก
�%̀*!ก�"6��*	�
!��"���!�# 
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2.1.3 8��96:"�8����ก6��;<��#=�ก�	�������	���	� 
$
Q3*���%4�	6������
�$�/�0
$��-ก
�$0#	2#����"�1	1.�ก
�ก$ก���
กก
�6������
�$�/��#3

'#�)1��Q*�
ก 8
�12/*ก�#3$ก���
กก
�0��$0#	$�Q*�.�1" +
 (hypovolemic shock)  �",�1�#3*���

ก
�$0#	2#����"�1	1���!
#0
$��-�
กก
��
�$�/��-��	8�
�,*!0
*!.�1ก�6กก
�%̀*!ก�",*!
��
!ก
	��
$���6%   �"�1	1.�ก�1$ก��8
�1$"Q *$	Q3*,
�**ก5�$�" ��

��"S�����3+
  *��	�1.�1
$"Q *$	Q3*��
!ก
	6������
�$�/�.�1ก�1��ก��ก  $2�"$�#	�ก�"ก��$
Q3*
#���

ก�1�-�"��
�  $2�" $"Q *$	Q3*
,
�**ก5�$�"$%&"$��
"
"��Q*$"Q *$	Q3* �̂ก�+
�
	

ก,( "���!�
ก�#3.ก�6,8
�1,
�$�Q*�6��.��� ก
�
$ก�� compartment syndromes  ก
���
���.�1ก
����$2Q *  (Keel & Trentz, 2005) 

�"8
�1%ก����
!ก
	
#ก�6ก innate immune response  5(3!�1
#�"�
�#3�"ก
�2��	
%̀*!ก�".�1�+
ก��0�3!�#3*�ก$0� 
����$5��T �̂ก�+
�
	�
ก$2Q *S����Q*0
�.%�ก%�*
�#3$,�
0����
!ก
	 
5(3!ก�6ก"# �1�	-�6%$
Q3*��
!ก
	6�����ก
�.ก�6,8
�1�#3�+
���$ก��ก
��
�$�/���Q**�ก$0�6�� ��
!ก
	
$
Q3*6�����ก
��
�$�/�.�1*-����$��-�1�+
���$ก��ก
����3!0
�$
��$*$�*�T��
!< �"��
!ก
	  S�	$ก��ก
�
�*�0"*!ก
��
�$�/��
กก
�0�!0���
������
���
ก+
��!$ก��ก
��
�$�/���Q*6�����ก
��
�$�/�
�"*��	�1"� "<  ก�1��"ก
��#3
#%�10��:�8
���*2#���0


�^�+
���$ก��ก
�%������  $�Q3*���$ก��
��

0
�-�,*!��
!ก
	$%&"%>�ก���	
�#3�*�0"*!��*ก
��
�$�/�  S�	$R�
1ก
��*�0"*!�#3$�#	ก��
  
ก
��*�0"*!��*ก
�*�ก$0� (Aller et al.,2006; Lenz et al., 2007)  $2�"�"ก
��2�**ก5�$�" �1��
%�10
�$%&"�1���#3�*�0"*!�"��"�#ก�*���$ก��ก
�"+
$�Q*�ก���6%$�# 	!0��"�#3,
�$�Q*� 
(ischemia  revascularization)  .�1�
ก$ก��*
ก
���
�1�+
���0
�*
�
���
!<  6%0�����$��$"Q *$	Q3*
�#36������
�$�/�

ก,( "  �"�1	1"# ก
��*�0"*!�#3$%&"ก
�*�ก$0��1$��3
$ก��

ก,( "�"ก�
	$%&"
ก
���
�"$5��T (interstitial  edema) �+
���$5��T$	Q3*�-��� (epithelial cell)  ��
!**ก�
ก��*�$�Q*�
�*	 (capillaries)  

ก,( "��
 (̂!$
/�$�Q*�,
��#3$%&"$5��T�#30+
����"�1��8�
��-�
ก�"  	�!
#����*
0
�*
�
��#36%	�!$"Q *$	Q3*��
!< S�	
#ก
��2�***ก5�$�"���%ก��  $�#	ก��
�1	18�
��-�
ก�"  (immune 
phase)  S�	$5��T�#3�+
�"�
�#3ก+
���$2Q *S�� (phagocytosis) �16
��2�**ก5�$�" (anaerobic glycolysis)  
.���10�!��
"�
!$��"" +
$��Q*!  �#3,	
	���,( "5(3!$%&"���
ก65S�6�"T.�1S�0�
.ก�"��" 
(prostaglandin) 5(3! �̂ก0��
!�"���$���#3�
�$�/��
ก$5��T$��
  ��
	0-���*
6����*�12��	���
#ก
�"+

**ก5�$�"



ก,( "�"$
/�$�Q*�.�!.�1��*�$�Q*��*	  �+
���$ก��ก
�5�*
.5
$"Q *$	Q3*  .�1�
ก
$ก��8
�1.��ก5�*",( "

��
�.�10�!��ก�1����*$"Q *$	Q3*ก/�1�+
�����
!ก
	ก���6%0��ก
�
�*�0"*!��*ก�1��"ก
�*�ก$0�$2�"$��
 (Aller et al.,2006; Keel & Trentz, 2005; Lenz et 
al.,2007)  ก
�6
�0


�^����-
ก
�*�ก$0�.�1��

6
�0
�-�,*!ก
�0��
!0
�ก
��
�$�/�$%&"��
�
กก
��#3�1��8�
��-�
ก�",*!��
!ก
	 �̂กก�1�-�"���!ก
��
�$�/��-".�!  �1���,*!ก
�$%�#3	".%�!
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�"��
!ก
	"+
6%0��ก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	 (Robertson & 
Coopersmith, 2006)   

�
ก6
�6�����ก
���.���ก)
�#3$�

10
�1���"
6%0��ก
����$2Q *�"ก�1.0$�Q*� ���$2Q *
�"ก�1.0$�Q*�*	�
!�-".�!  .�18
�12/*ก�
กก
����$2Q *�"ก�1.0$�Q*� .�1"+
6%0����

���%ก��
�"ก
�6��$�#	"$�Q*�.�1��

6
�0
�-��1���
!ก
�,"0�!**ก5�$�".�1��

��*!ก
��2�**ก5�$�" 
0�!�����ก
��+
�"�
�#3,*!$5��T���%ก��.�1$5��T�
	  �+
���$ก��ก�-�
*
ก
�*��	�1�+
!
"�ก���*!
��
	*��	�1.�1$ก��*��	�1.�1�1����
!< ,*!��
!ก
	��
$��� .�1$0#	2#���6���"$��
��*

  
(Brochner & Toft, 2009; Rueden et al., 2009) 

ก
�0��$0#	$�Q*�$%&"0
$��-0��"����,*!%�10��:�8
�ก
��+
!
",*!�����.�1��*�
$�Q*����!���!6������
�$�/� �+
���ก
�0��R#�$�Q*�6%$�# 	!0��"��
! < ,*!��
!ก
	���!��Q*
#ก
�
,	
	���,*!��*�$�Q*�  0�!�������

��"S�������! ก
�ก+ 
5
�,*!$"Q * $	Q3 *���!  
(hypoperfusion)  ��
!ก
	�1
#ก�6กก
�%������ (autoregulatory compensatation) S�	ก
�ก�1�-�"
�1��%�10
� sympathetic nervous system   .�1 rennin-angiotensin ���3!.��#S��

#" 
(catecholamine)  $�Q3*$��3
%��

�$�Q*��#3�#�**ก�
ก������" 1 "
�# (cardiac output)  .�1��

��"
S����  �+
��������$��"$�/�,( " $��3
.�!�#����,*!����� $ก��ก
������.�1$��3
.�!��
"�
",*!
��*�$�Q*�0��"%�
	  $�Q3*%ก%̀*!*��	�1�#3$%&"0�3!0+
����#30-� �Q* �����.�10
*!  ��!"� "�"8
�1
$"Q *$	Q3*,
�**ก5�$�"�1��!�*ก (̂!ก�6กก
�%������,*!��
!ก
	��
$���  (Boswell & Scalea, 2009)    

�
ก6
�6�����ก
�.ก�6,�1$,�
0��8
�12/*ก�1	1ก�
��"�
 (progressive shock) 0�!�����
$ก��ก
��2����!!
".��6
��2�**ก5�$�"�"ก
�.%�*��,*!$5��T (anaerobic metabolism)  5(3!�+
���
$ก��ก
����3!ก��.�ก��ก  (lactic acid)  0�!������
�T�*"6�**ก65�T�"$�Q*� (PaCo2)  0�!,( "  �1��
ก
�6��$�#	"�1����-�8
� (microcirculation) �"�!��*�$�Q*� $0�"$�Q*�$�/ก < ,	
	���$��3
%��

�
$�Q*��#36��ก��� (venous return) 
#ก
�0��$0#	" +
**ก"*ก$0�"$�Q*� %��

�$�Q*��#3�#�**ก�
ก
������" 1 "
�# ���!    �1	1"# �
ก6�����ก
�.ก�6,��"0


�^ก���

$%&"%ก��6�� �
ก6
�6�����
ก
�.ก�6,�1$,�
0��8
�12/*ก�1	16
�0


�^ก����Q" ( irreversible shock)  5(3!$%&"8
�1�#3
#��


�-".�!  �
กก
�ก+
5
�,*!$"Q *$	Q3*���!$%&"�1	1$��
"
" (prolong  hypoperfusion)  0�!������"�!
��*�$�Q*�0��$0#	.�!�(!�����*�$�Q*�,	
	 6
��*�0"*!��*ก
����0
�" +
 .�10
�0Q3*%�10
�
ก�-�
.��#S��

#" (catecholamine)  ก
�6��$�#	"$�Q*��#32�
�! .�18
�1��

$%&"ก���1�+
���
$�Q*�.,/!���6��!�
	 $ก����

���%ก���"ก
�.,/!���,*!$�Q*� �
ก6
�6�����ก
���.�.ก�6,ก/�1"+
6%0��
ก�-�
*
ก
�*��	�1�+
!
"�ก���*!��
	*��	�1 (Rueden et al., 2009; Strehlow, 2010;  Urden, Stacy 
& Lough, 2010) 

 

 

 

 

 

 
 

 

 

 

 

 

 

Copyright by Mahidol University 



0�"#"
>  "
�'�#                                                                                                                                            ก
�����"����ก��
 / 18 

2.1.4  ก�	��#������#�����ก6��;<�ก=�	!��?@�� A "��B�	@��ก���#=�ก�	������� 
8
	���!��
!ก
	6������
�$�/�0��"����
�ก�1
#ก
�0��$0#	$�Q*�5(3!$%&"%=��
�
!��
"

�1��6��$�#	"S���� .�1$%&"%=��
0+
����#3�+
���$0#	2#���6��  8
�12/*ก$%&"8
�1�#3$"Q *$	Q3*,
�
$�Q*�.�1**ก5�$�" ,
���

0
�-��1���
!**ก5�$�"�#36%$�# 	!$"Q *$	Q3*ก����

��*!ก
��2�
**ก5�$�",*!$"Q *$	Q3*  ��

�-".�!,*!ก
��
�$�/�,*!.���1*��	�1.�1ก
�ก+
5
�,*!$"Q *$	Q3*6%
	�!*��	�1���!6������
�$�/�
#*��:�����*�1���*�0"*!ก
�*�ก$0�  (Lasanianos, Kanakaris, 
Dimitriou, Pape, & Giannoudis, 2011)  5(3!ก
��
�$�/�,*!.���1*��	�1�1
#����*ก
�$%�#3	".%�!
,*!��
!ก
	  ก
���.�.�1$�̀
�1��!���%4�	�� !.���"�1	1.�ก�1
#����*�����:T���!ก
��
�$�/�,*!
���%4�	 

2.1.4.1 ก�	����������C�	D!   
ก
��
�$�/��#3'#�)1�1.��!**ก$%&"  ก
��
�$�/�%?
8�
� (primary 

injury)  $%&"ก
��
�$�/��#3'#�)1$%&"���#3$ก��,( "S�	��!�
ก�#3'#�)16�����.�!ก�1�+
�
ก8
	"*ก
��"�#  6
�0


�^.ก�6,6�� *
ก
�.�1*
ก
�.0�!,( "*	��ก���	
:�08
�.�1�+
.�"�!,*!0
*!�#3
6������
�$�/�  .�1ก
��
�$�/��-��	8�
�8�
�  (secondary injury) $%&"8
�1.��ก5�*"�
ก'#�)16�����
�
�$�/� $%&"��

�
ก0
*!��
  ��

��"�"ก1S��ก'#�)10�!  ก
����$2Q *  .�10
*!,
�$�Q*�  
*
��1$ก��,( "��"�#���!ก
��
�$�/���Q*	
�"
"ก��
"� "   (Gould & Dyer, 2011; Pushkarna, 
Bhatoe, & Sudambrekar, 2010)  ก
��
�$�/��#3'#�)1�-".�!�-��	8�
�8�
��1$��3
8
�1��

��"S����
�3+
  ��

��"�"ก1S��ก'#�)10�! (increased intracranial pressure) .�18
�1,
�**ก5�$�" *	�
!
#
"�	0+
���  .�1"+
6%0��ก
��
	,*!�1��%�10
��
ก0
*!��
  (cerebral edema)  0
*!,
�$�Q*� 
(ischemia) .�1ก
�*�ก$0�$R#	����"(acute inflammation) 5(3!ก
��
�$�/��-��	8�
� 
#��

0�
��":T
ก��*���
ก
�$0#	2#���.�1��

��ก
��#3�1$ก��,( "ก�����%4�	�"�1	1��*

  (Hebb, Clarke, & Tallon, 
2010)   

�	
:�08
�,*!ก
��
�$�/��#3'#�)1.�ก��
!ก�",( "*	��ก��ก�6กก
�
�
�$�/� ��

�-".�!.�1��ก)�1,*!��� -̂�#3

ก�1��'#�)1  $2�" 0
*!ก�1��ก�1$�Q*" (cerebral 
concussion) 0
*!2 +
 (cerebral contusion)  0
*!R#ก,
� (cerebral laceration) .�18
�1$�Q*�**ก
�"0
*! (intracranial hemorrhage)  *
ก
�.�1��

�-".�!�1,( "*	��ก���+
.�"�!.�1%��

��#3
$�Q*�**ก  $
Q3*ก�*"$�Q*�S�

ก,( ".�1ก�0
*!

ก,( "���%4�	�1
#8
�1��

��"�"ก1S��ก'#�)1
0�! (Eckman, 2011; Hickey, 2009)  $%&"0
$��-,*!ก
�0��$0#	�"�
�#3ก
��+
!
",*!ก
�����-

��
!ก
	0��"��0��"�"(3!,*!.���1���$��,*!'#�)1�#36������
�$�/� $5��T6������
�$�/�.�1
#
$�Q*�**ก"+
6%0��ก
��*�0"*!��*ก
�*�ก$0�.�1$0�"$�Q*������

ก (vasospasm) �*� < ���$��
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�#36������
�$�/� (Gould & Dyer, 2011)  ��

��"�"ก1S��ก'#�)1��*	 < 0�!

ก,( "�
ก6
�6�����
ก
�.ก�6, ��
!ก
	�1%���ก�6กก
�����-
*��S"
��� S�	.��!ก
�$%�#3	".%�!**ก$%&" 3 �1	1 ��!"# 
�1	1�#3
#ก
�2�$2	S�	ก�6กก
�����-
*��S"
���  $%&"�1	1�#3$��3

#0�3!ก�"�#3�"ก1S��ก'#�)1 ก�6ก
ก
�����-
*��S"
���,*!0
*!�1$��3
�+
!
"S�	���5(
" +
6,0�"���!$,�
0��ก�1.0$�Q*�

ก,( " .�1�1
����-
%��

�$�Q*��#36%$�# 	!0
*!����!�#3*	��$0
* 5(3!ก�6ก"# �12��	6
����0�3!ก�"�#3�"ก1S��ก
'#�)16%$�#	�0
*! �1	1"# �1�����

���0(ก,*!���%4�		�!�#*	�� .�1	�!6
�
#ก
�$%�#3	".%�!,*!
0���
�2#� *
�
#ก
�%��'#�)1.��6
��-".�!   

�1	1��*

�1	1�#3
#ก
�2�$2	S�	 cushing �s reflex  $%&"�1	1�#3$��3

0��$0#	ก�6กก
�����-
*��S"
���,*!0
*!.��� �"�1	1"# ��

��"�"ก1S��ก'#�)1�10�!

ก,( "
*	�
!���$�/� .�10
*!�1 �̂ก$�#	��"$�Q3*"�#36%ก�$�#	�ก�
"0
*!�+
���$ก�� cushing �s reflex  $�Q3*
2�$2	���
#$�Q*�6��$�#	"0�!

ก,( "$�/ก"�*	�#3$%&"$2�""# $��
1��

��"�"ก1S��ก'#�)1�#30�!,( "�1
��ก�" vasomotor center �+
����������*!�#����$��3
,( "$�Q3*���$�Q*�6%$�# 	!0
*!

ก,( " 2#���2�

�!$"Q3*!�
ก
#ก
���ก�" cardiac inhibitory center �+
���������#����.�!

ก,( ".��*���
ก
�$��"2�

�! ก
��
	��2�
�!.�1�(ก��Q*�
	��6
�0
3+
$0
* $��
1
#ก
���ก�"'�"	T����-
ก
��
	�� 
*-��8�
�,*!��
!ก
	$��3
0�!,( "$"Q3*!�
ก
#ก
���ก�"6pS%�
�

�0  "*ก�
ก"# �1�����

���0(ก���
$���! .�1��
�
"�
,	
	���
���	 �"�1	1"# �
ก6�����ก
�.ก�6,���%4�	*
��*�2#��� .�1�1	1
0��$0#	ก�6ก2�$2	 (stage of decompensation) $%&"�1	1�#3��

��"�"ก1S��ก'#�)1$��3
,( "0�! 
*
�$��
ก����

��"5�0S���� �+
���'�"	T����-
ก
���,	
	,*!$�Q*��"ก�
"0
*!$%&"*�
�
��"
6
�
#$�Q*�6��$�#	"6%$�# 	!0
*!6��*#ก ���%4�	�1
#*
ก
�$���!S�	�
�0�� ��
�
"�
,	
	S�$�/
�#3
�� !0*!,�
! 6
�
#%>�ก���	
�*�0"*!��*0�3!ก�1�-�"�� ��

��"S�����1�3+
�!

ก2#���$�
$�/�6
�
0
3+
$0
* �*�

ก,( "�"�	-��
	�� *-��8�
�0�!,( " (̂! 39 v 40 *!'
$5�$5#	0 .�1���%4�	�1
$0#	2#����"�#30-� (Hebb et al., 2010; Hickey, 2009) 

ก
�'(ก)
�"���%4�	�
�$�/�'#�)1�-".�! �+
"�" 21,356  �" ��*���

ก
�$0#	2#����� !�
����$%&"��*	�1 13.7  *-����ก
��T,*!*��	�1��
$���S�	��
���$%&"��*	�1 31. 4 
*��	�1��
$�����
	�1�����$%&"��*	�1 15  .�1���$2Q *�"ก�1.0$�Q*����$%&"��*	�1 9.9 *���

ก
�$0#	2#���$��3
,( "*	�
!��*$"Q3*!ก��ก
�$��3
,( ",*!��

�-".�!,*!ก
��
�$�/��#3'#�)1  �+
�����Q*
.,",
  ���%4�	�
�$�/��#3'#�)1
#*���
ก
�$ก��*��	�1��
$���$��3
0�!,( "�� !.�� ��*	�1 27.5 �"���%4�	
�
�$�/��#3'#�)1$�/ก"�*	6%�" (̂!��*	�1 47.2 �"���%4�	�#3
#�1."",*!ก
��
�$�/�,*!'#�)1 (AISHI) 


กก��
$��
ก�� 5 �1."" (Lefering, Paffrath, Linker, Bouillon, & Neugebauer, 2008) 5(3!
0*����*!ก��ก
�'(ก)
$�Q3*'(ก)
 (̂!*-����ก
��T,*!��

���%ก��,*!*��	�1�"���%4�	�
�$�/��#3'#�)1
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�-".�! S�	�2�   SOFA Score �"ก
�%�1$
�"���%4�	����
�1���
	����
$���  (respiratory failure) 
.�1�1�������.�1��*�$�Q*���
$��� (cardiopulmonary failure) ���$%&"��*	�1  80 .�1  ��*	�1 
82 �

�+
���  6
������%4�	6�.�1�����
$��� (renal or hepatic failure)   5(3!�1�������.�1��*�
$�Q*���
$���  (cardiopulmonary failure)  $%&"8
�1�#3��6��$%&"0��"�����"���%4�	�
�$�/��#3'#�)1
�-".�!.�1���%4�	$�Q*�**ก���2� "*.��"*	�T  (subarachnoid hemorrhage) (Sarkar, Dube, & 
Bhattacharya, 2008) 

2.1.4.2 ก�	��������	
� ก  
ก
��
�$�/����!*ก $%&"ก
��
�$�/��#3��6����*	.�1$%&"8
�1R-ก$R�"�#3

�-ก�

��*2#��� ก
�$0#	2#���,*!���%4�	�#36������
�$�/��
ก*-����$��-
#0
$��-�
กก
��
�$�/����!*ก
��*	�1 25 $"Q3*!�
ก
#��ก�1����*�1���
	��S�	��!.�18
	�"���!*ก	�!
#*��	�10+
��� < �"
��
!ก
	 6��.ก� �����.�1%*�  $
Q3*$ก��ก
��
�$�/���*���!*ก�1�+
���$ก���	
:�08
���**��	�1
$���
"# S�	��! (Moloney, Fowler, & Chang, 2008; Rezende-Neto et al., 2009)  ก
��
�$�/��#3���!
*ก�+
���ก�1��ก5#3S��!��ก $
Q3*ก�1��ก5#3S��!��ก�1$ก��
#$�Q*�**ก �̂
6
�
#ก
�R#ก,
�,*!��*�
$�Q*����
���	�1
#$0#	$�Q*��
ก5#3S��!�#3��ก�+
.�"�!�1 50 
�������� ��!"� " �̂

#ก�1��ก5#3S��!��ก
��
	�+
.�"�!ก/�+
���
#*
ก
�,*!ก
�$0#	$�Q*�6��  ��
�� !��

$�/�%��  $
Q3*ก�1��ก5#3S��!��ก�1
#
��

$�/�%��$ก��,( "$
Q3*
#ก
�$��Q3*"6��,*!���!*ก $2�" ก
��
	�� ก
�6* �+
���
#ก
��+
ก��ก
�
$��Q3*"6��"� ".�1�+
���ก��

$"Q *�#32��	�"ก
��
	���+
!
"���%ก��6%  �+
���
#��$0#	�



 �Q* 
#
ก
��
	���Q " 
#ก
���3!��
!,*!$0
�1 �+
���$ก��8
�1%*�._� 8
�1%*�*�ก$0� �"�#30-�*
�$ก��
ก
��
	����
$���6���
ก6
�6�����ก
�.ก�6,  (Kramer, 2002; Munroe & Curtis, 2011)  .�1ก�1��ก
5#3S��!�#3��ก �+
���*��	�1��Q*$"Q *$	Q3*�ก��$�#	!R#ก,
� �+
���
#�	
:�08
�*Q3"< �



 $2�" ��*�
$�Q*�R#ก,
��+
���
#ก
�$0#	$�Q*� ��Q*$"Q *%*�R#ก,
�$ก��%*�2 +
 (pulmonary contusion) �+
���$ก��
8
�1
#
#�
�"2�*!$	Q3*�-�
%*�  (pneumothorax) ��Q*$�Q*�**ก�"2�*!$	Q3*�-�
%*� (hemothorax) 
(Keel & Meier, 2007) 

ก�1��"ก
�*�ก$0�$%&"�� #̂�
!�#3:��
2
����!������$ก��,( "$
Q3*
#
8	�"��
	$ก��,( "0��"��0��"�"(3!,*!��
!ก
	  �
ก���ก�1�-�""� " �̂กก+
�����Q*�
�6%  ��
!ก
	ก/
ก����Q"0��08
�%ก��  .�� �̂
ก�1��"ก
�"# 0Q�$"Q3*!��*6%$%&"$��
1
#���ก�1�-�"��
���Q*$ก��
ก�1��"ก
�*�ก$0��#3�-".�!��!���$��$0�"$�Q*��*	,*!*��	�1�#3��
!6ก��
ก*��	�1�� !��" 
(remote organ insult)  $2�"�#3%*�  5(3!$%&"���$���#3.�ก$%�#3	"ก�
5ก/�1�+
���$"Q *$	Q3*��3���
!ก
	,
�
**ก5�$�"  $%&"�����*��	�1��
! < 6
�0


�^�+
!
"6��$�
Q*"$��
  5(3!65S�6�"T.��!$%&" 2 ก�-�

���� < 6��.ก� pro - inflammatory cytokines  .�1 anti - inflammatory cytokines  2"��.�ก����S�	
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$5��T Th1 (T- helper lymphocyte type 1) .�12"���#30*!����S�	$5��T Th2 (T- helper lymphocyte 
type 2)  5(3!0
�65S�6�"Tก�-�
.�ก�1 �̂ก���3!**ก



ก$�Q3*�����
!ก
	�*�0"*!��*�-�2#��#3


�-ก�
"6��  .�� �̂

#

ก6%ก/,
�0
�-�  0


�^ก�ก
��+
!
",*!$5��T%ก��6��  $ก����$0#	

ก

	
��Q* �̂
�-ก�



ก�"$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	  ��*$"Q3*!�"*��	�1��
! < 
6
�0


�^�+
!
"6���"�#30-� (0
$ก#	���  ���"'���2�	ก-�, 2548; Keel & Trenz, 2005)  ก�-�
*
ก
�
�
	���+
�
ก$R#	����"  ( Acute Respiratory Distress Syndrome : ARDS)  $%&"8
�1.��ก5�*"�#3
�-".�!.�1��6����*	�"���%4�	�
�$�/��-".�!$ก���
กก
��*�0"*!,*!��
!ก
	 

ก$ก�"6% ��6��
��*	

ก,( "�"���%4�	�
�$�/����!*ก  ก
��
�$�/����!*ก�
ก.�!ก�1.�ก$%&"0
$��-,*!%>�ก���	

�*�0"*!��*ก
�*�ก$0� .�1$%&"ก
�ก�1�-�""��S��_���1��6��$�#	".��ก/	�!6
�

ก$�#	!�*�"
ก
�$ก��ก�-�
*
ก
��
	���+
�
ก$R#	����"  �"ก�1��3!
#���ก�1�-�"��
�5(3!
#��

0+
����+
���
ก�1��"ก
�*�ก$0�$ก��,( "*	�
!��*$"Q3*! (Visser, Hietbrink, Groeneveld, Koenderman, & Leenen, 
2011) 

ก
��
�$�/�,*!�����$"Q3*!

