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Mechanical venti lat ion ���� main
supportive treatment ���	
��
�� ICU  ��������
���������	
��������!"� acute respiratory failure  #$��
%��	��&�"�'������"���(" ��)*+�*�����)����),���"�
���-���&�"�����%1  .'�.+�%����� life saving therapy
���-���&�"�����%)(	�+��/�
����)��)������%(�'��
���.0��"��"��-��2 3������)��*��  #$��%�#4
�'�+
���5�	6�����+.0�)���
���3���������0"0�
�
�����)�	789�'�"��-����%�)���0�0�2   ���"�+
��4+�"�'/;���	��<��-������)���.�"�����)���&����-���
&�"�����%���+��"�+�0��6������3$4�

International concensus conference in
intensive care medicine3  �������	�
�����
�

Ventilator-induced lung injury  (VILI)
�+��/$�  Acute lung injury directly induced by me-
chanical ventilation in animal models.

Ventilator-associated lung injury (VALI)
�+��/$�  Lung injury that resembles ARDS in pa-
tients receiving mechanical ventilation and  is
thought to occur due to mechanical ventilation
(MV). However, unlike VILI,  one can not be sure
that VALI is caused by MV.  VALI may be associ-
ated with pre-existing lung pathology such as
ARDS.  VALI is associated only with MV.

%�)����+3���'�� %$�*+�	�+��/����+���"�+
&;)���.��%���3�� VALI *��  ��-���%�)*+�	�+��/.�)
VALI %�) ARDS *��  .0��"�+&;)3�� ARDS  *+�
.�����3$4�)������+����&� .0� ICU  ����
)��	
�"%
���%����"�+&;)3�� ARDS 	��3$4�  ��)����)��
	
�"%�������E�����F��.0�" ��-��&�����+���*+������
����  �"�+&;)3�� VALI  ���3$4�)��"�5��&����-���&�"�
����% (ventilatory strategy)  ���%���(�*��%�)��'��
'�����.')'���)������0� 9 (40% vs 31%) �� ARDS
network trial  #$����������������"��� high tidal
volume )�� low tidal volume ventilation4 .0�����
0� 33 (71% vs 38%)  �+-�� Amato .0��T�  ������
����� traditional (high tidal volume / low PEEP)
)�� open lung  (low tidal volume / high PEEP)
ventilation5

VALI  +��0)����'��  outcomes 3������!"�
������
������5�	6�������+��"�+�;�.������+3$4�
(the 2 hits hypothesis)  '����&����-���&�"�����%���
3$4� �)��6�"�.��)#����-��2 '�++�.0��
�����'��
'��	��3$4�

Clinical  relevance of VALI6

1.   ICU ����	/�����#$������!"����+� pre-exist-
ing lung injury  (�&�� severe pneumonia) ��-�  at-
risk for lung injury (�&�� severe trauma, sepsis)
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.0�%
����'����&����-���&�"�����% #$�������[%%���	����
���	
��
'��)���)�� VALI7,8,9

2.   ��'��'��3������!"�  ALI / ARDS ���0�
0����0
���  %�) 50-70% ��������	�"���
���&�"�
20 �\�������+�  ��'��'����40�0�)������%�+� specific
lung-protective ventilation strategy  ����&-��"���)��
3$4�%�)�0���[%%�� �&�� �"�+)��"�������� organi-
zation .0� management��ICU, general respira-
tory care .0� supportive therapy 	
���� extra-
pulmonary organ failure1,10-11   ��'��'�������"�%��
�����0��2  #$���&� lung-protective ventilation strat-
egy  0�0���0-�����0� 25-304,12-13   �
����&-��*��"��
ventilator management  +��0'����'��'����"�

3. International multicenter survey �)���")��
"�5��&����-���&�"�����%�� ICU  ��"��	�"���
����+�)��
�&� injurious ventilatory strategy  *��.)�  higher tidal
volumes .0� no or lower levels of  PEEP14-18

