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9��:8 0;�<3'� =�� '� �!� >�* 9?@�&! 0�' =�� /� .�'��8 �$� 1�B�� 1  C�� �� �D�B 19E��F!  � = B 0G<� �� ��� %&� � 5H3 1(I �� (B��$ GJ7 /� KI  ���L

� �' M��8� 9� �!��3 /� (*�8 1�2! N �L '�O� ��'�J �.  

��� :�� 9?@�&! P� (Q R���L 1  0�S8100 ) (!3 8��V (B��$ GJ7 �W3 1�2! N �L 9� ,)<! '�J �Craniotomy '� ��8L �� ��� %&� � ��)��X '��� 9?@�&! �'! (

.�* (�'�� GJ7 /� KI � = B 0G<� (I � P !����J� � ?D� 0= �ZJ� ���X '��� 9E��F! � (�'�� �'! 0��� � (? <Q �� ��� 1�'�� R��X �� '� 1'�J � ���L. 

����� :��  [���� '� N\� ����D15 )027/0  =P 0(60 )018/0  =P � (105 )010/0  =P) 1'��-�' '� � 8 � (006/0  =P �!� >�� �). � 0��� �� ��� 1�'�� R��X '� 0(

) �<8 +��`)! R��X �� = � '� N\� ����D +��  23 0GV '�610/0  =P(�'�� '� .( a�<*� �b'� (8���* �c EV� )2SpO( (�?! +��`3 � 8  d � '� R��X �� = � 1'��

��!/ /� P�  '�.� (�'�� .�.8 R���.! �� �� [���� '� 9V ��� ��.8 � 8 e�)!45 )025/0  =P(  �60 'Q 9� 0(? <Q �� ��� 1�'�� ��'�J � e�)! �� '�.� 0

(�?!  �� �3��� 1'��)016/0  =P23 �8�' 0aJ�! '� �!� >(  +�� 8 e�)! �� '�.� � � '� = �?! C,)�� R��X ��( '�� ) �*��8850/0  =P! .( S8� =  ��!/ +�!

#3�9 1 8�-! -( R��X '�  �'��1 �?! 'Q 9� 0��� �� ���( '��1 � �). ) ��009/0  =P(. 

���������: ������ ��� �� '� � ��'�J '�O� �L N �2!10 �� /��� ���( +�,)�� �J��!�� P '� B = GJ7 R��J� ��� � !( �8�3 �� I � #XL( � I( L��� � '�J1 

'�5L f\&!�8 9)*�� �*�� ./� ��= 0�' M/� ��� � ��'�J '�O� �L N �2!1 '� !�J3( GB��! �)E�1 
7� /� G<� 0GJ7 B = GJ7 � �?� /� GJ7 B��$(0 �W3 +'�:8 

�� [ /� �:8 %&� ��� �� '��� X �8� � g�)�V �� [ �� �'1 ��� �� � ��'�J gJ?! ���X.  

������ �����: ��� 0�� �L N �2!10 g,)�� �J��!�� P  
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�� ! "#$�% ����� �� #��� � &� ���' � � (���� )���  �����  
*� �

+� ��, �� ! � ) ,� %�%�.��1�� .(��  ��	��    2�3�� ��4 %�

56 %�7 ��  �+�� �� ��� 8�93. %�7 �� �	��
   ��: ��� �;$��< 

*���  � � ��=+��> � �	�� ���"�: .�< &�?: ��, �� @3�A  ��=+���
> 

�:�<  ���. �B�� Counter regulatory hormones    C��D�� ��� �

�: 
*��< ) ,�� #��. C�D�� �� % *�. �6�5" �B�1.(  

�:�<    ��� *��. #$E� ���;   �� 
��.�F�  #����    CG3�. ��H��

��+����$�>  <��6)@;� � %�I: *�. ���� � *� (��� � %��,:� 

A6�*! J��� �	� % ,K� 4L��� %�E #�� .$M+��
� �� ��H� �:�< 

#$E 
*�. 4L��N� O�� <��6 A6�*! �� �%� ,:��  ��	�  ���  N#�� 

�:�< �� �#�� )2 .(�� 
 �GQ ���� C�+3� <��6 56� A6�*! �	�� 

 %�TBI )Traumatic brain injury (�� ,5Q  ��:�<  %��I:  '�.� 

�+;+H )ICP �� Intracranial pressure (�  <���6  %��I:  �A6�*! 