�
กก
��
�$�/����!*ก��6����*	�1 25
.�1�
กก
�'(ก)
����
  ��
�#3���%ก��,*! cardiac enzyme  CK, CK-MB, CK-MB/CK ratio 
#
%�10��:�8
��"ก
���"��R�	ก
��
�$�/�,*!����� �#3��

6� (sensitivity) 90.9, 95.4 .�1 50 ��

��

 �̂�!�+
$�
1 (specificity) 4.6, 6.1 .�1 53.1 �

�+
���  .�1 ��
���%ก��,*!��Q3"6__`
����� 
(ECG) �#3��

6� (sensitivity) 54.5  ��
��

 �̂�!�+
$�
1 (specificity) 74.2  ��
  CK-MB/CK ratio 
��
ก����
���%ก��,*!��Q3"6__`
����� (ECG)  �#3��

6� (sensitivity) 59.1  ��
��

 �̂�!�+
$�
1 
(specificity)  32. 8 (Emet et al., 2012)   ��!"� "�"ก
���"��R�	���%4�	�
�$�/����!*กS�	�2���
 
cardiac enzyme  ������6%ก��ก
�������Q3"6__`
����� (ECG) �1
#%�10��:�8
�

กก��
*	�
!��
*	�
!�"(3!$�Q3*���ก
���.����%4�	���!6������
�$�/�$ก�������:T�#3�# 

.��$��� p��2�!.�1*#.�"0T (Battle, Hutchings, & Evans, 2012) 6��
����"!
"����	*	�
!$%&"�1��$�Q3*0�-%%=���	$0#3	!0+
����ก
�$0#	2#����"���%4�	�
�$�/����!*ก
�
ก.�!ก�1.�ก   �
กก
�����"����ก��
  ����
���%4�	�#3
#*
	-

กก��
$��
ก�� 65 %n �1
#*���

ก
�$0#	2#����#3$��3
0�!,( "

กก��
���%4�	�#3
#*
	-"�*	ก��
  65 %n S�	
#��
 OR 1.98  (95% CI: 1.86v
2.11)  �+
"�"ก�1��ก5#3S��!�#3��ก�� !.��  3 5#3,( "6%�1*���
ก
�$0#	2#���$��3
0�!,( " S�	
#��
 OR 2.02 
(95% CI: 1.89v2.15)  .�1�"���%4�	�#3
#S�����
.�1%*�*�ก$0��1
#*���
ก
��
	�#3$��3
0�!,( " S�	
#
��
 OR  2.43   (95% CI: 1.03v5.72) .�1OR 5.24 (95% CI: 3.51v7.82) �

�+
���.�1�"ก
�'(ก)


(̂!ก
�$ก�� pneumomediastinum �"���%4�	�
�$�/����!*ก�
ก.�!ก�1.�ก�+
"�" 2,457 �"  ��
���%4�	$ก��  pneumomediastinum ���$%&"��*	�1 5.9 S�	���"���%4�	�#3
#��
�1.""��

�-".�!,*!
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ก
��
�$�/�.�1 Abbreviated Injury Scale (AISchest) $��3
0�!,( "*	�
!
#"�	0+
����
!0 �̂��                 
(p < 0.0001) (Rezende-Neto et al., 2009)  

2.1.4.3  ก�	�������5@ ��� �  
ก
��
�$�/�,*!2�*!��*!��6����*	 *
�$ก�����
ก��ก
��
�$�/��#3*Q3"  $2�" 

�#3'#�)1  ���!*ก ��Q*���
ก��ก�1��ก.,",
��ก ก
�'(ก)
 (̂!*-����ก
��T,*!ก
��
�$�/�2�*!��*!�#3
���
ก��ก
��
�$�/����!*ก.�1ก�1��ก$2�!ก�
" �"���%4�	�
�$�/��
ก*-����$��-�#3
#�1.""ก
�
�
�$�/�,*!*��	�1 (AIS) 

กก��
$��
ก�� 2 �1.""  ����
���%4�	�
�$�/����!*ก.�1ก�1��ก$2�!
ก�
"�-".�!
#*-����ก
��T,*!ก
��
�$�/�2�*!��*!*	�
!
#"�	0+
���ก��
ก
��
�$�/���!*ก��Q*
ก�1��ก$2�!ก�
"*	�
!��*	�
!�"(3! (Cooper, Smith, & Cooper, 2005)  0*����*!ก��ก
�'(ก)
�"
���%4�	�
�$�/��+
"�" 300 �"  �����%4�	�
�$�/�2�*!��*!�+
"�" 248 �" $%&"ก
��
�$�/��
ก.�!
ก�1.�ก$%&"0��"����  0
$��-

�
ก*-����$��-�
!�^	"�T$%&"0��"���� .�1
#��

0�
��":Tก��S��
���
$��
  ���%4�	�
�$�/�2�*!��*!�
ก.�!ก�1.�ก�1
#��

$ก#3	�,�*!ก��ก
��
�$�/�,*!.," ,
 ก
�
�
�$�/����!*ก  '#�)1.�1�* (Gad, Saber, Farrag, Shams, & Ellabban, 2012) 

ก
��
�$�/���**��	�1��
! < �"2�*!��*!  
�

$%&"*��	�1�#36������
�$�/�
��*	�#30-��� !�
กก
��
�$�/��
ก.�!ก�1.�ก  .�1�
�$�/��#3
#.���1�-���$�����!*ก0��"��
!  
ก
�R#ก,
�,*!
�

�1�+
���$�Q*�**ก6��

ก ���$%&"*��	�1�#36������
�$�/���*	$%&"*�"���0*! 
�ก
$ก���
ก.�!ก�1.�ก ���$����
",�
,*!2�*!��*!.�1���!*ก0��"��
! ก
��
�$�/��1�+
���$ก��ก
�
R#ก,
�,*!��� $ก�����
ก��ก
��
�$�/�,*!*��	�1*Q3" < �+
���
#ก
�0��$0#	$�Q*�  5(3!�
กก
��
�$�/�
�"2�*!��*!�
ก���%4�	
#ก
�$0#	$�Q*��+
"�"

กก/�1�+
���*	���"8
�12/*ก��Q* �̂

#ก
�.�ก��Q*�1�-
,*!*��	�18
	�"2�*!��*! $2�"  �+
60�  ก�1$�
1*
�
�  -̂!" +
�#��Q*�
!$��"%=00
�1*
��1�+
���
#
ก
���3�6��,*!" +
�#  " +
	�*	��Q*" +
%=00
�1  �1	1.�ก*
��1
#ก
�*�ก$0�,*!2�*!��*!.�1��*


*
��1
#ก
����$2Q *�



6��  (Jansen , Yule,  & Loudon, 2008; Shamim, Razzak, Umer, & 
Chawla, 2011) 

2.1.4.4 ก	!��ก�56�ก	���=ก  
ก�1��ก$2�!ก�
"��ก�+
������%4�	
#ก
�$0#	$�Q*��+
"�"

ก5(3!$�Q*��#3**ก

����*	�#30-��
ก venous structures   �
ก��*�$�Q*��+
,"
�$�/ก.�1,"
�ก�
!R#ก,
� �
ก �̂ก
�+
�
	S�	��!�#3ก�1��ก$2�!ก�
"�#3%�
	ก�1��ก6%��3
.�!�+
���R#ก,
�  (Durkin, Sagi, Durham,& 
Flint, 2006)   "*ก�
ก"# ก
��
�$�/�,*!ก�1��ก$2�!ก�
"�
ก.�!�#3

ก�1�+

�ก�1$ก#3	�,�*!ก��ก
�
$0#	$�Q*��+
"�"

ก .�1
#ก
��
�$�/�0��"*Q3" < ,*!��
!ก
	  ���!*ก 2�*!��*!.�1ก�1��ก	
�  
5(3!*���
ก
�$0#	2#���

กก��
��*	�1 40 �" 24 2�3�S
!.�ก���!ก
��
�$�/�

�
กก
�$0#	$�Q*�  
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0�!�����
#ก
�$%�#3	".%�!�"�1��6��$�#	"���
���	�1
#�����ก�1��"ก
�*�ก$0�$ก��,( "*	�
!
��*$"Q3*!  �1��8�
��-�
ก�" �̂กก�1�-�"�"ก
�����-
8
�1�-�	8
�,*!��
!ก
	
#��

���*!  "+
6%0��
ก
�$%�#3	".%�!�#3$�#	ก��
 ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	   .�1���!�
ก"� "
#0
$��-
ก
�$0#	2#���

�
ก*��	�1��
$��� (Robertson & Coopersmith, 2006; White, Hsu, & Holcomb, 
2009) �"���%4�	�#3�
�$�/��-".�!���$��ก�1��ก$2�!ก�
".�1�n$	/�  ก
����ก
��"��"�#�Q*ก
����ก
�
ก
�6��$�#	"S��������!�#3  5(3!��

$0#3	!�
กก
����$2Q *�
กก�1��ก��ก.��$%��.�1$��3
*���
ก
�
$0#	2#��� (Arvieux et al., 2012) 

�
กก
�0��$0#	$�Q*��
กก
��
�$�/�0�!�����ก
�6��$�#	",*!$�Q*�6%
$�# 	!0��"��
! < ,*!��
!ก
	6
�$�#	!�*  6
�0


�^"+
0
�*
�
���
! < 6%	�!$5��T�#3��*!ก
�6��
��
�� !6
�0


�^,���,*!$0#	**ก�
ก$5��T.�1$"Q *$	Q3*��
! < 6��  %��

�$�Q*� (blood flow) �#36%
$�# 	!$"Q *$	Q3*��Q**��	�1��
! < 6�����! �+
���$ก��$5��T,
�**ก5�$�"�1
#ก
�$%�#3	".%�!�"�"�
�#3 
.�1S��!0��
!,*!$5��T  "*ก�
ก"# $
Q3*
#ก
��2����!!
"�
ก anaerobic pathway 5(3!�16�����!!
"
"�*	$
Q3*,
�**ก5�$�""
" < �1�+
���
#ก
����3!0
���
	2"�� (inflammatory mediator) $2�" p#0�


#" 5#S�S�"�" 6�"�" .��#S*�

#" .�ก$�� 6"���ก**ก65�T 65S�6�"T.�1$���$��.*ก��$��
._�$�*�T �
กU�:��,*!0
�$���
"# ��
�� !,*!$0#	 (metabolites) �#3$5��T6
�0


�^ก+
���6�� �+
���
$5��T$0Q3*
�"�
�#3.�1�
	 $
Q3*$5��T�
	

ก,( "ก/�1"+
���%4�	$,�
0��8
�12/*ก�#36
�0


�^ก���

%ก��
6�� (irreversible shock) .�1*��	�1��
! < ก/�1��
$����+
���$0#	2#����"�#30-� (Boswell & Scalea, 
2009; Rueden et al. ,2009) 

���!�
ก�#3���%4�	_qr"�
ก8
�12/*ก6
���
�
ก0
$��-�� < ก/�

 0
�" +
�"
�1����*�$�Q*��15(
��
"**ก�
ก�"�!��*�$�Q*��*	��3���
!ก
	5(3! 
#0
$��-��
! < 

ก

	�#3�1
�+
�
	$	Q3*�-�"�!��
"�"��*�$�Q*�$���
"� "   0
�" +
0��"�����1��3!*	�����$��2�*!��
!�1���
!$5��T  
5(3!
#%��

��0��"����*	���#3%*�.�1�"�!�+
60�5(3!ก�*���$ก��*
ก
���
��3�6%  *��	�1�#3$ก��*
ก
�
.0�!6��6��#30-��Q*%*� $��
1�
กก
���
" +
�#3$ก��,( "�"2� " Interstitium ��3��-ก -̂!�
�*	$ก��$%&"
�"�!�"
,( "�1���
!ก
�.�ก$%�#3	"ก�
5�
ก�1����*�$�Q*��*	�#3

_*ก$�Q*��#3 -̂!�
$���
"� "  
���%4�	0��"�����(!
#%=��
�1���
!$��"�
	��5(3!$%&"$�#	!�1���"(3!,*!��
	*��	�1�#3���%ก��  
#
��
	0
$��-�#3�+
���$ก��ก
��+
�"�
�#3,*!%*����%ก��6%.����ก)�1�
!���"�ก.�1�	
:�08
��1
$�
Q*"ก�"  S�	
#ก�6ก.�1ก
��*�0"*!,*!$"Q *$	Q3*��
!<$�
Q*"ก�" �"�1	1.�ก
# Interstitial 
.�1 -̂!�
%*���
" +
  �1
#0
�" +
�#3
#S%��#"0�! 
#"��S��_���T .
�S��_
�T�.�1$5��T*Q3" < �#3
$ก#3	�ก��ก
�*�ก$0� $"Q3*!�
ก
#ก
��
	 (necrosis) ,*! type I-pneumocytes .�1$5��T$	Q3*�-�����*�
$�Q*� �+
���S%��#".�1$5��T��
!< �
ก��
0
�
$,�
6%�" Interstitium .�1 -̂!�
%*� .�1����
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#6p*1�#"$

$��"  (Hyaline membranes) 5(3!%�1ก*����	6_���" ��
0
�
 S%��#" .�1$')$5��T 
(cell debris) �-�"���,*! alveoli .�1  alveolar ducts �+
���%*�
#��ก)�1.,/!  (consolidation) .�1

-̂!�
._� "*ก�
ก"# 	�!����

#��*�$�Q*��*	*-���"�"��*�$�Q*��*	��3� < 6%�"%*�  $
Q3*
*
ก
�ก�
��"�


ก,( " 
#ก
� resolution ��Q* organization ,*! exudates �"  alveoli .�1 
interstitium S�	 type II pneumocytes 5(3!$%&"  cuboidal epithelial cells �1$��3
�+
"�",( "

��.�" 
$5��T$	Q3*�-�����*�$�Q*�,*! alveoli 5(3! �̂ก�+
�
	.�1�
	6% 
# squamous metaplasia .�1 
fibroblast proliferation �



  tumor necrosis factor-a (TNF-a) �" type II pneumocytes $%&"
���ก�1�-�"  fibroblast .�1ก�1�-�"���
#ก
� deposition ,*! collagen 5(3!$%&"ก�6ก,*! lung 
remodeling S�	$��3

#ก
�  fibrosis �#3  alveolar duct ก�*".�1 chronic interstitial edema $%&"
���ก�1�-�"���
# alveolar wall fibrosis �



 �"�
	�#3
#*
ก
��-".�!�1
# lung fibrosis ��3�<6% .�1
$ก��ก�-�
*
ก
��
	���+
�
ก$R#	����"  �"%*��1
# collagen content 0�!,( " (Dushianthan, 
Grocott, Postle, & Cusack, 2011; Schroeder, Weiss, & Mosheiff, 2009) 5(3!ก�6ก�#3�+
������$ก��
8
�1���*!**ก5�$�" 
#��!��*6%"#  

1.  Endothelial and epithelial injury  �
กก
��
�$�/��+
���$ก��ก
��+
�
	
,*! endothelium ,*! capillaries .�1 epithelial cells ,*! alveoli S�	��! alveolar-capillary 
membrane �̂ก�+
�
	 �+
���
#0
�" +
�
ก plasma 5(3!
# protein 0�!$,�
6%�" alveoli $ก��$%&" 
noncardiogenic ��Q* high-permeability pulmonary edema ��

�-".�!,*!*
ก
� epithelium ,*! 
alveoli �̂ก�+
�
	 ���#3�

�+
���$ก�� pulmonary edema .�1ก
��#3 type II pneumocytes �̂ก�+
�
	 
�+
���ก
��+
ก�� edema fluid �
ก alveoli S�	��:# active transport ��
"$5��T$���
"# $0#	6% 
#ก
�0��
!
0
� surfactant ���! .�1
#��

���%ก��,*! surfactant �+
���6
�0


�^�+
�"�
�#36���

%ก�� 
epithelium-endothelium $0#	6% �+
���.���#$�#	$,�
0��ก�1.0$�Q*�6��!�
	 (Dushianthan et al, 2011; 
Eckman, 2011) 

2.  Cellular mechanisms S�	.
�S��_
�T��#3*	���" alveoli �1 �̂กก�1�-�"
���0��
!65S�6�"T ��!"#   Interleukin 1, Interleukin 6, Interleukin 8, Interleukin 10 (IL-1, IL-6, IL-
8, IL- 10) .�1 Tumor Necrosis Factor-a (TNF-a) 5(3!65S�6�"T$���
"# �1ก�1�-�"���
# chemotaxis 
�+
���
# inflammatory cells $,�


��
ก�"�"%*�

ก,( " S�	$R�
1*	�
!	�3!"��S��_���T�1$,�


�" 
alveoli 

ก,( " .�1 �̂กก�1�-�"���%��*	0
���ก**ก5�.�" (oxidants) $2�" superoxide anion, 
hydrogen peroxide, hydroxyl radicals .�1 proteolytic enzymes $2�" protease 
#ก
����3!0
� 
leukotreines .�1 proinflammatory molecules $2�" Platelet Activating Factor (PAF) �� !�
�"# �+
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���
#ก
��+
�
	 alveolar-capillary membrane .�1
#ก
��*�0"*!��*ก�1��"ก
�*�ก$0�

ก,( " 
�+
������$ก���	
:�08
�,*! lung injury 	�3!

ก,( " (Dushianthan et al, 2011; Eckman, 2011) 

3. Coagulation and fibrin deposition �"ก�6กก
�$ก�� acute lung injury 
�1
#ก
�ก�1�-�" coagulation pathway .�1 fibrinolytic activity ���! �+
���
# platelet-fibrin 
thrombi �"��*�$�Q*�$�/ก< .�1
# fibrin *	���" alveoli 

ก,( " �+
���
#ก
�.�ก$%�#3	"ก�
5�" 
alveoli $0#	6% (Dushianthan et al, 2011; Eckman, 2011) 

(̂!.
���
ก
��
�$�/��#3$ก��,( "�".���1�1��.�1ก�6ก,*!ก
��
�$�/��#3.�ก��
!ก�"
.��ก�1��"ก
��*�0"*!,*!��
!ก
	���!ก
��
�$�/��1$�
Q*"ก�"�

��

�-".�!,*!ก
�
�
�$�/�5(3!�10�!�� (̂!ก
�$%�#3	".%�!,*!��
!ก
	 �
ก
#ก
��
�$�/��-".�!.�1
#ก�1��"ก
�
�*�0"*!,*!��
!ก
	�#3$0#	0
�-�ก/�1"+
6%0��ก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3�
��
!ก
	  
 
 

2.2 ก#�@
 �ก�	? �:� �?@ ก�	 =ก�:��=�
	@��ก��  
 

2.2.1  8��96:	�	
6����ก���
ก=�ก#�@
 �ก�	? �:� �?@ ก�	 =ก�:��=�
	@��ก�� 
�

�+
�+
ก����

,*! American College of Chest Physician/Society of Critical Care  

Medicine  $
Q3*%n �.'. 1992 ก��
���
 ก�-�
*
ก
��*�0"*!ก
�*�ก$0���3���
!ก
	 $%&"ก
��*�0"*!
,*!��
!ก
	��*,��"ก
�*�ก$0� S�	�1��*!
#*
ก
��
!���"�ก*	�
!"�*	  2 ,�*  �Q**-��8�
�ก
	


กก��
 38 ��Q*"�*	ก��
 36 *!'
$5�$5#	0   *���
ก
�$��",*!����� 

กก��
 90 ��� !��*"
�#   
*���
ก
��
	��

กก��
 20 ��� !��*"
�# ��Q*��

��"�
!0��",*!ก�
5�
�T�*"6�**ก65�T�"
$�Q*� (PaCO2) "�*	ก��
 32 
����$
��%�*�.�1$
/�$�Q*�,
� 12,000 $5��T��*��ก�
'กT
����$
��  
��Q*"�*	ก��
 4,000 $5��T��*��ก�
'กT
����$
��   ��Q*
#$
/�$�Q*�,
�2"��.�"_*�T
 (band form) 


กก��
 ��*	�1 10  

ก�1��"ก
��*�0"*!��*ก
�*�ก$0�$%&"ก�6กก
�%̀*!ก�"$2Q *S����Q*ก
��
�$�/�
,*!$"Q *$	Q3*  ก�1�-�"ก
�*�ก$0�$R�
1�#3 (local inflammatory response)  0�!�����$ก��ก
�$��Q3*"	�
	
,*!$5��T$
/�$�Q*�.�1��
0

$5��T**ก"*ก��*�$�Q*�6%0�����$���*� < $"Q *$	Q3*�#3�
�$�/�    
ก
�*�ก$0�$R�
1�#3�1ก�1�-�"$5��T$	Q3*�-��*�$�Q*� �#3*	�����$��$"Q *$	Q3*�#3�
�$�/� ������3!0
��#3
#��
,	
	��*�$�Q*� (vasodilator mediators) $2�" 6"���ก**ก65�T (nitric oxide) p#0�

#"(histamine) 
.�1 .����#6�"�" (bradykinin)  5(3!
#����*ก
�.,/!���,*!$�Q*�.�1ก
�0�
	��3
$�Q*�  
#*
ก
�
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.0�!,*!ก
���3�,*!��*�$�Q*��*	   ��*�$�Q*��*	*-���"  $"Q *$	Q3*���*!**ก5�$�" ��*�$�Q*�
0��$0#	.�!�(!��� .�1ก
��+
�
	,*!*"-
��*�0�1   �"ก�-�
*
ก
��*�0"*!ก
�*�ก$0���3���
!ก
	  
$ก��ก
��*�0"*!��*ก
�*�ก$0�,( "�� !�1��.�10�!��ก�1����3���
!ก
	  �+
���$ก��ก
�*�ก$0��"
6
�0


�^����-
6��  ก
�.,/!���,*!$�Q*����%ก�� ก
�0�
	,*!��3
$�Q*�.�1$5��T$	Q3*�-��*�
$�Q*� 0��$0#	�"�
�#3   S�	�1
#*
ก
�.0�! �Q*  
#6,� ��
���$��*��	�10��"%�
	 ��

��"S�����3+
 
*���
ก
�$��",*!�����$�/� ���*!**ก5�$�".�1
#ก
�$��3
,( ",*!$
/�$�Q*�,
� (Cheek, Rodgers, & 
Schulman, 2009) 

$
Q3*$ก��ก
��
�$�/��-".�!��Q*8
�12/*ก�
กก
�$0#	$�Q*� �1��8�
��-�
ก�",*!��
!ก
	
�1$ก���*�0"*!��"�#8
	�"$��
6
� (̂!"
�# ���	ก
�ก�1�-�"$5��TS
S"65�T.�1ก�1�-�"ก
�����
.�1���3!0
���
!< �+
"�"

ก $5��T$
/�$�Q*�,
� .
�S��_
�T�.�1S
S"65�T$
Q3* �̂กก�1�-�"ก/
0


�^0��
!65S�6�"T  6"���ก**ก65�T  S�0�
.ก�"��" .�10
�$
��$*$�*�T*Q3" <   �#3ก�1�-�"0�!
��*$"Q3*!6%	�!�1����
! <  S�	65S�6�"T  .��!$%&" 2 ก�-�
���� < 6��.ก�  ก�-�
0�!$0��
���$ก��ก
�
*�ก$0� (pro - inflammatory cytokines) 6��.ก� Tumor Necrosis Factor (TNF- α), IL-1β,  IL-6,   IL-
8, G-CSF .�1 GM-CSF  ����S�	$5��T Th1 (T- helper lymphocyte type 1)  .�1 anti - 
inflammatory cytokines  6��.ก�  IL-1Ra, IL-4, IL-10 IL-11, IL-13 .�1 Transforming Growth 
Factor (TGF)-β $%&"��" 2"���#30*!����S�	$5��T Th2 (T- helper lymphocyte type 2)  5(3!0
�      
65S�6�"Tก�-�
.�ก�1 �̂ก���3!**ก



ก$�Q3*�����
!ก
	�*�0"*!��*�-�2#��#3

�-ก�
"6��  .�� �̂

#


ก6%ก/$0#	0
�-�  "+
6%0��ก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	 (Broncher & 
Toft, 2009; Tsukamoto et al.,  2010) ก
��*�0"*!,*!65S�6�"T$%&"%=���	0+
�����*ก
�$ก��ก�-�

*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	   �"�1���
!ก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0�
��3���
!ก
	 pro-inflammatory cytokines (IL-1, TNF-α, IL-6, IL-8, IL-12, IL-18, G-CSF .�1    
GM-CSF)  �̂ก���3!**ก



ก$ก�"�"$0#	0
�-� �"�1���
!"# ก/�1
#ก
����3!,*! anti-inflammatory 
cytokines (IL-1RA, IL-4, IL-10, IL-11 .�1 IL-13) **ก

���	 ���
�,*! anti-inflammatory 
cytokines �Q* ก�6ก��ก
�����-
 (down-regulation) ,*!,��"ก
�0��
! pro-inflammatory 
cytokines �"8
�1%ก�� pro-inflammatory .�1 anti-inflammatory cytokines 
#��

0
�-�.�1
0


�^�+
�!8
�1:+
�!�-� (homeostasis) 6��6��   *	�
!6�ก/�

$
Q3*$ก����

6
�0
�-�,( " S�	
#ก
�
���3!,*! pro-inflammatory cytokines $��" ก/�1"+
6%0��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3�
��
!ก
	   �",�1�#3ก
����3!,*! anti-inflammatory cytokines $��" $%&"$��-���$ก��ก
�ก��1��
8�
��-�
ก�"$0#3	!��*ก
����$2Q * (Tsukamoto et al., 2010) 
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ก�	? �:� �ก�	����#�EF 	GH
�  (hormonal metabolic response) 
ก
��
�$�/��-".�!�1
#ก
��*�0"*!,*!ก
�$�
��
�p*�TS
"  �
กก
�0�!0���
�

ก
��
�$�/��1ก�1�-�"���
#ก
����3!p*�TS
",*!6pS%�
�

�05(3!�1�



���	ก
�ก�1�-�"��*
      
����*��
�# ก�1�-�"p*�TS
"��*
�
�ก6�2� ""*ก�+
���
#ก
����3!�*�T��5*� (cortisol)  �",�1�#3��*

�
�ก6��1���3!S�	��*
�
�ก6�2� "�"  �"ก
��*�0"*!ก
�ก�1�-�",*!�1��%�10
� 5�
�
$:
��ก ก
�ก�1�-�"�1��%�10
�5�
�
$:��ก�10�!����*ก
������,*!ก��

$"Q *����� .�1ก��

$"Q *
$�#	�,*!��*�$�Q*� S�	6%$��3
�� !*���
.�1��

.�!�"ก
������ 0�!����*�1��$
�
�*��5(
 
$2�" �+
���$ก��ก
�$%�#3	"6ก�S�$�"

$%&"ก��S�0 ก�1�-�"ก
��2�6,
�" ��ก
����3!p*�TS
"
*�"5���" .�1����1$��3
ก
�0��
!0
��#3�+
���$�Q*�.,/!��� "*ก�
ก"# ก
����!,*!$�Q*��"��
!ก
	
*	�
!���$�/��1�+
���
#0���
����!�
ก���������ก
�$%�#3	".%�!��

��"   ก
����!,*!��

��"
S����  ,"
�.�1�1	1$��
ก
��*�0"*!,*!p*�TS
"��*��

$��#	��
กก
��
�$�/� (traumatic 
stress) ��

0�
��":Tก����

�-".�!,*!ก
��
�$�/� ���!�
กก
��
�$�/�*���
ก
�$�
��
�
p*�TS
"�1���!�

�1	1$��
�
ก2�3�S
! (̂! 24 2�3�S
! �̂
ก
��*�0"*! hypermetabolic "
"$ก�" 
1 ��Q* 2 0�%�
�T ���%4�	*
��1
#ก
����"
6%0��ก
����$2Q *�"ก�1.0$�Q*� (Broncher & Toft, 2009; 
Harbrecht, Forsythe, & Peitzman, 2008) 

 
ก�	? �:� �� �	!��ก�	$�#�
��� (hemodynamic response)  
���!�
�$�/�
#��ก)�1$%&" biphasic $2�"$�#	�ก�"ก��ก
��*�0"*!��
"�1��8�
��-�
ก�"

.�1�1��$
�
�*��5(
  8
�12/*ก�
กก
�0��$0#	$�Q*��"���%4�	�
�$�/��+
���%��

�,*!$����"
��*�$�Q*����!  ��*�$�Q*�0��"%�
	����� 
#ก
���3!,*!S5$�#	
.�1" +
 .�1��ก
�6��$�#	"
$�Q*�6%0��*��	�10��"%�
	$�Q3*$��3
ก
�6��$�#	"$�Q*�6%	�!*��	�1�#30+
���  ก
�2��	_qr"�Q"2#���
���%4�	 (resuscitation)  ���	ก
����0
�" +
�+
���$ก��ก
��*�0"*!,*!�1��ก
�6��$�#	"   
#ก
�
,	
	,*!��*�$�Q*�5(3!6
�$�#	!$��3
ก
�6��$�#	"$�Q*�6%	�!*��	�10+
��� .��	�!
#ก
�$��3
ก
�
6��$�#	"$�Q*�6%	�!ก��

$"Q *.�1$"Q *$	Q3*�#3$ก��ก
��
�$�/�*#ก���	 �"�1	1 flow phase ��Q* 
hypermetabolic phase "#  
#ก
��2�**ก5�$�".�1$ก��������,*!�
�T�*"6�**ก65�T0�! $
�
�*��
5(
�#3$��3
,( ".0�! (̂!ก
��+
!
",*!$5��T�"ก
�5�*
.5
ก
��
�$�/� ก
�0�
	,*!ก��

$"Q *.�1
,��"ก
�0��
!ก��S�0	�!$ก#3	�,�*!ก���1	1"#   ก
�%��������*ก
��2�**ก5�$�"�#3$��3


ก,( "        
,*!��
!ก
	  0�!����������$��"$�/� %��

�$�Q*��#3**ก�
ก������" 1 "
�#$��3
,( " *���
ก
��
	��
$��3
,( " .�1��*�$�Q*���3���
!ก
	,	
	���  ��!"� "
#��

0+
���*	�
!	�3!�"�1	1"# �#3�1��*!��ก)

%��

�" +
�"��*�$�Q*����$�#	!�*S�	ก
����0
�" +
��.�"  �"���%4�	�
�$�/�$�/ก"�*	�1	1"# �1
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�!*	��$�#	!6
�ก#3��" �̂
*
ก
������$��"$�/� *���
�
	��$�/� �+
"�"$
/�$�Q*�,
�$��3
0�! .�1*-��8�
�
ก
	0�!���!ก
��
�$�/��-".�!6
����!8
	�" 4 (̂! 5 ��" *
�$ก��8
�1.��ก5�*"�



 

�"$"Q *$	Q3*�#36������
�$�/� �+
�����*�$�Q*�$�/ก< �̂ก�+
�
	�
กก
��
�$�/�S�	��!�#3 
��*�$�Q*���Q*�
ก��*�$�Q*�*-���"   ก
�,"0�!0
�*
�
�6%	�!$"Q *$	Q3*�#3�
�$�/�*
'�	��


.�ก��
!,*!��

$,�
,�"�#3$ก���
ก�1���" +
�
��"$�Q*�0�! "*ก�
ก"# �"���$���#3$ก��ก
�,	
	���
,*!��*�$�Q*� �+
���$ก��ก
���3�,*!,*!$���**ก"*ก��*�$�Q*�.�1$ก��*
ก
���
$R�
1�#3,( " 
��*�$�Q*��1
#ก
�5�*
.5
8
	�" 3 (̂! 7 ��" ��!"� "�"���%4�	�#36������
�$�/�$�/ก"�*	 ก
���3�,*!
,*!$���**ก"*ก��*�$�Q*� *
ก
��1���" +
�
��"$�Q*�0�! .�1*
ก
���
�1ก���0��8
�1%ก��
8
	�" 1 0�%�
�T (Broncher & Toft, 2009)  
 

ก�	? �:� ����"�
6���
ก=� (immunological response)   
ก
��*�0"*!ก
�*�ก$0�$R�
1�#3
�ก�1$ก��,( "$0
*���!$ก��ก
��
�$�/�,*!$"Q *$	Q3*  

local mediators �#3$ก��,( "���!ก
��
�$�/�6��.ก�  kinins .�1 arachidonic acid metabolites   
"*ก�
ก"# �1
#ก
����3!,*!0
�p#0�

#"�
ก mast cell  5(3!*	���"$"Q *$	Q3* 0
�$���
"# 
#��$��3
ก
�
	*
���,*!$���5(
��
",*!�"�!��*�$�Q*��*	   $ก��ก
���
,*!$"Q *$	Q3*.�1ก�1�-�"���$5��T
�1��8�
��-�
ก�".��ก5(


�#3�+
.�"�!�#3�
�$�/�  �",�1�#3  local mediators 
#��
��(3!2#���0� ".����
�#3$ก���
กก
�ก�1�-�""� "�!�1	�!*	��$%&"$��
"
"  (Broncher & Toft, 2009)  ก
��*�0"*!��*ก
�
*�ก$0�*Q3" < �"��
!ก
	�#3 �̂ก���3!**ก

�
ก$5��T�#3�
	��Q*$ก��ก
��
�$�/� 6��.ก� high mobility 
group box 1 protein (HMGB1)  0


�^�(!���"��S��_���T.�1.
�S��_
�T�6%	�!�+
.�"�!�#3
�
�$�/�  $��3
ก
���3�,*!$���**ก"*ก��*�$�Q*�.�1��.�!��"ก
�ก+
5
� (perfusion pressure) 
�"ก
�6��$�#	"�1����-�8
� (Lenz et al., 2007) 

S
S"65�T.�1$5��T $	Q3*�-�����*�$�Q*��"��� $���#36������
�$�/��1%��*	              
pro-inflammatory  cytokines �#30+
���**ก

 �Q* IL-1-β, TNF-α, IL-6, IL-8 .�1 IFN-γ  S�	���
.�ก�#3���3!**ก

�Q* TNF-α .�1 IL-1 5(3!0*!���"# 
#*
	-0� " ��
��(3!2#���,*! TNF-α .�1 IL-1 
%�1

� 20 "
�#.�1  6 "
�#�

�+
��� TNF-α  .�1 IL-1 ก�1�-�"8�
��-�
ก�"�#30+
�����
	$5��T.�1
0


�^�#3�1ก�*���$ก��ก
����3!,*! pro-inflammatory cytokines $2�" IL-6, IL-8 .�1 anti-
inflammatory cytokines IL-10 0��" IL-1 ก�*���$ก��ก
��*�0"*!$ก#3	�ก��$�Q3*!6,�  IL-6 0


�^
������6���"$�Q*�8
	�" 1 2�3�S
!���!�
�$�/�  IL-6 ก�1�-�"ก
�0�!$��
1�TS%��#",*!����"
�1	1 acute phase ก
����3!,*! C-reactive protein (CRP)  .�1 procalcitonin ก
����3! IL-6 0�
��":T
ก����

�-".�!,*!ก
��
�$�/� �1	1$��
�"ก
���
��� .�1��

$0#3	!��*8
�1.��ก5�*"���!
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��
���  ��!"� "  IL-6  "�
�1$%&"%�1S	2"T.�1����1$%&"0
�0Q3*ก�
!0+
����ก
�����

