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Abstract 

Aims: Annually, one million people worldwide undergo coronary revascularization with use of 

cardio-pulmonary bypass. The metabolically active medullary thick ascending loop of Henley is 

particularly vulnerable to hypoxia. Change in renal bio-markers is delayed and therefore checking 

them is not a proper way for early assessment of acute kidney injury. In this study, measurement of 

Urine Oxygen Pressure (PUO2) is examined for assessment of early renal function in patients 

undergoing open heart surgery. 

Materials & Methods: This cohort study was performed on 101 patients referred to one of Tehran’s 

hospitals for open heart surgery. Fresh urine sample from Foley catheter (for measuring PUO2) and 

Arterial blood sample (for measuring Pao2) was taken before cardio-pulmonary bypass and every 30 

minutes after cardio-pulmonary bypass. 24 hour creatinine clearance, 24 hour urine volume, Cr and 

BUN levels were documented after operation. Data was recorded in separate charts and was analyzed 

by SPSS 11.    

Results: Relationship between PUO2 and decrement of creatinine clearance demonstrates significant 

statistic difference. Relationship between Urine Flow rate and decrement of creatinine clearance 

demonstrates no meaningful statistic difference.  

Conclusion: PUO2 measurement can be applied for real time assessment of early renal function in 

patients undergoing open heart surgery. 
Keywords: Cardio-Pulmonary Bypass, Acute Kidney injury, Urine Oxygen Pressure 

www.SID.ir



Arc
hi

ve
 o

f S
ID

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

                                                                 ������ ����� �� ���!�" ���#               Vol. 15, No. 3, Fall 2010 

����� 

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

��
 �������!  "#$  ����(CPB)% ��
 ��� &'( )*� "#

�� ��! ��*+,��-  �*,� �+..��/0  1�2 �� ������
 3�� �� ��

 ����4� ��� �� ,5
 1�	 AKI )����+ ��� ���	���(  �,8*  �*,�

9: �� ��/0):/9% (�=�> �� �� /�?��� ,@����� ��
 3�?*� ��
,��8 ]9 %

A .[���+ �*,� �0AC %*
 �+��� &D���� �� ���! ��,@@+ )min/l 

9( * ��� ��E ��,F� 3�� &D���� GH�I	�( ���+�0%  �J�K+�

&8��
 I	�( �,8 ���+�� ��
 �0 9C %�&K� . �+ �LMN� 3�� �


���+ �� �J�K+� &8��
&	� O,�� �0 % ����8 �J�K+� 3�
 PQ�E�

 �,��* * ���+�0 dl/ml R/9 &	�.  �*,� 3�
 �LMN� PQ�E� ���?�

 �J�K+� PL� * ��D���� ��E ���� ��/�� S�	�
 "T(��+ *

���� ���* ]U %: %R[. �*,� �*,� V% RBF )����+ ��E ����(  ��

�� &D����
 �+ ,@+� ����� 3�W���� ��2X ���� ���� �� �J�K+�

&	� )mmHgX=PaO2(.  �� �+ ���� ���* 1����� 3�� 3��
�@


,�,8 �K+�Z�0 I��8 % �*,� ���( �


 � ��E ���� �� ������E

���D�+% ��- ��! �\�( &'(. 
�%�J�* ��K!�� � 1�
�( ��0 G�M^

�*,� �� ��@0 ���5_ S�!  �+ �T�?�
��� `� �� %,@�K0 1�5D &�K�

a�	> �K+�Z�0 �
b#� ���
 *  &��=��� �?�K� 3�� c@� &	� 3T��

�
 ��� ���
�( �*T� �	��� *���8 ���+ ��� � ]V %.) [ 1*,�9.(  

  

 �����( ���� � ���	
� �� �
� ����� ���
�  

��	
�  

���
�             
�	���� ���


������� ��� ����� ���� 

�� � 

 ��� ����� (ml/min/g) 

� ��/� 

 ������ ����(mm Hg) 

�� � 

������ �!���" �#�$ 

(VO2/DO2) 

��/� ��/�  

DO2   ������� 	
���VO2 ������ ���  

  

 �
 ���( �
��E�( ���
 d���e(���+ �+��+ �
����� ��0+�����
 %

 3�� �� P,0 �� �����	� �
 ���+ f�W@0�*� �T��� �
����� �5?�g�

���,�� ����� �J�K+� ��ND ��-(PuO2) ��
.  