%��3:�� �	� )CPP �� Cerebral perfusion pressure��� (�  
*� �

 .�%� ��H� 

�� �4 %�I: %��%�6   %� *!��A6 �?R�� <��6 C�+3� ��� S�H

�,-�.� /0"1+ 
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,:�� ��� %��%�6     @�� *��. #�$E <���: ��H� � �%� ��H�   
*����

�� �?&�B� .#�� <��: % O�� N��4L� �� #���    ,��  �� *��I� �

 *%�+�� %� *�. �6�5" �B� �6TBI  T�D�% %� U3�A��@  ���  �����# 

,:�� �	� ��  #���� )3  ��� 
(Hill �  *%��W+� %�  ��?&�B� � � �����
 

$F�� X�3$3� #���6 �6 � ���;  ��:�<  #�$E  *��.  #�+Q�
  ��� �%� 

Y� ��#$ ���� ���� � *Z�3$6 �	�� 4L��%["� ��,A �  �3��  <���6 

*� �� #��� ���� �	�� % #I��# #$6 )4 .(  

�	� �� �H�� ���N� ��3:� ���  +� � '�DE N�?&�B� ��, ?� ����   <�U�

�:�< � %� *�. #$E�*%�+  ��� %�F���  ��	��
  ��?&�B� �    ��� ��R��

 ]#��U���A � 4L��� �B� #$E *�. 
'DE ��� � ^Y �  '�+Q  ���H� 

�� Y� ��#$ ��*%�+ %�F� ���� �	�� ���� � ����� _�;� #�.  
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 ��� ���?&�B� � �� #��$ ���`� %� C���� 1393 � %��*�3���%�+ �����&�  (2)

 .#� _�;� *�bc8?+H�, �%�� � ��?&�B 
 �� *%��+  %��F�  �����  ��	�� 

���� � ������ d�H%  #� �� �� �6�� W��Y� %� �� C�� #����.  

?����%��  '���� �?&�B� �� ��%�   �% %� *���� � I   ��� �II  �%   �#�$�

ASA )American Society of Anesthesiologists(
 ���$�� � $���� 

65 -15 
C�� _#Q G3� �� ��,�� � _#Q ��H� ���� ��� %� ���� _#�  ��� 

��� .$M+��� %�U� ��"�#
 %� N%�8 %���h *�.   �����     ���� ��� '�DE

 � '+Q ��� �D5E ,A� ���� 
'+Q   � %��+�� 
'�+Q � 'DE ��%�6 ]�9�

.���" X%�. �?&�B�  

@;� ���+� � � �%�����   @�;� �%���� C���: �  ��c3� �� �?&�B�

�U� ,bH ���+���A � � ���`����   +7 �B�� �3:��" �i� %� �� �� *��$ 

95  *������� *����� 
#���8%�80?� ]����K� 
����%� 	������N� GCS   

)Glasgow coma scale C����?� ���6 (33/1  � #��� ���3:�" ���i� %�

�$?� N��c� 'E#� 
��$M+�  %�GCS ���  %�  ���" ���    *��. #�$E

D7�?�  �#?� �� 
)�� �44 ��%�+     ���" ��� %� �D���K�     ,�bH ��6 #��

�:�< +7�
*�$ 50 ��%�+ .#$3:�" %�E �?&�B� �%��  ��" �� %�  

m�%  %� %�6��  #�� �?&�B���    � ��6 ���� N%��8� *%��+ %�� 

?����%�� 7 %� 
�?&�B� �� ��%�� % � '+Q *����%��W�  �B� �i� �

�%�� �%�� *�. #$E� 7 %� � #$3:�" %�E� ���3�%�Y 
�?&�B� N#�� 

��+����$�> �� ��� � �%�� N�QG7��� ��� ��+�� ��*%�+   .#�� ,D4

7 %��  ��%�� N#��
 �� �%��+�  %� ��6�    D7 *��. #�$E �B��� �?� 

�$��) � 140-60 ��5� _�"  ��� %�� &� ��3    � #����  ���" %� 
#����� (

���%�+� %� �6� �:�<     � ��)��� *��. #�$E �B�) *�. #$E �B�

140 ��5� �� %� _�"� &��3�: .#$3:�" %�E �%��  ��" %� 
#���� (�#$ 

��"%�+��� �H ���� Y ����#    :��6 �#�?� ��� ���+� @;� �6 ��6�  %�

�%  ��" ���# .  