ก
�
$%�#3	".%�!,*!�1��8�
��-�
ก�"�"ก
�����-
��

�-".�!,*!ก
��
�$�/� (Broncher & Toft, 
2009)  5(3!0*����*!ก��ก
�'(ก)
,*!��""
���0.�1��1 (Giannoudis et al., 2008) '(ก)
�"���%4�	
ก�1��ก,
��ก�+
"�" 48 �
	  �#3������ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	 �� !.��
�1	1.�ก �"��"�#3 1 .�1��"�#3 3 ����

#��

0�
��":T$2�!��กก��  IL-6  �#3���6���
ก2��!$��

$�#	�ก�"*	�
!
#"�	0+
����
!0 �̂�� (p < 0.001)  

"*ก�
ก"#  IL-6  	�!ก�1�-�""��S��_���T  NK-cell .�1	��	� !ก
��
	 (apoptosis)  ,*! 
"��S��_���T   (̂!.
���
 IL-6 �1�+
�"�
�#3$%&" pro-inflammatory cytokines �"2�3�S
!.�ก < ���!ก
�
�
�$�/�  .��  IL-6 	�!
#U�:��$%&" Anti-inflammatory *#ก���	 S�	0�!$0��
���$ก��ก
����3!,*! IL-1 
receptor antagonists .�1 TNF-receptor I L-6 	�!ก�*���$ก��ก
�0��
!  prostaglandin E2 5(3!�16%
ก�1�-�"���
#ก
����3! anti-inflammatory cytokines IL-10 6��*	�
!��*$"Q3*! �",��"ก
�"# �+
���  pro-
inflammatory $ก��0
�-�ก�� anti-inflammatory response "*ก�
ก"# 	�!$�"#3	�"+
���$ก��ก
����3!,*!  
IL-8  S�	 TNF-α .�1 IL-1 5(3!�"2��!.�ก IL-8 �1�(!���"��S��_���T.�1�

���	 S
S"65�T      
��
S_65�T  .�16_S����
0 $,�


�"���$���#36������
�$�/� .�1	�!�+
���"��S��_���T  0


�^
#
2#���*	���"$"Q *$	Q3*�#3�
�$�/�6��"
",( " �̂

#ก
��*�0"*!,*! pro-inflammatory �#3

ก$ก�"6%�"
$0#	0
�-�  ���%4�	*
����"
6%0��ก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	 .�1$��3

��

$0#3	!,*!*��	�1�+
!
"�ก���*!6��  (Broncher & Toft, 2009; Lenz et al., 2007)  

 
ก�	? �:� ����"�
6���
ก=�����O##G  (The cell mediated immunological response) 
ก
��
�$�/��-".�!
#��ก�1�-�"�1��8�
��-�
ก�"�#3*
'�	$5��T$%&"���2�ก"+
%�1$8�6
�

�+
$�
1 (non-specific cell mediated immunity) ���.�กก/�Q*"��S��_���T  .��ก/	�!
#S
S"65�T .�1
$*/"$�$5��T���	 S�	�#3"��S��_���T$%&"$5��T.�ก�#3

 (̂!�+
.�"�!�#36������
�$�/� �",�1$�#	�ก�"�1
0�!$ก����+
"�"$
/�$�Q*�,
��"$�Q*�$��3
0�!,( " �̂
"��S��_���T
#ก
�$ก
1ก�-�
ก�"

ก$ก�"�"
$"Q *$	Q3* *
��1��$5��T*�*",*!"��S��_���T�"��*�$�Q*�6�� ก
�$��Q3*"	�
	,*!"��S��_���T6%0��
$"Q *$	Q3*�#36������
�$�/�
#��

0+
�����*ก
��
	,*!.��.�1%̀*!ก�"$2Q *S��.���$,�
0����*�$�Q*� 
�"�1���
!�1	1��ก.�1���!�
ก"��S��_���T   �̂กก�1�-�"*	�
!$�/
�#3$�#	ก��
 �1	1 intermediate state 
��Q*�1	1$��#	
���*
ก�*" �̂กก�1�-�" (priming/preactivation exist) 5(3!�"�1	1"# ���ก�1�-�"��
� 
0


�^�+
���$ก��ก
��*�0"*!�#3

ก$ก�"6%6��   �"ก
��
�$�/��-".�!"��S��_���T$%&"���.�ก
�#3

�"$"Q *$	Q3*�#3�
�$�/�S�	ก
�0�
��0ก��65S�6�"T�"�1��ก
�6��$�#	"  �
กก
�'(ก)
�#3��
"
����
2��!$��
0�!0-��#3��"��S��_���T �Q* 3 (̂! 24 2�3�S
!���!6������
�$�/� ���ก�1�-�"��
�,*!
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�1��8�
��-�
ก�"�"���%4�	�#36������
�$�/�*
��1$%&"ก
���
���  ��Q*ก
����$2Q *�"S�!�	
�
� ���!
ก
��
�$�/�6
�$R�
1"��S��_���T�#3$ก
1ก�-�
�"$"Q *$	Q3*�#3�
�$�/�$��
"� " .��$ก��ก
�$ก
1ก�-�
,*!"��
S��_���T�"�1��ก
�6��$�#	"*#ก���	 5(3!*
�"+
6%0��ก
����$2Q *�



6�� ���!�
ก.���#$�#	%��*	
0
�$�
#$,�
0��ก�1.0$�Q*� "��S��_���T �̂กก�1�-�"S�	$R�
1*	�
!	�3!�#3%*�.�1��� "��S��_���T
$���
"# �+
�"�
�#3%̀*!ก�"ก
����$2Q * .��*	�
!6�ก/�

ก/
#ก
����3!$*/"65
T elastase .�1 
myeloperoxidase (MPO) �+
���$ก�� oxidative burst  $ก��ก
��+
�
	$"Q *$	Q3*�#3%ก��6�� .�1�#30+
����+

���$ก��ก�-�
*
ก
��
	���+
�
ก$R#	����"���!ก
��
�$�/�6��  (Broncher & Toft, 2009; Schroeder 
et al., 2009)  

ก
�.0�!**ก�#3$��3
,( ",*!S
$�ก-�	(�$ก
1 �̂ก0�!$ก����""��S��_���T $2�"$�#	�ก���#3
���#3$5��T$	Q3*�-��*�$�Q*� 5(3!2��	0�!$0��
,��"ก
�$��Q3*"	�
	,*!"��S��_���T�
ก�"ก�1.0
$�Q*�**ก0��$"Q *$	Q3* ,��"ก
�"# %�1ก*�6%���	��
	,� "�*"  ,� "�*".�ก$ก��ก
���

.�1��ก
��
ก�",*!"��S��_���T�"$5��T$	Q3*�-��*�$�Q*�   �



���	ก
���
���,*!"��S��_���T .�1
,� "�*"�#30

$��Q3*"	�
	0��$"Q *$	Q3* S
$�ก-�	(�$ก
1 selectin $2�" CD62L �""��S��_���T$ก#3	�,�*!ก��
ก
���
����",� "�*".�ก �",�1�#3S
$�ก-�	(�$ก
1 integrin $2�" CD11b/CD18 2��	���ก
�	(�$ก
1
."�",( " ,� "�*"0-���
	,*!ก
�$��Q3*"	�
	0��$"Q *$	Q3* �̂ก$�"#3	�"+
S�	 chemo-attractants 8
	�"
$"Q *$	Q3*�#36������
�$�/�  ก
�.0�!**ก�#3$��3
,( ",*!S
$�ก-�	(�$ก
1 CD11b/CD18 �"�Q "���,*!"��
S��_���T������6���" 24 2�3�S
!���!6������
�$�/�.�1�1��*	< $��3
,( "S�	�1��6���"0�%�
�T�#3 
1 (̂! 0�%�
�T�#3 3 (Broncher & Toft, 2009; Paunel-Gorgulu et al., 2011; Toft & Tonnesen, 2008) 

0��"�#30*!,*!�1��8�
��-�
ก�"�#3*
'�	$5��T$%&"���2�ก"+
%�1$8�6
��+
$�
1�Q* 
mononuclear phagocyte system 5(3! mononuclear cell $���
"# 6��.ก�S
S"65�T$
Q3**	���"ก�1.0$�Q*� 
.�1.
�S��_
�T� $
Q3**	���"$"Q *$	Q3* $2�" kuffer cell �"$"Q *$	Q3*���  S
S"65�T.�1.
�S��_
�T� 
0


�^���ก�".�10��
!*"-
��*�0�1,*!**ก5�$�" ก
����3!$*/"65
T,*! S
S"65�T.�1.
�S��
_
�T�
#�+
ก��.��0


�^0�!$��
1�T65S�6�"T6���+
"�"

ก "*ก�
ก"# S
S"65�T.�1.
�S��_
�T� 
0


�^"+
$0"*.*"��$�"S�	 major histocompatibility complex 2 (MHCII)  ก
�'(ก)
2��!.�ก
$"�"6%�#3�"�
�#3�"ก
����ก�" �",�1�#3ก
�'(ก)
��
� < $"�"6%�#3ก
�0�!$��
1�T65S�6�"T .�1
"+
$0"*.*"��$�"S�	 MHCII  
#��
	!
"����	'(ก)
$ก#3	�ก��ก
���ก
�ก�1�-�",*!S
S"65�T���!
6������
�$�/��-".�!  5(3!*:��
	S�	ก
���ก
�.0�!**ก,*! MHCII �"�Q "���,*!S
S"65�T    
ก
���ก
�.0�!**ก,*! MHCII �"�Q "���,*!S
S"65�T0�
��":Tก��,*�$,�,*!ก
��
�$�/� .�1
�
!ก
�'(ก)
����
 0�
��":Tก��ก
�$ก��8
�1���$2Q *�"ก�1.0$�Q*�  ก
���ก
�.0�!**ก,*! 
MHCII �"�Q "���,*!S
S"65�T   	�! �̂ก�2��"ก
�����

�1���,*!ก
�$ก��*�
�
�,*!�1��
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8�
��-�
ก�" (immune paralysis)  ���!ก
��
�$�/��#36
��-".�!ก
�.0�!**ก,*! MHCII �"�Q "���
,*!S
S"65�T�1$%&"%ก��8
	�" 1 0�%�
�T �
กก
�'(ก)
����
 ก
�.0�!**ก,*! MHCII  �#3���!
���!ก
��
�$�/� 0


�^ก���0��8
�1%ก��6��S�	��ก)
������	 IFN-γ "*ก�
ก"# ���!ก
��
�$�/� 
S
S"65�T�+
!
"�ก���*!�"ก
�����65S�6�"T   
#ก
�'(ก)
�"��*����*!S�	"+
S
S"65�T    
�
ก$�Q*����%4�	�#36������
�$�/� ����

#ก
�����65S�6�"T���!  ��!"� "���!6������
�$�/��-".�! 
S
S"65�T6
�0


�^.0�! biphasic pattern6�� .�1ก
��+
�"�
�#3,*!S
S"65�T ���!*	�
!��*$"Q3*! 
5(3!ก
���ก
�ก�1�-�",*!S
S"65�T    ก
���ก
�.0�!**ก,*! MHCII .�1ก
����!,*!ก
����3! 
65S�6�"T$ก��,( "���*
ก��ก
����3! pro-inflammatory ��
�� ! anti-inflammatory cytokines �#3
$��3
,( ".�1ก
�$��3
ก
�ก�1�-�""��S��_���T (Broncher & Toft, 2009; Toft & Tonnesen, 2008) 

0��"�#30

,*!���2�ก"+
%�1$8�6
��+
$�
1 �Q* NK-cells 5(3! �̂กก�1�-�"S�	*�"$�*$_*
�*"  (interferon)  .�1 IL-12 ���!ก
��
�$�/�ก
��+
�"�
�#3,*! NK-cells  �1���!�"$��
*#ก��
	
��" T -lymphocytes $%&"0��"�"(3!,*!�1��8�
��-�
ก�"%�1$8��+
$�
1 (specific cell-mediated 
immunity) .�16�������ก�1��"�*	

ก�
กก
��
�$�/� ก
��+
�"�
�#3,*! T-lymphocytes 0


�^
���6���
ก delayed type hypersensitivity (DHT) ��Q*��

0


�^�"ก
�$��3
�+
"�"$
Q3*
#ก
�
ก�1�-�"%�12
ก�,*! T-cell   0


�^�+
�
	��
$5��T*Q3"<  �#3.0�!.*"��$�"�#3$�#	!�* ���!ก
�
�
�$�/�����
 DTH .�1ก
�$��3
�+
"�",*! T-cell �1 �̂กก� (Broncher & Toft, 2009) 

S
S" 65�T .�1 $5��T $ 	Q3 *�-� �*� $�Q*��" ��� $ ���#3 6�� �� ��
� $�/ ��1 %��*	                    
pro - inflammatory  cytokines �#30+
���  6��.ก�  IL-1-β, TNF-α, IL-6, IL-8 .�1  IFN-γ  65S�6�"T  
.�ก�#3���3!8
	���!6������
�$�/�  6��.ก�  TNF-α and IL-1 .�1
#��
��(3!2#��� (half life)  $%&"$��
 20  
"
�#.�1 6 "
�#�

�+
���  ก�1�-�"8�
��-�
ก�"�#30+
�����
	$5��T.�10


�^�#3�1ก�*���$ก��ก
����3!
,*! pro - inflammatory  cytokines $2�" IL-6 .�1 IL-8, .�1 anti-inflammatory cytokine IL-10 
"*ก�
ก"#  IL-1 	�!ก�*���$ก��ก
��*�0"*!S�	ก
�
#6,�    IL-6 0


�^��������� !.�ก�"        
��
0
�
8
	�"2�3�S
!.�ก���!�
ก�#36������
�$�/� (Broncher & Toft, 2009)  .�1�
กก
�'(ก)
�"
���%4�	ก�1��ก,
��ก�+
"�" 48 �
	  �#3������ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	 6���"
�1	1.�ก ��".�ก .�1��"�#3 3 ����

#��

0�
��":T$2�!��กก��  IL-6  �#3���6���
ก2��!$��
$�#	�ก�"
*	�
!
#"�	0+
����
!0 �̂�� (p < 0.001) (Giannoudis  et al., 2008) 

�
กก
�����"����ก��
�#3��
"

 (̂!*-����ก
��T,*!ก
�$ก��ก�-�
*
ก
��*�0"*! 
��*ก
�*�ก$0���3���
!ก
	   '(ก)
�"���%4�	�
�$�/��#3
#�1.""��

�-".�!,*!ก
��
�$�/�

กก��
 
16 �1.""  �+
"�" 18 �" �� !�
กก
��
�$�/�2"��
#.���1�-  .�1�
�$�/��
ก.�!ก�1.�ก��
���%4�	�� !�
�$,�
$ก��Tก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	��".�ก8
	���!6�����
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�
�$�/�.�1���"
6%0��ก
����$2Q *�"ก�1.0$�Q*�   �+
"�" 12 �"�"�1���
! 10 ��".�ก8
	���!
6������
�$�/�  .�1���%4�	$0#	2#��� 2 �"  �
ก*��	�1.�1�1����
!< ,*!��
!ก
	��
$��� (Paunel-
Gorgulu et al., 2011)  .�1ก
�'(ก)
�"���%4�	�
�$�/��+
"�"  972 �"  �#3
#�1��

�-".�!,*!ก
�
�
�$�/�

กก��
$��
ก�� 17 �1.""  *-����ก
��Tก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3�
��
!ก
	   �#3$,�
$ก��T

กก��
$��
ก�� 2 �1.""  ���$%&"��*	�1 81.9   ก�-�
*
ก
��*�0"*!��*ก
�
*�ก$0���3���
!ก
	�#3$,�
$ก��T  3 ��Q* 4 �1."" ���$%&"��*	�1  51.1 (Lustenberger et al., 2009)  
.�1�
กก
�'(ก)
,*! 
*
$5".�1��1 (Mommsen et al., 2012)  �"���%4�	�
�$�/���
	�1��
���
ก��ก
��
�$�/����!*ก�#3
#�1��

�-".�!,*!ก
��
�$�/�

กก��
$��
ก��  16  �1.""   ��
���%4�	�#3$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	  143 �" ���$%&"��*	�1 51.4   ���%4�	�#3
���"
$%&"ก�-�
*
ก
��
	���+
�
ก$R#	����"  60 �" ���$%&"��*	�1 21.6  ���%4�	�#3
#8
�1���$2Q *�"
ก�1.0$�Q*� 110 �"  ���$%&"��*	�1 39.6  .�1 ���%4�	�#3
#ก�-�
*
ก
�*��	�1�+
!
"�ก���*!��
	
*��	�1 36 �" ���$%&"��*	�1 13.0  
#���%4�	�#3$0#	2#����� !�
�  22 �" ���$%&"��*	�1 7.9 

 

 2.2.2  ก�	�	!�
6�ก#�@
 �ก�	? �:� �?@ ก�	 =ก�:��=�
	@��ก�� 
�

�+
�+
ก����

,*! American College of Chest Physician/Society of Critical Care   

Medicine $
Q3*%n �.'. 1992 ก��
���
 ก�-�
*
ก
��*�0"*!ก
�*�ก$0���3���
!ก
	$%&"ก
��*�0"*!
,*!��
!ก
	��*,��"ก
�*�ก$0� S�	�1��*!
#*
ก
��
!���"�ก��!��*6%"# *	�
!"�*	  2 ,�* 

1. *-��8�
�ก
	

กก��
 38 ��Q*"�*	ก��
 36 *!'
$5�$5#	0 
2. *���
ก
�$��",*!����� 

กก��
 90 ��� !��*"
�# 
3. *���
ก
��
	��

กก��
  20 ��� !��*"
�#  ��Q*��

��"�
!0��",*!ก�
5

�
�T�*"6�**ก65�T�"$�Q*� (PaCO2) "�*	ก��
 32 
����$
��%�*� 
4. �+
"�"$
/�$�Q*�,
� (WBC) 

กก��
 12,000 $5��T��*��ก�
'กT
����$
�� ��Q*"�*	

ก��
 4,000 $5��T��*��ก�
'กT
����$
�� ��Q*
#$
/�$�Q*�,
�2"��.�"_*�T
 (band form) 

กก��
  
��*	�1 10  

S�	�"ก
������ 
�1."",*!ก�-�
*
ก
��*�0"*!ก
�*�ก $0���3 ��� 
!ก
	             
(SIRS score) �̂

#*
ก
�.0�!��!�

$ก��T*
ก
��
!���"�ก  �����
�1.""$��
ก�� 1 �1.""��*         
1 $ก��T *
ก
�6
���!�

$ก��T �����
�1."" 0 �1."" .���"+
�1.""�� !�
�

��
ก�" ก�-�

*
ก
��*�0"*!ก
�*�ก$0���3���
!ก
	 (SIRS) �

	 (̂! 
#��
�1.""��
$��
ก�� 2 �1."",( "6% 
.�1��

�-".�!,*!ก�-�
*
ก
��*�0"*!ก
�*�ก$0���3���
!ก
	 (SIRS) 0


�^.��!**ก6�� 3 
�1��� 6��.ก��1���$�/ก"�*	  S�	
#��
�1.""ก�-�
*
ก
��*�0"*!ก
�*�ก$0���3���
!ก
	$��
ก��         
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2 �1.""  �1���%
"ก�
!
#��
�1."" $��
ก�� 3 �1.""  .�1�1����-".�!
#��
�1.""            
$��
ก�� 4 �1."" �

�+
��� (Lustenberger et al., 2009)  ��
�1.""ก�-�
*
ก
��*�0"*!ก
�
*�ก$0���3���
!ก
	 $%&"$��Q3*!
Q*�#3�2�6��!�
	.�1���$�/��"ก
�%�1$
�"*
ก
��
!���"�ก (Nesmith et 
al., 2009) 

�
กก
�����"����ก��
�#3��
"

����
�"ก
�%�1$
�"ก�-�
*
ก
��*�0"*!ก
�
*�ก$0���3���
!ก
	    %�1$
�"�"���%4�	���!�
ก$,�
���ก
���ก)
�"S�!�	
�
� 48 v 72 2�3�S
! 
(Beale et al., 2006; Keel  et al., 2006; Lustenberger et al., 2009; Mommsen  et al., 2011) .�1�"
ก
�'(ก)
,*!S5

S�1.�1��1 (Sakamoto et al., 2010) '(ก)
�"���%4�	�#36������
�$�/��� !.��.�ก
���$,�
S�!�	
�
�����
$ก��ก�-�
*
ก
��*�0"*!ก
�*�ก$0���3���
!ก
	���$%&"��*	�1 53.3  
0*����*!ก��ก
�'(ก)
�*
0$��  0S�.ก�.�1�
0$5" (Comstedt, Storgaard, & Lassen, 2009)
S�	
#��� -̂%�10!�T$�Q3**:��
	��

0�
��":T,*!ก
�$ก��ก�-�
*
ก
��*�0"*!ก
�*�ก$0���3���
!ก
	 
�"ก
��+
"
	*���
ก
�$0#	2#���.�1��

��ก
�  S�	%�1$
�"ก�-�
*
ก
��*�0"*!ก
�*�ก$0���3�
��
!ก
	���!�
ก���%4�	 (̂!�*���%4�	��*���
ก
�$ก��ก�-�
*
ก
��*�0"*!ก
�*�ก$0���3���
!ก
	���
$%&"��*	�1 35  .�1�
กก
�'(ก)
�"���%4�	�#36������
�$�/��+
"�" 4,300 �" $ก��ก�-�
*
ก
�
�*�0"*!��*ก
�*�ก$0���3���
!ก
	���$%&"��*	�1 33  S�	%�1$
�"ก
�$ก��ก�-�
*
ก
��*�0"*!��*
ก
�*�ก$0���3���
!ก
	  �"$��
�#3$,�
���ก
���ก)
.�1����
��
�1."",*!ก�-�
*
ก
��*�0"*!ก
�
*�ก$0���3���
!ก
	   0


�^�+
"
	*���
ก
��
	6�� 
#��

.
�"	+
 (ROC = 0.87) (Behdad & 
Hosseinpour, 2006) 

 
2.2.3  �#ก	!��� �ก#�@
 �ก�	? �:� �?@ ก�	 =ก�:��=�
	@��ก��?@  
=�
!?@�� A 
ก
�6
�0


�^����-
ก
�*�ก$0�.�1��

6
�0
�-�,*!ก
�0��
!0
�ก
��
�$�/� 

$%&"���
กก
��#3�1��8�
��-�
ก�",*!��
!ก
	 �̂กก�1�-�"���!ก
��
�$�/��-".�!  �1���,*!ก
�
$%�#3	".%�!�"��
!ก
	"+
6%0��ก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	 S�	
#*
ก
�
.0�!�
!���"�ก�� !.�� 2 ,�*��!��*6%"#  *-��8�
�ก
	�3+
��Q*0�! �����$��"$�/� �
	��$�/�.�1
#ก
�
$%�#3	".%�!,*!$
/�$�Q*�,
�5(3!$ก��,( "6���" (̂!��*	�1 61 �"���%4�	�
�$�/�0


�^�+
���$ก��8
�1
�-ก�

2#���6���� !��**��	�10+
���.�1*��	�10��"%�
	 (Nesmith et al., 2009) $"Q3*!�
ก�1��
6��$�#	"$�Q*�6
�0


�^0�!**ก5�$�"6%$�# 	!0��"��
! < ,*!��
!ก
	6�� $ก��ก
��2����!!
".��
6
��2�**ก5�$�"�"ก
�.%�*��,*!$5��T (anaerobic metabolism) 5(3!�+
���$ก��ก
����3!ก��.�ก��ก 
�+
���ก
��+
�"�
�#3,*!$5��T���%ก��.�1�
	�+
���$ก��ก�-�
*
ก
�*��	�1�+
!
"�ก���*!��
	
*��	�15(3!$%&"0
$��-0+
����+
������%4�	$0#	2#���6��  (Henning et al.,  2011; Strehlow, 2010)    
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ก�-�
*
ก
�*��	�1�+
!
"�ก���*!��
	*��	�1$ก��,( "6����*	�1  20 - 50  �"���%4�	
�
�$�/��-".�!�#3$,�
���ก
���ก)
�"�*���%4�	��กU��  (Cheek et al., 2009)  5(3!�

	 (̂! 8
�1�#3
#
*
ก
�.0�!��

���%ก��,*!ก
��+
�"�
�#3,*!ก
��+
�"�
�#3,*!*��	�1"� " < 5(3!
#���+
���6
�
0


�^�!6��5(3!��

0
�-�,*!��
!ก
	S�		�!6
�
#ก
���ก)
 (Levy, Fink & Marshall, 2003)  ก�-�

*
ก
�*��	�1�+
!
"�ก���*!��
	*��	�1$%&"ก
��+
�
	*��	�1��
	�1��*	�
!��*$"Q3*!$��3
�
ก
#
ก
�
#ก
�$%�#3	".%�!�"�
�#3$�#	!$�/ก"�*	�"6
�0


�^
#ก
��Q"ก���,*!ก
��+
�"�
�#36��"+
6%0��
ก
�$ก��*��	�1��
$���.�1$%&"0
$��-0+
���,*!ก
�$0#	2#����"�*���%4�	��กU�� �"���%4�	�#36�����
�
�$�/��1$%&"0
$��-ก
�$0#	2#����"�1	1���! 6�� (̂!��*	�1 51 v 61  (Ciesla, Moore, & Moore, 
2008; Ferreira & Sakr, 2011) .�1*���
ก
�$0#	2#����1$��3
0�!,( "�

�+
"�",*!*��	�1�#3
#��


���%ก��,*!ก
��+
�"�
�#3 (Cheek et al., 2009)  ก
�%�1$
�"*	�
!��*$"Q3*!,*!ก
�0��$0#	�+
�"�
�#3
,*!*��	�1�"�1���
!*	���"�*���%4�	�"�ก�12��	�"ก
�����

ก
��	
ก��TS��5(3!�1.0�! (̂!
�����:T,*!ก
��
�$�/��"8
	���!   �1���
	��  �1�������.�1��*�$�Q*� �1��6�  �1����� 
�1��$�Q*�  .�1�1��%�10
�   $%&"*��	�1�#3����

���%ก��6����*	.�1*:��
	 (̂!ก
�0��$0#	
�"�
�#3�"�*���%4�	�"�ก (Ferreira & Sakr, 2011)  ��

���%ก��,*!*��	�10


�^%�1$
�"6���
ก
*
ก
�$%�#3	".%�!�
!0�#����	
�
ก*
ก
�.0�!�
!���"�ก.�1��ก
������
!��*!%>�����ก
� 
��!"� "ก
�$�̀
�1��!.�1����

ก
�$%�#3	".%�!�
!��
!ก
	�10


�^%�1$
�"��

���%ก��6���� !.��
�1	1.�ก  (Cheek et al., 2009;  Strehlow, 2010) S�	��

���%ก���1���
	��%�1$
�"6���
ก  
%�1$
�"�
ก0��0��",*!�1���**ก5�$�"�"$�Q*�.�! (PaO2) .�1%��

�**ก5�$�"�#3�
	��$,�
 
(FiO2) 5(3!�1��!�*ก (̂!��

���%ก��,*!ก
�.�ก$%�#3	"ก�
5�"%*�  S�	��

���%ก���1�������
.�1��*�$�Q*�%�1$
�"6���
ก��

��"S����.�1�
กก
��2�	
0"��0"-"ก
��+
!
",*!�����  
��

���%ก��,*!�1��6�%�1$
�"6���
ก��
��#$*��"�".�1%=00
�1  ��

���%ก��,*!�1����� 
%�1$
�"6���
ก�1�����������"�"$�Q*�  ��

���%ก���1��$�Q*�%�1$
�"6���
ก$ก�/�$�Q*� .�1    
�1��%�10
�%�1$
�"6���
ก�1�����

���0(ก���  (Glasgow Coma Score) (Ferreira & Sakr, 2011) 

ก
�'(ก)
��

0�
��":T�1���
! �1��� IL-6 �"ก�1.0$�Q*� �1.""ก�-�
*
ก
�
�*�0"*!ก
�*�ก$0���3���
!ก
	 .�1�����:Tก
���ก)
�	
�
��"���%4�	�
�$�/��#3
#ก�1��ก,
��ก
���
���	 *
	- 16 (̂! 70 %n  
#�1�����

�-".�!,*!ก
��
�$�/� $R�#3	  31.5 �1."" �+
"�" 50 �"
����
 �1.""ก�-�
*
ก
�ก
��*�0"*!ก
�*�ก$0���3���
!ก
	$
Q3*.�ก���.�1�"��"�#3 1 ���!ก
�
�
�$�/�0


�^�+
"
	ก
�$ก��ก�-�
*
ก
�*��	�1�+
!
"�ก���*!��
	*��	�16�� S�	
#��
 AuROC 
$��
ก�� 0.789 (p < 0.0001, 95% CI 0.648-0.931) $
Q3*.�ก��� .�1 AuROC $��
ก�� 0.720 (p = 0.0015, 
95% CI 0.575-0.865) �"��"�#3�"(3!�

�+
��� (Giannoudis et al., 2008) �+
"�"$ก��T,*!ก
�$ก��
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ก�-�
*
ก
��*�0"*!ก
�*�ก$0���3���
!ก
	
#��

.�ก��
!ก�"*	�
!
#"�	0+
����1���
!ก�-�
���%4�	�#3
$ก��*��	�1��
$���.�16
�$ก��  S�	����
 �+
"�"$ก��T,*!ก
�$ก��ก�-�
*
ก
��*�0"*!ก
�
*�ก$0���3���
!ก
	$��3
0�!,( "�"ก�-�
���%4�	�#3$ก��*��	�1��
$��� (Lausevic et al., 2008) 
 
 

2.3 �Q��=����
��#?@ ก�	�ก6�ก#�@
 �ก�	? �:� �?@ ก�	 =ก�:��=�
	@��ก�� 
�
กก
�����"����ก��
�#3��
"

����
%=���	�#3
#*��:�����*ก
�$ก��ก�-�
*
ก
�

�*�0"*!��*ก
�*�ก$0���3���
!ก
	�"���%4�	�
�$�/��-".�! .��!**ก$%&"%=���	�
กก
���ก)
.�1
%=���	��
"��
!ก
	�
กก
��
�$�/��"%=���	�
กก
���ก)
���%4�	�
�$�/��#36�����$�Q*� 8
�1.��ก5�*"
�#3��

ก�Q* ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	�+
"�"  54 �" ���$%&"  ��*	�1 52  
���%4�	�
�$�/��#36�����$�Q*�

กก��
 4  	�"��  
#S*ก
0$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3�
��
!ก
	6��

กก��
���%4�	�
�$�/��#36
�6�����$�Q*� 4.6 $��
 (OR 4.6,  95% CI: 1.9 v 12.2)  (Beale  et 
al., 2006)  ��

�-".�!,*!ก
��
�$�/� ก
��*�0"*!,*!��
!ก
	���!ก
��
�$�/� ��*��"8
�1
2/*ก�
กก
�$0#	$�Q*� (Keel  et al., 2006; Lustenberger et al., 2009; Mommsen  et al., 2011; 
Sakamoto  et al., 2010)  .�1��2"#
��ก
	

ก��Q*8
�1*��"$%&"%=���	$0#3	!�#3�1$ก����

���%ก��
,*!*��	�1  $��3
��

�-".�!,*!ก
��
�$�/�.�18
�1.��ก5�*"���!ก
��
�$�/�        8
�1*��"
#
��

$0#3	!$��3


ก,( "�#3�1$ก��ก
����$2Q *���!6������
�$�/�  (Ciesla et al., 2006; Serrano et al.,  
2010) 

�"ก
�'(ก)
��� !"# �(!$�Q*ก%=���	�#3
#��

$ก#3	�,�*!ก��ก
�$ก��ก�-�
*
ก
��*�0"*!��*
ก
�*�ก$0���3���
!ก
	  6��.ก� ��

�-".�!,*!ก
��
�$�/�  ก
��*�0"*!,*!��
!ก
	���!ก
�
�
�$�/�.�1��2"#
��ก
	  S�	
#�
	�1$*#	���!��*6%"#  
 

2.3.1 �
�
	���	�� �ก�	������� 
��

�-".�!,*!ก
��
�$�/� ก
�%�1$
�"��

�-".�!,*!ก
��
�$�/�$�Q3*�#3�1*:��
	

��ก)�1.�1,*�$,�,*!ก
��
�$�/� 5(3!$%&"0�3!0+
����"�1��ก
���.����%4�	�
�$�/�  $
Q3*��
!ก
	
6������
�$�/���Q*$ก��*-����$��-�1�+
���$ก��ก
����3!0
�ก
��
�$�/�$,�
0��ก�1.0$�Q*�.�1$5��T.�1
$,�
0��ก�1��"ก
��*�0"*!��*ก
��
�$�/���Q*ก
�*�ก$0��#3�1�+
�����
!ก
	ก���0��08
�1%ก��.�1
2��	ก+
���$2Q *S��**ก6%   ก
��
�$�/��#36
��-".�!��
!ก
	�1�2�ก�1��"ก
�"# $�#	!$�/ก"�*	.��   
�
ก��

#ก
��
�$�/��-".�!   ก�1��"ก
�"# ก/�1 �̂ก�2�

ก,( " (Aller et al.,2006; Lenz et al.,2007)      
pro - inflammatory cytokines  �1 �̂ก���3!**ก



ก$�Q3*�����
!ก
	�*�0"*!��*�-�2#��#3

�-ก�
"
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6��  .�� �̂

#

ก6%ก/,
�0
�-�0


�^ก�ก
��+
!
",*!$5��T%ก��6��$ก����$0#	

ก

	��Q* �̂

�-ก�



ก�"$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	 (Tsukamoto  et al., 2010) ก
�
%�1$
�"��

�-".�!,*!ก
��
�$�/��

���ก0
ก�  0


�^%�1$
�"6�� 2 2"��  6��.ก� ก
�
%�1$
�"ก
��
�$�/�S�	��!�

ก
	��8
�,*!*��	�1�#36������
�$�/�.�1ก
�%�1$
�"�

ก
�
$%�#3	".%�!,*!�	
:�0�#����	
,*!��
!ก
	  (Revell, Pynsent, Abudu, & Fairbank, 2003)  5(3!�"
ก
�%�1$
�"��

�-".�!,*!ก
��
�$�/�S�	ก
��2�  Injury Severity Score : ISS $%&"ก
������


�-".�!,*!ก
��
�$�/�,*!*��	�1�"��
!ก
	.���1���$��  S�	���

�
ก�1.""ก
��
�$�/��


�	
:�08
�,*!*��	�1"� " < �

�1��ก
�����1."",*!ก
��
�$�/�,*!*��	�1 (Abbreviated 
Injury Scale : AIS)  $%&"?
",*!��
�1.""��

�-".�!,*!ก
��
�$�/�  S�	.��!���$���
�$�/�
$%&" 6 ���$�� ��!"#  (Baker et al., 1974) 

1. '#�)1.�1�+
�* (head and neck) 
2.  ���"�
  (face) 
3.  ���!*ก (chest) 
4.  2�*!��*!.�1*��	�1�"2�*!$2�!ก�
" (abdomen and pelvic  contents) 
5.  ก�1��ก$2�!ก�
".�1.,",
 (bony pelvic and limbs) 
6.  ����"�!  (body surface) 
�1.""ก
��
�$�/�,*!*��	�1���

�
ก�1.""ก
��
�$�/��

�	
:�08
�,*!