  

� ��	� �
�� 

 �5?�g� 3���
 d��_��
 �0*W�0  1�	 =� �� �+9UX.  =� �(

9UXX  �*�9C9 �+ ����
 ��
 � �
 a�! ��
 ���� ��� f�c��( )�

a�! ��� �� �T� ���	����
h�0 ��=( =8 ���`� ��+ �5��� 

���
%, ,8 f�c�� .����� ��,5(�0 ���> iLM�� `� S�	�
% 9C9  ��

 3��5(8,. %����+ �����
 �F
�	 ���* d��_ �� %/�?��� �F
�	  &
���

����2���
 ���	Q# 3�@�(�+ ��/�� %d,� R/9 ���� �� f-

�	�  * ��?���� ,�,8 �����
% �5?�g� �� ����
 �� j��E,8.   

� �
 ����
 �*�* �� ,5
( ��
 a�! ��� )�����(  k@�������� ������


�� f�c�� ���,���	�,8.  �� ��! l�F?��� ���5( 3��(�> �8�=�
* ,8 

��0 *��� a�+( �
 a�! ��
^ * ��E ��ND 1�@+ �
 ������
�� m

 f�*��,��)9/C  �(A/C ����f-/f-���+ (*  f����+ �(> "Z	)9/C  �(

A/C ����f-/f-���+ ( �����@D *)9C  �(9R f-*T��/f-���+ ( &'(

* �8�=�
 ��F?�  �8�( ���	�
������ ��!,@�D- .  

�
��`@� ����� �8�=�
 /�� a�+( ��m  �����@D)UC ������?( f�*��,�� %

)9R ����f- ( f����+�(> *)9RC ����f- (Gc� �� RC ���� ��?

,8 �����	�.   

 ����?�#�����+ ��H> �� ��! ��
 0 * "#UC  n*8 �� ,5
 �F�!�

o�#% ����� * ����8 ��E ��0 /�� ����� ����� 
 ���(��	 �g	�* �0��

��
 �,8 ���5( �?�D ,��	 �
 ������ k
 1�L(� �'� �� �+%  ����
 ��

�� 1�	�� ��WN����> �
 * bE� �� p���� * ,81*,� 
 q�LM�� ���0

,@��� �0�e�� ��	 %����� Gc� ��� )"T���D*��� r*# I	�((  * ����

��
 ����?�#�����+�� &�\ "#,8.   

�
 ������
 1�F��� * ���� ��� f��(� �� ,5
 ICU%  ����� Gc� 

A: ����� "����+ * ����	A:
 ����	� ���0BUN * Cr  ��
 f	

f��( ���,�� ������
* ��- �� &�\8,.  d���e(Cr  *BUN  ������


 �M
 �
 1�F��� �� ,5
 /�����,���� &�\ * ��-,8 .  

 "Z	
 d��Q2��&	� ��/D� f� �� �,�>SPSS 11  ���*8, . �,�
�

���� s���( �
 �0����> KS  �	�
8,.  d���e( t��(�� 3��5( ��


���� ����� �� �0 �����*� �W�K��0*  �-,@+�# ������ * ,8 �����	�

���� �K��F� ��
�0,_�� * ���+ ��0%  ���� ��+ �*bc� ����>

&D- ��! �����	�. 