VALI   %$�'��������� differential diagnosis 3��
����!"�"�)]'����&����-���&�"�����%�����	+� ����^_�
'��'�+ respiratory parameters '���2  ������"��)��
�
���3������0"0�.0� VALI  ��%����	���';��"+
������"�

Evolving concepts of VILI
�+-��+�����������!"�ARDS ���4�.�)�+-�� 40

�\)���19 ���'�������)��%�))����),���"����-���&�"�
����%������%�))����3T���4�+������ extra-alveolar
airleak (Barotrauma)20  #$���)��%�))���&� high
ventilating pressures  	�+��/"���%���.0���),�*��
���� .0�*+�+��"�+	
��
'���0)����),�+�)��)
%�)��4�+�*��+�)��E$),���4���	�'"<��0��.0�����!"�
����
����)��.�"��� .0��"�+����"�+�3���%�)���")��
ventilator-induced lung injury (VILI)  ����+3$4�  *��.)�

1. Inhomogeneity of lung involvement
�����'6�����	���"��)3������!"�  ARDS

#$��+� diffuse ground glass opacificaiton  �
����3��

�%"�����5�	6��3���������  homogeneous lung
involvement  '���+-��+� CT technology %$�����"��
���5�	6�������3������!"���0����4 +� inhomo
geneity9,21 �-����5�	6��*+�*��)��%�����������
	+�
�	+�

- /;�0+���	�"�����)'� .0���{������)�E
�3��*�� (ventilable alveoli)  .'���%+�%
�"���0-�����
���� 3����0()���������() (the baby lung) .0��	����
'��)������%(�%�) over-distension  �+-��*�����
ventilating volume / pressure ���	���)��3���3��
baby lung

- /;�0+���	�"��{�����3T�����%��) .'�
	�+��/��{�*���+-�����-���&�"�����%�3�����4�'��*���"�
.��������	����  /;�0+��0����4*+� unstable +� cyclic
collapse and reopening  .0��	����'�� atelectrauma

- /;�0+��)���	�"��{�'0���"0� ��4 �
&�"�����%�3��.0�����%��) ��-���%�) densely
infiltrated or fluid-filled   #$����)+�%
�"�+�)%��

���/;�0+�-��2 *����� stress /strain %�) ventilating
volume / pressure ����+3$4�

Inhomogeneity .0� baby lung concept
�
����3���%*��"����';�� traditional ventilatory
protocol20  #$��.���
����&�  high tidal volume 12-15
ml/kg  (��3T���� physiologic tidal volume = 5-7
ml/kg) .0� lower levels of PEEP (+�)'�
)"�� 10
mmHg) %$��
����)��  lung injury  *��   ��)%�)��4
tidal volume +�)/�)�
�"T����&��4
���)'�"3�����
�!"�  (measured BW)  ��4�������"�+����%��� lung
volume / capacity 3$4�)�����;  ��E .0�	�"�	��   .0�
����!"��� ICU  %
�"�*+�����+��4
���)'�"�)�� (over
weight) 22

2. Multiple mechanisms are responsible for
ventilator-induced lung injury

��)���-�%�) classical Barotrauma  ���
���%�))��+����.0�"  ���-���&�"�����%���	�+��/�
���
�)�� lung injury �������)0*)�-��2 *��.)�
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Volutrauma,  Atelectrauma .0� Biotrauma (��
mechanisms of VILI)

3. Extra-pulmonary effects of VILI  lung
injury ����)��3$4� *+�*��+��0'�����������4� inflamma-
tory mediators ����)��%�) Biotrauma �����	�+��/
�3��	��)��.	�0-���
����)�� systemic inflammation23

.0�+��"�+	�+���5<)���"�+����)'�3�������"��"�
�-��224 .0���'��'�� #$���5�����"�+%��������"�����
�!"� ALI / ARDS 	�"�����������4�����	��&�"�'%�)
severe respiratory failure .'�	�"���
��	��&�"�'%�)
multiple extra-pulmonary organ failure25-26