*��	�1"� "< �

�1��ก
�����1."",*! AIS 90  �1
#ก
�%�1$
�"��

�-".�!,*!ก
��
�$�/�
,*!*��	�1 S�	.��!�1�����

�-".�!$%&" 6 �1���  ��!"#  

$�/ก"�*	  (minor) 
#��
�1.""$��
ก�� 1 �1."" 
%
"ก�
! (moderate) 
#��
�1.""$��
ก�� 2 �1."" 
*�"��
	  (serious) 
#��
�1.""$��
ก�� 3 �1."" 
�-".�!  (severe) 
#��
�1.""$��
ก�� 4 �1.""   
��กU�  (critical) 
#��
�1.""$��
ก�� 5 �1.""   
$0#	2#���  (fatal) 
#��
�1.""$��
ก�� 6 �1.""   
.���"+
��
�1����1.""ก
��
�$�/�,*!*��	�1�#3

ก�#30-�.���1���$���+
"�" 3 

���$��

	กก+
��!0*!.���"+


��
ก�"  5(3!����
�#36��
#�1����1.""�� !.�� 1 �" (̂!0�!0-� �Q*     
75 �1.""  0


�^.%���6����!"#  

�1����1.""   0 v 15 �1."" �Q* ��

�-".�!$�/ก"�*	 
�1����1."" 16 v 24 �1."" �Q* ��

�-".�!%
"ก�
! 
�1����1.""  25 v 75 �1.""�Q* ��

�-".�!

ก 
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�
กก
�����"����ก��
�"'(ก)
�#3��
"

S�	
#��� -̂%�10!�T$�Q3*'(ก)
%=���	
�+
"
	ก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	�"���%4�	�#36������
�$�/��-".�!  '(ก)

�"ก�-�
���%4�	�
�$�/��#3
#�1.""��

�-".�!,*!ก
��
�$�/�

กก��
$��
ก��  9  �1.""                
16 �1.""  .�1 17  �1.""  �
ก��ก
�'(ก)
��*-����ก
��T,*!ก
�$ก��ก�-�
*
ก
��*�0"*!��*
ก
�*�ก$0���3���
!ก
	���$%&"��*	�1 51.4 - 81.9  (Beale  et al.,2006; Lustenberger et al., 2009; 
Mommsen et al., 2012; Sakamoto  et al., 2010)  .�1ก
�'(ก)
�"���%4�	�
�$�/���
	�1�����
ก��
ก
��
�$�/����!*ก�#3
#��
�1.""��

�-".�!,*!ก
��
�$�/�

กก��
$��
ก��  16 �1."" ����

���%4�	ก�-�
"# 
#��

0�
��":Tก��ก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	  (Mommsen 
et al.,2012)  ก
�'(ก)
,*!�#�.�1��1 (Keel et al.,2006)  ����
���%4�	�
�$�/��-".�!��
	�1��
#
*���
ก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	�1����-".�!$��3
0�!,( "*	�
!
#"�	0+
���
�
!0 �̂�� (p < 0.05)  

กก��
�
�$�/��-".�!�1��$�#	�.�1���%4�	�
�$�/��#3'#�)1�-".�!
#
*-����ก
��T,*!ก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	�1����-".�!���$%&"��*	�1 
30.6  �",�1�#3���%4�	�
�$�/��1��*Q3"$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	�1���
�-".�!���$%&"��*	�1 12.9  �1����1."",*!ก
��
�$�/�,*!*��	�1�#3

กก��
 3 �1.""
#
��

0�
��":Tก��ก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	$��3
0�!,( " .�1����

�1.""��

�-".�!,*!ก
��
�$�/��#30�!,( "
#S*ก
0$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3�
��
!ก
	6��

กก��
�1.""��

�-".�!,*!ก
��
�$�/��#3"�*	$%&" 1.07 $��
 (OR 1.07, 95% CI: 
1.05-1.09)   0*����*!ก��ก
�'(ก)
�"���%4�	�
�$�/��+
"�" 9,539 �"  ��*-����ก
��T,*!ก
�$ก��
ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	��*	�1 28 ��
�1.""�#3��6��

ก�#30-��Q* 2 �1.""  
.�1����
���%4�	�#3$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	
#��

0�
��":Tก���1.""
��

�-".�!,*!ก
��
�$�/��#3$��3
0�!,( "*	�
!
#"�	0+
���$
Q3*$%�#	�$�#	�ก�����%4�	�#36
�$ก��.�1
����
���%4�	�#3
#��
�1.""ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	 2 �1."" 3 �1."" .�1 4 
�1."" �1
#*���
ก
�$0#	2#����#3$��3
0�!,( "��*	�1 4.31 ��*	�1 8.18  .�1��*	�1 12.6   �

�+
��� 
(Kuhls, Malone, Mccarter, & Napolitano, 2002) 
 

2.3.2  ก�	? �:� �� �	@��ก���#=�ก�	������� 
ก
��*�0"*!,*!��
!ก
	���!ก
��
�$�/� ก
��
�$�/��-".�!�10�!�����$ก��ก
� 

$%�#3	".%�!�
!0�#����	
�"�1����
! < ,*!��
!ก
	 6��.ก� *���
ก
��
	�� ��

��"S���� .�1
�1�����

���0(ก���  �
กก
��
�$�/��10�!����*ก
�0��$0#	$�Q*�.�1" +
�� !8
	�".�18
	"*ก
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��
!ก
	  (Butcher & Balogh, 2009) 5(3!ก
�%�1$
�"ก
��*�0"*!,*!��
!ก
	���!ก
��
�$�/�  
(Revised  Trauma Score : RTS)  (Champion  et al.,1989) 6��.ก�   

1. *���
ก
��
	��  S�	ก
�"��*���
ก
��
	��  S�	�����
�1.""  ��!"#  *���
ก
�
�
	�� 10 v 29 ��� !/"
�# 6�� 4 �1."" *���
ก
��
	��

กก��
 29 ��� !/"
�#  6�� 3 �1.""         
*���
ก
��
	��  6 v 9 ��� !/"
�#  6�� 2 �1.""  *���
ก
��
	�� 1 v 5  ��� !/"
�#  6�� 1 �1.""  �̂

6
��
	��$�	 6�� 0 �1."" 

2. ��

��"S���� (systolic blood pressure)  ��

��"S����0�!ก��
  89 
����$
�� 
%�*� 6�� 4 �1.""  ��

��"S���� 76 v 89 
����$
��%�*�  6�� 3 �1.""��

��"S���� 50 v 75 

����$
��%�*� 6�� 2 �1.""  ��

��"S���� 1 v 49 
����$
��%�*� 6�� 1 �1.""  �����

��"
S����6
�6�� 6�� 0 �1."" 

3. �1�����

���0(ก���  (Glasgow Coma Scale : GCS) .��!$%&" 3 ��
" 6��.ก� 
  3.1 ก
��Q
�
 (eye opening) %�1ก*����	 4 �1����1."" 6��.ก� 

�Q
�
6��$*!        6�� 4 �1."" 
�Q
�
$
Q3*6��	�"$0#	!$�#	ก     6�� 3 �1."" 
�Q
�
$
Q3* �̂ก�+
������0(ก$�/�    6�� 2 �1."" 

  6
��Q
�
$�	      6�� 1 �1."" 
3.2 ก
���� (verbal) %�1ก*����	 5 �1����1."" 6��.ก� 
����-	���$�Q3*!      6�� 5 �1."" 
���0��0"      6�� 4 �1."" 
���$%&"�+
<      6�� 3 �1."" 
0�!$0#	!*�*.*� 6
�$%&"�+
     6�� 2 �1."" 
6
�0�!$0#	!$�	      6�� 1 �1."" 
3.3 ก
�$��Q3*"6�� (motor response) %�1ก*����	 6 �1����1."" 6��.ก� 
$��Q3*"6��6���

�+
0�3!     6�� 6 �1."" 
$��Q3*"6����Q*%=�S�	����+
.�"�!$�/�   6�� 5 �1."" 
$��Q3*"�"# ($
Q3*$�/�)     6�� 4 �1."" 
.,"!*$,�
�
���$
Q3*$�/� (flexion)    6�� 3 �1."" 
.,".�1,
$�	#	�**ก�
ก���$
Q3*$�/� (extension)    6�� 2 �1."" 
6
�$��Q3*"6��$�	     6�� 1 �1."" 
$
Q3*"+
�1.""�#36���� ! 3 ��
"

��
ก�" 0


�^.��!�1�����

���0(ก��� �

$ก��T 

ก
�.%�����!"#  
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�1.""��
 13 - 15     6�� 4 �1."" 
�1.""��
 9 - 12     6�� 3 �1."" 
�1.""��
 6 - 8                                      6�� 2 �1."" 
�1.""��
 4 - 5     6�� 1 �1."" 
�1.""��
 "�*	ก��
 4     6�� 0 �1."" 
"+
�1."".���1���

������	��
�!�#3��!"#  
RTS = 0.9368GCS + 0.7326SBP + 0.2908RR 

5(3!0


�^.%����1���ก
��*�0"*!,*!��
!ก
	���!ก
��
�$�/� (RTS) 6����!"#  
�1."" 0 v 2   �Q* 
#��

�-".�!

ก$0#3	!��*ก
�$0#	2#��� 
�1."" 3 v 4   �Q* 
#��

�-".�!$%&"8
�1��กU�,*!2#��� 
�1."" 5 v 6   �Q* ��

�-".�!%
"ก�
! 
�1."" 7 v 7.84   �Q* ��

�-".�!$�/ก"�*	 

$
Q3*��
!ก
	6������
�$�/��1
#ก
�ก�1�-�"ก
��*�0"*!��*ก
�*�ก$0���Q*ก
�
�*�0"*!,*!8�
��-�
ก�"  $ก��ก
��+
�
	,*!$5��T$	Q3*�-��*�$�Q*�    
#ก
�$%�#3	".%�!ก
�5(
��
"
$	Q3*�-�
$5��T  ก
�ก�1�
	,*!ก
�6��$�#	"$�Q*����!  �+
���$"Q *$	Q3*,
�$�Q*�.�1**ก5�$�" ,
�
��

0
�-��1���
!**ก5�$�"�#36%$�# 	!$"Q *$	Q3*ก����

��*!ก
��2�**ก5�$�",*!$"Q *$	Q3* 0�!�����
$ก��ก
�$0#	�"�
�#3.�1ก
��
	,*!$5��T  ก
�6
�0


�^����-
ก
�*�ก$0�.�1��

6
�0
�-�,*!
ก
�0��
!0
�ก
��
�$�/�$%&"���
กก
��#3�1��8�
��-�
ก�",*!��
!ก
	 �̂กก�1�-�"���!ก
��
�$�/�
�-".�!  �1���,*!ก
�$%�#3	".%�!�"��
!ก
	"+
6%0��ก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0�
��3���
!ก
	 (Robertson & Coopersmith, 2006; Rueden et al., 2009)  S�	�#3ก
��*�0"*!,*!
��
!ก
	���!ก
��
�$�/�  0


�^�+
"
	*���
ก
�$0#	2#���6��  (Area Under Receiver Operating 
Characteristic: AUROC = 0.81)  .�10


�^�+
"
	�����:Tก
��
�$�/�6���#.�10�!�� (̂!ก
��+

�"�
�#3,*!��
!ก
	 (functional status)  ���!ก
��
�$�/�6��  (AUROC = 0.85) (Oyetunji et al.,2010)   

ก
�'(ก)
�"���%4�	�#36������
�$�/����!*ก�+
"�"  1,772 �"  �"�*���%4�	��กU��
*-����$��-����
  ก
��*�0"*!,*!��
!ก
	���!ก
��
�$�/�$%&"���2# ��� (̂!��

�-".�!�#3$ก��,( "�
ก
ก
��
�$�/�  .�1
#��

0�
��":Tก��*���
ก
�$0#	2#���  S�	����
��
�1.""ก
��*�0"*!,*!
��
!ก
	���!ก
��
�$�/��#3���!$�Q3*	 < �10�!��������%4�	$0#	2#���6��0�! (̂!��*	�1 80 (Frexine et al., 
2008)  0*����*!ก��ก
�'(ก)
,*!�

����
.�1��1 (Bamvita  et al., 2007)  '(ก)
�"���%4�	�#36�����
�
�$�/��
ก.�!ก�1.�ก�#3����
ก
��*�0"*!,*!��
!ก
	���!ก
��
�$�/�0


�^�+
"
	*���

ก
�$0#	2#���6��  .�1ก
�'(ก)
�"���%4�	�#36������
�$�/�����
�+
"�"$ก��T,*!ก�-�
*
ก
�
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�*�0"*!��*ก
�*�ก$0���3���
!ก
	�#3$��3


ก,( "
#��

0�
��":Tก���1.""ก
��*�0"*!,*!
��
!ก
	���!ก
��
�$�/��#3�3+
*	�
!
#"�	0+
����
!0 �̂��  (p < 0.0001)  (Sakamoto et al., 2010)   

 
2.3.3  �=5��

#ก�� 
��2"#
��ก
	 $%&"���$�,�#3��!2# (̂!8
�1S82"
ก
�.�1��

��*!ก
����!!
",*!

��
!ก
	 5(3!��
��2"#
��ก
	$%&"*���
0��",*!" +
�"�ก���$%&"ก�S�ก��
.�10��"0�!$%&"$
�� S�	
*!�Tก
�*"

�	S�ก (World Health Organization, 1995) 6������+
�+
ก����

.��!�1���6����!"#  

��2"#
��ก
	    "�*	ก��
  18.50  กก./
2  " +
�"�ก����3+
ก��
$ก��T (underweight) 
��2"#
��ก
	    18.50 v 24.99  กก./
2    " +
�"�ก���%ก�� (normal) 
��2"#
��ก
	    25.00 v 29.99  กก./
2    " +
�"�ก���$ก�" (overweight) 
��2"#
��ก
	    

กก��
$��
ก��  30.00 กก./
2  S��*��" (obese)  
��2"#
��ก
	    

กก��
 40.00  กก./
2  *��"

ก (very obese) 
ก
����!,*!" +
�"�ก (̂!��*	�1 10  �"�1	1$��
  6  $�Q*"  Q̂*��

#"�	0+
���,*!8
�1

���*!S82"
ก
�.�1 �̂
" +
�"�ก������!��*	�1 20 �+
�����
!ก
	�*�0"*!��*8
�1$��#	�6�����!
.�1$��3
S*ก
0$0#3	!��*ก
�$ก��8
�1.��ก5�*"��
! < (August & Huhmann, 2008)  ��2"#
��ก
	�#3
�3+
�����
$%&"8
�1�-�S82"
ก
�5(3!�1
#����*ก
��+
!
"�"��
!ก
	  S�	�"ก
��+
!
",*!�1��
8�
��-�
ก�"  8
�1�-�S82"
ก
��+
���ก
��*�0"*!.��$5��T���0Q3*ก�
! (cell mediated)  .�1
p*�TS
"8�
��-�
ก�",*!��
!ก
	���!$��3
��

$0#3	!��*ก
����$2Q *.�1ก
��#3��
!ก
	6
�6�����
0
�*
�
��
ก�
!$��"*
�
�  �1$ก��ก
��4*���,*!$	Q3*�-�
!$��"*
�
�  �+
�����

0


�^�"ก
�
���5(
���!.�1$��3
ก
�0��$0#	*
�
�  " +
.�1.��:
�-  .�1	�!$��3
S*ก
0$0#3	!��*ก
����$2Q *  �
ก
ก
�.��ก5(
,*!0
���).�1�-��"��#	T$,�
0��ก�1.0$�Q*�$%&"0
$��-�"(3!,*!ก
�$ก��ก�-�
*
ก
�
�*�0"*!��*ก
�*�ก$0���3���
!ก
	 (Tijerina, 2004)   

�",�1�#3����#3
#��2"#
��ก
	

ก�1�+
���$ก��8
�1.��ก5�*"�"���%4�	�
�$�/��-".�!
�
ก%=��
�� !�
!��
"ก
	��8
�'
0��T.�10�#����	

#ก
�0�""�)?
"��
8
�1*��"�1ก�*���$ก����


���%ก��,*!�1��8�
��-�
ก�"  *	�
!$2�"ก
��+
�"�
�#3���%ก��,*!65S�6�"T.�1$"Q *$	Q3*6,
�"$*!*
�
�+
�"�
�#3$%&".���!�#3

,*!ก
�*�ก$0�*
��16
�0


�^����-
ก�1��"ก
��*�0"*!,*!�1��
8�
��-�
ก�"��
!ก
	6��  (Axelsson, Heimburger, Lindholm, & Stenvinkel, 2005) 
#ก�6ก��
	*	�
!  
�"8
�1*��"��
�� !ก
����3!,*! pro-inflammatory adipokines .�1
#ก
����3!$��3
,( ",*! 65S�6�"T 
��
! < ก�1�-�"ก
��+
!
",*!.
�S��_
�T�.�18
�1�#3
#ก
�**ก5�6�0T$ก�"0
�-� (oxidative stress)  
���*
ก��ก
�$��3
,( ",*!��

��
"�
"��**�"5���"���
ก�"�#3�1"+
6%0��ก
��+
�"�
�#3���%ก��,*!
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$5��T$	Q3*�-�����*�$�Q*��"8
�1*��"   .�1$
Q3*
#ก
�ก�1�-�"ก�1��"ก
�*�ก0�$"Q *$	Q3*$���
"# ก/�1

#��

$0#3	!$��3


ก,( "�#3�1�+
���
#ก
��*�0"*!��*ก
�*�ก$0��#3

ก$ก�"6% (Vachharajani, 2008)  
6,
�"$%&"��) (lipotoxicity)  �"����#3
#��
��2"#
��ก
	

ก �
กก
�$��3
,( ",*!6,
�"010
8
	�"
$5��T��
!< ,*!��
!ก
	 $2�" $5��T��� $5��Tก��

$"Q *�
	 $5��Tก��

$"Q *����� $5��T���*�*" ��
�� !
$5��T$	Q3*�-��*�$�Q*��+
���$ก���	
:�08
�8
	�"��*�$�Q*��



  .�1ก
�$��3
,( ",*!$5��T
6,
�"�
ก8
�1*��"�+
���
#ก
����3!65S�6�"T��
! < �",��"ก
�*�ก$0�  5(3!���!ก
��
�$�/�
���$���#36������
�$�/��1%��*	  pro-inflammatory cytokines  **ก

$�Q3*�����
!ก
	�*�0"*!��*
�-�2#��#3

�-ก�
"6�� 8
�1*��"�+
���
#ก
����3!65S�6�"T$��3


ก,( " 0�!�����,
�0
�-�0


�^
ก�ก
��+
!
",*!$5��T%ก��6�� �+
���$0#	0
�-��1���
! pro-inflammatory cytokines  .�1  anti-
inflammatory cytokines  .�1"+
6%0��ก
�$ก��ก�-�
*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	 
(Brochner & Toft, 2009; Cave et al., 2008; Robinson, Kruger, Prins, & Venkatesh, 2011)   

��2"#
��ก
	

ก��Q*8
�1*��"$%&"%=���	$0#3	!�#3�1$ก����

���%ก��,*!*��	�1  $��3

��

�-".�!,*!ก
��
�$�/�.�18
�1.��ก5�*"���!ก
��
�$�/�  S��*��"
#��

$0#3	!$��3


ก,( "
�#3�1$ก��ก
����$2Q *���!6������
�$�/�  (Ciesla et al., 2006; Serrano et al.,  2010) �
กก
�����"
����ก��
�#3��
"

�"ก
�'(ก)
 (̂!��ก�1��,*!8
�1*��"�"���%4�	�#36������
�$�/�
#��
	
ก
�'(ก)
�#3����
8
�1*��"�1$��3
*���
ก
�$0#	2#����#30�!,( " *��	�1.�1�1����
!< ,*!��
!ก
	
��
$���$��3
0�!,( " .�1�1	1$��
ก
���ก��ก)
�#3�*���%4�	��กU� ��*��"�+
"�"��""*"�"
S�!�	
�
� (Bercaulf et al., 2004; Byrnes et al., 2005; Ciesla et al., 2006; Winfield et al., 2010)  
ก
�'(ก)
�"���%4�	�
�$�/��
ก.�!ก�1.�ก�+
"�" 1,543 �"  ��*	�1 36 $%&"����#3
#" +
�"�ก���%ก��  
��*	�1 34  
#" +
�"�ก���$ก�" ��*	�1 24 $%&"S��*��".�1��*	�1 6 *��"

ก  $กQ*� 1 �" 3 ,*!���%4�	
�#3'(ก)

#��2"#
�ก
	

กก��
$��
ก�� 30 กก./
2  �1.""��

�-".�!,*!ก
��
�$�/�$��3
0�!,( "
0�
��":Tก����
��2"#
��ก
	�#3$��3
,( "*	�
!
#"�	0+
���  .�1����
���%4�	�#3
#��2"#
��ก
	

กก��
 
40.00  กก./
2 
#S*ก
0$ก��ก�-�
*
ก
��
	���+
�
ก$R#	����" �1���
	����
$���  6��
	 *��	�1
��
$�����
	�1�� %*�*�ก$0�  ก
����$2Q *,*!�
!$��"%=00
�1 ��*�$�Q*��+
0��"�(ก*-���".�1
.��ก���� $%&" 3.675 $��
  2.793 $��
  13.506 $��
  2.639 $��
 2.487 $��
 2.332 $��
 4.112 $��
.�1  
2.841 $��
 (OR 3.675, 95% CI, 1.237-10.916) (OR 2.793, 95% CI, 1.633-4.778) (OR 13.506, 
2.388-76.385) (OR 2.639, 95% CI,1.085-6.421) (OR 2.487, 95% CI, 1.483-4.302) (OR 2.332, 
95% CI, 1.229-4.427) (OR 4.112, 95% CI, 1.253 - 13.496) .�1 (OR 2.841, 95% CI, 1.382-5.841) 
�

�+
��� ,*!���%4�	�#3
#��2"#
��ก
	%ก��  (Newell  et al., 2007)  0*����*!ก��ก
�'(ก)
,*!
$5*�
S"�.�1��1 (Serrano  et al., 2010) '(ก)
�"���%4�	�#36������
�$�/��+
"�" 1,024 �"����
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�1.""��

�-".�!,*!ก
��
�$�/�$��3
0�!,( "0�
��":Tก����
��2"#
��ก
	�#3$��3
,( "*	�
!
#"�	0+
���  
ก
�'(ก)
�"���%4�	�#36������
�$�/��-".�!�#3
#�1.""��

�-".�!,*!ก
��
�$�/� $��
ก����Q*


กก��
 16 �1.""  ����
���%4�	�#3
#��2"#
��ก
	�#30�! (BMI ≥ 30)  ��Q*
#8
�1*��" 
#."�S"�

,*!*���
ก
��
	�#3$��3
0�!,( "$
Q3*$%�#	�$�#	�ก�����%4�	�#3
#��
��2"#
��ก
	%ก��  .�1�"ก
�$ก��ก�-�

*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	��6���3+
�"���%4�	�#3
#��
��2"#
��ก
	%ก��,�1$�#	�ก�"�1
��6��0�!�"ก�-�
���%4�	�#3
#��
��2"#
��ก
	�3+
.�10�!ก��
%ก����
 (̂!ก
��+
�"�
�#3���%ก��,*!*��	�1 
.�1*��	�1.�1�1����
!< ,*!��
!ก
	��
$��� �1��6���"���%4�	�#3
#��
��2"#
��ก
	0�!ก��
%ก�� 
(Nelson et al., 2012)  
 
 

2.4 :	��ก�	���
�
		�ก		
 
��
!ก
	$
Q3*6�����ก
��
�$�/�.�1*-����$��-�1�+
���$ก��ก
����3!0
�$
��$*$�*�T$,�
0��

ก�1.0$�Q*�.�1$5��T  5(3!ก
����3!0
���!ก��
�$%&"ก�1��"ก
��#3$ก��,( "�
กก
��*�0"*!��*ก
�
�
�$�/�$�Q3*%��������
!ก
	*	���"8
�1�-�	8
�  ก�6ก"# $�#	ก��
  ก
��*�0"*!��*ก
�*�ก$0�      
�"ก
��*�0"*!��*ก
�*�ก$0�,*!��
!ก
	
#ก
�ก�1�-�"ก
����3!,*!0
� pro-inflammatory 
cytokines .�1 anti-inflammatory cytokines %>�ก���	
�� !0*!"# ���
#��

0
�-�ก�"^�
                 
pro-inflammatory cytokines 
#

ก$ก�"6% ก/�1�+
���$ก��$%&"ก�-�
*
ก
��*�0"*!ก
�*�ก$0�      
��3���
!ก
	   

ก
��
�$�/��#3$ก��,( "�".���1�1��.�1ก�6ก,*!ก
��
�$�/��#3.�ก��
!ก�".��
ก�1��"ก
��*�0"*!,*!��
!ก
	���!ก
��
�$�/��1$�
Q*"ก�"�

��

�-".�!,*!ก
��
�$�/�
ก
��
�$�/��#36
��-".�!��
!ก
	�1�2�ก�1��"ก
��*�0"*!��*ก
�*�ก$0�$�#	!$�/ก"�*	.�� �
ก��

#
ก
��
�$�/��-".�!ก�1��"ก
�"# ก/�1 �̂ก�2�

ก,( "5(3!�10�!�� (̂!ก
�$%�#3	".%�!,*!��
!ก
	  �
ก

#ก
��
�$�/��-".�!.�1
#ก�1��"ก
��*�0"*!,*!��
!ก
	�#3$0#	0
�-�ก/�1"+
6%0��ก
�$ก��ก�-�

*
ก
��*�0"*!��*ก
�*�ก$0���3���
!ก
	 "*ก�
ก"# ก
��
�$�/��-".�!