  

�����  

��,5( �� 9C9 �5?�g� ���� ����
% VC �� * �� :9 ��  �+ ,���
 ��

�@5� t��(���e( 3�
 ����@�(�+ ���/D� * ����� �J�K+� ��/�� d� 3�

&8�,� ���* "@� *� �� f	.  

.V  d���e( ��� 1�2 �� ����
PuO2  ��,5( * ,@�8�,�AR  ����


,@�8�� ����� �J�K+� ��/�� �� u^�* d���e(. ��/�� 3�W���� PuO2 

��
 ����?�#�����+ �� ��!"#% UC %VC  *vC ,5
 �F�!� �� ��
 "#

���!$  �� ���� 1*,�A &	� �,8 ���*> .  

  

 ����%(  �!"� �#$��PuO2% &' 	!	&! ()* � ��+ ,*!�� -.0 1�)$! 

2��+345 �6 7 2
�	  

&')�
←  

���
↓  

 *� +#,

+-. 

/0 

 &1�,�

�2" 

30 

 &1�,�

�2" 

40 

 &1�,�

�2" 

 ����� ������ ����

)+4� 9
��:�( 

�<� ��/��� ��/��� �/�� 

�
�) =�	&+:$�>&!�?( 

�/�� �� �� �/�� 

 ����� 56))+4��:@( 

��� ��� �<�� ���� 

www.SID.ir



Arc
hi

ve
 o

f S
ID

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

                                                                 �
��/0 �
��1 23 24�5�6 /378               Vol. 15, No. 3, Fall 2010 

 ��� ��� �	
��CPB � ���	��  �� ���
���� � ���	� ������� 

 ���� ��� ���	�.  �� !
�� "�#��� � "�#�� CPB $�%�� !
 �&' 

�()*
� ���	�.  �
�+&, � "�#��� -�/ ��(�&
�� �
0�� �1�* 21
03
 456

�()3�7 "
�	 0�8�1� 49&. �
���:& ��� ;�<&"
 $/"�� PuO2  ="
"�


 !
 �<	CPB  ��>�
��5�  "
"�
?��)6�/� $(+� �
���:&4*
�� ="
� 

)��A/=p .(  

�+8�E� �"�� �
"�#�� "�� "�  �
���:& ������� ;�<&"
 $/"��PuO2 � 

PaO2� ,  ���	� ��  ���	� !
 >FCPB $(+� ;�<&"
  ="
� ��G�

4*
� .��
  "�'  !
 >F ���	�CPB $(+� ;�<&"
 ="
� ��G� 4*
��

)���G ,(.   

  

 �����( ������� ��	
��� ����� ����� PuO2  �PaO2 ����� ����� �� �

 ����� ��� �� !"CPB   

��	
�←   

↓ ���
 

������ ������� ����

)����#$�� ���(  

���!" 

)�%
(  

���#


p 

�$ %#�&�

 '� �!)CPB 

PuO2 &&/'*+ ,-, 
**./*

PaO2 0**/* ,-,  

*$ %#�&�

 '� �!)CPB 

PuO2 .'/'*1 23 
-45/-

PaO2 67&/* 23  

+$ %#�&�

 '� �!)CPB 

PuO2 1/&7 4 
843/-

PaO2 '1./* 4  

  

 �
0�� �
���:&Cr �BUN �  >�
��5�?�$�
"�#�� "� ��(�&
�� �)6�/ 

 ��� "� "
"�
 �H�I�
 �
0�� "� JK
� 2L�� ��CPB �()*
�� 

$(+� ;�<&"
4*
� ="
�. 

  

��� 

�
� ��M� �� �+8�E� ��  �
���:& �I1���PuO2 �,  � ���	��  ���	�

 !
 �+�CPB  �
���:& ��Pao2 $(+� ="��� �N� !
��� "
�.  $(+� �1��

$56 �� OP� QR"Pao2  "�S���9� ?  �&, $5��S��G �)��  "�M3

$� 2L�� "
"�
 �H�I�
$� �� 43�1�
�&� !
 $*��  ��5� ��*�T�)�!
 

