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)Positive end expiratory pressure  ��PEEP (�� ����=� 84�$. � ���F� 
F?�G� ��� H�.&� �� I80J:�7;� #�1 PEEP  K!�L� M���� ��  

)0 O5 O10 O15 ��&�= P" #�� (���� !�" Q+9� #$ 
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�� �$ ��7�$ � -?�= )K?� (�#S(  �28 
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)P (�#S( 8&84 -�T�� . K!�L� Q�G= )U=PEEP  2� #0 M8� 
$10 84 :�7;� 
��V� . #0 %���* �� � �8�$� ��10 
WLB� 
��V�  � �TX�� ��0

����70Y�@V �� 2���  5�C#Z)Compliance (O2������ � 2����=� SPo2 )Oxygen saturation( OPeak airway pressure O 
Pleteau airway pressure OExpiratory VT O %�[ ��BC :��=��� � :��T�=(��8&� >!V %�$#\ � 8��#S 5@1 � �#�S. 

����� ��:  ]G= /��^C�PEEP  ��0  ��15 ��&�=  /��^C� 
$ #.�� OP" #��SPo2%�[ ��BC � >!V %�$#\ %�^�� /0�, O 4 �?��=��� � �?��T�=8O 

��F� ����" #_& �� M�#��`� ��� %�^�� 
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��F� ��,b�  ��$ ���)001/0 < P(. 
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����63 k �� ��#<	

K���� . +����: ���	   ������ ������� )�� * ����<	 

Recruitment   ���� �" �� K�� *�$� �3 
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$ *&�� ����, �&�	.  

 * � ��� @(�YDc  S�6�T� U�V� =�$:� ��GPEEP 

� �	l��P � � �	 ����$�	 �� H���� ��$( � 
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���� ��8� �	 ��<�J� 
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��$  � � =���4 �	 ���� �	 �WP�V� ���� �52   ���$�	

�& ��4�7 �i ��.   

n =
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α
�

+ Z��β)
� 

d�
× S� 

52 � �<� KL� �3 ��$�	 �   %����&�� ���^ 
�����

   �� C��D � H������ ��$( K�W��X� 
�����	 �� C��D

�� ����$>�  ���#G )Stability(    *��&�� %H����� ��$(

  %�����	 � ������� =�����-�    ����� � �����- �����N4  

)Pulmonary hypertension( %
#6^ 
 ���� 
$� �" %

 �������� ������3 � ��� �  =���$:� ����(PEEP �� ���	 %

���� ��& F��a� .�� +��7 SP� 24    �� � ��	 ���$�	 � 

 FP��) ����   m��h:� ������� �����$�	%  ����$�	   ���(

   � ��� �W� �� ��3 �;�������� � ���� ����^ 
4��7  �

� � ���� �" �  �( +��& +��� n�TN� FP��  ���	 ( � ��

 m +��728 � � �	 ��$�	 !��" �  +� �)  ��� ��#� ����


	���3� 
���� ��� ����� �	  �Contusion  ��� �( 

���4�7 ���^ .  ���63 �� ��6-��� ��8� �� B#^ �   �����$�	

PEEP  oV� ��5 
���   ���	 =��$:� =�� �� m" ��� .

��63 B���: �  �WP�V� ���� 
���� � H���� ��$( B#^

 �6-��� ��8� ��    ��WP�V� ���J ����� �����: �	%   K�#G

�� ��7 .K �X� p-� �� CD  CD � ��$�	 
P� �� ���

 =���$:� ��Sedation  
4���3)��� �<� ���	 B��	�a� ����: � 


��������( %4   S���6�T� oV����PEEP )0 %5 %10 %  

15 
��� m" ��� (     ��	 ����3 ��( � ��& ��4�7 �i ��

 ��� �	 !����10   ��& =��$:� �a�^� . ��hTN�   ���(

B�����#^ �� H�������� ��$( � 
��������   K�����4�q

)Compliance (%H���������� � � H������������ SPo2   

)Oxygen saturation( %Peak airway pressure %

Pleteau airway pressure %Expiratory VT %

Inspiratory pressure % �����- �����N4 � =��������

 =���� �  ����� �� !�6^ ��	�X �   ���(10% 20 %30  �

40  �a�^�+���� ���7  ��& �� �     ���:�>� K�#G ���4

����$�	��  ��� ��7 K��#G .  *�� � �� H��  ���( �������r�

�hTN� +���� �( �& ���7.  �� K �<2   ��i �� +��7

���r�� * � �����r� ��& �� �a� �_ ��  �	 �( .  