ก0�!�����
#ก
�
$%�#3	".%�!,*!�1��6��$�#	"8
	�"��
!ก
	$��3


ก,( "5(3!�10�!�����$ก��8
�1���*!�-�	8
�
$��3
,( "  5(3!ก
��*�0"*!,*!��
!ก
	���!ก
��
�$�/��1�+
���$ก��ก
�$%�#3	".%�!�
!0�#����	

�"�1����
! < ,*!��
!ก
	 

%=���	0+
���*#ก%�1ก
��"(3!�#3
#����*ก
�%����-�	8
�,*!��
!ก
	�Q*  ��ก)�1
S��!0��
!,*!��
!ก
	���%4�	��Q*��2"#
��ก
	  ��2"#
��ก
	

ก�1�+
���$ก��8
�1.��ก5�*"�"
���%4�	�
�$�/��-".�!�
ก%=��
�� !�
!��
"ก
	��8
�'
0��T.�10�#����	

#ก
�0�""�)?
"��
8
�1 
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*��"�1ก�*���$ก����

���%ก��,*!�1��8�
��-�
ก�"  *	�
!$2�"ก
��+
�"�
�#3���%ก��,*!65S�6�"T
.�1$"Q *$	Q3*6,
�"$*!*
��+
�"�
�#3 $%&".���!�#3

,*!ก
�*�ก$0�*
��16
�0


�^����-

ก�1��"ก
��*�0"*!,*!�1��8�
��-�
ก�"��
!ก
	6�� 

%=���	�#3$�Q*ก�"ก
�'(ก)
��� !"#   6��.ก� ��

�-".�!,*!ก
��
�$�/� ก
��*�0"*!
,*!��
!ก
	���!ก
��
�$�/�.�1��2"#
��ก
	 $�Q3*$%&",�*
��0+
�����	
�
����%>�����!
"�"ก
�
�1�- (̂!%=���	$0#3	!,*!���%4�	6���� !.���1	1.�ก�#3$,�
���ก
���ก)
.�1$�̀
�1��!���ก
�%̀*!ก�"���%4�	
$�Q3*6
����$ก��8
�1.��ก5�*"��
!< �



6�� 0�!$ก�*
ก
����%ก��*	�
!�ก��2��$�Q3*������%4�	 6�����
��

%�*�8�	.�1$ก�������:Tก
���ก)
�	
�
��#3�# 
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����� 3 

��	�
��
���ก������� 
  
 

ก�
������
����������ก�
	�ก�������

������ !	�ก��!�����ก�
"��������#
$�%
�&!�
ก�
��
��'�  ก�
(!���!�&!�
)��ก��*+��ก�
��
��'�  %+,
����#�+ก��()!ก�
�ก�
ก+$)#!�ก�

(!���!�()!ก�
!�ก���"� �
)��ก��-�./0�1����
��'�
$�%
� 
 
 

3.1 ��ก�����������ก����ก� !"#����!�� 
�����ก�$�ก��%&ก��'��(���( ��! ./0�1��"� 2
0
����
��'���ก!$��(��*($!��$ 18 �5&���2� "� 


��2�0
�ก��-�6
������+	�
�
�� %+,6
������+7/#��+!
$+��
�  
ก� !"#����!��������ก��%&ก��'��(���( ��! ./0�1��"� 2
0
����
��'���ก!$��(��*($!��$ 18 �5&���2� 

"� 
��2�0
�ก��-�6
������+	�
�
�� %+,6
������+7/#��+!
$+��
� (�#�ก89:-�ก�
��
�&0� 6
�
ก��*�
�$8�#��(�ก+$)#(��!�)�� 
����� 


ก�)*$�ก��'�

�+� (Inclusion criteria) 
����� 
 1. ./0�1��!��$ 18 �5&���2�  
               2.  #��$8�#��(�()!2����!�)���0!� 1 &0! 2
0%ก) 
  2.1 ��
��'�
$�%
����
#�%.+",+$-�%()+,
,��*
�!(���%() 2 
,��&���2�  
  2.2  ��
��'���ก%
�ก
,%"ก-�%()+,
,��*
�!(���%() 2 
,��&���2� 
  2.3  2
0
��ก�

�ก��
0����
� !��)��*��-� 
  2.4  2
0
��ก�

�ก��
0��*�(>ก�
?$ก�?�� (urgent surgery) �ก� ��ก��ก�
��
��'� 
7��-�ก,6*+ก	�
�, 7��-��)!�!ก 7��-��)!�"0!� *
�! ก�
��
ก
,
/ก����ก
��*
�!ก
,
/ก���*+�� 


ก�)*$�ก��'�
��ก (Exclusion criteria) 
����� 
1. #�6
�
)�#��! 6
�7/#��$0#ก���ก�
)!�  6
�%�07/#��$0#ก��(���!� (SLE) 6
�*��-�  

%+,6
�#,�
'� 
2. ./0�1��%.+2*#0 
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ก�)*� #�ก��%&ก�� (Termination criteria) 
����� 
ก�
�ก�
ก+$)#!�ก�
(!���!�()!ก�
!�ก���"� �
)��ก����ก���*($!� � 
����� 
1. (�
����!-�ก
,%��+�!
 (sepsis) 
2. ���ก�
���7/#�%�0!�)���?����+�� (anaphylaxis) 
3. ()!#*#�ก2("�����2#)������! (adrenal insufficiency) 
4. +� #�+�!
!$
(��-�*+!
�+�!
&!��!
 (pulmonary embolism) 
5. ก�
-�0���ก��&��
 (drug overdose) 
6. (��!)!�!�ก����?����+�� (acute pancreatitis) 
7. ก+0�#����!*��-�&�
�+�!
 (myocardial infarction)   
ก��ก��>�
���
ก� !"#����!�� 
&��
&!�ก+$)#(��!�)��-�ก�
������
������-�0����ก�
�����8��ก�/(
  
n  =  (Zα/2)

2 P (1-P)/d2 (Pocock, 1983)  
�#� !  n  = &��
ก+$)#(��!�)��"� (0!�ก�
�����8 

P = �)��
,#�8&!� prevalence ��กก�
"�"���

8ก

#-�ก+$)#�
,��ก
-�      
�
� !�"� �,	�ก��   
 d  = allowable error &!��)��
,#�8"� �,�!#-*0�ก�
&���2
0 

Z = �)�#�(
f����ก(�
�� standard normal distribution "� 
,
�����#��� !#� � 
(Confidence level) ()��h  
ก��*�
�)�
����� 

n = &��
ก+$)#(��!�)��"� (0!�ก�
�����8 
P  = ��กก�
"�"���

8ก

#-�./0�1����
��'�
$�%
� ���)�#�!�(
�ก�
�ก�
 SIRS

���#�$ก�
,#�8 70 % 
������ P = 0.70 (Beale  et al.,2006; Lustenberger et al., 2009; Mommsen et 
al., 2012; Sakamoto et al., 2010)   

d  = 
,�$���� absolute value 6
�(
����� 10 % 
������ d = 0.1 
Z = �)�#�(
f����ก(�
�� standard normal distribution "� 
,
�����# 

��� !#� � (Confidence level) 
0!�+, 95 6
��)� Z α/2 = 1.96  
%"��)�        n  = (Zα/2)

2 P (1-P)/d2 
n = (1.96)2(0.70)(1-0.70)/(0.1)2 

 = 81 �� 
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��������กก�
�����8(�#�/(
2
0ก+$)#(��!�)�������� 81 ��-�ก�
�ก'�
��
�#&0!#/+
ก�
������
���������-�0ก+$)#(��!�)�������� 81 ��  6
���
�+�!ก��ก./0�1��(�#�ก89:-�ก�
��
�&0� ��ก
�
,��ก
"� 	�ก����ก6
������+ 2 %*)�2
0%ก) 6
������+	�
�
�� %+,6
������+7/#��+!
$+��
� 
 
 

3.2 @A�����
กB��+�"C� 
6
������+
,
��((��7/#� ������ 2 %*)�-����*��
ก
$��"�#*���
��!6
������+   

	�
�
�� #��������(���"���*#
 2,500 �(��� 6
������+7/#��+!
$+��
� #��������(���"���*#
 700 
�(��� ������./0�1��!$��(��*($"���*#
"� 
��2�0-�6
������+ �
,#�8 120-130 ��()!�
�!�  
6
������+"����!�%*)�#�#�(
f��%+,
,����
ก�
./0�1����
��'�-�%��"���
���ก��  #�%�"�:
�?��,"��	�+�ก

#!$��(��*($%+,�����+�?��,"��-�ก�

/%+./0�1��  %+,2
0
��ก�

��
!�
�$87��6
������+��ก�����ก���
��
!��$87��6
������+&!��
,�"	2"� -�ก�
	�ก���
������
./0������ก'�
��
�#&0!#/+��ก*!./0�1��*��ก	�+�ก

#!$��(��*($ %+,*!./0�1��	�+�ก

#!$��(��*($&!�
6
������+ 2
0%ก)    

1. *!./0�1��2! p� �/ !$��(��*($ 6
������+	�
�
�� #�"���*#
 8 �(��� 
��./0�1��"������ 
%+,*M�� "� 2
0
��!$��(��*($ 

2. *!./0�1��!$��(��*($ 3 ��#�M 6
������+	�
�
�� #�"���*#
 25 �(��� 
��./0�1��"������
%+,*M��"� 2
0
��!$��(��*($ 

3. *!./0�1��	�+�ก

#
,���
,��" 6
������+7/#��+!
$+��
� #�"���*#
 22 �(��� 

��./0�1��"������%+,*M�� "� 2
0
����
��'�
,���
,��"  

4. *!./0�1��	�+�ก

#!$��(��*($ 6
������+7/#��+!
$+��
� #�"���*#
 22 �(��� 
��
./0�1��"������%+,*M��"� 2
0
��!$��(��*($ 
 
 

3.3 
'�D���"D����$�+$�ก������� 
��
� !�#�!"� -�0-�ก�
	�ก���
������ #�+�ก�8,����%�����"�ก&0!#/+���*
��ก�
�������ก

%qr#�
,��(�./0�1�� p� �%�)�!!ก���� 5 �)��
����� 
1. %�����"�ก&0!#/+�)���$��+ -�0���"�ก&0!#/+"� �2�&!�ก+$)#(��!�)�� 2
0%ก) ��	 !��$  

!����  �
,��(�ก�
��'��1��-�!
�( +�ก�8,ก+2กก�
��
��'�%+,���*($&!�ก�
��
��'� 
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2. %�����"�ก���#
$�%
�&!�ก�
��
��'�  ./0��������&0!#/+"� ���"�ก2�0-����
,�����
#������86
�-�0%����
���#
$�%
�&!�ก�
��
��'� ��s��6
�����ก!
:%+,�8, (Baker et al., 
1974) %�+6
�  �������  ก�M��
��"
: (2544) 6
�%�)��
���8��
��'����� 6 �
���8 
�������!         
1.	�
�,%+,+���! 2. -�*�0�  3. "
��!ก 4. �)!�"0!�%+,!����,-��)!�����ก
�� 5. ก
,
/ก����ก
��
%+,%&�&� 6. .��*���  6
�ก�
%�+.+�,%��
,
�����#
$�%
�%()+,�
���82
0��ก
,��ก�

���"�ก�,%�� AIS 90  6
�#�ก�
%�)�
,
���,%��
����� 

1 �,%�� =  �+'ก�0!�   2 �,%�� =   ���ก+�� 
3 �,%�� =  !��(
��   4 �,%��  =   
$�%
� 
5 �,%�� =  ��กu(    6 �,%��  =  ��������( 
%+0�����)�
,
���,%��ก�
��
��'�&!�!����,"� #�ก"� �$
%()+,�
���8������            

3 �
���8#��กก��+���!�%+0����#�
�#ก��  p� �.+
�#"� 2
0#�
,
���,%��(���%() 1 ��>���/��$
 ��! 
75 �,%��  ��#�
>%�+.+2
0
����� 


,
���,%��   0 v 15  �,%�� ��! ���#
$�%
��+'ก�0!� 

,
���,%�� 16 v 24  �,%�� ��! ���#
$�%
����ก+�� 

,
���,%�� 25 v 75  �,%����! ���#
$�%
�#�ก 
3.  %�����"�กก�
(!���!�&!�
)��ก��*+��ก�
��
��'���s��6
�%�#�w��5��%+,

�8, (Champion  et al.,1989) %�+6
�  �������  ก�M��
��"
: (2544)  p� ��
,�#��!�ก�
"��
�
�
��"�� 3 �
,ก�
(�#
��+,�!��

�����  

3.1 !�(
�ก�
*��-� (respiratory rate) 
!�(
�ก�
*��-� 10 v 29 �
���/��"� 2
0 4 �,%�� 
!�(
�ก�
*��-�  > 29 �
���/��"�  2
0 3 �,%��  
!�(
�ก�
*��-�  6 v 9 �
���/��"�  2
0 2 �,%�� 
!�(
�ก�
*��-� 1 v 5 �
���/��"�  2
0 1 �,%�� 
>0�2#)*��-��+� 2
0 0 �,%�� 
3.2 ���#
��6+*�( (systolic blood pressure) 
���#
��6+*�(�/�ก�)�  89 #�++��#(
�
!" 2
0 4 �,%�� 
���#
��6+*�( 76 v 89 #�++��#(
�
!"  2
0 3 �,%�� 
���#
��6+*�( 50 v 75 #�++��#(
�
!" 2
0 2 �,%�� 
���#
��6+*�(   1 v 49 #�++��#(
�
!"   2
0 1 �,%�� 
��
���#
��6+*�(2#)2
0 2
0 0 �,%�� 
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3.3 
,
�����#
/0��ก(�� (Glasgow Coma Scale : GCS) %�)����� 3 
0��  
2
0%ก) 

ก�
+�#(� (eye opening) �
,ก!�
0�� 4 
,
���,%�� 2
0%ก) 
+�#(�2
0�!� 2
0 4 �,%�� 
+�#(��#� !2
0���������
��ก 2
0 3 �,%�� 
+�#(��#� !>/ก"��-*0
/0��ก��'� 2
0 2 �,%�� 
2#)+�#(��+�  2
0 1 �,%�� 
ก�
�/
 (verbal) �
,ก!�
0�� 5 
,
���,%�� 2
0%ก) 
�/
�$�
/0�
� !� 2
0 5 �,%�� 
�/
����� 2
0 4 �,%�� 
�/
�������h 2
0 3 �,%�� 
�)������!0!%!0 2#)������� 2
0 2 �,%�� 
2#)�)�������+�    

 2
0 1 �,%�� 
ก�
��+� !�2*� (motor response) �
,ก!�
0�� 6 
,
���,%�� 2
0%ก) 
��+� !�2*�2
0(�#����� � 2
0 6 �,%�� 
��+� !�2*�*
�!�{
6
�
/0(��%*�)���'�  2
0 5 �,%�� 
��+� !�*�� (�#� !��'�)  2
0 4 �,%�� 
%&��!�&0�*�(���#� !��'� (flexion)  2
0 3 �,%�� 
%&�%+,&��*���
!!ก��ก(���#� !��'� (extension) 2
0 2 �,%�� 
2#)��+� !�2*��+� 2
0 1 �,%�� 

�#� !����,%��"� 2
0"��� 3 
0��#�
�#ก�� ��#�
>%�)�
,
�����#
/0��ก(�� (�#�ก89:ก�
 
%�+.+
����� 

�,%��
�# 13 - 15 2
0 4 �,%�� 
�,%��
�# 9 - 12 2
0 3 �,%�� 
�,%��
�# 6 - 8                                    2
0 2 �,%�� 
�,%��
�# 4 - 5 2
0 1 �,%�� 
�,%��
�# �0!�ก�)� 4 2
0 0 �,%�� 

����,%��%()+,(��#��/8
0���)���"� 
����� 
RTS = 0.9368GCS + 0.7326SBP + 0.2908RR 
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p� ���#�
>%�+.+
,
��ก�
(!���!�&!�
)��ก��*+��ก�
��
��'� 2
0
����� 
�,%�� 0 v 2   ��! #����#
$�%
�#�ก��� ��()!ก�
��������( 
�,%�� 3 v 4   ��! #����#
$�%
�����7��,��กu(&!�����( 
�,%�� 5 v 6   ��! ���#
$�%
����ก+�� 
�,%�� 7 v 7.84   ��! ���#
$�%
��+'ก�0!� 
 3.4 %�����"�ก
����#�+ก�� (Body Mass Index: BMI) �
,�#��6
����

����*��ก(��%+,�)���/�#������8-��/(
 
����� ����*��ก(�� (��
����ก�6+ก
�#) *�

0���)���/� (��

�����#(
) �กก��+���!� �)��ก(���! 18.5 v 24.9 �)�"� 2
0��กก�
�����8 ��#�
>%�+.+2
0
����� �)�"� 
( �� *#��>��#��)�
����#�+ก���0!� �)�"� �/� *#��>��#��)�
����#�+ก��#�ก (World Health 
Organization, 1995) 

  3.5 %�����"�กก+$)#!�ก�
(!���!�()!ก�
!�ก���"� �
)��ก�� 6
��,
�
,�#����ก!�ก�
%�
�"���+���ก
��()!2����!�)���0!� 2 &0! (�#������ก�
���#&!� American 
College of Chest Physician/Society of Critical Care of Medicine �#� !�5 �.	. 1992 (Bone et al., 
2009)  

1. !$8*7/#�ก��#�กก�)� 38 *
�!�0!�ก�)� 36 !�	��p+�p��� 
2. !�(
�ก�
�(0�&!�*��-� #�กก�)� 90 �
���()!��"� 
3. !�(
�ก�
*��-�#�กก�)� 20 �
���()!��"� *
�!���#
������)��&!�

ก��p��
:�!�2
!!ก2p
:-��+�!
 (PaCO2) �0!�ก�)� 32 #�++��#(
�
!" 
4. �������#'
�+�!
&�� (WBC) #�กก�)� 12,000 �p++:()!+/ก��	ก:

#�++��#(
 *
�!�0!�ก�)� 4,000 �p++:()!+/ก��	ก:#�++��#(
 *
�!#��#'
�+�!
&�����
%��q!
:# (band 
form) #�กก�)� 
0!�+, 10  

 6
�%()+,&0!#��,%���")�ก�� 1 �,%�� �,%��#�กก�)�*
�!�")�ก�� 2 
�,%����! �ก�
ก+$)#!�ก�
(!���!�()!ก�
!�ก���"� �
)��ก��  
 

ก��#���@��' �E�F
'�D���"D� 
'��"#�� (validity) 
%���
,�#�����#
$�%
�&!�ก�
��
��'�  %���
,�#��ก�
(!���!�&!�
)��ก��

*+��ก�
��
��'�  %+,%���
,�#��ก+$)#!�ก�
(!���!�()!ก�
!�ก���"� �
)��ก�� ������
� !�#�!"� 
����#�(
f��%+,#�ก�
-�0ก��!�)��%�
)*+��  %+,��กก�
ก�
"�"���

8ก

#ก�
	�ก��&!� 
ก�p6p%+,�8, (Guzzo et al., 2005) 	�ก��-�./0�1��"� 2
0
����
��'������� 15,534 �� ���)����#
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$�%
�&!�ก�
��
��'� %+,ก�
(!���!�&!�
)��ก��*+��ก�
��
��'� ��#�
>"�����.++���:-�
./0�1����
��'�2
0 #����#%#)���� ROC �")�ก�� 0.79 %+, ROC �")�ก�� 0.88  (�#+��
�� %+,%��
�
,�#��ก+$)#!�ก�
(!���!�()!ก�
!�ก���"� �
)��ก��������
� !�#�!"� -�0�)�� ���	��":"� -�0����
���	��":"� ������ก+ 2#)p��p0!� ./0�����-�0��
� !�#�!?���(0�?��� 2#)2
0%�+*
�!�
����+� ��   
&0!���#%()!�)��-
���2#)�������(0!�#�ก�
(
���!����#(
�(�#����!*� (content validity) ��ก
./0"
��$8�$s� 

 
'��"
�D��"��� (reliability) 
%���
,�#�����#
$�%
�&!�ก�
��
��'�  ก�
(!���!�&!�
)��ก��*+��ก�


��
��'� %+,%���
,�#��ก+$)#!�ก�
(!���!�()!ก�
!�ก���"� �
)��ก�� ������
� !�#�!"� ����
#�(
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3. ./0�����&!���#
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�!./0%"�6
��!��

# 
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(Booth, 2007; Pollack & Panacek, 2002) 
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5.5 ���"�ก&0!#/+!�ก�
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�*�2��%"3�!�#,

���ก
���ก0
�#,7�!�	
�
�.����
63�'
7�!�	
�
�:�
���-�%�	*�6  ��ก
�����	"8
*("-�"��&3��ก
����	
	&�'ก-��
�
!�

�8
��� 
��!"#  

������� 1 ��ก0�'9-!����
�*�2��%"3�! 
������� 2  9�-
��*ก#,	�ก����

�%"3�!9-!ก
��
�*�2�  ก
��-�("-!9-!��
!ก
	���!

ก
��
�*�2�  ��6"#
��ก
	3�'ก
�*ก��ก�%�
-
ก
��-�("-!��-ก
�-�ก*(���,���
!ก
	�"���&1�	
�
�*�2��%"3�!�"�'	' 48 6�,�7
!3�ก���!ก
��
�*�2� 

������� 3 9�-
��*ก#,	�ก����ก
���*��
'�)��

(�
��";)�'���
!��

�%"3�!9-!ก
�
�
�*�2� ก
��-�("-!9-!��
!ก
	���!ก
��
�*�2� 3�'��6"#
��ก
	��-ก
�*ก��ก�%�
-
ก
�
�-�("-!��-ก
�-�ก*(���,���
!ก
	�"���&1�	�
�*�2��%"3�!�"�'	' 48 6�,�7
!3�ก���!ก
��
�*�2� 

������� 4 ก
��8
"
	9-!��

�%"3�!9-!ก
��
�*�2� ก
��-�("-!9-!��
!ก
	���!
ก
��
�*�2� 3�'��6"#
��ก
	��-ก
�*ก��ก�%�
-
ก
��-�("-!��-ก
�-�ก*(���,���
!ก
	�"���&1�	
�
�*�2��%"3�!�"�'	' 48 6�,�7
!3�ก���!ก
��
�*�2� 
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������� 1 ��ก����������
� �!��"�#�� 
 ���&1�	�
�*�2��%"3�!�"�'	' 48 6�,�7
!3�ก���!ก
��
�*�2��"ก
�./ก0
��� !"#   (��"
����*&>"*�.6
	 (��-	�' 95.1)  
#6��!-
	%�'���
! 18 A 93 &C -
	%*D�#,	 34.54 &C (SD = 16.66 &C) H/,!
(��"����-	���"��	������� (��-	�' 65.4) 3�'��	�%�" (��-	�' 24.7)  ���&1�	�
�*�2��%"3�!(��"����
&�'ก-�-
6#������
! (��-	�' 66.7)  3�'�-!�!

*&>""�ก*�#	""�ก./ก0
 (��-	�' 12.3) 3�'(��"
���� (��-	�' 91.4) K
�
#7��&�'�8
���  
 ��ก0�'ก�Kกก
��
�*�2�(��"����*ก���
ก3�!ก�'3�ก (��-	�'75.3) 3�'6"��
#3��
�'�% (��-	�' 24.7)  7�	(
*��%9-!ก
��
�*�2�*ก���
ก-%����*��%ก
���
�� (��-	�' 63.0)  �-!�!


�+-ก
�$�ก�8
��
	��
!ก
	 (��-	�' 25.9) 7�	3��!--ก*&>"$�ก���-+,"�8
��
	��
!ก
	��-	�' 90.48 3�'�8

��
	��
!ก
	�"*-!��-	�' 9.52   3�'���&1�	K�����ก
���ก0
7�	ก
���
���D%ก*D�":
	�" 24 6�,�7
!
3�ก���!ก
��
�*�2� ��-	�' 49.4  7�	�#,K�����ก
���
���:
	�"ก'7��ก.#�0' ��-	�' 24.7  ��
���
:
	�"6�-!��-!��-	�' 12.3  ��
���ก�'��ก��-	�' 11.1  ��
���:
	�"6�-!-ก��-	�' 1.2 3�'K�����
ก
��8
���$ก
� (ก
��(�(
	�'�
	���!-ก) ��-	�' 16.0  "-ก�
ก"# ����
���&1�	K�����ก
���ก0
7�	
K�����*�+-�3�'(��"&�'ก-�9-!*�+-�:
	�" 24 6�,�7
!3�ก���!ก
��
�*�2���-	�' 44.4 
 
$
�
���� 4.1 �8
"�" 3�'��-	�'9-!ก�%�
���-	�
!�8
3"ก�

9�-
��(��"�%���3�'��ก0�'ก
�
�
�*�2� (n = 81) 
 

���&�������"''� �(
��� ������ 

     )* 
      6
	 
      ���! 

 
77 
 4 

 
95.1 
 4.9 

    �
�" (��
�,8
(%� = 18 &C, ��
(�!(%� = 93 &C, ��
*D�#,	 = 34.54 &C, SD = 16.66 &C) 
      ��	�%�" (18-20 &C) 
      ��	������� (21-40 &C)  
      ��	��������-"ก�
! (41-60 &C) 
      ��	(�!-
	% (

กก��
 60 &C)                                                                               

20 
39 
14 
 8 

24.7 
48.1 
17.3 
 9.9 
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$
�
���� 4.1 �8
"�" 3�'��-	�'9-!ก�%�
���-	�
!�8
3"ก�

9�-
��(��"�%���3�'��ก0�'ก
�
�
�*�2� (n = 81) (��-) 
 

���&�������"''� �(
��� ������ 

    �
+�) 

      K
�
#-
6#�   
      ��
9
	   
      ����
6ก
� 
      �����
!      
      "�ก*�#	"/"�ก./ก0
  
    ,����$
ก
� �!�,-��.����$ 
      K
�
#7��&�'�8
��� 
      7����

��"7����(�! 
      7��*�
��
" 
      -+,"P (��-
��ก�

ก7�, �
-"    
      �-!ก�'��ก���*(�"&�'(
�     
    ��ก���ก�/กก
��
� �!� 
      �
�*�2�6"��
#3���'�%  
      �
�*�2��
ก3�!ก�'3�ก 
    �
 0$"���ก
��
� �!�  
      -%����*��%ก
���
�� 
      $�ก�8
��
	��
!ก
	                                  
      -%����*��%�
กก
��8
!
"                         
      -%����*��%�"����*�+-"                             
    ก
���
$��.� 24 +���1&�0���ก
��
� �!� 

      K�����ก
���
��� 
      K
�K�����ก
���
��� 
      K�����ก
��8
���$ก
� 
                                                                                      

 
 6 
 3 
 8 
54 
10 
 

74 
 3 
 2 
 2 
 
 

20 
61 
 

51 
21 
 8 
 1 
 

40 
28 
13 

 
 7.4 
 3.7 
 9.9 
66.7 
12.3 

 
91.4 
 3.7 
 2.5 
 2.5 

 
 

24.7 
75.3 

 
63.0 
25.9 
 9.9 
 1.2 

 
49.4 
34.6 
16.0     
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$
�
���� 4.1 �8
"�" 3�'��-	�'9-!ก�%�
���-	�
!�8
3"ก�

9�-
��(��"�%���3�'��ก0�'ก
�
�
�*�2� (n = 81) (��-) 
 

���&�������"''� �(
��� ������ 

    ก
�/����� �2��.� 24 +���1&�0���ก
�     

    �
� �!� 
      K�����*�+-�   
      K
�K�����*�+-�                                                

 
 

36 
45 

 
 

44.4 
55.6 

   

 

 

������� 2 ���&�� ก����ก��'�
&�"�#�����ก
��
� �!� ก
�$�����������
�ก
�0���ก
�

�
� �!� ��+��&��ก
�#��ก
� ก
�ก�"�&�
ก
�$������$��ก
���ก ��������
�ก
�.�

���,-���
� �!��"�#��.����� 48 +���1&�#�ก0���ก
��
� �!� 
 ���&1�	�
�*�2��%"3�!�"�'	' 48 6�,�7
!3�ก���!ก
��
�*�2� ����

#��

�%"3�!9-!
ก
��
�*�2� (Injury Severity Score)  -	���"6��!�'���
! 9 A 34 �'3""  ก��
��+-
#��

�%"3�!9-!
ก
��
�*�2��"�'����%"3�!*�2ก"�-	�"$/!�'����%"3�!