Mechanisms of VILI2,6

���-���&�"�����%����&��������[%%;���	�"���
�
���� positive pressure ventilation  #$�������)�E.��
����") �3��	�������������%3������!"�  ��-���
������
.0���"��)3���'�"  .���������
���/;�0+3�����
3�����4�-� transpulmonary pressure  #$����)�T����
����)'� .�����%�)��%����������"/$�6�������
.0�/;�0+3���'�"�)0������)���;)	�"�  .'���)�T����
���+����5�	6�� .0�+� inhomogeneity of lung
distensibility9,21 ��)�E%�*�0*�	�����	�"����+�.��
'������)��*�03����)�E�������	;��-�/;�0+�����{�
����  ��).�����	���)�� opening pressure  3��/;�0+
����{�����  )(%�	�+��/��{�/;�0+ (alveolar recruit-
ment)  ��0����4*����"�

1. ��)/;�0+�)'�+�%
�"���0-���������
(baby lung) �+-�������)�� tidal volume ���*�����  %��)��
alveolar overdistension �+-�� alveolar volume/
pressure 	���)�� maximal regional capacity /;�0+
)(%���)3��.0� air leak '�+ pressure gradient %�)
/;�0+�3��	�� adjacent bronchovascular sheath �)��
���� extra-alveolar air �� parenchymal interstitium
.0��#��*��"+)�����������'���2 �&�� pneumotharax,
pneumomediastinum, subcutaneous emphysema
����'��  )������%(���4�-�   Barotrauma

2. ��)  alveolar overdistension ����)��3$4����
*+�/$�3�4�/;�0+��)3�� %��)�� Volutrauma  .�� ���
���5�	6��%�3$4�����)���"�+�;�.��.0������"0�
3�� cyclic overdistension stress/strain ���*+��;�.��
+�)��%������
����)�� ultrastructural changes �&��
endothelial cell detachment, intracapillary bleb,
disrupted or damaged type I pneumocyte with
areas of denuded basement membrane  .'�/��
�;�.��+�)%��)�� stress failure ���� physical
breaks in alveolar epithelial and endothelial plasma
membrane 27 �
��� alveolar-capillary membrane
	�
�	���������   �)�� permeability pulmonary edema
#$����%�;�.��+�)%�/$�3�4� diffuse alveolar
damage2,28 Barotrauma .0� Volutrauma   %$��)��
%�) alveolar overdistension ��4����  .0��������	+-��
2 �������.')'���3�������
����")��29 low tidal
volume ventilation  &�"�0� global stress/strain  .0�
overdistension injury *��

3. ��-���%�)��-4���-�����+�  a lveolar
interdependence /;�0+���*+� stable .0�+� cyclic
collapse and reopening30 %��)�� shear force )���

'�� epithelial cell .0� interstitium 3��/;�0+����{�
.0���{������)0�)��  ���)���
�"T shear force ��4
��%	��/$� 140 cmH

2
O  �+-���&� transpulmonary

pressure ����� 30 cmH
2
O31  )������%(���4����)"��

Atelectrauma  �&-��"�� shear force ����	���';	
��

3�� epithelial disruption .0� loss of barrier
function 3�� alveolar membrane  +�))"��
alveolar overdistension   PEEP 	�+��/ stabilize
lung unit *+�����)�� cyclic collapse and reopening
%$�0� regional stress/strain  .0�  Atelectrauma
*�� 32