�#��L� K<� � H������ C��65$3 � H���� �   ��	

=���4 �� !���� �& +������ � � ��(.  
Cstat = VT / (Pplat – PEEP) 
Cdyn = VT / (PIP – PEEP) 

�#����L� K��<� *����b$(  ����- ����N4 *�_����� �

 
� �&)Mean arterial blood pressure  � MAP(  ��

=���4 MAP = DP + 1/3 (SP − DP) �& +������. 

���+ �(� 	�  K���   f�$� �� C�D +���" "���   f�4� �

�� ���� na �� ��&  �	 ��  �����6 �  ���  ��A�4�SPSS 

 �T��� 20 )version 20, SPSS Inc., Chicago, IL( 

 �����" �� +�������� ��   ������" ����(Student-t %2
χ  �

Repeated measures ANOVA   � ��� A8� ������

K4�7 ���^ B�6L�.   
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 �WP�V� * � ��24 � � �	 ��$�	 FP�� �  �28    ��	 ���$�	

� � � !��"  
���	 %+� ���& .  �����$�	 *� *�_���

  !����� ��	 �WP�V� KL� 4/15 ± 47  �8/16 ± 9/46 

 ����" `#> � ��	 =��Student-t 
��W� ����� %  ����

 K��&�� ������ +����7 �� *���	)98/0 = P(.  ���i ��

 !���� �	 m � SP� +��7 �� �� 
��� f ���14  ��

 �19    ����	 ���� ��)3/58   ��J�� B�	�a� �� 9/67 

�J�� ( ����" `#> �2
χ
�W� j��-� %   �� *��	 ����

  ���N +�(���N� +����7)48/0 = P( . �� ��� *�_�����

 +����7"S��P�"  �"m"  !������ ���	 A���2/8 ± 73  �  

5/6 ± 9/73  ��7�6�3 ��	)65/0 = P(.   

f �& ����� ���$�	 * ��  +��7 �� ��"m" % ��(�����

 ��W��)Multiple trauma  � MT(   
�����4 �	13   �����

)4/46 ���J�� ( �(���& +����7 �� � �	���X �A��r� �   

)Head trauma  ��� HT(   
������4 ���	7  ������)2/29 

�J�� ( ����" `#> � ��	Fisher’s exact   *��	 ������ %


�W� +��7 ��  ��	 ���)001/0 < P .(  

 +��7 �� ������3 ���7�� ��A��"m"  ��10  ��� 

)7/35 ����J�� ( �� %��� H���  �������$�	 ��8  �����  

)6/28 �J�� ( �� %���<, H 6   ���)4/21  ��J�� (

 �� � ���<, ��4  ��$�	)3/14 �J��(   ����7�� A�� %

��	 B��3 ������3 .  

 =����� ��1  � B���&1 n-���& �������r�  ����(

($  S�6�T� U�V� �� 
���	 ���� H���� ��PEEP 

 �� �� +��7K�� +�& +��� ��N.  