CPB �*��. 

 �
���:& ��� ;�<&"
 �� ��K�3 UVW��Pao2  �
0�� ��PuO2� ' 

 !
 �+� ���	�CPB $(+���<� "
�. �1
 �� �G�& �� �
�+& X�3 ���  "�#��

 �� �+8�E� �"�� �
"�#�� !
CPB  !
 2��' ��()*
� ���	�  Q� �
�+& 

$� �
"�#���
�&� $(+� ���6�*�� ;�<&"
 �1
 ���<�"
�.  

�+8�E� �1
 "��  ��(�&
�� >�
��5� �
0�� �I1���?� � ="
"�
 �)6�/

 �
0��Cr � BUN $�
"�#�� "�  =���#8�F�1�"�� ��� ��� "� ��

=��>F� �
0�� "� !"�� 2L�� PuO2  �
0�� 2L�� !
 $��� ��()*
�

��(�&
�� >�
��5� �
0�� 21
03
 � Cr  �BUN ��� -�/. �� Y&"�Z

  ��,  !
 "�#��� [�3 �\]M� =
"
� �
"�#����
0�� 21
03
 456 Cr 

�()3�7 "
�	 0�8�1� 49& -�/. ������ �  ��� �+8�E� "� �
"�^#L

 2L�� �� ���
� ��M� $�
���PuO2  !
 �+�CPB $� ������ ��
�&

 2L�� ��(�&
�� >�
��5�?��*�� "
"�
 �)6�/  _1�)� �� �`�)� �1
 ��

"
� Y�
�]#L �� �+8�E� !
 �Z�� �]A.[  

  

����	
���  

��!
 �� �c >���
 ;�<&"
 $/"��� ��5� ���"�� =�L  �� �� �I1���

 �
���:&PuO2 � �+8�E� � d�� �1
 "����� 4/��  4/
 �1
 ������

S!
��
 !
 ���
0�� =��7 PuO2 $� ="
"�
� �
�&� >���
 �
�(6=
�� 

 ���"�� $��1!"
 ��� S��P)/
 ��5� -��(L��! �  �� �� ;�<&"
 $/"��

�
���:& PuO2 � S!
��
 �
0�� =��7>�
��5�?� �)6�/ �1
 �� "
"�


 �
���:& ��� Q��)I� ;�<&"
 �� Q1��/" �`�)�PuO2 �  >�
��5�

 ��(�&
���"
� ��G�.  

  

����� 

1- Mora-Mangano C, Diamondstone LS, Ramsay JG. Renal 

dysfunction after myocardial revascularization: Risk factors, 

adverse outcomes and hospital resource utilization: The 

multicenter study of preoperative ischemia research group. 

Ann Intern Med. 1998;128:194-203. 

2- Conlon PJ, Stafford-Smith M, White WD. Acute renal 

failure following cardiac surgery. Nephrol Dial 

Transplant. 1999;14:1158-62. 

3- Chertow GM, Lazarus JM, Christiansen CL. Preoperative 

renal risk stratification. Circulation1. 1997;95:878-84. 

4- Page US, Washburn T. Using tracking data to find 

complications that physicians miss: The case of renal failure in 

cardiac surgery. J Comm J Qual. 1997;23(10):511-20. 

5- Aronson S, Fontes ML, Miao Y, Mangano DT. Risk index 

for perioperative renal dysfunction/failure: Critical dependence 

on pulse pressure hypertension. Circulation. 2007;115:733-42. 

6- Brezis M, Rosen S. Hypoxia of the renal medulla its 

implications for disease. N Engl J Med. 1995;332:647-55. 

7- Kainuma M, Klmura N, Shimada Y. Effect of acute changes 

in renal arterial blood flow in urine oxygen tension in dogs. 

Crit Care Med. 1990;18:309-12. 

www.SID.ir