ก 7�	
#��
*D�#,	��

�%"3�!9-!ก
�
�
�*�2�*��
ก�� 19.64 �'3""  (SD = 7.26)  7�	��-	�' 33.3 
#��
�'�����

�%"3�!9-!ก
��
�*�2�
-	���"�'���

ก (25 A 75 �'3"")  ��-	�' 32.1 
#��
�'�����

�%"3�!9-!ก
��
�*�2�-	���"�'���
&
"ก�
! (16 A 24 �'3"")  3�'��-	�' 34.6 
#��
�'�����

�%"3�!9-!ก
��
�*�2�-	���"�'���
*�2ก"�-	 (0 A 15 �'3"")  
 ��9-!ก
��-�("-!9-!��
!ก
	���!ก
��
�*�2� (Revised Trauma Score) ����

#��

ก
��-�("-!9-!��
!ก
	���!ก
��
�*�2�-	���"6��! 3.57 - 7.84 �'3"" ก��
��+-
#��
ก
�
�-�("-!9-!��
!ก
	���!ก
��
�*�2��� !3���'���*�2ก"�-	�"$/!�'���:
�'��กb�� 7�	
#��
*D�#,	
ก
��-�("-!9-!��
!ก
	���!ก
��
�*�2�*��
ก�� 7.0 �'3"" (SD =1.11)   7�	��-	�' 64.2 -	���"
�'���*�2ก"�-	 (7- 7.84 �'3"")   
 ��6"#
��ก
	 (Body Mass Index)  &�'*
�"�
ก��
3�ก���*9�
���ก
���ก0
  7�	����

���&1�	
#��
��6"#
��ก
	-	���'���
! 16.53 A 41.01 กก./
2 7�	
#��
*D�#,	9-!��6"#
��ก
	          
*��
ก�� 22.82 กก./
2 (SD =3.46)  ����
���&1�	�
�*�2��%"3�!(��"���� (��-	�'79) 
#��
��6"#
��
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ก
	-	���"*ก��)&ก�� (18.50 A 24.99  กก./
2)  3�'��-	�' 3.7 
#��6"#
��ก
	

กก��
��+-*��
ก��   
30  กก./
2  ก��
��+-
#:
�'7��-��" 

�
กก
�./ก0
ก
�*ก��ก�%�
-
ก
��-�("-!��-ก
�-�ก*(���,���
!ก
	�"���&1�	�
�*�2�
�%"3�!�"�'	' 48 6�,�7
!3�ก���!ก
��
�*�2��"��� !"# ���*&>"��-	�' 85.2 7�	���&1�	�
�*�2�
�%"3�!(��"����
#��
�'3""��
*��
ก�� 2 �'3"" (��-	�' 50.6) �+- 
#��

�%"3�!9-!ก�%�
-
ก
�
�-�("-!��-ก
�-�ก*(���,���
!ก
	�'���*�2ก"�-	 ��!3(�!�"�
�
!�#, 4.2 
  
$
�
���� 4.2 �8
"�"3�'��-	�' ��
�#,K�� ��
*D�#,	 (��"*�#,	!*�"

��f
"9-!��

�%"3�!9-!ก
�
�
�*�2� ก
��-�("-!9-!��
!ก
	���!ก
��
�*�2� ��6"#
��ก
	3�'ก
�*ก��ก�%�
-
ก
��-�("-!
��-ก
�-�ก*(���,���
!ก
	  (n = 81) 
 

$��#,� �(
��� ������ 

    '�
&�"�#�����ก
��
� �!� (ISS) 

      ISS (0 A 15 �'3"") 
      ISS (16 A 24 �'3"") 
      ISS (25 A 75 �'3"")                                                                                                               

 
28 
26 
27 

 
34.6 
32.1 
33.3 

(��
�,8
(%� = 9, ��
(�!(%� = 34, ��
*D�#,	 = 19.64, SD = 7.26) 
    ก
�$�����������
�ก
�0���ก
��
� �!�  (RTS) 

      RTS (3 A 4 �'3"") 
      RTS (5 A 6 �'3"") 
      RTS (7 A 7.84 �'3"")                                                                                            

 
5 
24 
52 

 
6.2 
29.6 
64.2 

(��
�,8
(%� = 3.57, ��
(�!(%� = 7.84, ��
*D�#,	 = 7.0, SD = 1.11) 
    ��+��&��ก
� (BMI) 
      BMI (<18.50  กก./
2  )  
      BMI (18.50 A 24.99  กก./
2) 
      BMI (25.00 A 29.99  กก./
2) 
      BMI (≥ 30 กก./
2  )                                                                                         

 
2 
64 
12 
3 

 
2.5 
79.0 
14.8 
3.7 

(��
�,8
(%� = 16.53, ��
(�!(%� = 41.01, ��
*D�#,	 = 22.82, SD = 3.46) 
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$
�
���� 4.2 �8
"�"3�'��-	�' ��
�#,K�� ��
*D�#,	 (��"*�#,	!*�"

��f
"9-!��

�%"3�!9-!ก
�
�
�*�2� ก
��-�("-!9-!��
!ก
	���!ก
��
�*�2� ��6"#
��ก
	3�'ก
�*ก��ก�%�
-
ก
��-�("-!
��-ก
�-�ก*(���,���
!ก
	 (n = 81) (��-) 
 

$��#,� �(
��� ������ 

    ก�"�&�
ก
�$������$��ก
���ก ��������
�ก
� (SIRS)  (n = 69) 
      SIRS (2 �'3"") 
      SIRS (3 �'3"") 
      SIRS (4 �'3"") 

41 
23 
 5 

50.6 
28.4 
6.2 

 
 

 

������� 3 ���&�� ก����ก����ก
��
 '�
�0<'�
&��&)��=<��0��
�'�
&�"�#�����ก
�

�
� �!� ก
�$�����������
�ก
�0���ก
��
� �!�  #����+��&��ก
�$��ก
� ก
�ก�"�&

�
ก
�$������$��ก
���ก ��������
�ก
�.����,-���
� �!��"�#��.����� 48 +���1&�#�ก

0���ก
��
� �!�  
��ก
���*��
'�)��
(�
&�'(��;�h(�(�
��";)9-!*�#	�)(�" (Pearson product moment 

correlation)  9-!��

�%"3�!9-!ก
��
�*�2�  ก
��-�("-!9-!��
!ก
	���!ก
��
�*�2�  ��6"#

��ก
	��-ก
�*ก��ก�%�
-
ก
��-�("-!��-ก
�-�ก*(���,���
!ก
	�"���&1�	�
�*�2��%"3�!�"�'	' 
48 6�,�7
!3�ก���!ก
��
�*�2�����
  ��

�%"3�!9-!ก
��
�*�2�
#��

(�
��";)�
!��ก�"�'���
�,8
ก��ก�%�
-
ก
��-�("-!��-ก
�-�ก*(���,���
!ก
	  -	�
!
#"�	(8
����
!($����#,�'��� 0.05             
(r =.326, p < 0.01)  ก
��-�("-!9-!��
!ก
	���!ก
��
�*�2�
#��

(�
��";)�
!���"�'����,8

ก��ก�%�
-
ก
��-�("-!��-ก
�-�ก*(���,���
!ก
	  -	�
!
#"�	(8
����
!($����#,�'��� 0.05 (r = -.285,      
p < 0.01)  3�'��6"#
��ก
	K
�
#��

(�
��";)ก��ก�%�
-
ก
��-�("-!��-ก
�-�ก*(���,���
!ก
	
-	�
!
#"�	(8
����
!($����#,�'��� 0.05  ��!3(�!�"�
�
!�#, 4.3 
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$
�
���� 4.3 ��
(�
&�'(��;�h(�(�
��";)9-!*�#	�)(�" (Pearson product moment correlation) 9-!
��

�%"3�!9-!ก
��
�*�2� ก
��-�("-!9-!��
!ก
	���!ก
��
�*�2� ��6"#
��ก
	��-ก
�*ก��
ก�%�
-
ก
��-�("-!��-ก
�-�ก*(���,���
!ก
	 (n = 81) 

 
$��#,�                                              1                             2                          3                            4 

1. ��

�%"3�!9-!ก
��
�*�2�       1.000                      
2. ก
��-�("-!9-!��
!ก
	           -.370**                   1.000                   
���!ก
��
�*�2�   
3. ��6"#
��ก
	                                -.240*                       .026                   1.000                     
4. ก�%�
-
ก
��-�("-!                   .326**                     -.285**                  .055                     1.000                                         
��-ก
�-�ก*(���,���
!ก
	                                        

**
p < .01, *

p < .05  
 
 

������� 4  ก
��(
�
����'�
&�"�#�����ก
��
� �!�  ก
�$�����������
�ก
�0���

ก
��
� �!�  #����+��&��ก
�$��ก
� ก
�ก�"�&�
ก
�$������$��ก
���ก ��������
�ก
�

.����,-���
� �!��"�#��.����� 48 +���1&�#�ก0���ก
��
� �!� 
��ก
���*��
'�)ก
��8
"
	9-!��

�%"3�!9-!ก
��
�*�2�  ก
��-�("-!9-!

��
!ก
	���!ก
��
�*�2�3�'��6"#
��ก
	��-ก
�*ก��ก�%�
-
ก
��-�("-!��-ก
�-�ก*(���,���
!ก
	
�"���&1�	�
�*�2��%"3�!�"�'	' 48 6�,�7
!3�ก���!ก
��
�*�2� 7�	�6�($���$�$-	7���(��ก3��
(-!ก�%�
 (Binary Logistic Regression Analysis) ���	��;#ก
���*��
'�)3��$�$-	9� "�-"*�#	� 
(enter method) 3�'"8
���3&���"�� !(

���3&�*9�
�"ก
���*��
'�)���-
ก�" ก8
�"���


#
"�	(8
����
!($����#,�'��� 0.05 H/,!
#�
	�'*-#	���!��-K&"#  

��ก
�����	����
 &q���	�#,(


�$�8
"
	ก
�*ก��ก�%�
-
ก
��-�("-!��-ก
�-�ก*(�
��,���
!ก
	�"���&1�	�
�*�2��%"3�!�"�'	' 48 6�,�7
!3�ก���!ก
��
�*�2�-	�
!
#"�	(8
����
!($���
�#,�'��� 0.05 K��3ก� ��

�%"3�!9-!ก
��
�*�2� (OR = 1.16; 95% CI: 1.00-1.35; p = 0.04)  
-	�
!K�ก2�

*
+,-���
��
7
*��ก
��8
"
	�#,*�

'(
3�������
  7
*���#,�#�#,(%��"ก
��8
"
	ก
�
*ก��ก�%�
-
ก
��-�("-!��-ก
�-�ก*(���,���
!ก
	�"���&1�	�
�*�2��%"3�!�"�'	' 48 6�,�7
!3�ก
���!ก
��
�*�2� �+- 7
*���#,��
���3&��� !(

��� K��3ก� ��

�%"3�!9-!ก
��
�*�2� ก
�
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�-�("-!9-!��
!ก
	���!ก
��
�*�2�3�'��6"#
��ก
	 7�	(


�$���
ก�"�8
"
	K�� ��-	�' 34 
(Nagelkerke R2  = 0.34)  ��!3(�!�"�
�
!�#, 4.4 

 
$
�
���� 4.4 ก
��8
"
	&q���	�#,
#-��;�����-ก
�*ก��ก�%�
-
ก
��-�("-!��-ก
�-�ก*(���,���
!ก
	 
(n = 81) 
 

 

,>�����(
�
� 
 

B 

 

S.E. 

 

Wald 

 

df 

 

p-value 

 

Exp(B) 

95% CI 

Lower Upper 
��

�%"3�! 
9-!ก
��
�*�2� 
ก
��-�("-!
��
!ก
	���!ก
�
�
�*�2� 
��6"#
��ก
	 
��
�!�#, 

   .14 
 
-1.77 
 
 
   .12 
 9.65 

  .07 
 
1.15 
 
 
  .11 
9.43 

  3.91 
 
  2.34 
 
 
  1.25 
  1.04 

1 
 
1 
 
 
1 
1 

.04* 
 

.12 
 
 

.26 

.30 

        1.16 
 
          .17 
 
 
        1.13 
15662.04 

1.00 
 

 .01 
 
 

 .90 

1.35 
 

1.64 
 
 

1.42 

(�
&�'(��;�hก
��8
"
	 (Nagelkerke R2  = 0.34)     
p < 0.05* 
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ก
�����	 ��!"#$!
$���%&'�()" *+�,-./0ก1
ก
�+ก��ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-�

��
"ก
	�#���'2�	�
�+�3��&#4�"�#�(	( 48 7�-�8
"4�ก���"ก
��
�+�3�4�(+�,-./0ก1
.9
#
�ก
�
�9
#
	:." �

�&#4�":."ก
��
�+�3� (ISS) ก
��.�)#.":."��
"ก
	���"ก
��
�+�3� (RTS) 
4�(��7#$
��ก
	 (BMI) ��.ก
�+ก��ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	 (SIRS) 8�	�7�
ก�&�
���.	�
"��!"�
��9
#�# 81  # B0-"+'C#���'2�	�$-+:�
���ก
���ก1
����#8�"�	
�
�/����
74�(
8�"�	
�
�D�
���.�&�	+�7 �������	:..D�'�
	��ก
�/0ก1
�

)

��E
#�#ก
�����	 ��"#$! 
 
 

5.1   �������������ก�������������� �!���
ก���ก	�ก��"���ก��#������#"�ก��

�$ก����$���"��ก�
 %��&'
(�
�������������)�'  ก��#����������"��ก�
*�$�ก��

���������+�$,�����ก�
)�"����� �!���
ก���ก	�ก��"���ก��#������#"�ก���$ก���

�$���"��ก�
%��&'
(�
�������������)�'   
��ก
�/0ก1
�# ��!"#$!����
 'F���	�$-)


�%�9
#
	ก
�+ก��ก�&�
.
ก
��.�)#."��.

ก
�.�ก+)���-���
"ก
	�#���'2�	�
�+�3��&#4�"�#�(	( 48 7�-�8
"4�ก���"ก
��
�+�3�.	�
"
$
#�	)9
 ���
")%����$-�(��� 0.05 I��4ก�  �

�&#4�":."ก
��
�+�3� (OR = 1.16; 95% CI: 1.00-1.35; 
p = 0.04)  .	�
"I�ก3�

+
,-.���
��
8
+��ก
��9
#
	�$-+�

()
4�������
  8
+���$-�$�$-)&��#ก
�
�9
#
	ก
�+ก��ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	�#���'2�	�
�+�3��&#4�"�#�(	(       
48 7�-�8
"4�ก���"ก
��
�+�3�  ,. 8
+���$-��
���4'���!")

��� I��4ก�  �

�&#4�":."ก
�
�
�+�3�  ก
��.�)#.":."��
"ก
	���"ก
��
�+�3�4�(��7#$
��ก
	  8�	)


�%���
ก�#�9
#
	
I����.	�( 34 (Nagelkerke R2  = 0.34)  

)9 
��� �ก
� +ก�� ก�&� 
.
ก
��.�)#."��.ก
�.� ก +)���- ��� 
"ก 
	  (Systemic 
Inflammatory Response Syndrome : SIRS) �#���'2�	�
�+�3��&#4�"�#�(	( 48 7�-�8
"4�ก���"ก
�
�
�+�3��# ��!"#$!��

ก%0"��.	�( 85.2 8�	����
�+�3�)��#����
$ �
 (4##��
+��
ก�� 2  (4##  
��,.
$ �

�&#4�":."ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	�(���+�3ก#�.	  (��.	�( 50.6)  
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 �
 (4##+��
ก�� 3  (4##��,.
$ �

�&#4�":."ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	
�(���'
#ก�
" ��.	�( 28.4  4�(
$ �
 (4## +��
ก�� 4  (4##��,.
$ �

�&#4�":."ก�&�
.
ก
�
�.�)#."��.ก
�.�ก+)���-���
"ก
	�(���

ก ��.	�( 6.2  ).� ��."ก��ก
�/0ก1
:." ��)+�#+�.+ก.�* 
4�( �( (Lustenberger et al., 2009) �$-/0ก1
�#���'2�	�
�+�3��&#4�"��.&����ก
��*ก
�+ก��ก�&�

.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	
$ �
 (4##��


กก��
+��
ก�� 2  (4##   ��+'C#��.	�( 
81.9   �
 (4##+��
ก�� 3  (4## ��,. 4  (4##  ��+'C#��.	�(  51.1  +7�#+�$	�ก��ก
�/0ก1
:."    
j�+�.�*4�( �( (Hoover et al.,  2006)  �$-����
���'2�	�
�+�3��&#4�"�(	(��กm�+ก,.��&ก�
	 (��.	�( 
92.4) 
$.
ก
�4)�":."ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	 

��ก
�/0ก1
 ��!"#$!)


�%.D�'�
	I����"#$!   (4## �

�&#4�":."ก
��
�+�3�+'C#
ก
�'�(+
�#ก
��
�+�3��

ก
	��D
 :.".��	�(�$-I������
�+�3�  ก
��
�+�3��&#4�"4�(ก
�
�
�+�3�:.".��	�(��
	�(���9
���+#,!.+	,-.:
�+�,.� +B��*�������""
#8�	I
��7�..กB�+�#  
��
"ก
	+ก��D
�(ก�����
ก��ก
��.�)#."��.ก
�.�ก+)�  (Beatti, 2007)  B0-"�(ก�(�&�#ก
��9
"
#
:."�(��D�
� &�
ก�#  j.�*8
#�
ก��.
I����.  +
�
�.��B0
4�(�(��I��+�$	#+�,.�����9
"
#

ก
:0!# (Edwards, 2005; Broncher & Toft, 2009)  ก�(��#ก
�4�ก:."ก
��.�)#.":."�(��
D�
� &�
ก�#  ,. ก
��.�)#."�$-)�"+)��
ก
�.�ก+)� (pro-inflammatory immune response)  �




���	ก
��.�)#."�$-��
#ก
�.�ก+)� (anti-inflammatory immune response) 4�(�
กก
����-"+
��+.+�.�* 
��
" s +:�
)���(��I��+�$	#B0-"�9
���I':	
	ก
��.�)#.":." pro-inflammatory  response .$ก���	  
#.ก�
ก#$!j.�*8
#��
"s I��4ก� ACTH, corticosteroids  4�( catecholamine ��
��!" cytokines, 
chemokines 4�( alamines  ก3
$���
�)9
 ����.ก
�+��-
��#ก
��.�)#."4�(ก
� ".	��:." pro-
inflammatory  response  ���"�
กI������
�+�3��&#4�"  B0-"ก
��.�)#."+���
#$!)�"�������
"ก
	
4)�".
ก
�:."ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	 (Lenz et al., 2007)  ก
�/0ก1
�#
���'2�	�$-I������
�+�3�:."+��+�3�4�(j.�+B$	#+'.�* (Behdad & Hosseinpour, 2006) ����
	�-"
���'2�	I������
�+�3��&#4�"	�-"
$8.ก
)+ก��ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	I��

ก:0!#  
8�	I����+ �
(�*+'�$	�+�$	��(���
"ก�&�
�$-+ก��4�(ก�&�
�$-I
�+ก��ก�&�
.
ก
��.�)#."��.ก
�.�ก+)�
��-���
"ก
	 ����
�#ก�&�
�$-+ก��ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	
$�(��� (4## �


�&#4�":."ก
��
�+�3��$-)�"ก��
.	�
"
$#�	)9
 ���
")%��� (p < .05)  ).� ��."ก��ก
�/0ก1
:." $�
4�( �( (Keel  et al., 2006) �$-����
���'2�	�$-
$ (4## �

�&#4�":."ก
��
�+�3��$-)�"
$8.ก
)
+ก��ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	I��

กก��
���'2�	�$-
$ (4## �

�&#4�":."ก
�
�
�+�3��-9
+'C# 1.07 +��
 (OR 1.07, CI 1.05-1.09) 
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�
ก��ก
�/0ก1
 ��!"#$!�����'2�	I������
�+�3��$-/$�1( ��.	�( 63  �
�+�3��$-���".ก 
��.	�( 46.9 �
�+�3��$-7�."��." ��.	�( 23.5 4�(�
�+�3����+��ก�(��ก+7�"ก�
#4�(4:#:
       
��.	�( 49.4   �

�&#4�":."ก
��
�+�3�:0!#ก���9
4�#�":."��
"ก
	�$-I������
�+�3� ก
�+ก��D
�(
73.ก�
กก
��
�+�3�+ก��+
,-.
$ก
�+)$	+�,.�

กก��
 750 
�. ��,.+)$	+�,.�

กก��
��.	�( 15 :."
'��

�+�,.���!"�
��#��
"ก
	 (ATLS, 2012) ก
�ก9
B
�..กB�+�#:."+#,!.+	,-.�#)
."I
�+�$	"�.
�9
����(��� �

���)0ก������"���#����
�+�3��$-/$�1( ��,.����$-+)$	+�,.�

ก (Dutton, 2008) 
����
�+�3��$-
$ก
�+)$	+�,.�4�(#!9
..ก�
ก��
"ก
	��!"+#,-."�
กก
�
$+�,.�..กD
	�#7�."��."�
ก
D
�(���
�

4�ก  ���.�.#y$ก:
� ก�(��ก��#:
��ก  ก�(��ก+7�"ก�
#��ก )�"�����
$ก
�+'�$-	#4'�"
�#�(��I��+�$	#���
���	�0"
$�����ก�(��#ก
�.�ก+)�+ก��:0!#.	�
"��.+#,-."  �(��D�
� &�
ก�#�$-%�ก
ก�(�&�#�#ก
� �� &
D
�(�&�	D
�:."��
"ก
	
$ �

���."  #9
I')��ก
�+'�$-	#4'�"�$-+�$	ก��
 
ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	 (Robertson & Coopersmith, 2006; Rueden et al., 
2009; White et al., 2009)  ).� ��."ก��ก
�/0ก1
:." $�4�( �( (Keel  et al., 2006) �$-����

���'2�	�
�+�3��$-/$�1(
$8.ก
)+ก��ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	I��

กก��
���'2�	�$-
I
�I������
�+�3� 2.48 +��
 (OR 2.48, 95% CI, 1.80 -3.41)  ���'2�	�
�+�3����".ก
$8.ก
)+ก��ก�&�

.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	I��

กก��
���'2�	�$-I
�I������
�+�3� 1.42  +��
 (OR 1.42, 
95% CI, 1.03-1.97)  ���'2�	�
�+�3�7�."��."
$8.ก
)+ก��ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-�
��
"ก
	I��

กก��
���'2�	�$-I
�I������
�+�3� 1.89  +��
 (OR 1.89, 95% CI, 1.17 -3.06) ก
��
�+�3�
���+��ก�(��ก+7�"ก�
#
$8.ก
)+ก��ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	I��

กก��
���'2�	
�$-I
�I������
�+�3�  2.01 +��
 (OR 2.01, 95% CI, 1.30 -3.10)  4�(���'2�	�$-
$ก
��
�+�3�:."�	
" *
$
8.ก
)+ก��ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	I��

กก��
���'2�	�$-I
�I������
�+�3� 1.80  
+��
  (OR 1.80, 95% CI, 1.29 -2.52) 

ก�&�
���.	�
"�#ก
�/0ก1
 ��!"#$!)��#����I
�
$8� '�(�9
��� (��.	�( 91.4) 4�(.	���#
��	��������$-
$)&:D
���
"ก
	4:3"4�"
$.
	&+y�$-	 34.54 '{  ก
�+ก��ก�&�
.
ก
��.�)#."��.ก
�
.�ก+)���-���
"ก
	�0"#�
�(+ก���
กก�Iกก
��
�+�3�8�	��"  B0-"��ก
�/0ก1
 ��!"#$!����
��ก1�(
ก�Iกก
��
�+�3�)��#����+ก���
ก4�"ก�(4�ก (��.	�(75.3)  B0-"ก
��
�+�3��
ก4�"ก�(4�ก�9

���+#,!.+	,-.I������
�+�3�I��

กก��
  �9
���+ก��.�#��
	��..��	�(D
	�#I����!"4��|ก7!9
�#%0".��	�(
D
	�#y$ก:
�  ก
�ก�(4�ก���+�����".ก4�(����� �9
���ก��

+#,!.������
�+�3� ��,.ก
�
$+�,.�
.	���#+	,-.�&�
����� �9
���ก
��9
�#�
�$-:."ก��

+#,!.��������"  �

)


�%�#ก
��$����:."
��������" +�,.� �-"�

��.�+�,.��9
+��
(��
#������9
�
ก ��.�+�,.��9
��-�I'�(8'2" +�3#I��
7��+�#�$- . +�,.��( �-"�#'.� +
,-.�����)��y$�+�,.�..ก

#�.	 
$���9
���
$ก
����-"4 �$8 �

$#

 

 

 

 

 

 
 

 

 

 

 

 

 

Copyright by Mahidol University 



)�#$#
e  #
 /�$                                                                                                                                                               .D�'�
	�� / 66 

..ก



ก �9
���+)�#+�,.���-�I'����� +�,.��(I'+�$!	".��	�( 4�(+#,!.+	,-.��
"s #�.	�" #9
I')��
ก
�+ก��D
�(73.ก+
,-.ก
��9
�#�
�$-:."��������"�
ก+��
��.	�( 40 (Curtis & Asha, 2010; 
Rueden, et al., 2009) ก
��
�+�3��
ก4�"ก�(4�ก4�(���'2�	�
�+�3��&#4�"�$-
$D
�(73.ก�
กก
�
�
�+�3�)�"�����ก
�ก9
B
�+�,.�:."+#,!.+	,-.I
�+�$	"�. �9
�����
"ก
	�������""
#8�	I
��7�
..กB�+�#
$ก
�+��-
:0!#:."ก��4� ��ก+�#$-	�#9
���+ก��ก�(��#ก
�.�ก+)�  8
8#IB�*4�(+B��*
+	,-.�&��.�+�,.��#���+���$-I������
�+�3��('��.	  pro - inflammatory  cytokines   4�(IB8�I #*
�(%�ก���-"..ก



ก+�,-.�����
"ก
	�.�)#."��.�&�7$��$-

�&ก�
#I�� 4��%�

$

กI'ก3+)$	)
�&�
#9
I')��ก
�+ก��ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	 (Anderson & Watson, 2013; 
Broncher & Toft, 2009)  ).� ��."ก����ก
�����#����ก��
:."ก���#
  m�}�~4ก��  4�( �(
+
,-.'{ �./. 2553  �$-����
ก
��
�+�3��
ก4�"ก�(4�ก
$����.ก
�+'�$-	#4'�"�#�
�$-ก
��9
"
#:."
.��	�(D
	�#��
"ก
	  +7�#  ก
�I��+�$	#4�(�(���
	��

กก��
ก
��
�+�3�7#��
$4���(�& 
(penetrating injury)  (ก���#
  m�}�~4ก��  4�( �(, 2553) 

#.ก�
ก#$!����
���'2�	I�����ก
���ก1
8�	ก
���
���y&ก+y�#D
	�# 24 7�-�8
"4�ก���"
ก
��
�+�3� ��.	�( 49.4  B0-"ก
���
����()�"+)��
�����
"ก
	���-"  pro-inflammatory mediators  +��-



ก:0!#�
ก�(	(4�ก�
กก
��
�+�3� (Tschoeke et al., 2007)  	�-")�"+)��
������'2�	+ก��ก�&�
.
ก
�
�.�)#."��.ก
�.�ก+)���-���
"ก
	

กก��
���'2�	�$-I
�I�����ก
���
���   #.ก�
ก#�!#	�"����
���'2�	
I�����ก
���ก1
8�	I�����+�,.�4�()��#'�(ก.�:."+�,.�D
	�# 24 7�-�8
"4�ก���"ก
��
�+�3�
��.	�( 44.4  B0-"ก
�I�����+�,.�
$ �

)�
��#}*ก��.&����ก
��*+ก��ก�&�
.
ก
��.�)#."��.ก
�
.�ก+)���-���
"ก
	+��-
)�":0!#+7�#ก�# (Sihler & Napolitano, 2010) 4�().� ��."ก��ก
�/0ก1
:." 


8�#4�( �( (Malone et al., 2003)  �$-����
���'2�	�$-I�����+�,.��# 24 7�-�8
"4�ก���"ก
�
�
�+�3�+ก��ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	%0"��.	�( 47  

�
กก
�/0ก1
 ��!"#$!����
  ก
��.�)#.":."��
"ก
	���"ก
��
�+�3�I
�)


�%
�9
#
	ก
�+ก��ก�&�
.
ก
��.�)#."��.ก
�.�ก+)���-���
"ก
	  +#,-."�
กก
��.�)#.":."��
"ก
	
���"ก
��
�+�3�+'C#ก
�'�(+
�#ก
�+'�$-	#4'�"�
"��
#)�$����	
:."��
"ก
	���"ก
��
�+�3�  
B0-"�(
$ �

��#4'��

�(��� �

�&#4�" 4�(�(	(+��
:."ก
�I������
�+�3�  ก
��9
�����ก1

���"ก
��
�+�3�4�( �

)


�%:."ก
��9
"
#:.".��	�(�(����
"s  :."�&  �+
,-.+ก��ก
�
�
�+�3�  +7�# ก
����":."�(��� �

��#8����+ก��+
,-.
$ก
����":."'��

�#!9
 ��,.'��

�
+�,.��#��
"ก
	��.	�( 30 :."'��

�+�,.���!"�
��#��
"ก
	 (Kaufmann, 2008)  ก
�+'�$-	#4'�"
:."�(��'�()
� (Sharma, 2005) 4�(����
ก�&�
���.	�
"�#ก
�/0ก1
 ��!"#$!.	���#��	��������$-
$
)&:D
���
"ก
	4:3"4�" I
�
$8� '�(�9
���4�(I
�
$D
�(�&�8D7#
ก
�  ��"#�!#�0"�9
���
$ก
�

 

 

 

 

 

 
 

 

 

 

 

 

 

Copyright by Mahidol University 



���������	
��	 
�
���	
��	
����                                                                                                         �	.
. (ก
��	
�
��������) / 67 

�.�)#.":."��
"ก
	���"ก
��
�+�3��$  )��#���� (��.	�( 64.2)  �0"
$ (4## �

�&#4�":."
ก
��
�+�3��$-������	ก
��.�)#.":."��
"ก
	���"ก
��
�+�3��#�(���#�.	 

.	�
"I�ก3�

ก
�/0ก1
 ��!"#$!I
�).� ��."ก��ก
�/0ก1
�$-��
#

����
 ก
��.�)#."
:."��
"ก
	���"ก
��
�+�3�  )


�%�9
#
	.���
ก
�+)$	7$���I��  (Area Under Receiver Operating 
Characteristic: AUROC = 0.81) 4�()


�%�9
#
	�����}*ก
��
�+�3�I���$4�()�"��%0"ก
��9
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�
��
 


0��1��#�*��+#
���
�/�
��� 48 "�&�7)��
ก.���ก�
#�*��+# $#�-�)����)
���
����
ก�
#�*��+# ��0-/�"-��
�.�-�� 9 I 34 �����  7*�
����� 33.3 )��-�
�*�#���)
���
����ก�

#�*��+#��0-/�
�*�#)�ก 
����� 32.1  )��-�
�*�#���)
���
����ก�
#�*��+#��0-/�
�*�#���ก��� 
���
����� 34.6 )��-�
�*�#���)
���
����ก�
#�*��+#��0-/�
�*�#��+ก����  ก�
,�#�������

-��ก��.���ก�
#�*��+#�-��/.A-��0-/�
�*�#��+ก���� (
����� 64.2)  
0��1��#�*��+#
���
��-��
/.A- (
�����79) )��-�*�"��)��ก����0-/��ก9:;�ก,�  ���$#�-�ก�
�ก�*ก��-)��ก�
,�#����,-�ก�

��ก��#(�&�
-��ก��/�
0��1��#�*��+#
���
�/�
��� 48 "�&�7)��
ก.���ก�
#�*��+#��*����
����� 
85.2 7*�
0�#�*��+#�-��/.A-)����)
���
����ก��-)��ก�
,�#����,-�ก�
��ก��#(�&�
-��ก��
�*�#
��+ก���� (
����� 50.6)  $#
���
�
�*�#���ก��� 
����� 28.4  ���$#
���
�)�ก 
����� 6.2 

/�ก�
	 ก!��
������  
0������5*�	 ก!�= ��'����ก�
('����������)
���
����ก�

#�*��+# (ISS)  ก�
,�#�������
-��ก��.���ก�
#�*��+# (RTS)  ���*�"��)��ก�� (BMI) ,-�ก�

�ก�*ก��-)��ก�
,�#����,-�ก�
��ก��#(�&�
-��ก�� (SIRS) /�
0��1��#�*��+#
���
�/�
���            
48 "�&�7)��
ก.���ก�
#�*��+#  
�ก�
�����$#�-� �G����(�&��)�
=('����ก�
�ก�*ก��-)��ก�

,�#����,-�ก�
��ก��#(�&�
-��ก��/�
0��1��#�*��+#
���
�/�
��� 48 "�&�7)��
ก.���ก�
#�*��+#
��-��)�����'���A(���=�,�(�&
�*�# 0.05 5*��ก- ���)
���
����ก�
#�*��+# (OR = 1.16; 95% CI: 
1.00-1.35; p = 0.04)  ��-��5
ก+,�)�)%&�$���
9�7)�*�ก�
('����(�&�.)���)����$#�-� 7)�*�(�&*�
(�&��*/�ก�
('����ก�
�ก�*ก��-)��ก�
,�#����,-�ก�
��ก��#(�&�
-��ก��/�
0��1��#�*��+#
���
�  
/�
��� 48 "�&�7)��
ก.���ก�
#�*��+# �%� 7)�*�(�&
�),����
(�����),�� 5*��ก- ���)
���
����
ก�
#�*��+#  ก�
,�#�������
-��ก��.���ก�
#�*��+#���*�"��)��ก��  7*���)�
=
-�)ก��
('����5*�
����� 34 (Nagelkerke R2  = 0.34)  
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6.2 ������������������กก������� 

��กก�
������
������  
0��������)�
=�
��5*��-�
0��1��#�*��+#
���
�/�
��� 48 "�&�7)�
�
ก.���ก�
#�*��+#(�&)���������)
���
����ก�
#�*��+#a &�����ก�
�
��)��ก�
#�*��+#,�)
ก����8�����������(�&5*�
�##�*��+#��)����)���&��,-�ก�
�ก�*ก��-)��ก�
,�#����,-�ก�
��ก��#
(�&�
-��ก��5*��0�)�ก �����&����)
���
����ก�
#�*��+#�0�� ��)�ก�(-�/* ก�
,�#����,-�ก�

��ก��#ก+��
���
�� ��)�ก�"-�ก�� 
0��1��*��ก�-��.�ก5)-5*�
�#ก�
�
��)���$%&������>����ก�
*��ก�-��
5*�,����,-/�
����
ก���('�/.�5*�
�#ก�

�ก!�(�&5)-�.)���)������ก�
�ก�*ก��-)��ก�
������
('����#ก$
-�� (Organ dysfunction syndrome) ,�))�5*� 