4. Excessive mechanical forces  %�))��
�&����-���&�"�����%���)0��"3���'����4� Barotrauma,
Volutrauma, .0� Atelectrauma  �
����)�� exces-
sive stress/strain '����-4���-�����  .0�%�)��'�;����
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�)�� inf lammatory response ����)0*)
mechanotransduction ��-�%�))�����/;�0+��)3��
/�)�
0������)"�� Biotrauma33 ������.�)
proinflammatory cytokines ��0����4  %�%
)������6��
����� .0�+��0�	��'���������.0�)��789�'�"3�����
.'���)�������%(��;�.����-��-���-4� %�	�+��/
'�"%�� inflammatory mediators   ��0����4	��3$4���
)��.	�0-��*��23  ��"�������3�� inflammatory
mediators ���0-��+��"�+	�+���5<)��)���)��
multiorgan dysfunction syndrome (MODS)24

Biotrauma ���	���	��+��� endotoxin .0�  bacteria
%�)����3��	��)��.	�0-��34-35 Time-course 3��
cytokines release ����)��3$4� 	�+��/��0����.�0�*��
������"���("6�����"0� 1-2 &+. '�+)������
��0����"�5�&�"�����% .	��"�� Biotrauma +�
reversibility36  ���	�+��/0� Biotrauma *�� ����0�)
�0���� excessive mechanical stress / strain  ��-�
������'�+-������� specific cytokine-modulating
agents

%�/$�"����4�"�+����"�+�3���%��-��� ventilator-
induced lung injury(VILI) *����F��%�) simple
mechanical injury ����� Barotrauma )0������)��
����%(����+��"�+#��#�������� cell  .0� genes
expression (Biotrauma) .0���{���)�	���%���F��
ventilator management ���+����	��5�6��.0�
�0��6��+�)����3$4�

Lung Protection Ventilatory Strategy37

)���&����-���&�"�����%��������	;��-� )��������
������ acceptable gas exchange ����)��6�"�
.��)#���'���2 �������	;��"+��4� ventilator-induced
lung injury (VILI)  �����4���_��+��3��)���&����-���
&�"�����%%$���0����%�)���+��������+ maintain near
normal  gas exchange20  *����� gentle lung treat-
ment  ��-���0�)�0���� global .0� regional stress/
strain #$�������[%%��)��'�;�����)�� lung injury �"+����)

"��  lung-protective ventilation strategy  (LPVS)
"�5�)��'���2  #$��+�)��E$),�.0�.���
*"�*��.)�

1. Volume /Pressure limited approach
�+��/$� ventilatory technique ���%
)��

transpulmonary (lung distending) pressure �������
�� safe physiologic limits  ��-���0�)�0���� alveolar
overdistension  )��E$),�����0���)����&��0�))����4
�"�+%���+�������*"�'�4�.'��\ �.E. 2533  ��� Hickling
.0��T�38  #$��"�������<3��+�0�����0��3������!"�
ARDS 50 ���  ���*�����)��&�"�����%����&� low tidal
volume .0� permissive hypercapnia .0���"��+�
��'��'��'�
)"��)0�;+ historical control  (16% vs
39.6%, p < 0.001)

ARDS network trial4  ���� RCT �)���")�� low
tidal volume ventilation ���+�3�����
����	;��-�+����
�!"� 861 ���  .0�+��"�+.')'���3�� tidal volume
���"���)0�;+���E$),�+�)���	;� �-� tidal volume 6 ml/
kg predicted BW .0� limit airway plateau
pressure   (Pplat) < 30 cmH

2
O  �����������)�� 12

ml/kg predicted  BW .0� Pplat < 50 cmH
2
O  ��"��

��'��'��0�0�%�)����0� 40 ��0-�����0� 31
(P = 0.007)  .	��"�� mechanical ventilation +�
attributable mortality �������������0� 9   ��)%�)
��4��"��)0�;+���*�����  low tidal volume ventilation +�
ventilator-free days 	��)"�������+����	
��
���	/�'�
(P = 0.007)  .0�+� inflammatory cytokines .0�
extra-pulmonary organ dysfunction  '�
)"��)0�;+���
�&� higher tidal volume