%� 56�� � ���+� ��� �%�� &�B�?
� ^Y � %�E �3:�" �� %��+ �%� 

,n� '+Q ��H�
 �Y�< ��� _�) )BP  ��� Blood pressure
 HR 

�� Heart rate � #8%� d�D� *!�A6 ������ ]2SpO[ (  #�� _�;� �

 ������GQ���@ ������� � #��$E *���.  ����) ��c3��� � �3����6�5" C#���   

SD code free ( �#� "��� � ,D4 ��"�#.  

�U&� ����b� 56 %� ��� � �� *%��+   ��;� ����� 1/0 �� �5�  _��"   ���

6�_�"�5 CisAtracorium
 6 ��5� _�" �� 6�_�"�5 �� C��3$Y�  #���@ � 

3 ��_�"��W �� 6�_�"�5 ��3$:�' _�;� #� � qc� ����b�
  ��� %�� ��h 

T�5n� ��C�3$Y� #��@ � �%� ��3$:�' _�;� ��"�#.  

%� C�7 N#� '+Q ��H� �  ���  ���@  ,Q���  ̂ �Y �  ��+��. � 


'+Q GQ�@ ����� �� 15 E���U C�3$6 � ,D4 ��"�# .��@ ,Q��  ̂ �Y 

� �U&� �� ���b� �  ���@  ,Q���  ̂ �Y �  ��+��. �  
'�+Q  #�$E  *��. 

 �#� "��� �  ,�D4  #�� .� ��*�  ��;���  *��. � ��� 
N��? �)� 
^�W 

����C�3 � #��@ ������=�>   
���$M+� .#� ,D4 ���H '+Q C�7 %�

���H '+Q N#� C�7      '�K� *�+�A��Y _��;� ��� ���b�� ��U& �)

���+��. �) *��������3A6 *����� 
('��+Q  ���� '��+Q '��K� *�+��A��Y �

X%�. �&�& ���� ���� ��b� N#� C�7 
( ��� �  ���W��W�    ��A� ���

  %� ,����E N#��� C���7 
,Q����ICU )Intensive care unit (� 

��*�3�%�+ �� 2�� ��% �%��� � ,D4 ��"�#.  

Y� ��#$ ��*%�+  �A� ��GCS %� ��%  ̂ �Y �  
'�+Q  ?�R��, 

����%�� %� _�`$� .���r �  �������  ����   #�+Q  '����   N)G3�.

�A�
   � @�5W� CG3. 
��3W$c� CG3. 
s5:...  ���56 %�   *%��+�� �

.#���" ,D4 � ��%��  

%� 7� �� � 
�?&�B��d� �: N#� ��<  � %� *��. #$E� *%��+ 

�� %�F��� �	�� ���� �% 
����� � �����  �Y �� �� #�$ �� %��+�  �� %�

%�  ��"� D7 *�. #$E�?� �%�� �%�� )�� �� �U� ���A   .,:�" %�E  

 �� ���  ��+H � #?� �?&�B� %���
 % �%�� ����     �  ��c3�� ��� � #��

_��  %�:SPSS  �n�A� � 23 )version 23, SPSS Inc., Chicago, IL( 

�;� �%���� 5K� ��'  *����� .,:�" %�E  ����  %�����     ��c3�� �%���

��6� ,bH�  ��  *���� '��� ��2
χ �U� ,bH)��A �  �� ��� 6� �c� 

 �+��  *���� 
( ��" �� ���t ��)� �U���A �  �� ��� +6� ���  ��

  *����� � ( ��"Repeated measures ANOVA  ���)� �U�� ��A � 

	� #��%��N� 	3������ +6� ��� ��� ( ��" ��.  

  

���	 	
  

%� �� 
�?&�B� 100 ��%�+ %�F� ������ �	�� �%� �?&�B�  #�#��  ��6 

3 ��%�+ �  ��" %�� #$E *�. D7�?� � 2 ��%�+ �   ���" %��  #�$E 

*�. )�� �� ,5Q rU� N�QG7 � �?&�B� X%�.  #�#�� � %� �b� ��, 

 ��" #��� �� 47 �  ��" �%�� �� 48 ��%�+ %� �?&�B� #�#���.  
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�� ������� ����	���� � �	��� �� �� ���� ���� � ��	�  
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�����  

