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+,-  
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BMI  
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EF ����  30/9 ± 70/54  8/7 ± 00/51  090/0 
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BMI: Body mass index; FEV١: Forced expiratory volume in ١ second; FVC: Forced vital capacity; EF: Ejection fraction 
 ����2. � �� ��  ���!� ��"� #�	$ ����� ��
 � %&'(�  � %�	)� *���+��,�� � %�	)�2CO ��	
 �� �� %����� � %�� ��-� � 
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�����  ���� �
	�   �����P 

1�& 7��1�8 ���9� )%:��%� 7 ) �9%;� �� �<"=�L( 23/1 ± 41/2  43/1 ± 63/6  *001/0 < 

) �9%;� �� �<"=� ���?�<@�A� ���9� )%:��%�ml(  11/0 ± 22/0  10/0 ± 48/0  *001/0 < 

2CO ) ���1�B 7�����mmHg(  67/4 ± 60/37  05/4 ± 32/30  *001/0 < 

2CO ) ��� 7�����mmHg(  56/5 ± 26/31  20/1 ± 16/2  *001/0 < 

 3C ���9� )%:��%�1�& 1�8 7 �D�,&  3�4 5�� �� �<"=� �E�"-)L( 347 ± 634  390 ± 1766  *001/0 < 

�,A�� 7  3C1�& 1�8 7 �D�,& (��A�) �<"=�  6506250 ± 11887500  731250 ± 3311250  *001/0 < 

) 3�4 5�� �F �� �<"=� ���?�<@�A� 3C ���9�ml(  50/32 ± 90/57  10/26 ± 00/129  *001/0 < 

�,A�� 7 (��A�) �<"=� ���?�<@�A� 3C  5/157137 ± 5/279946  5/126193 ± 0/623715  *001/0 < 

) �<"=� GAH@�?� ���9�g(  0  10/15 ± 40/88  *001/0 < 

�,A�� 7 (��A�) �<"=�  H@�?�  0  30/196 ± 00/1647  *001/0 < 

050/0 < *P 

  


�0�� �� ��
R� '�[���� '���   �� ����"� ���3��

 /#�"""""  #����"""""� F"""""���� �"""""� 
��""""". #   

L/min 67/4 ± 6/37 # L/min 05/4 ± 32/30  ��"""�

 ?���c V*W #t "6n� /#�  #� '�� 	_3M� !  ��"� ��� .

  
�"0�� �� ��
R� '�[����  '��"�   #� �� "�� ��"�3��

 /#�  ���� # F"���� �� 
��. L/min 56/5 ± 26/31 

# L/min 2/1 ± 16/2     /#�"  #� '�"� 	_3"M� # ���

6n� ��� ���.   /��"� ��"���  ��
R� '�[���� �   5�"L�

��  /#�"""  #����"""�  F"""���� �"""� C"""�� 
��""". #   

L/min 23/1 ± 41/2 # L/min 43/1 ± 63/6  # ��""�

  ?�"��c V*Wt     "6n� /#�"  #� '�"� 	_3"M�  ��"� ��� 

 Z#
�)2.(  

 '�[����/��� ��  ��
R� � 0%6�    "W �� 5�"L�

   /#�"  #� �� "���� ��� (
�  ���"�   �"� 
��". #

F���� L 347 ± 634 # L 390± 1766    V"*W # ��"�

 ?���ct!   "6n� /#�"  #� '�� (#�%�    V��"l� .��"� ���

�35�  e�a�� ��#c��!  ���� '�[����/��� ��  �  "0%6� 

 /#�  �� 5�L� ����6506250 ± 11887500  Z���

 /#�  �� # 
��.731250 ± 3311250    # ��"� Z�"��

 ?�""��c V""*Wt �""6�C� � /
"". ��#c�""� �  �� �"";��

 	�L�/��� ��  � 0%6�  �� ?�"��c /#�  "� ! �  ��"W

6n�  ��� �3�� ���� Z#
�)2.(  

 /#�  #� �� 5�L� ?���25#C�� �� ��
R� '�[����

���"""�  F"""���� �"""� 
��""". # ml 5/32 ± 9/57 #   

ml 1/26 ± 0/129    ?�""��c V""*W # ��""�t  (#�""%�

""6n�  �"".�� ��""�# /#�""  #� '�""� ���� . '�[��""��

�6�C� �    #� �� 5�"L� ?���"25#C�� ���� /
. ��#c��

 /#� ����  #
��.  F���� ��5/157137 ± 5/279946 

 #5/126193 ± 0/623715 Z���     ?�"��c V"*W # ��"�t 

6n� /#�  #� '�� 	_3M� ���  Z#
�) ���2.(  


��. /#�  ���� 5�L� I�)#��: ��
R� '�[���� 

g 1/15 ± 4/88 �""6�C� '�[��""�� # ��""� �  I�)#��"":

 /#�  '�� �� 5�L�3/196 ± 0/1647  ��"� Z���x  ��

  �"� /#�  �� �� G��2CO   ��"�� "��!   I�)#��": ��


X� /��%3:�  Z#
�)2(.  