���+� randomized controlled trial  ��) 3
&�4�39-41  #$��+�3����0())"�� (%
�"�����!"� 120, 116
.0� 52 ���) ��4� 3 )��E$),�*+��� survival benefit
%�))���&� lower tidal volume  .'��+-��+�)��"�������<
3��+�0#4
��"�� tidal volume  ����&���)��E$),���0��
��4���� intermediate volumes .0�+��"�+.')'���)��
���"���)0�;+����)"������&��� ARDS  network trial   �-�
)0�;+ lower tidal volume *����� mean tidal volume 7
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ml/kg .0�)0�;+ higher tidal volume *����� 10 ml/kg
ideal BW  #$����%�5�����00�3��)��E$),���4� 3 *��

�[%%;���%$�.���
����&� physiologic tidal
volume 6 ml/kg predicted BW .0�%
)�� airway
plateau pressure (Pplat) *"�*+��)�� 30 cm.H

2
O    ��)

Pplat  ���	���)�� 30 cm.H
2
O ���0� tidal volume 0�*��

��) (�&�� 4-5 ml/kg)   ��-���%�)+�)��E$),���"���;)2
quartile 3�� baseline plateau pressure (Pplat)
����!"����*����� lower tidal volume  %�+���'��'��'�

)"������!"����*����� higher tidal volume ���*+���"��
+� safe threshold 	
���� plateau pressure42 /��
Pplat  '�
)"�� 30 cm.H

2
O .0�����!"�+���)�����

���-���+�)  �������+ tidal volume *��
3���"���"����)���&� low tidal volume

ventilation �-����'���%�) acute hypercapnia .0�
acidosis �&�� ����!"����+�.�������&���)���0)E��,�
	�� ����'��  �"�'��'�+ acid-base status �)0�&��
.0�.)�*3������+-���)�� significant acidosis (pH <
7.2)  ��)%�)��4 low tidal volume ventilation 	���	��+
����)�� atelectasis   ������������!"� non-ARDS43

severe hypoxemia ����)��3$4��
���%
����'����&� FiO
2

	��3$4�.0��	����'�� oxygen toxicity .0�/��-� '����&�
PEEP level 	��3$4� .0��	����'�� alveolar
overdistension .0� circulatory depression  .0�/
��-� +��"�+%
����'����&� sedatives  .0� paralytic
agent  �
���+��"�+�	����'���03�� oversedation
.0� paralysis ����+3$4�

2. Open Lung Management  (OLM)
�+��/$�  ventilatory technique ���+���_�

�+��%�0� inhomogeneity 3�����5�	6�������
���)�� recruit .0� stabilize /;�0+*+�����)�� cyclic
collapse and reopening44  End-expiratory lung
volume  (EELV .0� FRC) �������+3$4�%��
���
oxygenation ��3$4���-���%�)  intrapulmonary shunt
0�0� .0� lung mechanics �����3$4�&�"�0�  regional
stress/strain  3�� collapsed alveoli %$�0�

Atelectrauma .0� Biotrauma   Higher PEEP .0�/
��-�  recruitment maneuvers (RM) �-��2  ����������
����&��� open lung management  #$��.+�%�+�3��+�0
	���	�;�%
�"�+�)��	�'"<��0�� .'��0)��"�%��
����0���) ���+��"�+3��.���.0�*+�+�3���;'��)���")��
PEEP level �����+��	+ .0������3�� recruitment
maneuver (RM)

Amato .0��T�5  E$),�����!"� ARDS 53 ���
��������������"��� high PEEP / low tidal volume
��� '�4�  PEEP ��� 2 #+. ���-� lower inflection point
���*��%�))��	���� pressure-volume curve (����)0�;+
OLM) )�� low PEEP / high tidal volume (control)
��"��)0�;+ OLM +���'��'��'�
)"��)0�;+ control
(38% vs 71%, p < 0.001) .0�+� Barotrauma ����
)"��  (7% vs 42%, p = 0.02) .'�/�)"�%��T<�)���")��
��'��'��#$��	��+�)��)0�;+ control