�
	�  

)47  =n( 

����  

)47  =n(  
����� P 

�'(��'  " )�*+�� ,�'��  � )���(  1/15 ± 64/36  14/15 ± 85/31  130/0  

123  

���,4 )����(  

�*�  )1/85 (40  )5/87 (42  
730/0  

�6  )9/14 (7  )5/12 (6  

7�8 9�8  

���,4 )����(  

�:; <�=� ��'���"�  )8/29 (14  )3/31 (15  

130/0  
�:; <�=� >�� ���"�  )2/36 (17  )8/43 (21  

�?:���@  )8/29 (14  )5/12 (6  

�:; <�=� �=��*@�*�2'��  )3/4 (2  )5/12 (6  

�'6� �! �A:A ��BC<  ;'*  )2/53 (25  )4/35 (17  
081/0  

�!�  )8/46 (22  )6/64 (31  

  

���� 2 .��!"��# � $��%"� &���� '() �*+ ,	- �.��) �)� �0 1�� ���2 (�� 456+ 7�# � �&0 �� 8.-��� �� �� ����  

����  

�	��  

�
	�  ����   �����P 

9DE 6� 9�8  7/35 ± 5/129  8/64 ± 8/184  001/0 < 

F'  9�8  6/34 ± 0/126  5/73 ± 5/174  001/0 < 

�,! 6� 9�8  2/26 ± 3/119  6/62 ± 8/158  001/0 < 

  
%� C�#H 1 
����� 	3�� ����� :�"��� ��> �  ���+Q� ��   ���" 

 #�� ,� .�� �A� �3��s  
'�8�� � ��`���� �  ]��K� ?� ��%�  
��� 

����� A$H�
 ���� �� �&�& %["� � ,5Q  '�+Q  ���H� %� ��   ���" 

�%�� 
�?&�B� ]G3. $?�� %� ,�#�.  

 
�?&�B� ,K� *%�+�� '6 %���`����  '+Q � 'DE *�. #$E �B�

 ����13/59 ± 47/157 � #�?� ,Q�� @�� %� 
   '�+Q d����  ����A�   

53/61 ± 43/149 ��� %� ��@  �Y � #��?� ,Q�������*� '��+Q ������   

76/50 ± 90/137 �5�� _�" �� ��� �3�&  � *� ��A� �� �6 ���� *%��+ 

%�  ��" �� %�� D7 *�. #$E�?�  .#$3:�" %�E (�%��) )�� � (#���)

� 'W� %1    � #�?� ,Q��� @��� 
'+Q � 'DE *�. #$E �B� ��`���� 


,�  #�� '+Q *���Y � #?� ,Q�� @�� � '+Q d���  .  

%�  C�#H2� 
�`���� ?� ]�K� ��%�     
'�DE %� *��. #�$E �B�

���    ��A� ��� .,�  #�� �%�� � #���  ��" �� %� '+Q � #?� �

 *����t
 ��`���� �B� #$E *�. %� �� �� *��� Y�< �3c" %� ��� �� 


 ��" ]G3. $?�� %� ,��.  

�%���   �B��2ETCO )End-tidal carbon dioxide  �� *��I� (

� %� �6�u �> *��� � ��� �%�� �%���
   �$?� ]G3�.� %��  ����  ��

     ,��#� ���H� �%��� � #����  ��"  'W��)2 (    *����� ��A� ��� �

Repeated measures ANOVA ��� #��% 	���N� �� 7 %� �3�%�Y� 

� 
'+Q N#��� $?� ]G3.  ��" ��� %� Y�# ��W�.  

  
 59�18:�+� �
 5�� ;��� ��0 �� ,	- �*+ '() #�!"��� .  �180  �� ��

) ����001/0 < P(  

  

�%��� � �5E *���R�*%�+   %� ��5E *���R ]G3. �6 �� *�I�

.��� *��� � ���� ��� N��c3�  ��" ��  'W�)3(  %��7 ��� v�   %� ��6

�E��h 15 )027/0  =P 
(60 )018/0  =P � (105 )010/0  =P� � (�� 

% %��%����W� )006/0  =P� �%����  ����" 
(���`���� ��)���� *�����R� 

  
#$3��� ���     *����� ��A� ���Repeated measures ANOVA
 

	���N� � %� �5E *���R�� ) ��D� N��c3�  ��" ��610/0  =P.(  
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%� �%��� 2SpO ��� $?� N��c�� %�� ��� � %�  ��" ���u �> 