0������)��
��*+��'���A  �$%&�ก�
����������(��/�ก�
����
�*0��
0��1��#�*��+#

���
���กก�
	 ก!��
������  *����� 

1. 
0��1��#�*��+#
���
�(�ก
��  ��
5*�
�#ก�
�
��)�����)
���
����ก�
#�*��+# 
7*�/"��-� ISS  �)%&�
�#5��/�.�����#�,��.,����>�ก�>��  �$
���-���������)
���
����ก�
#�*��+#
����,����
�'���A(�&��)�
=('����ก�
�ก�*ก��-)��ก�
,�#����,-�ก�
��ก��#(�&�
-��ก��/�
0��1��
#�*��+#
���
�/�
��� 48 "�&�7)��
ก.���ก�
#�*��+#5*� 

2. $�m�����(��ก�
���#�,�/�ก�
�nC�
����
0��1��#�*��+#
���
�(�&)���������)

���
����ก�
#�*��+#)�กก�-�.
%��(-�ก�# 9 �����(�ก
��  7*�������#�,�*��ก�-����
)�ก�

$�m��
-�)ก�����(�)�.������"�"�$  �$%&�/.�
0��1��5*�
�#ก�
�nC�
������ก$��#�����(�)���8�$(�&
�ก�&��������-��,-���%&��7*��>$��/�
��� 48 "�&�7)��
ก.���ก�
#�*��+# 

3. $�m�����(��ก�
���#�,�/�ก�
*0��
0��1��#�*��+#
���
�/�
�����ก@,� 7*�)�ก�

�
��)��ก�
�ก�*ก��-)��ก�
,�#����,-�ก�
��ก��#(�&�
-��ก��  ����5�/�������#�,�����##
#��( ก(��ก�
$��#��  �$%&�����ก�
�%&���
/�(�)���8�$���$�m����98�$(��ก�
$��#��a &���
�-�
���$?;(�&*�/�ก�
*0��
0��1��,-�5� 

4. $��#��
0�*0��
0��1��#�*��+#
���
�/�
�����ก@,�  ��
)����)
0����)����/��ก�&�� 
ก�#ก
�#��ก�
,�#�������
-��ก�����$��?��
�
��(��.���5*�
�##�*��+#  
�)(���(�ก!�/�ก�

�
��)������nC�
����ก��-)��ก�
,�#����,-�ก�
��ก��#(�&�
-��ก��  �$%&�
-�)ก�#(�)���8�$/�ก�

����
�ก�

�ก!�$��#��/.�
0��1��5*�
�#���)���*8����ก8����(
กa���,-��o �������ก�

$�m����98�$(��ก�
$��#�� 
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6.3 ����!�ก��"�ก��"#���ก������� 
ก�
	 ก!�/��
������ 
0��1��#�*��+#
���
�(�&)��-�*�"��)��ก��)�กก�-��(-�ก�# 30 กก./)2  

�$���
����� 3.7  *������� �5)-��)�
=���
�8�������ก�#ก�
�ก�*��ก�
,�#����,-�ก�
��ก��#
(�&�
-��ก��/�
0��1��#�*��+#
���
�5*� 
 

 

6.4 ����������"�ก���!������%��&'()��
 
1. ��
	 ก!�= ��G����(�&��)�
=('����ก�
�ก�*ก��-)��ก�
,�#����,-�ก�
��ก��#  

(�&�
-��ก��/�
0��1��#�*��+#
���
�7*���ก�����,-��
�##������ �"-� ก�
#�*��+#(�&	�
!�  /#.���
����'��� ก�
#�*��+#(
���ก ก�
#�*��+#"-��(��� ก�
#�*��+#ก
�*0ก�"��ก
�������7$ก  ����
,��  �$%&�(�&����)�
=�'�
�ก�
�����)�����
�ก�
�nC�
�������*0��
0��1��#�*��+#/��,-��������5*�
��-���.)���)���)��
���(?�8�$ 

2. ��
	 ก!�ก�
�ก�*ก��-)��ก�
,�#����,-�ก�
��ก��#(�&�
-��ก��/�
0��1��(�&5*�
�#
��%�*����-���
�ก�#�����%�* �$%&��'�
������(�&5*�/"��������(��ก�
�nC�
�������*0��
0��1��/.�
5*�
�#���)���*8���������ก�
$�m����98�$ก�
$��#��/.�)��
���(?�8�$)�ก��&�� �� 

3. ��
��*��%�กก��-)
0��1��#�*��+#
���
�(�&)�*�"��)��ก��(�&)�กก�-��ก,�����ก��-)
,����-��/.�)�ก� ���$%&�	 ก!���(?�$����*�"��)��ก��,-�ก�
�ก�*ก��-)��ก�
,�#����,-�ก�

��ก��#(�&�
-��ก�� 
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������������ก�
 ก�!ก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(
#�&ก��)�*�+�,(���! �-�

��
&)�
.�. 
48 0�'(1�&�
ก 2"�&ก�
��! �-� 
FACTORS PREDICTING SYSTEMIC INFLAMMATORY RESPONSE SYNDROME IN 
PATIENTS WITH MAJOR TRAUMA WITHIN 48 HOURS AFTER INJURY 
 
�������  ���	
�  5437250  NSAN/M 
 
K�.�. (ก�
K����"*�+)2N#) 
 
��.ก

�ก�
��'�
Pก��(������K�Q�: $
K

�  1%��&2�, K�.!., �
K
  !���!
�T�ก
", K�.!., 
กU���  �ก+(1
���,  K.�. �. 0�V���&, (.(. (	�"�	��%
�) 

 
����������	�
��� 

 
 


��	����	����
��	���
���������� 
*�+�,(���'��ก�
��! �-�

��
&
#�&ก���. ก�!ก�
 �"�'����"&)�
.�������
+�ก���".

ก
.�(�ก�
$�ก ���������#ก�
 ก�!ก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(
#�&ก�� (Systemic 
inflammatory response syndrome : SIRS) fP'&����
g%
(�K��!+!+(�ก�
�
. ���$�ก�
��&�"���ก

#(�ก��ก�
�h����!+(�*"ก�
%
(���&2+$&�����%�ก�
���2"�&��กก�
�!+
����! �-� (Giannoudis, 
2003; Toft & Tonnesen, 2008)  $
��%�ก�
��l$&ก�
 ก�!ก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(

#�&ก��)�*�+�,(���'
�ก��%�(��'2$*�+�,(�(�กU%�K��!+gP&
+$�". 79  (Nesmith et al., 2009)   �h'$
#�&ก��
�!+
��ก�
��! �-���ก$
��%� 2%
�. ก�!ก�
2"�'&��
 �!� $ %$
� l+���#ก
.�� "h$!�". f""�   fP'&ก�

2"�'&��
!�&ก"#�( �o�ก
.�(�ก�
��' ก�!lPV���กก�
%$���$&%#$ก�
��! �-� Kh'$�
��)2+
#�&ก��$��#
)���(.!
"���K (homeostasis) ก"�ก��V 
��ก(#� ก�
%$���$&%#$ก�
$�ก �� (inflammatory  
response) (Aller et al., 2006; Lenz, Franklin, & Cheadle, 2007) �
.ก$�!+(�ก�
%$���$&l$&
s$
�1�� ก�
%$���$&l$&
.�� �%��$"�fP�  �".ก�
%$���$&��&�����
+�ก��  fP'&ก�

%$���$&%#$ก�
$�ก �����(�����K��Q�ก���(��

��
&l$&ก�
��! �-�2
h$ �hV$ �h'$��'�!+
��
��! �-� ก�
%$���$&%#$ก�
$�ก �� �o�ก
.�(�ก�
��'���)2+
#�&ก��f#$��f� �hV$ �h'$�".        
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�
��ก�
���&��l$&$(��(.%#�&u )2+ l+���#!
"���K )�*�+�,(���'�!+
����! �-�

��
&�. ก�!
ก
.�(�ก�
$�ก ��$�#�&%#$ �h'$&  
.�������
+�ก��g�กก
.%
+�����(.!
"���Kl$&
#�&ก�����(��
K
#$&  fP'&)�*�+�,(���'����(.�
ก���0�(�%�. ��'�&%#$ก�
 ก�!ก"
#�$�ก�
%$���$&%#$ก�
$�ก ��      
��'(
#�&ก��  K
�.
#�&ก�� ก�!ก�
%$���$&%#$ก�
$�ก ����'��ก ก����fP'&K��!+
+$�". 29 gP&          

+$�". 61 (Nesmith et al., 2009)   

)�*�+�,(���' ก�!ก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(
#�&ก�� 
+$�". 26 �.K�w������#
ก�
 ก�!%�! 0hV$)�ก
.�� "h$! (sepsis)   
+$�". 18 �.K�w������#ก�
 ก�!%�! 0hV$)�ก
.�� "h$!


��
& (severe  Sepsis)  �".
+$�". 4  �.K�w������#��(.0-$ก��กก�
%�! 0hV$)�ก
.�� "h$! 
(septic shock) (Robertson  &  Coopersmith, 2006) 2�ก��#�!+
��ก�
!��"
�ก����' 2��.��      
2
h$��#����
g�
. ����!+%�V&�%#
.�.�
กก-�.K�w������#ก�
%�! 0hV$)�ก
.�� "h$!$�#�&

��
&
�".��(.0-$ก��กก�
%�! 0hV$)�ก
.�� "h$!�".�������#�(��*�!�ก%�)�ก�
�2" (��� "h$!�".
�(����#��!
"
.2(#�&ก�
l��#&$$กf� ���". �(��%+$&ก�
)0+$$กf� �� )���'�
!�. ก�!ก"
#�
$�ก�
$(��(.���&���กK
#$&2"��$(��(. (Multiple Organ Dysfunction  Syndrome : MODS) �".
 ก�!$(��(.�".
.��%#�&u l$&
#�&ก��"+� 2"( (Multiple Organ Failure : MOF) fP'&*�+�,(� กh$�
��V&2�!��ก ���0�(�%)� ("�%#$��  (Brochner & Toft, 2009; Rueden, Bolton, & Vary, 2009)     

��กก�
���(�(

�ก

���'*#����K�(#���������' ก�'�(l+$&ก��ก�
 ก�!ก"
#�$�ก�

%$���$&%#$ก�
$�ก ����'(
#�&ก��)�*�+�,(���! �-�

��
&�!+�ก#   �(��

��
&l$&ก�
��! �-� 
(Injury Severity Score : ISS)  ก�
%$���$&l$&
#�&ก��2"�&ก�
��! �-� (Revised  Trauma Score  
: RTS) �".!�0���("ก�� (Body mass index : BMI)  fP'&��������V& 3 ������ �o���������'����
g
�
. ����".�����)0+�!+&#�� �". �o���������'K����"�������1!�%
&)�ก�
�
. ���  

!+(� 2%
*"!�&ก"#�(*�+(�����P&	Pก�� Kh'$(� �
�.2�(#��(��

��
&l$&ก�
��! �-� ก�

%$���$&l$&
#�&ก��2"�&ก�
��! �-��".!�0���("ก������
g������ก�
 ก�!ก"
#�$�ก�

%$���$&%#$ก�
$�ก ����'(
#�&ก��)�*�+�,(���! �-�

��
&�!+2
h$��#   Kh'$���*"ก�
(������)0+)�
ก�
�
. ��� Kh'$�+�2������� ��'�&l$&*�+�,(��!+%�V&�%#
.�.�
ก��' l+�
��ก�

�ก���". ���
.(�&)2+ก�

��$&ก��*�+�,(� Kh'$��#)2+ ก�!��(.��
กf+$�%#�&u %�����!+  fP'&��!(#��.��*"%#$ก�
"!
.�. ("�
ก�
�$�1
&K����"%"$!���#�)0+�#��)�ก�
!��"
�ก��K����"�!+   
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1.  Kh'$	Pก��ก�
 ก�!ก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(
#�&ก��)�*�+�,(���! �-�



��
&)�
.�. 48 0�'(1�&�
ก2"�&ก�
��! �-� 
2.   Kh'$	Pก��$�����ก�
������l$&�(��

��
&l$&ก�
��! �-�  ก�
%$���$&l$&


#�&ก��2"�&ก�
��! �-�  �".!�0���("ก��%#$ก�
 ก�!ก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(

#�&ก��)�*�+�,(���! �-�

��
&)�
.�. 48 0�'(1�&�
ก2"�&ก�
��! �-� 
 
 

�		�� ��ก����"�#   
�(��

��
&l$&ก�
��! �-� ก�
%$���$&l$&
#�&ก��2"�&ก�
��! �-�  �".!�0��

�("ก��  ����
g������ก�
 ก�!ก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(
#�&ก��)�*�+�,(���! �-�


��
&)�
.�. 48 0�'(1�&�
ก2"�&ก�
��! �-��!+ 
 
 

ก������
�$ก����"�# 

ก�
(�����
�V&��V)0+��(��!l$&ก
.�(�ก�
��&K��Q��
�
(������'�!+��กก�
���(�
(

�ก

���' ก�'�(l+$& Kh'$$Q�����(�����K��Q�l$&%�(��
��')0+)�ก�
	Pก��  �h'$*�+�,(��!+
��
��! �-�

��
&
#�&ก���.��ก�
%$���$&1!����)2+ ก�!ก�
2"�'&��
 �!� $ %$
� l+���#ก
.�� "h$!
�". f""�  fP'&ก�
2"�'&��
!�&ก"#�( �o�ก
.�(�ก�
��' ก�!lPV���กก�
%$���$&%#$ก�
��! �-� Kh'$
�
��)2+
#�&ก��$��#)���(.!
"���K  ก"�ก��V 
��ก(#�  ก�
%$���$&%#$ก�
$�ก �� (Aller et 
al.,2006; Lenz et al., 2007)   ก
.�(�ก�
$�ก �� �o�(�g���&��' ก�!lPV� �h'$������%
��%#$�#(�)!�#(�
2�P'&l$&
#�&ก��  2�ก%�(ก
.%
+���V�g�กก����!2
h$2�!��
#�&ก��ก-ก"���h���#���K�ก%�  �%#g+�
ก
.�(�ก�
��V�h� �h'$&%#$�� �o� K
�.��%�(ก
.%
+�)2�# (second hit) $��� 0#�  ��ก�
��! �-�

��
&
��ก ��ก�
 �"�'����"&)�
.���2" (���
#(�!+(��.��*")2+ก
.�(�ก�
$�ก �� ก�!lPV�$�#�&
%#$ �h'$&  
.�������
+�ก��g�กก
.%
+���ก�
�(��
���(.!
"���Kl$&
#�&ก�����(��K
#$&�������#
ก�
 �"�'����"&��' 
��ก(#� ก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(
#�&ก�� (Robertson & 
Coopersmith, 2006) 

2�กก�
��! �-����(��

��
&��ก ก-�.��ก�
2"�'&��
 �!� $ %$
� l+���#ก
.�� "h$!
�". f""��". l+���#ก
.�(�ก�
%$���$&%#$ก�
��! �-�2
h$ก�
$�ก ����'�.���)2+
#�&ก��ก"����#
���(.�ก%��".0#(�ก����! 0hV$1
�$$ก�� ก�
��! �-���'��#

��
&
#�&ก���.)0+ก
.�(�ก�
��V K��&
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 "-ก�+$��%#2�ก(#���ก�
��! �-�

��
&   ก
.�(�ก�
��Vก-�.g�ก)0+��กlPV� (Aller et al., 2006; Lenz 
et al., 2007)  pro - inflammatory Cytokines  �.g�ก2"�'&$$ก����ก Kh'$)2+
#�&ก��%$���$&%#$�
"
0�K��'��

ก
���!+  �%#g+�����ก��ก-l�!��!
"  ����
gก!ก�
���&��l$& f""��ก%��!+   ก�!*" ���
��ก���2
h$g+�"
ก"����ก�� ก�!ก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(
#�&ก�� (Tsukamoto et al., 
2010) 

ก�
��! �-�

��
&��ก�#&*")2+��ก�
 �"�'����"&l$&
.���2" (������)�
#�&ก��
 K�'���กlPV�fP'&�.�#&*")2+ ก�!��(.K
#$&!
"���K K�'�lPV�  fP'&ก�
%$���$&l$&
#�&ก��2"�&ก�

��! �-��.���)2+ ก�!ก�
 �"�'����"&��&�
�
(����)�
.��%#�& u l$&
#�&ก���!+�ก#  �(��!��
1"2�%  $�%
�ก�
2��)�  �".
.!���(��
�+�Pก%�(  ��กก�
��! �-��.�#&*"%#$ก�
��N ��� "h$!�".
�V����V&���)��".����$ก
#�&ก��  (Butcher & Balogh, 2009)   �h'$
#�&ก���!+
����! �-��.��ก�

ก
.%
+�ก�
%$���$&%#$ก�
$�ก ��2
h$ก�
%$���$&l$&�����
+�ก��   ก�!ก�
���"��l$& f""� �h'$�

2"$! "h$!  ��ก�
 �"�'����"&ก�
fP�*#�� �h'$2
+� f""�  ก�
ก
.���l$&ก�
�2" (��� "h$!"!"&  
���)2+ �hV$ �h'$l�! "h$!�".$$กf� ��  l�!�(����!
"
.2(#�&$$กf� ����'�� "�V�& �hV$ �h'$ก���(��
%+$&ก�
)0+$$กf� ��l$& �hV$ �h'$  �#&*")2+ก�
���2�+���'l$& f""�*�!�ก%��". f""�%��  ก�
��#
����
g�(��
�ก�
$�ก ���".�(����#��!
"l$&ก�
�
+�&��
ก�
��! �-� �o�*"��กก�
��'
.��
�����
+�ก��l$&
#�&ก��g�กก
.%
+�2"�&ก�
��! �-�

��
&  
.!��l$&ก�
 �"�'����"&)�
#�&ก��
�������#ก�
 ก�!ก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(
#�&ก�� (Robertson & Coopersmith, 2006; 
Rueden et al., 2009)  

�����������N$�ก�
.ก�
2�P'&��'��*"%#$ก�
�
��!
"���Kl$&
#�&ก���h$  "�ก��.
1�
&�
+�&l$&
#�&ก��*�+�,(�2
h$!�0���("ก��  )�ก�
	Pก��(������'*#����
.�. ("� 10 ��K�(#�
*�+�,(�ก"
#���'��!�0���("ก����&ก(#��ก%�2
h$$��#)���(.$+(� ก"#�(�h$ ���#�!�0���("ก����กก(#�2
h$
 �#�ก�� 30 กก./�2  �o�*�+�,(�$�กก"
#���'���(��K
#$&)�ก�
�(��
�!
"���Kl$&
#�&ก�� �h'$ ก�!ก�

��! �-��!+�". �o������� ��'�&��'�. ก�!�(��*�!�ก%�l$&$(��(.   K�'��(��

��
&l$&ก�
��! �-�
�".��(.��
กf+$�2"�&ก�
��! �-�  1
�$+(����(�� ��'�& K�'���กlPV���'�. ก�!ก�
%�! 0hV$2"�&�!+
��
��! �-�  (Ciesla et al., 2006; Serrano et al., 2010)  �l��� �o�K�� (lipotoxicity) ��กก�
 K�'�lPV�l$&
�l����.�����)� f""�%#�&u l$&
#�&ก��  0#�  f""�%��  f""�ก"+�� �hV$"��  f""�ก"+�� �hV$2�()� 
 f""�%��$#$� 
(���V& f""� �h'$�
2"$! ���)2+ ก�!K��Q����K���)�2"$! "h$!%����  �".ก�

 K�'�lPV�l$& f""��l�����ก��(.$+(����)2+��ก�
2"�'&�f1%���� (cytokines)  %#�& u )�l�(�ก�

$�ก ��  fP'&2"�&ก�
��! �-��
� (���'�!+
����! �-��.�"#$�  pro-inflammatory cytokines  $$ก��
 Kh'$)2+
#�&ก��%$���$&%#$�
"0�K��'��

ก
���!+ ��(.$+(����)2+��ก�
2"�'&�f1%���� K�'���กlPV� 
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�#&*")2+l�!��!
"����
gก!ก�
���&��l$& f""��ก%��!+   ก�!*" �����ก���2
h$g+�"
ก"����ก
�� ก�!ก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(
#�&ก�� (Brochner & Toft, 2009; Cave et al., 2008)   
 
 

������ก����"�# 
 �o�ก�
	Pก��$�����ก�
������l$&�(��

��
&l$&ก�
��! �-�  ก�
%$���$&l$&


#�&ก��2"�&ก�
��! �-�  �".!�0���("ก��%#$ก�
 ก�!ก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(

#�&ก��)�*�+�,(���! �-�

��
&)�
.�. 48 0�'(1�&�
ก2"�&ก�
��! �-�)�*�+�,(���'�!+
����! �-�


��
&��ก$
��%� 2%
 $��
 18 ��lPV���  ��'
���(+
�ก��)�1
&K����"	�
�
�0 �".1
&K����"����K" 
$!
"� !0 
.�. ("�)�ก�
 ก-�l+$��"�h$ %�V&�%#  !h$������� K
�Q	�ก
�0 2556 gP&  !h$���g
����  
K
�Q	�ก
�0 2556 
 
 

��%&$������ก����"�# 
ก�
(�����
�V&��V �o�ก�
	Pก�� 0�&�

��� Kh'$	Pก��$�����ก�
�������(��

��
&l$&

ก�
��! �-�  ก�
%$���$&l$&
#�&ก��2"�&ก�
��! �-�  �".!�0���("ก��%#$ก�
 ก�!ก"
#�$�ก�

%$���$&%#$ก�
$�ก ����'(
#�&ก��)�*�+�,(���! �-�

��
&)�
.�. 48 0�'(1�&�
ก2"�&ก�
��! �-�  
fP'&  �o�ก�
	Pก��)�*�+�,(���'�!+
����! �-���ก$
��%�  2%
$��
  18 ��lPV��� ��'
���(+
�ก��)�
1
&K����"	�
�
�0 �".1
&K����"����K"$!
"� !0 %�� ก�t�)�ก�
��! l+� 
 
 

ก��ก����$���$ก��'	����#'���&()*+)�ก����"�# 
l��!l$&ก"
#�%�($�#�&)�ก�
(�����
�V&��V)0+(�Q�ก�
����(���ก��%
  
n    =  (Zα/2)

2 P (1-P)/d2 (Pocock, 1983)  
  n  = l��!ก"
#�%�($�#�&��'%+$&ก�
����(� 

P = �#��
.���l$& prevalence ��กก�
���(�(

�ก

�)�ก"
#��
.0�ก
)�      
 
h'$&��'�.	Pก��   
 d  =  allowable error l$&�#��
.�����'�.�$�)2+ ก�!lPV��!+ 

Z = �#���%
�����ก%�
�& standard normal distribution ��'
.!���(�� 0h'$��'� 
(Confidence level) %#�&u  
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ก��2�!�#�!�&��V 
n = l��!ก"
#�%�($�#�&��'%+$&ก�
����(� 
P  = ��กก�
���(�(

�ก

�)�*�+�,(���! �-�

��
& K�(#���$�%
�ก�
 ก�! SIRS

�(��0
ก�
.��� 70 % !�&��V� P = 0.70 (Beale  et al.,2006; Lustenberger et al., 2009; Mommsen et 
al., 2012; Sakamoto et al., 2010)   

d  = 
.�
 �o� absolute value 1!�%
& �o� 10 % !�&��V� d = 0.1 
Z = �#���%
�����ก%�
�& standard normal distribution ��'
.!���(�� 

 0h'$��'� (Confidence level) 
+$�". 95 1!��#� Z α/2 = 1.96  
����#�     n  =  (1.96)2(0.70)(1-0.70)/(0.1)2     =   81 �� 

)�ก�
 ก-�
(�
(�l+$��"ก�
(�����
�V&��V�P&)0+ก"
#�%�($�#�&����(� 81 �� 1!���! "h$ก
��ก*�+�,(�%�� ก�t�)�ก�
��! l+� ��ก�
.0�ก
��'	Pก����ก1
&K����" 2 �2#&�!+�ก# 1
&K����"  
	�
�
�0 �".1
&K����"����K"$!
"� !0 
 
 

�
�,(��	,��&()*+)�ก���ก-������	�+�	
� 

1. �������Pกl+$��"�#(��
��" )0+����Pกl+$��"��'(��l$&ก"
#�%�($�#�& �!+�ก#  K	 $��
  
$�0�K  �
.(�%�ก�
 �-��,(�)�$!�% "�ก��.ก"�กก�
��! �-��".�� 2%
l$&ก�
��! �-� 

2.  �������Pก�(��

��
&l$&ก�
��! �-�  *�+(�������l+$��"��'����Pก�(+)� (0
. ����
������(�1!�)0+���(�!�(��

��
&l$&ก�
��! �-� K�w��1!� �� ก$
��".��. (Baker et al., 
1974) ��"1!�  Q(�00��  ก�N��
���
� (2544) 1!���#&�
� (���! �-� �o� 6 �
� (� !�&��V�h$ 1.
	�
�.�"."���$ 2. )�2�+�  3. �
(&$ก 4. 0#$&�+$&�".$(��(.)�0#$& 0�&ก
�� 5. ก
.!�ก 0�&ก
��
�".�l�l� 6. *�(2��&  �"+(����#�
.!���.���ก�
��! �-�l$&$(��(.��'��ก��'�
!�%#".�
� (�
����(�  3 �
� (����กก��"�&�$&�"+(�����
(�ก�� 

3. �������Pกก�
%$���$&l$&
#�&ก��2"�&ก�
��! �-�  �
. ���ก�
 �"�'����"&
��&�
�
(����l$&
#�&ก��2"�&ก�
��! �-� �h$ 
.��2��)�  
.���(��!��1"2�% �".
.!���(��

�+�Pก%�(2"�&��ก*�+�,(��!+
����! �-������ �h'$�
ก
��2+$&$
��%� 2%
 

4. �������Pก!�0���("ก�� �
. ���1!�����V��2��ก%�(�".�#(���&������(�)���%
 
!�&��V �V��2��ก%�( (��! �o�ก�1"ก
��) 2�
!+(��#(���& (��! �o� �%
)  �กก��"�&�$& 

5. �������Pกก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(
#�&ก�� 1!��.�
. �����ก
$�ก�
��!&��&�"���ก!�&%#$����V$�#�&�+$�  2 l+$ 
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- $
�2����ก����กก(#� 38 2
h$�+$�ก(#� 36 $&	� f" f��� 
- $�%
�ก�
 %+�l$&2�()� ��กก(#� 90 �
�V&%#$���� 
- $�%
�ก�
2��)���กก(#�  20 �
�V &%#$����  2
h$�(��!����&�#(�l$&ก� �f

��
��$��!$$ก�f!�)� "h$! (PaCO2) �+$�ก(#� 32 ��""� �%
�
$� 
- ����(� �-! "h$!l�( (WBC) ��กก(#� 12,000  f""�%#$"�ก��	ก���""� �%
 2
h$�+$�

ก(#� 4,000  f""�%#$"�ก��	ก���""� �%
 2
h$�� �-! "h$!l�(0��!����$
�� (band form) ��กก(#�  

+$�". 10  

1!��%#".l+$�.���.��� �#�ก�� 1 �.��� �.�����กก(#�2
h$ �#�ก�� 2 �.����h$ 
 ก�!ก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(
#�&ก��  

ก�
%
(��$��
���K �
h'$&�h$  �
h'$&�h$��')0+ �o���%
����".��ก�
)0+ก��$�#�&
�K
#2"���P&��#��� �o�%+$&%
(��$��#��(��%
&%�� �hV$2��".�(�� 0h'$��'�l$& �
h'$&�h$ 

�(��%
&�".�(�� 0h'$��'�l$& �
h'$&%
(���� �-! "h$!$�#�&����
�� (complete blood 
count)  �". �
h'$&0�'&�V��2��ก*#��ก�
�$� �����(�� ��'�&%
&l$& �
h'$&�h$ (calibration) 1!�&��
$
�ก
����&ก�
�K���l$&�%#".1
&K����"2
h$*�+����
����ก#$������)0+�".��ก�
%�V&�#�	���� 
(zero) ก#$� 
�'�)0+&���
ก�
�V&  
 
 

ก��.���ก/����%�0���ก��'	����#'�� 

1�
&
#�&l$&ก�
(�����!+*#��ก�
K���
����ก��.ก

�ก�
�
��Q

�ก�
(����)��� 
��.�K��	��%
�	�
�
�0K����" �2�(����"���2�!" �". ��.ก

�ก�
�
��Q

�1
&K����"   
����K"$!
"� !0  ก#$�ก�
(����*�+(����0�V��&)2+*�+�,(� 2
h$*�+���1!�0$�Q

�l$&*�+�,(� �
��
(�%g
�
.�&��)�ก�
(�����".l$�(��
#(��h$)�ก�
 ก-�l+$��"  ก�
(�����
�V&��V �o�ก�
	Pก��%��
���K��' �o���%���ก%�l$&ก�
!��"*�+�,(�  *�+(������#�!+)2+ก�
K����")!u  l+$��"��'�!+��V&2�!�.
gh$ �o��(��"��  �".�����)0+ Kh'$ก�
(���� �#���V�     ��ก�
 ก-���ก
.2(#�&2��&�h$��!& �%��
����$� (consent form) ก��l+$��"��' ก-��!+�".)0+2��� "l �o���N"�ก���)�ก�
 ก-�
(�
(�l+$��"  
fP'&��*�+(���� �#���V���'�.����
g l+�gP&���l+$��"�$�K�( %$
��!+   �#(�*"ก�
(������ก�
��� ��$2
h$
%�K��K�)�(�
��
)�"�ก��.l$&l+$��"1!���K
(�  ��#��ก�
��� ��$0h'$l$&*�+
#(�(����  *�+�,(�
����
g��+&l$$$ก��กก�
	Pก���!+ก#$���'!�� ���ก�
(�����.��V��
!  1!���#%+$&)2+ 2%
*"2
h$
���$Q����)!u fP'&ก�
ก
.���!�&ก"#�(��#��*"ก
.��%#$ก�

�ก��K����"l$&*�+�,(��".�
$��
�(
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��V&)�����
����".$���%   �h'$*�+  l+�
#(�(�����
ก���!+
��ก�
$Q����)2+ l+�)��".�
��gP&
(�%g
�
.�&���"+(  )2+"&"���h$0h'$�(+ Kh'$ �o�2"�ก���)�����$
������$�  
 
 

��%&ก���ก-������	�+�	
� 

1.  �h'$�!+ก"
#�%�($�#�&%���
�����%���'ก��2�! *�+(���� l+�K�*�+�,(�2
h$*�+���1!�0$�
Q

�1!���!2���"#(&2�+� )�ก�
l$�(������$�)2+ l+�
#(�ก�
(����   �h'$*�+�,(�2
h$*�+���1!�
0$�Q