Villar .0��T�45   E$),�������!"� severe per-
sistent ARDS 103 ��� ����������� ventilation
strategy ��0�),T�����")�� Amato .0���"��)0�;+
high PEEP / low tidal volume +� survival benefits
(ICU mortality 32% vs 53.3%,  p = 0.04 .0�
hospital mortality 34% vs 55.5%,  p = 0.04) .0�+�
ventilator-free days 	��)"�� (p = 0.008) .0� organ
failure ����)"�� (p < 0.001)

.'�+� randomized controlled trial 3�����
�
3 &�4�46-48 #$��E$),������&�<3�� higher PEEP  (mean
PEEP = 15 cmH

2
O) '�����%�))���&� low tidal-

volume ventilation  ���+�����!"��"+)����4� 3 )��
E$),�)"�� 2,000 ��� *+��� survival benefit  �[%%;���
%$�	�;�"��)���&�  higher PEEP ������!"� unselected
ALI/ARDS  �;)��� (routine use)  *+�+������&�<��
)��0���'��'����)����!"�*�����  low tidal-volume
ventilation .0� moderate PEEP  ����.0�" �����*�
)(����"������!"����*����� higher PEEP  +� oxygenation
��)"�� (��4� 3 )��E$),�) .0�%�))��E$),�3��
Meade .0� Mercat  )0�;+ higher PEEP %
����'���
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�&� rescue therapy ��-��.)�*3 severe hypoxemia ����
)"��)0�;+ lower PEEP (10.9% vs 20.7%) #$����%
'��"�+"�� higher PEEP  0� pulmonary death *��
(6.6% vs 12%)49  .0��
�����'��'��3��)0�;+����!"�
���*����� higher PEEP +�.�"���+'�
)"��)0�;+ lower
PEEP 3-4% (36.4% vs 40.4% �����"�%��3��
Meade47 .0� 35.4% vs 39% �����"�%��3��
Mercat48

�����&�<��-���, 3�� PEEP ������!"�
ARDS %$�3$4�)��"�� PEEP �
����)�� alveolar recruit-
ment ��-� alveolar hyperinflation    %�))��E$),�
recruitability potential  ������!"� ALI/ARDS 68 ���
��"�"�5� whole lung  CT analysis ��"�� potentially
recruitable lungs  .')'���)��+�)'�4�.'� 0 %�/$�
+�))"�� 50% 3�� total lung weight  	�"���
�+����
'�
�-� mean .0� median potentially recruitable
lungs = 13% .0� 9% 3�� total lung weight  '�+
0
���50  .0���"�� recruitability  potential  ��4+��"�+
	�+���5<)�� physiologic response '�� PEEP %$���%
�
���  recruitability potential  *��%�))��'��	���
3�� respiratory variables '�� PEEP  �����)��
positive response 2 �� 3 variables '��*���4 �-�
PaO

2
/FiO

2
 ratio 	��3$4�, PaCO

2
 0�0�  ��-�

respiratory system compliance ��3$4�.	��"������!"�
+� potentially recruitable lung 	��)"����� median
���predictor set ���)0��"+�  sensitivity 71% .0�
specificity 59%50

�����4���3T�������*+�	�+��/'�"%"�� regional
alveolar overdistension / collapse  ��������+�
inhomogeneity  �"+��4�)�����+� gravitational
gradient 3�� pleural pressure .0� end-expiratory
alveolar volume  �
���)��'�4���� PEEP ��������	;�����
*�*����) .0��"�+%�����*+�+� PEEP ����������$��
(single PEEP level) ��������	;�	
������-4�����;)	�"�
�[%%;���%$����.���
������� PEEP '�+ oxygenation
criteria ����0-�) PEEP-FiO