*��� �   'W��) #I�  #��I� ��4 	� #���% � ( ���N� � *� ��� %�   *�����

Repeated measures ANOVA
 � %��� .��D� N��c3�  ��" ��    

  

  
 59�2 #�!"��� .2ETCO )End-tidal carbon dioxide ��0 �� (

+� �
 5�� ;����8: � 180 ) ���� �� ��370/0  =P(  

  

  
 59�38:�+� �
 5�� ;��� ��0 �� B.+ ,�0�C #�!"��� .  �180  �� ��

) ����610/0  =P(  

  

  
 59�4 #�!"��� .2SpO 8:�+� �
 5�� ;��� ��0 ��  �180  ���� �� ��

)280/0  =P(  

$M+��
�  �A� ���� 	� #��% 
*������N� � ^c$� �#?� ���  %�

$?� ]G3.  ��" ��� %� ) ,�#� 'W�5.(  

�%��� � *�. %�I:� *%��+   �7 %�  ���" ���    %� � '�+Q N#��

%� %���W�    � *��. %���I: ��6 �� *��I�� &�3�A�  �7 %��  %� � '��+Q

%�%��W�   �$?� ]G3�.  ��" �� %�� %��   �$M+� v,��#���   #���%

	���N� ���c�  ��" �� %� *��  ) ,��#�  'W��6 ��� v(    *��. %��I:

��C�3��  %�Y %� � *��� � %� ����   %��7 ��� v,�� N��c�  ��" ��� 

�E� %� �6�h 45 )001/0  =P 
(60 )008/0  =P 
(75 )016/0  =P � (

105 )040/0  =P� %�I: (�C�3��   �$?� %��7 �� #���  ��" %�� %�� 

 �� v��� �%��  ��" � ��)��Repeated measures ANOVA   *��I�

�6 �� 	� #��% 
d�+;� %���N� � %�I:�C�3��    N���c�  ���" �� %�

$?�� %� ) ,�#� 'W�7.(   

�%��� � J��3� %�I:��  ��E� %� �6 �� *�I��h 45 )025/0  =P( 

 �60 )016/0  =P� J��3� *�. %�I: 
(�*%�+     %��7 ��� #����  ��"

$?�� %�� 	� #��% 
d�+;� %� �� v��� ��)����N�  J��3� *�. %�I:

��� � %��� $?� ]G3.  ��" ��� ) ,�#� %� 'W�8.(  

  

  
 59�58:�+� �
 5�� ;��� ��0 �� GH*
 ���&
 #�!"��� .  �180  �� ��

) ����120/0  =P(  

  

  
 59�68:�+� �
 5�� ;��� ��0 �� �2	�I�) ,	- ��J� #�!"��� .  �180 

) ���� �� ��660/0  =P(  
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 59�78:�+� �
 5�� ;��� ��0 �� �2	�)��� ,	- ��J� #�!"��� .  �180 

) ���� �� ��690/0  =P(  

  

  
 59�88:�+� �
 5�� ;��� ��0 �� L)	�� ��J� #�!"��� .  �180  �� ��

) ����850/0  =P(  

  

%� C�#H 3 
%#U� *�. � ���N�? :�9�� %�  �7�  N#��  '�+Q 

%� ��  ��"  #�� ,� .�� �A� �� 
C�#H %�� ,�:�   �%���:  ���� 

��.� � ���N�? � $M+��� %��,:� �)�^W �  �����C�3 %� ��   ���" 

�%�� �?&�B� ]G3. $?�� %� ,�#�.  

%�  C�#H4� 
�`���� ?� ]�K� ��%� ���3�%�Y� � � '+Q���b� 

Wc� ���>   ��A� �� .,�  #�� �%�� � #���  ��" �� ���   
C�#�H

�b� *��� N#��� � ��W��W�  �$?� %�7 �� �%��  ��" %�� %�� �� �3�I 

) ���009/0  =P 
(�� U��� �  
����3�%�Y  ]G3�.  �$?�� %��  ���� �� 

 ��" ,�#�.  