  
���� 1. �	
�� � ����  ���� ���� �� ����
���  �� PEEP )Positive end expiratory pressure ( �� ��#�$%  �&'�� ���  

  �	�� )�����(  ����� P  

)���	��  �

���� ��(  

0  10 -0  20 -10  30 -20  40 -30  

'(� PEEP )����� !�� *+( 5 0  5  10  15    

Spo2              
"!. "/0�"  3/1 ± 97  4/1 ± 6/96  3/2 ± 8/96  5/1 ± 6/97  2/1 ± 3/98  

  

94/0  "!. "*"  9/1 ± 25/96  7/1 ± 4/95  9/1 ± 5/96  2 ± 9/96  8/1 ± 3/97  

��2!3 4�5              
"!. "/0�"  1/7 ± 3/76  1/7 ± 4/79  1/7 ± 9/78  1/7 ± 3/78  4/7 ± 3/77  

  

13/0  "!. "*"  8/5 ± 3/76  7/5 ± 1/77  0/6 ± 76  9/5 ± 4/75  8/5 ± 0/74  

���6 �78 �07�9:� )��:� !�� 7:;(              
"!. "/0�"  6/6 ± 5/118  4/6 ± 3/119  7/6 ± 1/118  5/6 ± 6/117  3/11 ± 5/114  

  

09/0  "!. "*"  7/7 ± 1/115  8/7 ± 4/116  7/7 ± 3/114  9/7 ± 0/113  6/7 ± 1/111  

���6 �78  �07���<�)��:� !�� 7:;(              
"!. "/0�"  5/4 ± 8/70  5/4 ± 8/70  5/4 ± 7/70  7/4 ± 1/70  6/4 ± 5/69  

  

67/0  "!. "*"  9/6 ± 2/71  8/6 ± 7/70  8/6 ± 7/70  6/7 ± 3/71  8/7 ± 5/70  

MAP )��:� !�� 7:;(              
"!. "/0�"  9/4 ± 7/86  0/5 ± 5/86  0/5 ± 5/86  0/5 ± 0/86  4/5 ± 7/84  

  

49/0  "!. "*"  8/6 ± 9/85  7/6 ± 2/85  /6 ± 2/85  4/7 ± 1/84  4/7 ± 9/82  

���:� �	 ���J j��L� ���W�  *�_��� ���	 +�& ��.             MAP :Mean arterial blood pressure 
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()� 1 .#�*+ ���� ,- �
 $  .-$��/0 �  �� 1	2�0 � ����
���  ��   

 ���� ����PEEP )Positive end expiratory pressure(  



 

  

772  ������ �	
�� �	���� ����–  ���31  / ���
239 / ��� ���!� �"� 1392  

www.mui.ac.ir  

 �����  ��	
�PEEP �� ���� ��� ����� � ��������	�  ������ �	
� ��� ���� 	! � 

 *�_���Spo2  ` �^� ��10  �40  +��7 �� *�	 ��

 
�����W� j������-� �� ���K����&   ��������" 
����P�  

Repeated measures ANOVA  ������ %��� �����N

�����r� Spo2 
�W� ����� +��7 �� *�	 ��  ���K&��.  

    
���� f>��a� �� ����3 u�( �� !6^ ��	�X ���W�


���	 
�W� ����� +��7 �� *�	 �� +�&  K�&�� ��� .

 ����" *��b$(Repeated measures ANOVA   A��

  +���7 �� *�	 �� !6^ ��	�X �����r� ��� ��� ��N

 ��������#.  

  ������" `��#>Student-t   ����- ����N4 *�_�����

�a�^� �� 
P����� � 20-30   ������ +��7 �� *�	 ��


�W�  K&�� ��� � 
P���� � ��- ��N4 
P�MAP  ��


���	 
��� f>�a� �� ���3 u�(  +��7 �� *�	 �� +�&

 
����W� �������� K���&�� ��� .  �������" *�����b$(  

Repeated measures ANOVA  ����� ��� ����N 

�����r�   � 
P����� � %
P����� ��- ��N4MAP  ��


�W� ����� +��7 �� �� ���K&.  

 =��� ��2    ������r� ����W� j���L� � *�_��� %

�a�^� �� ��J ���� �� 
����	 ���� ���( F8� � 40 

� +�& +��� ��N +��7 �� *�	 ��K� .  