�l$&*�+�,(�%ก"& l+�
#(�ก�
(���� *�+(����l$)2+*�+�,(�2
h$*�+���1!�0$�Q

�"&���)�
2��&�h$ �%������$� l+�
#(�ก�
(���� 

2. *�+(���� ก-�
(�
(�l+$��"��ก�����
.(�%�*�+�,(��".����Pก!+(�%� $& 1!�����Pก
l+$��"��'(��l$&*�+�,(�   K	 $��
  $�0�K  �
.(�%�ก�
 �-��,(�)�$!�% ก"�กก�
��! �-���ก����
�
.(�%�*�+�,(�  l+$��"�� 2%
l$&ก�
��! �-�1!�ก�
�$�g��*�+�,(�2
h$N�%�2
h$��ก�����
.(�%�
*�+�,(� 1!�*�+(�����. �o�*�+����Pก�".$Q����
��". $��!ก�
��! �-�!+(�%� $&  l+$��"�(��

��
&
l$&ก�
��! �-� ก�
%$���$&l$&
#�&ก��2"�&ก�
��! �-�1!�����Pก��กl+$��"�
ก
���������'2+$&
$
��%� 2%
�
ก ����".���������(�)����2"�&  ����Pกl+$��" �V��2��ก �#(���& 0�'&��ก �
h'$&0�'&
�V��2��กl�.�
ก
�� l+�
��ก�

�ก����'2$*�+�,(��"+(���������(�!�0���("ก��  �".����Pกl+$��"
$�ก�
��&�"���กl$&ก"
#�$�ก�
%$���$&ก�
$�ก ����'(
#�&ก�����)�
.�. 48 0�'(1�&�
ก2"�&
ก�
��! �-� 

3. ���l+$��"��'�!+��กก�
 ก-�
(�
(�l+$��"�����ก�
(� �
�.2�1!�)0+1�
�ก
�
�$�K�( %$
���� 
-�
�� 
 
 

ก�����
������+�	
� 
1. ���l+$��"�#(��
��" �!+�ก#  K	 $��
  $�0�K �
.(�%�ก�
 �-��,(�)�$!�%  ก"�กก�
 

��! �-��".�� 2%
l$&ก�
��! �-�  ���������(�1!�)0+�#��g�%� ��ก��&�(��g�' �".
+$�".   
2. ���l+$��"�.����(��

��
&l$&ก�
��! �-� ก�
%$���$&l$&
#�&ก��2"�&ก�


��! �-�  !�0���("ก���".ก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(
#�&ก��  ���������(�1!�)0+
�#��g�%� �#� �"�'� ��ก��&�(��g�' 
+$�". �".�#(� ��'�& ����%
��� 

3. (� �
�.2�$�����ก�
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g!g$�1"���%�ก����$&ก"
#� (binary logistic regression analysis) !+(�(�Q�ก�
(� �
�.2����g!g$�
l�V�%$� !��( (enter method) 
 
 

1�ก����"�#���ก���2����#1� 

��กก�
	Pก��K�(#�*�+�,(���! �-�

��
&�#(�)2N# �o� K	0�� (
+$�". 95.1) $��
 �"�'� 
34.54 �� fP'&�#(�)2N#$��#)�(��*�+)2N# ก"�กก�
��! �-��#(�)2N# ก�!��ก�
&ก
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trauma)  1!��� 2%
l$&ก�
��! �-� ก�!��ก$
��%� 2%
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�
��
  *�+�,(��!+
��ก�

�ก��1!�ก�
*#�%�!
�
ก ������)� 24 0�'(1�&�
ก2"�&ก�
��! �-� 
+$�". 49.4  �".�!+
�� "h$!�".�#(��
.ก$�l$&
 "h$!���)� 24 0�'(1�&�
ก2"�&ก�
��! �-�
+$�". 44.4 

*�+�,(���! �-�

��
&)�
.�. 48 0�'(1�&�
ก2"�&ก�
��! �-� K�(#����(��

��
&l$&
ก�
��! �-� (Injury Severity Score)  $��#)�0#(&
.2(#�& 9 � 34 �.���  ���(��

��
&l$&ก�

��! �-�)�
.!��

��
& "-ก�+$���gP&
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��
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��
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��&�g�%���'
.!�� 0.05 �!+�ก# �(��

��
&l$&ก�
��! �-� (OR = 1.16; 95% CI: 1.00-1.35;              
p = 0.04)  $�#�&�
ก-%�� �h'$K���
��1� !"ก�
��������' 2��.���"+(K�(#�  1� !"��'!���'�
!)�ก�

������ก�
 ก�!ก"
#�$�ก�
%$���$&%#$ก�
$�ก ����'(
#�&ก��)�*�+�,(���! �-�

��
&)�
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0�'(1�&�
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FACTORS PREDICTING SYSTEMIC INFLAMMATORY RESPONSE SYNDROME 

IN PATIENTS WITH MAJOR TRAUMA WITHIN 48 HOURS AFTER INJURY 
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EXTENDED SUMMARY 

 

 

Background and significance of problem 

Patients with severe injury always experienced immune responses which 

lead to inflammatory response syndrome (SIRS). This phenomena can be confirmed 

by patients’ clinical conditions and their laboratory results after injury (Giannoudis, 

2003; Toft & Tonnesen, 2008). The incidence of SIRS among patients who admitted 

in intensive care units (ICU) was 79% (Nesmith et al., 2009). The body released the 

inflammatory mediators from damaged tissues to blood circulation and cells. This 

process responsed to injury mechanism and compensated the whole body system to 

homeostatic stage (Aller et al., 2006; Lenz, Franklin, & Cheadle, 2007). The body’s 

responses included hormone, metabolism and immunization system. The inflammatory 

responses associated with the severity of injury or tissue damage. In patients with 

severe trauma level of inflammation increased while the body immune system was 

continuously activated the body system to reach hyperesponsive stage.  Accordingly, 

29 to 61% of these patients were at high risk for developing various complications due 

to hypermetabolism of the body (Nesmith et al., 2009). 

Twenty-six percents of patients with SIRS had potential to develop sepsis.  

There were evidences to support that 18% of them had severe sepsis and 4% 

experienced septic shock in particular among ones who did not receive early diagnosis 
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or appropriate treatment regimens  (Robertson & Coopersmith, 2006; Brochner & 

Toft, 2009).  SIRS always contribute to reduced blood circulation, diminished oxygen 

delivery, and decreased tissue perfusion which eventually led to organ tissues damage 

and multiple organ failure (MOF). These patients had poor clinical outcomes and high 

mortality rate (Brochner & Toft, 2009; Rueden, Bolton, & Vary, 2009).  

Previous studies related to patients with injuries stated that the factors 

related to the occurrence of SIRS included Injury Severity Score (ISS), Revised 

Trauma Score (RTS), and Body mass index (BMI).  However, in Thailand studies 

related to SIRS and the predicting factors of SIRS among this group of patients still  

received less attention and there were limited numbers of the studies.  Therefore, the 

researcher would like to study the predicting power of Injury Severity Score, Revised 

Trauma Score and Body Mass Index on the occurrence of SIRS among severe trauma 

patients. It was expected that the study results could lead to the recommendations for 

nurses who work in trauma department in regard to risk assessment and early detection 

among patients with severe trauma.   

 

 

Objectives of research  

1. To study the occurrence of SIRS among patients within 48 hours after 

sustaining severe injuries.  

2. To study predictive power of Injury Severity Score, Revised Trauma 

Score, and Body Mass Index on the occurrence SIRS among patients with major 

trauma within 48 hours after sustaining severe injuries. 

 

 

Research hypothesis 

 Injury Severity Score, Revised Trauma Score, and Body Mass Index can 

predict SIRS among patients with major trauma within 48 hours after sustaining severe 

injuries. 
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Research Conceptual framework 

Pathophysiological ideology was employed as a framework to illustrate the 

components of factors in this present study.  After sustaining severe injury, the body 

responded by releasing the inflammatory mediators into blood circulation and cells to 

restore the body to achieve its homeostatic condition. This process could also be called 

inflammatory response (Aller et al., 2006; Lenz et al., 2007). The inflammatory 

process was triggered by a traumatic to the organ. If the body was able to gain balance 

to immunological chaos, recovery was likely to occur. On the other hand, if there was 

a new stimuli (the second hit) for example after sustaining severe injury patients 

experienced poor tissue perfusion, it could lead to the stage of  immunosuppression 

resulting in Systemic Inflammatory Response Syndrome (SIRS) (Robertson & 

Coopersmith, 2006).  Pro - inflammatory Cytokines were also secreted for the 

response to injury and SIRS (Tsukamoto et al., 2010). 

In response to SIRS, there were endothelial cell damaged, membrane 

permeability alteration, maldistribution of blood flow, inadequate tissue perfusion, 

decreased oxygen supply, increased oxygen demand, tissue damaged and body organ 

ischemia (Robertson & Coopersmith, 2006; Rueden et al., 2009).  

The studies of the past decade found that patients with a high body mass 

index or obesity were at risk for developing complications such as infection after 

severe trauma (Ciesla et al., 2006; Serrano et al., 2010).  Obese patients would develop  

lipotoxicity which induced pathology of vascular couple with increased the excretion 

of cytokines. The physiological changes as aforementioned would lead to the 

occurrence of SIRS (Brochner & Toft, 2009; Cave et al., 2008).   

 

 

Scope of the Study 

This study aimed at studying predictive power of Injury Severity Score, 

Revised Trauma Score, and Body Mass Index to the occurrence of SIRS in patients 

with major trauma within 48 hours after injury. The population of the study consisted 

of patients with major trauma, aged 18 years old and older admitted in Siriraj Hospital 
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and Bhumibol Adulyadej Hospital. The data collection was conducted between  March 

and June 2013. 

 

 

Research Methodology 

The present study was descriptive research which aimed at study 

predictive power of Injury Severity Score, Revised Trauma Score, and Body Mass 

Index to the occurrence Systemic Inflammatory Response Syndrome in patients with 

major trauma within 48 hours after injury. The population of the study consisted of 

patients with major trauma, aged 18 years old and older admitted in Siriraj Hospital 

and Bhumibol Adulyadej Hospital, based on inclusion criteria. 

 

 

Sample size determination 

Sample size in this study was calculated using the following formula. 

n   = (Zα/2)
2
 P (1-P)/d

2
 (Pocock, 1983)  

When n  = number of sample required 

P  = review literature in patients with major trauma, prevalence of SIRS 

estimates 70 %, so P = 0.70 (Beale  et al.,2006; Lustenberger et al., 2009; Mommsen 

et al., 2012; Sakamoto et al., 2010)   

d  = identified absolute value 10 %, so d = 0.1 

Z = standard normal distribution at Confidence level 95%, by value Z α/2 

= 1.96  

Stand for   n   = (Zα/2)
2
 P (1-P)/d

2
 

n = (1.96)
2
(0.70)(1-0.70)/(0.1)

2 
 = 81 

 

Therefore, the total number of subjects needs in this study was 81. 
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Data collection instrument 

1. Demographic data entry form was constructed by the researcher to 

elicit demographic characteristics of the subjects including gender, age, occupation, 

illness history, mechanism of injury, and cause of injury. 

2. The Injury Severity Score (ISS) was developed by Baker et al. (1974) 

and was translated into the Thai language by Tawatchai Kanchanarin (B.E. 2544). 

Each injury is assigned an abbreviated injury scale (AIS) and is allocated to one of six 

body regions: 1) head and neck, 2) face, 3) chest, 4) abdomen, 5) extremities, and 6) 

external. As for interpretation of scoring, only the highest AIS score in each body 

region is used. The three most severely injured body regions have their score squared 

and added together to produce the ISS score. 

3. The Revised Trauma Score (RTS) is a physiologic scoring system 

assess physiological changes in the body after an injury is the respiratory system, 

systolic blood pressure, and Glasgow coma scale. 

4. Body Mass Index (BMI). Assessed by body weight and height to 

calculate the formula weight (in kilograms) divided by height. (In meters) squared. 

5. Systemic Inflammatory Response Syndrome (SIRS). The clinical 

assessment of the following: at least two limitations. 

- Body temperature greater than 38 
°
C or  less than 36 

°
C. 

- Heart rate greater than 90 beats per minute. 

- Respiratory rate greater than 20 beats per minute or carbon dioxide 

partial pressure (PaCO2) less than 32 mmHg. 

- White blood cell greater than 12,000 cells per square millimeters or less 

than 4,000 cells per square millimeters or greater than 10% band forms. 

 

 

Validation of measuring instrument 

Instrument was simple and easy to use and the wording used in instrument 

was universal so validity and reliability of the instrument test of instrument were 

unnecessary. The validity and reliability of the complete blood count and scales the 

calibration accuracy of the instrument. Calibration by a hospital or a medical device 

company representative prior to use, and is set to zero before the start of each session. 
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Protection of Human subjects 

The proposal of research was approved by the Ethics Committee. Faculty 

of Medicine. Mahidol University and hospital ethics committee Bhumibol Adulyadej. 

Before data collection proceeded, the researcher explained the research objective and 

data collection procedures to the would-be subject who were informed that they had 

the right to decide to participate in the study or refuse to participate in the study. All 

data taken from patient records were treated confidential which the consent form and 

data from patient records were separately filed. The identification number was used 

instead of name in data collection. Only researcher had the accessibility to database in 

computer. The research result published in journal or presented in seminar or 

conference will be presented as a summary result without presenting individual name.  

Participant has a right to quit the program anytime he wished without any 

consequences. After the patients with major trauma agreed to participate in the study, 

they were asked to give their informed consent. 

 

 

Data collection 

1. After the sample based on inclusion criteria. The researcher met them to 

introduce herself and explained the research objective and data collection procedures 

to their legal representatives to ask for cooperation in data collection. If the legal 

representatives of the patients agreed that the patients could participate in the study, 

they were asked to sign the informed consent form. 

2. The researcher collected data from the patients’ medical records by 

herself as following manners; demographic data such as age, sex, occupation, history 

of past illnesses, mechanism of injury and cause of the injury by questioning the 

patient or relatives or the patients’ medical record. Injury Severity Score and Revised 

Trauma Score first data record from the emergency room immediately and calculated 

later, body weight and height, weighing scales from the first been admitted to the ward 

and then used to calculate body mass index. SIRS among patients within 48 hours 

after sustaining severe injuries.  

3. The data was analyzed by computer programs. 
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Data analysis 

1. Demographic data such as age, sex, occupation, history of past 

illnesses, mechanism of injury and cause of the injury were analyzed in terms of 

frequency,  percentage. 

2. The descriptive statistics of mean, median, frequency, percentage, and 

standard deviation were also employed to analyze the Injury Severity Score, Revised 

Trauma Score, and Body Mass Index, and Systemic Inflammatory Response 

Syndrome. 

3. The predictive power of Injury Severity Score, Revised Trauma Score, 

and Body Mass Index to predict Systemic Inflammatory Response Syndrome was 

determined by using logistic regression analysis. 

 

 

Result and Discussion 

According to the study, majority of sample were male (95.1%) with an 

average age of  34.54  years. Majority of them had blunt trauma from traffic accident. 

Almost a half of the patients (49.4%) obtained emergency surgeries within the first 24 

hours and 44.4% of  them  received blood transfusion. 

Patients with major trauma within 48 hours after injury. Found that the 

Injury Severity Score had the range between 9-34 points with the severity of injury in 

very mild to severe with an average Injury Severity Score of 19.64. 33.3% of  severe 

Injury Severity Score, 32.1% of  moderate Injury Severity Score, and 34.6% mild 

Injury Severity Score. The patients had Revised Trauma Score 3.57 - 7.84 points      

with an average 7 points with 64.2%, a level mild, 29.6% were moderate, and 6.2%  in 

the crisis of life. The Body Mass Index had the range between 16.53 – 41.01 

kilograms/meters
2
 with an average Body Mass Index of 22.82 kilograms/meters

2
. Most 

patients with major trauma (79 %) had a Body Mass Index in the normal range. 2.5% 

have a Body Mass Index less than normal, 14.8% have a Body Mass Index that is 

overweight, and 3.7% have obesity. The result revealed that within 48 hours after  

sustaining severe injuries, 85.2% of patients demonstrated Systemic Inflammatory 

Response Syndrome and most patients had mild Systemic Inflammatory Response 

Syndrome (50.6%). 
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According to the study, Injury Severity Score was factor that predicted 

Systemic Inflammatory Response Syndrome within 48 hours (OR = 1.16; 95% CI 

1.00-1.34; p = .04), while neither RTS nor BMI could predict (OR = 0.17; 95% CI 

0.01-1.64; OR = 1.13; 95% CI 0.90-1.42) The percentage of co- prediction of ISS, 

RTS, and BMI on SIRS was accounted for 34% (Nagelkerke R
2
 = .34).  

The Injury Severity Score which is the evaluation of injuries by anatomical 

organ injuries, injury severity and multiple organs injury of further  tissue ischemia, 

cells anaerobic metabolism  leads to acidosis and effect of Systemic inflammatory 

response (Beatti, 2007). This will activate the immune system, hormones from 

endocrine glands, metabolic and circulatory system to more functionality (Edwards, 

2005; Broncher & Toft, 2009). The first response of the immune response that Pro-

inflammatory immune response, followed by the Anti-inflammatory immune response 

and released mediators  into the circulatory system, which allows to extend the 

response of Pro-inflammatory response with the addition of various hormones, 

including ACTH, corticosteroids, catecholamine, cytokines, chemokines and alamines 

also an important of Pro-inflammatory response after  injury which these responses 

leads to Systemic Inflammatory Response Syndrome (Lenz et al.,2007). Behdad and 

Hosseinpour (2006) conducted a literature review  and made a conclusion that severely 

injured patients were more likely to have Systemic Inflammatory Response Syndrome 

than patients without SIRS (p <.05). Consistent with Keel et al. (2006), who found that 

patients with major trauma were at risk for having SIRS than patients with minor 

trauma (OR = 1.07; 95% CI 1.05-1.09). 

Revised Trauma Score could not predict the occurrence of Systemic 

Inflammatory Response Syndrome because Revised Trauma Score correlated with the 

Injury Severity Score (r = -.370, p < 0.01), both of which independent variable that are 

interrelated within and  majority of sample was healthy adult, no underlying diseases, 

and malnutrition. Therefore, the response after injury as well. The majority (64.2%) 

had mild severity. 

Body Mass Index could not predict the occurrence of Systemic 

Inflammatory Response Syndrome because most patients with major trauma (79%) 

had a Body Mass Index in the normal range with an average Body Mass Index of  

22.82 kilograms/meters
2
. 2.5% have a Body Mass Index less than normal, and 18.5% 
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have a Body Mass Index greater than normal. Literature review, the occurrence of 

Systemic Inflammatory Response Syndrome found lower in patients with a normal 

Body Mass Index as can be found in the group of patients with lower and higher than 

normal Body Mass Index including abnormal functioning of the organs. (Nelson et al., 

2012). 

 

 

Conclusion and Recommendations 

According to the research, patients with major trauma within 48 hours 

after injury with the Injury Severity Score which is the evaluation of injuries by 

anatomical organ injuries are vulnerable to Systemic Inflammatory Response 

Syndrome was very high and the greater the severity of the injury, the higher the 

better. Response to inflammation is more severe as well. Those patients has not been 

evaluated to diagnose, since the first term may be treated and may cause improper 

functioning organ dysfunction syndrome were followed. According to this study, the 

recommendations were as follows; 

1. All patients with major trauma should be assessed on their Injury 

Severity Score which was an important variable that could predict the occurrence of 

SIRS among patients within 48 hours after sustaining severe injuries. 

2. The clinical practice guidelines to monitor patients with major trauma 

should be developed so that patients who had Injury Severity Score greater than or 

equal to 9 points would be closely monitored. This would ensure that in the first 48 

hours after injury all severely injured patients would receive appropriate vigilance and 

safety practice.  

3. All patients with major trauma should be monitored for the occurrence 

of SIRS by using SIRS score because its occurrence among major trauma patients was 

relatively high.  

4. The competencies related to assessment of SIRS and severity of injuries  

among nurses who provide care for major trauma patients should be strengthened so 

that it can ensure patient safety and high quality of patient care. 
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Residuals Statistics 

 Minimum Maximum Mean Std. Deviation N 

Predicted Value .58 1.19 .85 .140 81 
Residual -.907 .340 .000 .329 81 
Std. Predicted Value -1.935 2.408 .000 1.000 81 
Std. Residual -2.706 1.015 .000 .981 81 

a. Dependent Variable: R_sum_SIRS 
 

1. $�
JK�"L	MNO$PQ!!$�

$�
�J$�RLN!JST!%�!	U��RNV
�
"$�

 �
��!WUก�! 
$�
JK�"L	$PQ!!MNO$�

$�
�J$�RLN!JST!%�!	U��RNV
�
"$�

 �
��!WUก�! ���X N�

Y�	X
ก$�
JK�"L	$�

$�
�J$�RLN! (Residual) = .000 [\LO
"$�
�ก��J$"	O ��RNJ��
ก��%�!	U 
 

Coefficients 
 

Model 

Correlations Collinearity Statistics 

Zero-order Partial Part Tolerance VIF 

1 (Constant)      

ISS .326 .273 .262 .810 1.234 

RTS -.285 -.179 -.167 .859 1.164 

BMI .055 .135 .126 .938 1.066 
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2. ���QS�N� �PV
�$��
"$�

 �
��!WUก�!��RNV
�$��Jก��Sc��
���QS�N� �P
" 
$�

 �
��!WU �O

ก  (Multicollinearity)  

���X N�Y�	XP�d�$�
 Variance Inflation Factor (VIF) Q�P$�
 Tolerance ����
 $�


�f!Q�OMNOก
��
�JXg�  ก
��N� !NO��
Oก
	���Oก
��
�JXg�Q�P��d!"
��ก
	
"$�

 �
��!WU�!
�P����Lh
 Y�	��X
ก$�
  VIF $�
 VIF �"LJ�

P 
V
�$��Jก�! 4 ��RN 5 Q�P$�
  Tolerance  (Sก��$�
JN!
JN"	OJM�
�ก�� 0)  
 

ก�
��	�
�5�6%#%
�7����$�ก!�� 2 ก�9"� (Binary Logistic Regression Analysis) 
 h
����ก
���J$�
P�Ui�iN	Y�X� ��กQ�� NOก�f�
�!$��jO!"j  J�RNก�d���W"ก
���J$�
P�U

Q��i�iN	M�j!�N!J�"	� (Enter method)  
X
กก
��� N�$�

J�

P 
MNOQ��Xh
�NO (goodness nof nfit test)  MNOก
�

��J$�
P�Ui�iN	Y�X� ��ก���	��W"  Hosmer and Lemeshow Test  ����
 $�
 i����� N�V$ Q$��U 
(Chi-square)  �!�
�
O�"L 4-5 V��$�
V$ Q$��UJ��
ก�� 7.185 Q�P$�
 Significance J��
ก�� 0.517  [\LO   
> 0.05 Q �O��
	N
��� 

��t
! i����"L��
  Q��Xh
�NO�"LV��X
กM�N
��Jd�OS�PX�กuU
"$�


J�
RN!ก�!��RNV
�Q�ก��
Oก�!  ��O!�j!X\O �fSV����
 ก
���J$�
P�Ui�iN	Y�X� ��ก���	Q��Xh
�NO
M�N
��df�!"j
"$�

J�

P 
 
 
$�
����� 1 ก
��� N�$�

J�

P 
MNOQ��Xh
�NOMNOก
���J$�
P�Ui�iN	Y�X� ��ก���	��W"  
Hosmer and Lemeshow Test   
 

Hosmer and Lemeshow Test 

Step Chi-square df Sig. 

1 7.185 8 .517 
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��UX� h
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��� N�$�

J�

P 
MNOQ��Xh
�NOMNOก
���J$�
P�U
i�iN	Y�X� ��ก���	��W"  Hosmer and Lemeshow Test   

 

Contingency Table for Hosmer and Lemeshow Test 

 
R_sum_SIRS = no SIRS R_sum_SIRS = SIRS 

Total Observed Expected Observed Expected 

            Step 1          1 5 3.672 3 4.328 8 

                               2 3 2.834 5 5.166 8 

                              3 1 2.335 7 5.665 8 

                              4 1 1.649 7 6.351 8 

                              5 0 .745 8 7.255 8 

                              6 1 .451 7 7.549 8 

                              7 1 .202 7 7.798 8 

                              8 0 .082 8 7.918 8 

                              9 0 .026 8 7.974 8 

                            10 0 .005 9 8.995 9 

 
  ก
��� N�$�

J�

P 
MNOQ��Xh
�NO (goodness nof nfit test) MNOก
���J$�
P�U

i�iN	Y�X� ��ก���	��W" Omnibus Tests of Model Coefficients [\LOJST!ก
��� N�$�
 �
S�P ��W�w
i�iN	Y�X� ��ก�!��SMNO$�
 i���V$ Q$��U (Chi-square)  [\LO
" 3 $�
 $RN step  $�
 block Q�P$�
 
model  X
กก
���J$�
P�U����
$�
V$ Q$��U
"$�
J��
ก�!��jO 3 $�
  Q �O��
���QS�N� �P�"LJ��L
JM�
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�!Q��Xh
�NO
"$�

J�

P 
 ��O�
�
O�"L 3 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Copyright by Mahidol University 



���������	
��	 
�
���	
��	
����      �	.
. (ก
��	
�
��������) / 123 

$�
����� 3 ก
��� N�$�

J�

P 
MNOQ��Xh
�NOMNOก
���J$�
P�Ui�iN	Y�X� ��ก���	��W"  
Omnibus Tests of Model Coefficients 
 

Omnibus Tests of Model Coefficients 

 Chi-square df Sig. 

 Step 1       Step 17.447 3 .001 

                  Block         17.447 3 .001 

                  Model                17.447 3 .001 

 
ก
��� N�$�

J�

P 
MNOQ��Xh
�NO (goodness nof nfit test) MNOก
���J$�
P�U

i�iN	Y�X� ��ก���	ก
���X
��
$�
  Cox & Snell R Square Q�P$�
 Nagelkerke R Square  h
����
$�
 R2 MNO  Cox & Snell Q�P Nagelkerke ��RNJ�"	ก��
$�
 Pseudo R2 JST!$�
�Nก �� ��!��RN
JSN�UJ[g!�U�"L 


�iNW��
	$�

��!QS��!ก
���J$�
P�Ui�iN	Y�X� ��ก Y�	Sก��$�
  Cox & Snell 
R  V
�$��
"$�
J��
ก�� 1 [\LO$�
 i���!"j$��
	ก��$�
 R2 �!ก
�ก
���J$�
P�Ui�iN	Jd�O��fQ��Sก�� 
 h
���������WU Nagelkerke R Square J��
ก�� 0.341 ก��
�V����
 ก
���!QS�Y�	 
ก
�Y�X� ��ก 
 

�iNW��
	V����N	�P 34.1 ��O�
�
O�"L 4 
 
$�
����� 4 ก
��� N�$�

J�

P 
MNOQ��Xh
�NOMNOก
���J$�
P�Ui�iN	Y�X� ��ก���	ก
�
��X
��
$�
 Cox & Snell R Square Q�P$�
 Nagelkerke R Square 

 

Model Summary 

Step -2 Log likelihood 
Cox & Snell R 

Square 
Nagelkerke R 

Square 

1 50.509a .194 .341 

a. Estimation terminated at iteration number 8 because  
parameter estimates changed by less than .001.  

 
!NกX
ก!"j$��
"ก
����X N�$�

!�
JdRLNiRNMNOQ��Xh
�NO ��RNก
�JS�"	�J�"	�

Q��Xh
�NO$�

 N�$��NOก��M�N
��Jd�OS�PX�กuUY�	ก
�JS�"	�J�"	�$�
�	
ก��Uก��$�
X��OY�	�d�
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ก�� 0.5  ��O�
�
O�"L 5 
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$�
����� 5 �
�
OQ	กก�f�
 (Classification Table) J�RLN�d��	
ก��U���QS��

�"LXf���� 0.5   
 

Classification Tablea 

 

                          Observed 

Predicted 

 R_sum_SIRS 

Percentage 
Correct 

 no 
SIRS SIRS 

    Step 1 R_sum_SIRS          no SIRS 2 10 16.7 

                               SIRS 0 69 100.0 

                          Overall Percentage   87.7 

a. The cut value is .500 
 
X
ก�
�
O�"L 5 ����
 M�N
��X��OV
�Jก��ก�f�
N
ก
��N� !NO��Nก
�N�กJ ���L���
Oก
	  

Xh
!�! 12 $! Q��J
RLN�d�Q��Xh
�NO!"jXP 


�i�	
ก��U��
V
�Jก��ก�f�
N
ก
��N� !NO��Nก
�
N�กJ ���L���
Oก
	  Xh
!�! 2 $! $RN �	
ก��Ui�ก (2/12) × 100 = 16.7%  M�N
��X��OJก��ก�f�
N
ก
�
�N� !NO��Nก
�N�กJ ���L���
Oก
	  Xh
!�!  69 $!  J
RLN�d�Q��Xh
�NO!"jXP 


�i�	
ก��U��
Jก��
ก�f�
N
ก
��N� !NO��Nก
�N�กJ ���L���
Oก
	 Xh
!�! 69 $! $RN �	
ก��Ui�ก (69/69) × 100 = 
100% ��O!�j! �fSY�	��
Q��Xh
�NO!"j�	
ก��UV��i�ก��NO 87.7% 

X
กก
���J$�
P�Ui�iN	Y�X� ��กQ�� NOก�f�
Y�	��W"Q��M�j!�N!J�"	� (Enter 
Logistic Regression) ����

"���QS� 1 ��� �"L 


�iJM�
 
ก
�ก
���J$�
P�Ui�iN	Y�X� ��ก Q�P
"

"!�	 h
$���
O i��� (p < 0.05) [\LO���QS�N� �P�"L
"$�

 �
��!WUก��ก
�Jก��ก�f�
N
ก
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��Nก
�N�กJ ���L���
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$�
����� 6  ���QS�N� �P�"LJM�
 
ก
�Q�PV
�JM�
 
ก
����	ก
���J$�
P�Ui�iN	Y�X� ��กQ�� NO
ก�f�
Y�	��W"Q��M�j!�N!J�"	� 
 

Variables in the Equation 

 

B S.E. Wald df Sig. Exp(B) 

95% C.I.for 
EXP(B) 

Lower Upper 

Step 1a  ISS .14 .07 3.91 1 .04 1.16 1.00 1.35 

 RTS -1.77 1.15 2.34 1 .12 .17 .01 1.64 

BMI .12 .11 1.25 1 .26 1.13 .90 1.42 

Constant 9.65 9.43 1.04 1 .30 15662.04   

a. Variable(s) entered on step 1: ISS, RTS, BMI. 
 

X
ก�
�
O�"L 6 ����
 $�
 Wald MNO���QS�N� �P 1 ���$RN $�

�f!Q�OMNOก
��
�JXg�

"����Nก
�Jก��ก�f�
N
ก
��N� !NO��Nก
�N�กJ ���L���
Oก
	�!���S}�	�
�JXg��f!Q�O�!�P	P 48 
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OQ�ก���Oก
��
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O
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$���
O i����"L�P��� 0.05 Y�	$�
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 �
��!WU�
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N
ก
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�N�กJ ���L���
Oก
	 

J
RLN��X
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$�
  Exp(B) ��RN$�
 Odd ratio ����
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�Jก��
ก�f�
N
ก
��N� !NO��Nก
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Oก
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O
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Exp(B) 
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