��`���� GCS ��*%�+   ��� �%�� � #���  ��" �� %� 
'+Q � 'DE

������� 42/4 ± 17/10  �46/4 ± 71/7    ����" �� ]G3��. � �����

�$?� ) ��� %�008/0  =P� .(�`���� GCS      ���" �� %� '�+Q � #�?�

Y�< 
�3c" ��� ���� 83/4 ± 13/12  �77/5 ± 33/10    N���c� � ����

$?�� %� ��� ) #I�  #��I�  ��" ��110/0  =P    *����� ��A� ��� .(

Repeated measures ANOVA ��
� 	� ���N�   �B��GCS  �� %�

��$?� ]G3��.  ����"� %� ) ,����029/0  =P 'W��� %� (9��� 
���� 

 r.��GCS " �� %� '+Q � #?� � 'DE %�.,�  #��  ��  

� ?R� �i��, ����%��  
'+Q � #?�11    � #����  ���" � �c�

14 � �� �� �+6 %� �%��  ��" � �c�� #���� )4/23    '���U� %� #�8%�

8/29 ��$M+� .(#��8%��
�  ����� ��� ���� 
 ����" ������ 2  �5  ���c�  

)3/4  '��U� %� #8%�6/10   (#�8%�Stuper
 1  ) ��c�1/2   � (#�8%�

  ?�R� %� �%���  ��"�, Abtundation  ��� ��� � ��� 34  �27   ��c�

)3/72  '��U� %� #8%�4/57  (#8%�Alertness     N���c� ��� v#�����

$?�� %�� ��� ) #I�  #��I�  ��" ��330/0  =P 'W�) (10.(  

� �i� ������ ��� #?� � 
'+Q 4 �c� �  ��"  #���� )5/8  #�8%� (

� 3 �c� �  ��" �%�� )3/6 #8%� (%��  %  �����  Q�$�9��  #����� .

$M+��
� 1 �c� �  ��" �%�� %�F� ��%�Y _#� %�    ��� 
���� ���3K� ���

�R%�Q � ���`� � %��*%�+ ) #I�  #��I�  ��" ��560/0  =P.(  

  

���� 3 .�	
�� "������ ���M�� ,	- � ���N�& �� O� N�� 5�� �� �� ����  

����  

��� ������   ����	!  

�
	�  ����  ����� P 

�:;  ���,4 ��=7G� �22@  )8/46 (22  )2/54 (26  470/0 

���H� ��=7G� PC 28/0 ± 40/1  44/0 ± 92/1  330/0 

���H� ��=7G� FPP 29/0 ± 49/1  60/0 ± 23/2  260/0 

��=I�,  ���,4 ��=7G� �22@  )6/10 (5  )6/14 (7  560/0 

���H� ��=7G�  16/1 ± 47/2  51/1 ± 83/2  190/0 

��=7G� 6J=1	  ���,4 ��=7G� �22@  1  1  999/0 > 

���H� ��=7G�  10  5  * 

��=7G� ���'�:�  ���,4 ��=7G� �22@  )6/10 (5  )6/14 (7  560/0 

���H� ��=7G�  00/51 ± 00/210  30/60 ± 00/229  830/0 

��=L �'�:4*M'N  ���,4 ��=7G� �22@  )4/23 (11  )4/35 (17  200/0 

���H� ��=7G�  70/89 ± 10/225  00/288 ± 60/425  590/0 

PC: Packed cell volume; FPP: Fresh frozen plasma 
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���� 4 .��!"��# � $��%"� &���� ��������P� 5�� � 0��	Q� �� �� ����  

����  

�����  

�
	�  ����  ����� P 

�'(��'  I�� ���6 9�8 )78��(  02/1 ± 36/2  08/1 ± 48/2  590/0 

�'(��'  ���6 !'��� ��
 �,! 6� 9�8  25/4 ± 17/4  58/8 ± 17/7  070/0 

�'(��'  I�� 7��E� �� ICU )6"�(  39/1 ± 85/8  59/2 ± 39/10  600/0 

�'(��'  I�� :�4=� < ��	�'	�  19/0 ± 87/0  47/1 ± 08/5  009/0 

�'(��'  I�� ���6 �=��!:�2'�:  50/7 ± 90/8  60/8 ± 32/9  800/0 

�'(��'  I�� 7��E� �� !'�������  71/3 ± 77/16  58/1 ± 09/11  160/0 

ICU: Intensive care unit 

  

  
 59�9 R�S � 8*��� 48"��� .25 � %75 %GCS   

)Glasgow coma scale (�� 56+ � �&0 5��  

  

  
 59�10���� �� �� �����	� M�&C� �"����� �S�� .  