  

���� 2. �	
�� � ����  ���� ���� �� 1	2�0 �� PEEP )Positive end expiratory pressure ( �� ���&'�� ��� #�$%  

  �	��  ����� P  

)���	��  �

���� ��(  

0  10-0  20-10  30-20  40-30  

 '(�PEEP )����� *+ !��( 5 0  5  10  15    

=�> ?��;              

"!."/0�"  9/72 ± 9/603  9/52 ± 7/552  3/61 ± 3/632  9/66 ± 3/711  8/82 ± 9/720    

001/0 <  
"!."*"  4/50 ± 3/521  3/140 ± 0/549  2/51 ± 3/543  5/52 ± 7/612  6/51 ± 7/632  

!@A��> ���6 ���              

"!."/0�"  6/1 ± 8/21  8/2 ± 0/20  7/1 ± 3/22  4/1 ± 4/27  1/2 ± 5/33    

001/0 <  
"!."*"  9/2 ± 4/27  7/2 ± 3/25  1/3 ± 8/27  7/2 ± 5/33  7/2 ± 7/40  

���6 7BC� �� �<�7               

"!."/0�"  5/1 ± 4/16  3/1 ± 0/14  3/1 ± 9/16  4/1 ± 0/22  5/1 ± 5/27    

001/0 <  
"!."*"  5/2 ± 1/21  9/2 ± 5/18  7/2 ± 5/21  7/2 ± 4/27  6/2 ± 6/34  

D:6!E F:��G<�              

"!."/0�"  2/3 ± 5/35  0/3 ± 6/28  2/3 ± 0/37  7/2 ± 8/40  2/3 ± 2/39    

001/0 <  
"!."*"  1/1 ± 1/1  1/1 ± 1/1  1/1 ± 1/1  1/1 ± 1/1  4/3 ± 1/25  

D:6!E F:B����              

"!."/0�"  5/3 ± 4/51  0/2 ± 5/39  5/3 ± 4/53  7/3 ± 8/58  3/3 ± 3/57    

001/0 <  
"!."*"  0/13 ± 4/35  5/5 ± 2/28  4/6 ± 0/34  3/6 ± 5/36  6/5 ± 4/33  

 ���W� j��L� ���J �	 ���:�+�& ���	 *�_��� ��.  
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 =��� k ��2  B�& �1 
� ��N  �3 �(�  `	��V�

 ����"Student-t   
�����	 ���� ���( F8� *�_���

+����	 �� �  
�����10-0  j����-� +����7 �� *���	 ��


�W�   ����� � ��� �� 
P� K&�� ���    �� j���-� %��(


�W� %+��7 ��	 ��� .� � �	 ����$�	 �� *��b$( �  FP��

  @ �A�4� �	 
�� ��N4 �M3���PEEP  ��8/2 ± 20   ��	

1/2 ± 5/33 � � �� � �  !���"   �� +�� �7/2 ± 3/25 

 ���	7/2 ± 7/40   ������" `	���V� ���3 K��4�  @ �A��4�

Student-t ���� 
��$� �� ��3p� ��r�� *�_���   �� ��(

   
��W� j���-� +���7 �� *�	  K�&�� ��� .  � *�_����

 ���W� j��L�+�� ����D ��N4  
 ��(  �� ��J ���� ��

�a�^� � 40 *�	   
��W� ������ +��7 ��  K�&�� ���� .

� H���� � C� �5$3 H������   �� A��   f>��a� 
���$�


�W� ����� +��7 �� *�	 
��� K&�� ���� .  

  �����" *��b$(Repeated measures ANOVA 

 ��� ����N ���3 ������ �����( F��8� �������r� �����


����	% 
�� ��N4 �M3��� � 
 ��( +�� ����D ��N4 %

 H�������� � H������ � C��� �5$3 S��6�T� U�V��� ��

PEEP 
�W� �����  ��������&.  