 '�[���� �"���� # ���� /�� k:�3� ��X5 ����R� � 

�R���    �".�� 	_3"M� /#�"  #� �� ��  '�[��"�� �"�� x 

     ?�"��7 �"*u� ��"X5 # ���"� /�� ��X5 �u��
� ����R�

����� )PEEP(    "6n� 	_3"M� /#�"  #� '�� ��  ���

 �.�
� Z#
�)3 ��.) (1(.  
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 ����3.  #�	$ � � �� ����� /0��� � 	12��3 ��4� ��"� 5��-� *�,� 6%���� ��� � 5!7�  � ��PEEP ��	
 �� ��  

�����  ����  �
	�   �����P 

�A�?� �� I�?�� ���< )O2H cm(  95/1 ± 95/5  14/1 ± 26/4  *001/0 < 

�A�?� �� ���< "JC��E )O2H cm( 91/1 ± 65/19  25/10 ± 24/17  180/0  

�A?�& 7 �9%;� 7� )L/min( 06/4 ± 11/11  36/1 ± 94/5  *001/0 < 

PEEP )O2H cm( 73/0 ± 21/1  19/0 ± 03/1  180/0 

; PEEP: Positive end expiratory pressure050/0 < *P 

  

  
 ����8 1 .5��-� 	���!� �� �� 9�	�� � 5!7� ��	
 �� �� ��  

  

���  

'�� e�a�� �� 2� 	
� �nG�l�! �0��R� �  ?��� # ��:

,#� #� .���� ����� �  
�"0�� �� �� ����   '��"�

��""�3�� )�""� ""�� )2High end inspiratory CO (

2HEI CO ����� # � 
�0�� �� �� ����  '������3�� 

  '���"72LEI CO )2Low end inspiratory CO(   '�"�

 ""���� �""�� �""�� ?���""��� �� ��""�� "".����

  ��"���""nG�l� '""�� �� .��""�!  /#�""  #�34  �� /�""%�


�
��� ?�������� � ���� ��� � #� �� 5��L� ��W


�
���  I�0R� /#� .     �"1� �� !/��".� ���"� /#�  #�

   # "06� # 6": f���� ���. &�5�� ��� �����D3�

yM�"".     
""6��� �""�� ���""� ��""�� ��""�BMI   

)Body mass index(  �*"0� !FVC/1FEN  #EF   �"�

""6n� 	_3""M� I""� 
63"".�
� ����. �!#� '""�� �  �""g�

  
66� ,#
>� '�� 
. u6M �nG�l� '�� �� �����

� z��3� # � ,#� �� h���� ���� Z��3�� �� !/
�c �:�

�2M�
� � .�:� /��� /��%3:� ����  

 "� !���� ��� (
� W �� �:� ��
� �  /@"�#

 "� �� ����� ?��� (
� �� ���� ���� Z���� �� �

� K�L3M� ��M    (�C"��a� # e���"G �� /#_� !
��

    5�"L� (�C"��a� # e���"G !���� �� !��� �� h����

 ql"": ���
""�[� !"".���� ��""RG� �""�� �� �""�� 
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"M� �#�"� �� ��� �"2� # .����

      !(�C"��a� # ���"� '"�� �����"� �"� /
. /��%3:�  �"�

 �� � � K�LM 	_��.�� /���� C�� �)���6�C� !
 � 

� ����� 3.�
�� I30�: # ����� �� �� 5�C  .
����  

�B�� ?��� �� &. ?#
�!     ���#
"�� �"�G� �"�

 �� 30��� !(�C��a� # ���� ��*� '�� 
�G�� �� # �#�#

� 	�L� �?c ���� 
� �� # f���  Z#{*� 5�� ��� ��

    �� TU�"� ���"� !��"X63:� �*.�� ���#��� .�.��

0�� # '��� 
�0��?@�!   �� �"� 
630� ����� �2�� ��

 ���� .���� '�� �� ����� ��
R� �� ��� (
� W

 "� ���� /��%3:�   �"6�C� # 
"���  �     "3� !���"� '"��

/��� �����  �   � �"� 5�"L� F"2+    ��"X� �"M�� ��

� 
�G��   ?�3":����� # ����� �� �� 3%[6� |G�*� !��� 

� ����� :� �� �� �:� G�� �� '�� # 
���� /��%3 ��

,#� ""� !�""6��� ��""�  �� ?��""� 	_""�� 	�""L� �""� #

���� ?c ���  .���� ��� �2� ��  

     ,#� �� /��%3":� �"� �"� 
". /
�� �nG�l� '�� ��

����� � 
�0�� �� �� ����     !��"�� "�� ��"�3�� '���

 "� �� ��� '�� �� /��� �����  	�L� ��
R�   ?��"�

    �":� �"�U �"��� .��� ��2R� e�: &� ?�C�� ��  V��"l�

""� z��""3� � �""6�C� # 	�""L� ?�C""�� !/
""�c �"":�  �

  "".���� ,#� �� 5�""L� ?���""25#C��2HEICO ��

 "".���� ,#� �""� �""0��R�2LEICO ""� � �""��� ��""W

6n� # �1�_� .��� �3�� ����  

/#_�       ,#� �"� ".���� �"�� ?���"��� !'"�� ��

2LEICO �� T{� ��� I�)#��: 	�L� �� ���� !

 �� 
���� '��� 
�0��     �"6�C� �"� C"�� ���"� '"��   ��"�

 .���� ,#�2LEICO � �5�B� 
6�  .  

 Z�: ��1850! I30�: �� /��%3:�   �3"0� 0%6� ���

 ��� ��W ��*��R �30�!     �#��� .
�
". �"35�  ��"� ��

   /��"� # e�"5#�2� ?�"�� ?c �� /��%3:� ���� �*.�� � 

'��� 
�0�� �� TU��!  ��"� I�:�37 
�0�#�
�� )4(. 

�� ?��� ?c �� ?�6�! �5�X�7   �"6��� �� ���"�� ��� � 

/�[3:� !��X63:� �*.�� ���#���   !/
"66� ��>*� ���

I30�: 
�0�� �� TU�� ���� !0%6� ���   �"� # '���

 K�LMI30�: �� (��1�  .�:� �35�  e�a�� 0%6�

#� '""�� ��!  �W�""M ?�""6��W� �""� "".���� '�""LL>3�

���� �� .���� ,#� �� ��3X�� I"� ��  ? )LFA   �"�

Low flow anesthesia (� /��%3:�   ��"��C� �� # 
66�

� /��� ,#� '�� ���� ���� 
��� )10-3 !1(.  

G�l� ��n�  �!�B��  �� 6*� FG�+ ��%� 	_M ��

 �
"""a� i%6"""� ��"""�# e
"""� )Rebreathing(  ��

I30�:   =��"� �� !.���� ���FGF    
". /��� /��"��

: �� �
a� i%6� �� ����� .
.�� �3.�� ���# I30�

     
�"0�� �� �"12+ =��C"5� }"��� �
"a� i%6� '�� 

       �"���� =��C"5� �"�G� �"� .
". "�� ��"�3�� '��� � 

�R��� 
�0�� �� �12+ =��C5� '�� !?������ ��   '��"�
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�"0�� �� �12+ =��C5� }���
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X� ����. ?�M �����  �� Z_3M� �#�� # �����  

�nG�l� '�� ��      I3"0�: ?��"� �3"0� �"��� ��G� ��

 "0%6�!      =��""� C"�� ��"X63:� ����*".�� 	�"L�
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�0��  
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Inspiratory Carbon Dioxide Pulmonary Mechanical Ventilation  

during General Anesthesia 
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Abstract 
Background: During pulmonary mechanical ventilation in general anesthesia, end tidal carbon 
dioxide concentration should be preserved in the range of 0-1 mmHg. It seems that pulmonary 
ventilation with high end-inspiratory carbon dioxide concentration prevents loss of fresh inspiratory 
gases and inhalation anesthetic drugs and is affordable. This study was designed to evaluate the cost 
and benefit of two different anesthesia methods, high and low end-inspiratory carbon dioxide 
concentration.  

Methods: In this prospective, randomized and single-blind clinical trial, patients were studied in two 
groups of 34. Patients were ventilated with high and low end-inspiratory carbon dioxide 
concentrations in study and blank groups. Objectives were end- inspiratory and expiratory carbon 
dioxide concentration, amount of fresh inspiratory gas, and isoflurane and soda lime consumption and 
their costs.  

Findings: The amount of fresh inspiratory gas consumption and its costs over the duration of surgery 
was significantly lower in the test group (P < 0.001). The amount and cost of consumed isoflurane 
during surgery was significantly lower in the test group, too (P < 0.001) 

Conclusion: In general anesthesia, pulmonary mechanical ventilation with high end-inspiratory 
carbon dioxide concentration lead to lower consumption of fresh inspiratory gases, inhaled anesthetics 
and soda lime. Ultimately, lower costs are imposed to patients and healthcare system. 

Keywords: End inspiratory carbon dioxide, End expiratory carbon dioxide, Fresh gas flow, Low flow 
anesthesia 
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