  

"#$   

��%�� � N�?&�B�  h��7 � 
��� ������ �6 ,�  �� *�I� �5DE ���

<$6�      
#�$E @�A�&���3� N����	� �D�� *#� %� ����%�� �D9Q ���

 ��� ���F � ��x���Y         �D�� 
���	� �������  !��� ��� 
������ .����

y��Y *#� �3n�`��� <$� ��� �� *#� %� �   z%��Q � �W� �6 ���

 � *�. #$E <��: 
*��7 ��h  *���%��  ���� i$�� �+�    � *#�� d��:�

y��Y ��� ��A6���3��  � *��. #$E CG3. .,� ���   ����� ��� �   ���.

�� #��� �% ��� ���� _#�   : C��+Q � ������Z�&� ��> �� *%��+   N��4

 � .#��� �3�� {�5B����� �?&�B� 
�% � ?� ]#� �� �R�����  4L���� 

� *�. #$E�*%�+ �% ��� Y� ��#$ ��%�+� �% _�;� ���# .  

���� �3��s �?&�B� �  #�� ,�� �� � � 
�R����%�+�   
'�DE %� �6

���   ��: N%��8 �� *�. #$E �B� CG3. %�F� '+Q � #?� ��< 

��*� ?7�U� %� 
#�#� *��    ��)G3. %��F� '�+Q *��� ��   %��I: %�

     ]G3��. 
d���+;� %� ��6 #��$F ��� � #�#��� ��5E *�����R � *��.

$?�� %�� ��� r.�� %�  ��" �� ��� ��+����$�>   ��� 
#I� #��I�

�� �� 
N��c� _#Q�# &� ���' &�3$6 N��#E� 7 %� �6 ,��   N#��

Y ,bH '+Q�< "���  ���   .���  #�� '+Q �� N)G3.  

�%��� ���3�%�Y� T���� ��  '�+Q � �� ���b� %� �� *%��+  �%��� 

�?&�B� *�I� �� �6 ��*%�+ �� #$E *�.  
)���  ���  %��7  �$?�� %��   ���

� N#���3I� �b� '+Q ,K��� � ��W��W� �3:�" %�E   .#�  

�%��� Y� ��#$ ��%�+�     ��6 �� *��I� �%��� � #���  ��" �� %�

��*%���+  �B��� � 
'��+Q � '��DE %� 
�%����  ����"GCS ���Y��� ����� 

 %� .#���� %�%�.���� .�� 
T�D�%� � N�?&�B�� ��` � ���    �� *��I�

  �� *��. #$E �B� �3:% )�� �6 ,��  #���� Y� ��#����   � �3���.��

��*� %�� 3� �� �� %  #$I6� ��*%�+ ����� %�F�� �	��     ��+� ���

Q %� .#��� �3���� .�� 
C��� � N�?&�B�� 
��`  ��3��s  ���|3��   ���

 �%�� ,�� �?&�B� 
C�}� *�$Q �� v#�  � Hill � *%�W+� *�I� �� �6 

�:�< #+Q� #$E 
*�.  ��� �%�   *����  �  �����  �����   *Z��3$6 �

�	�� 4L��� � %["�,A 3� ��  �� *� <��6�  #����  �����  ��	��  %

#��I��# #��$6 )4 .(���?&�B� � Jeremitsky  ���6 �� *���I� *%���W+� �

�:�< &��� � � %� *�. #$E�*%�+ ����� %�F��  ��	��
    ��E�Q ���

#� � %�"��� E� C�3$6 � ,�  ���  �+��h    �Y 
*��. #�$E�<  �b"�� 

�3b�� � %� %�*%�+    �� *��I� C��#�� N#� ���  #��� )5 �$M+� .(�
� 

�:�< #I� �D� *�. #$E�# ���� �	��
 Q�n�� 56 ���� �� ��� 
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*�. <��6 J��� �6 ���%�
 .L��� 5n� ��� �     N�c�A: <���6 
 #�?�

.L� 
*�.��   C��D5" ���W5+Q CG3. � @.� ��Db�  ����  c���#   *��.