  

!"#  

�Y��3� �� =��-� �G� ��  +�_��� �3 ������ �� 
���


� ��3 �� C��� =�\�P" %��4�  CD�3 ��,� �(
�  ���& 

���^ �V^ � � 
� @(�3 ����  KN7��	 9:�	 �3 �	� 

���^ �� ��- ��8� 
� F�& �	 ���� � ��& .  ���� * �

      F7��4�� � �� 
 ��8	�� � ����6$: =���-� ��	 �8��


��� ����& )22 .( �� +�������� ��� ��4PEEP  =���> ��

�-�, � U�J� K<� 
����   �� �� 
&� 
$�3�5 �(

     =��� �� 
�����63 ����J ��	 
���� ��� ����4� ��3

1967 �& K	�G )23(.    �� ��WP�V� * ���, ���� �" ��

 +�� � ��A�� *��W� K<� =" PEEP     �� ��3 ����> ��	

�Y����3� ���������"  � ����� ����8 � =����-�  9��:�	

�Y��3� ���� ��8� �	 ��& 
��� )26-24(.  

  S�6�T� U�V� =�$:� ���, ��:�V� ��PEEP 

n-�& �	    n-��& �� 
������� ���(    � 
����� ���(

���� �� H���� ��$(  ���^ 
���	 ���� ������ � �(

K4�7 . ��WP�V� �� �  ���8�    d���� +��&Gainnier  �

    S�6�T� U�V�� =��$:� �����$(PEEP  �����$�	 �� 

�	 ��#� 
	���3� 
���� ��� �����  ���^ 
���	 ����

K4�7 .�WP�V� * � ��  @ �A4� �	 
� �& d���� ��N4

PEEP @(�3 K4�     @ �A�4� 
�����	 �M3��� ��N4 �

 ����# �����	 �" �������r� ��A���� ����� K��4� .  �������r�

����8 � �����D ����N4 �� +���&�  � 
 ����( +��K���4�q 

���� B	�^ � 
N �A4� H������ ��	 )27 .(�WP�V� �� � 

v�- ��� �	 �3 ��_ �   @ �A�4� �& ��8� �(PEEP 

 !�6^ ��	�X @(�3 9:�	%     � 
� ��& d����� ���N4

 ����D ��N4 � �����Y��3� @ �A4� � 
#6^ +� ���	� 

 � 
 ��( +��K�4�q  �( �� H������2 �- +��7v   ��(

� � �	 �  �& +� � !��" � FP��)20 .( �� �	�N� k ��

P�V�	 A� �_ � 
��W ���" K�� )16 %14 .(  

�$( * � �	  %��WP�V� �� @ �A4� 
���	PEEP  ��

��$  �� � �	 �3 
���$�	 ��� �	 
��� ��( �   FP���

 ���^ 
����� �������� KL� %����4�7   ��N ���8�. 

+��	 *��b$(  =�$:� 
��� ��(PEEP 
;�> A�  � ��

 A� �" U�V� �M3��� ��A��K�� +��	 ��;�	.   *� � ��

  *� ��D U�V�� 
���	 �	 �� �WP�V�   �� ����PEEP  ��

+��	      ��	 �" 
�NT	�G� ��A��� 
����	 � +���3 
��� �

n-�& � �����Y��3�  �� 
���� � H���� ��$( ��(

��$  �� � �	 
����� ��������� KL� 
��� ��( � 

!��" � FP�� F��-���D +� �. ��4�   � �� 
6�J� ��(  *� 
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 �����  ��	
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� ��� ���� 	! � 

��N �WP�V� +��(� n-�& �� ���&" �����r� �   ���(

 ��N4 �M3��� %�����Y��3� @ �A4� *��b$( � 
����

���D ��N4 %
��� +�� 
 ��( �	�.   ������r� * � ��A��

 �� � �� �  !���"      ���	 FP��� �� � �� ���N�	 +�� �   ��3


�  �	 ���� �   ����� B��P�Consolidation  �� � �� � 

!��"  ��&�	 +� � .  ����q K��4�    H����� � � H�������

 oV� �3 
��_�(PEEP  �	 ��J ��5  
����   m" ����

����%  @(�3K4�  
� �3    ���N4 @ �A�4� �G� �� ����

�&�	 ���� F8� @ �A4� ���	 
 ��( +��.  ���#: �	

 �� oV� * � �_ �PEEP  +���	 * � ��    ����^ 
���� �

   =��\�P" C�D�3 ����3 j�>�	 �	   
�$ ��(  ��&�	.   ��	

 @ �A4� ��A��PEEP  F8� %��N�	 ���� ��& ��5� �

 � ����K�4�q  @ �A4�K&�� ��N �3 +��(�   *� � �

    �� U�V��� *�� � ���3 K����PEEP 
���  �� ������

Recruitment &�	 ���� 
P�\�P"�� . �	 A� ���� F8�

 @ �A4�PEEP  @ �A4�K4� .   *� � @ �A�4�  �� � �� � 

� � �	 �� �a� �� FP�� � !��"  ��;�	 +� � ��	�.  ���$( 

 �& ���7 �3 ��> �Pc�� * �
�  �	 ���� �   ����� B��P�

Consolidation � � �� !��" � �&�	 +� �.  

�7�        @ �A�4� ��	 ���- ���N4 � !�6^ ��	��X �,

 U�V�PEEP  @(�3%K4�  ��# ���	 �����r� * � �� 

FN, B	�^ �  
&�D��	�.   oV�� �3 
��_�( �<�� ��#P�

PEEP  ��5  �	10  
����   m" ���� ���� �) +���	 �� � 

 
���30-20 �WP�V� w��& �� �a�^� (   B�	�^ ������r�

 *�	 �� 
P����� ��- ��N4 ��A�� �� 
<���2  +��7

�& +�(�N�.  

  

�$��% ����  


� �WP�V� * � k �� �	 ���� �	   @ �A�4� �3 ��3 ���	 ����

 ��A��PEEP  ��15 
��� +��	 �� 
�� %m" ��� �   
����


� %+���3    @ �A�4� !���� ���� K��4�q     ����#<	 � ��(

 �( �� �����Y��3�2  �� � �	 ����$�	 +��7    � FP��� ���(

!����"  ����& +��� � .���7�   @ �A��4� ���,PEEP  ����  

15 
���     ��	��X � ���- ���N4 @(�3 !��� m" ���


� !6^  F�N, B	�^ � A�,� �����r� * � ��� ��&   
�&�D


� ��&�	. 	 � �4� B�P�  n-��& � ��� @ �A    %
����� ���(

     � ������Y��3� K�W�X� ���#<	 K�<� ���� * � ��8�

n-�&     ��������� K�L� ��3 
���$�	 �� 
���� ��(

� �	 +��7 �� �( �� ���� ���^ 
����� ��     � FP��� ���(

!��" 
� ��<�N�D +� � ��&.  
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Abstract 
Background: During mechanical ventilation, atelectasis may appear. Atelectasis seems to be caused 
by reduced lung volume and small airway collapse. The collapse of healthy anesthetized and acutely 
injured lungs of patients is well described and the main mechanical treatment of such collapse 
conditions is built upon positive end-expiratory pressure (PEEP). The aims of this study were to 
investigate the hemodynamic and respiratory effect of the adding PEEP in patients with healthy and 
damaged lungs during mechanical ventilation.  

Methods: In 24 patients with healthy and 28 patients with damaged lungs at constant ventilation, 
PEEP was decreased from 5 to 0 cmH2O and then increased to 15 in steps of 5 cmH2O every 10 
minutes. We prospectively evaluated the effects of PEEP on the respiratory and hemodynamic indexes 
of this patients during ventilation and then, SPO2, peak inspiratory pressure, plateau airway pressure, 
tidal volume, static and dynamic compliance, heart rate and blood pressure (systolic, diastolic, and 
mean) were recorded. 

Findings: Increasing PEEP levels from 0 to 15 cmH2O improved oxygenation in both patient with 
healthy and damaged lungs; but increasing PEEP levels decreased heart rate and systolic, diastolic and 
mean arterial blood pressure, although this changes were not significant. Increasing PEEP increased 
respiratory indexes with statistically significant difference between two groups (P < 0.001). 

Conclusion: Because of increasing the respiratory indexes by increasing PEEP levels in both damaged 
and healthy lungs without significant hemodynamic effects, this maneuver can be propose to improve 
oxygenation and respiratory indexes during constant ventilation in both patients with healthy and 
damaged lungs. 
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