���; �� ���" )8-6 .(  

%� UK��h Van den Berghe *%�W+� �
 3��  ��:�< c. ��~ 

) *�. #$E145-115 ��5� _�" �� %�� &��3  ��: ��Q�� 
(�<   � (���

��� � %��*%�+ A��%�  �� *�. #$E C�3$6 �� �6 ,�  #� C��#��  *��� 

"�5H *� ���� ) ��+�9 .(  

A��%�� � ��*%�+ %�F� ����� �6 �� ��H%�� � �:�<  #�$E  *��.  ��� 

C�D�� ����� �H�� �� 
#��� �� '+Q ��H� %�:� ����  #��%�  ��6 %�  ��� 

�%�� C�3$6 E��h #$E _�) ,� . _#�Q  C��3$6 E� ��h  #�$E  
*��.  z%��Q 

���%�� #$���  ���36���# � ��3���
  ��+6� �� ��=  
%)�+��  ��:�<  ��B. 

,��cQ � CG3. ����@ @.� % �� ��%�+ +K��'  ���  #�$6  ��6 %�  ��?&�B� � 

�R�� ��� $F�� �#.%� %� .��� ��*%�+  #��I� ��"�#.  

%� �?&�B� � 'DH 5���Q�   �% ��� *%��W+� �� 270 �� %��+   %��F�

� %� ������*�3�%�+  ����&�   ��: 
*�bc�8 (2)�<    %� �+��GY #�$E

�5��� �  
����� �����3:� � ���?� �: � ����< ��*�   ��� �+�GY #$E

N#� ����� � N#�  ��R��? �  ��	��  T��D�%  U3�A��@  ,��� )10 .(

$M+��
� �?&�B� � ���`� *�I�  �� ,� �6 ��  ��F  N#��  ������ 

���3I 
#��� ��*� �:�< #$E *�. � ��� �� �3�I  #���.  ���� )11 .(%� 

I��!Y� ���` ���  #��I� #� �6 � ��*�  ��:�<  #�$E  *��.  ̂ �Y � 


����� %� �#� ��%� �� <n� %�: ��,  ���  @��  �3��%  ���  N#��  ������ 

�� #��� � �� �:�<  (��� � � ��� �  C��7  N#��  �3�A�� �� *%��+ %� 

��*�3�%�+  �+� ,� )12.(  

3���; "��� 56� �6 �� *�� � �� �?&�B� 
,��  ���  ,��  ��6 

�:�< #$E *�. %� �� *%��+  %��F�  �������  ��	��  ���  �����  �.��� 

N)G3. ��+����$�> %�  ����  '�+Q   ��+�  ,�� �  ���  #����  ��� 

Y�< b"�� � Y� ��#$ ��%�+� %�4� {�5B��� �3�� #��� .� �� 
�% _�) 

,� ��*%�+ %�F� ������ �	�� %� ��+�� '��� �3A�� @Q � 'DE 

� 
'+Q ��� '+Q � #?� � '+Q  ���H�
  ,�K�  N%��i� �  C��3$6 

E��h � �i� �B� #$E *�. %�E "�#��.  

  

�%&' � �����(!  
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The Effect of Pre-, Intra- and Postoperative Blood Glucose on Outcomes of 

Patients with Traumatic Brain Injury 
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Abstract 
Background: Traumatic brain injury is one of the important problems of world health with high mortality; 
probably, simultaneous hyperglycemia can intensify the harmful effects. Since there is no unique opinion in this 
regard, we aimed to study the effect of blood glucose at before, during and after operation on outcome of patients 
with traumatic brain injury.  

Methods: A hundred patients with traumatic brain injury were studied during a prospective clinical trial study. We 
divided patients according to their preoperative blood glucose level to two groups of normo- and hyperglycemic. We 
measured and recorded blood glucose level during and after operation, in addition to the heart rate, blood pressure, 
saturation of oxygen (SpO2), duration of mechanical ventilation and outcome of patients in both groups. 

Findings: Heart rate was significantly higher at 15th (P = 0.027), 60th (P = 0.018), 105th (P = 0.010) minutes and 
in recovery room (P = 0.006) in hyperglycemic patients; but as a general, the changes in heart rates were not 
significant in both groups (P = 0.610). There was no difference in SpO2 at different times. The mean arterial 
pressure (MAP) was higher at 45th (P = 0.025) and 60th (P = 0.016) minutes during the surgery; but as a general, 
there were no significant difference in MAP between the two groups (P = 0.850). Duration of mechanical 
ventilation was significantly longer in hyperglycemic patients (P = 0.009). 

Conclusion: According to our findings, elevated blood glucose patients with traumatic brain injury may results 
in some intraoperative hemodynamic changes and affect their outcome. Therefore, monitoring of blood glucose 
in these patients is suggested. 
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