2
 combination ���'�
���

	;�����������%�*�� acceptable oxygenation (arterial
saturation 88-95% ��-� Pa O

2
 55-80 mm.Hg) .0�

'��'�+�0����)��3$4�'�� airway pressures, expiratory
flow limitation .0� cardiac performance  ��$������!"�
���+� chest wall elastance 	�� �&�� thoracic cage
deformity, overweight, pleural effusion, .0����
�������-� abdominal distension %�) ascites .0�
intestinal ileus 	�+��/�&� PEEP level ���	����-��
stabilize lung unit *��������0��6��+�))"������!"�
���+� chest wall elastance '�
51

)���&� recruitment maneuver (RM)�� open
lung management ���*+�+�3��+�0����-���������&�<
�����������������������!"����*����� lower tidal
volume .0� higher PEEP ����.0�"52  .0����*+�+�3��
�;'�"�� RM ������"�5���������	;�53   %$����*+�.���
����

routine lung recruitment  �)�"����)�T� refractory
hypoxemia    ������"*��"�+	
��(%3��)���
 RM
3$4�)��

- ARDS category (diffuse ��)"��focal
pathology, secondary ��)"�� primary ARDS)

- ARDS stage (early ��)"�� late)
- PEEP .0� tidal volume ���+�������!"�*��

���)����
 recruitment
- Post-recruitment PEEP level
- Aggressiveness .0� recruitment

maneuver ����&�
�"���%��T��
 lung recruitment  .'������2

�+-����"������!"�+�  refractory hypoxemia   )���0�
+-��
�"��������!"�*����� adequate hydration .0��0��
�
'����&�  PEEP ���	������-���_��)�� derecruitment

3. Prone  position
���+�&� Prone positioning ���� adjunct

therapy ��-����� oxygenation ��3$4�������!"����+�
refractory hypoxemia  '��+���"�� prone position
	�+��/�_��)��.0�0� lung injury *����� promote
lung homogeneity ��������������"�
  superim-
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posed pressure %�)�4
���)3����"�%���)����
%�����)"�������������� .0� chest wall
compliance %�0�0� %��
��� diaphragm ��'�"
(move caudally) *����3$4� ��)%�)��4 pleural pressure
%�+� vertical gradient 0�0� ����"+.0�"%$��
������
3���'�"*����3$4�   lung mechanics �����3$4���"+)�� lung
perfusion �������+3$4�'�+ gravity %��
��� gas
exchange ��3$4� .0� stress/strain  /�))��%�������
���"/$�+�)3$4�  .'��0)��E$),�������!"���"����)
%�) oxygenation  �����3$4�������!"�	�"���
� (���+�T
2 �� 3) .0�"   prone position *+�	�+��/�
�����'��
'��0�0�*��54  .'������*�)('�+ subgroup
analysis ������!"����*����� high volume ventilation
(tidal volume  > 12 ml/kg BW) ��"����'��'��3��
����!"�����&����-���&�"�����%������������	��)"��
����!"�����&����-���&�"�����%���������"�
���+�T
2 ����

Broadened the clinical applications of
Lung-protective ventilatory  strategy

.+�)��E$),��)���")�� LPVS 	�"���
�%��
��
����!"� ALI/ARDS  .'��0�)������&�4"�� LPVS ���%�+�
�����&�<������!"�����&����-���&�"�����%)0�;+�-��2 ��"�
*��.)�

1.  Obstructive lung diseases �&�� COPD,
asthma ������!"�)0�;+��4 lower tidal volume (6-8 ml/
kg predicted BW) ��"+)�� lower respiratory rate (8-
15/minute) %�&�"��_��)��/0� dynamic hyperinfla-
tion .0� barotrauma, ��3T���� moderate PEEP
&�"� counterbalance dynamic airway compression
.0� intrinsic PEEP

2.  Patients at-risk for ALI/ARDS �&�� ����!"�
severe trauma, sepsis �����.+�����)'� (healthy
lungs) %�+��"�+�	����'�� VILI ����)"��������+����5�
	6���������+ (previously-injured lungs)7 .'�
injurious ventilating techniques #$���&�  high tidal

volume without (or low) PEEP  	�+��/�
�������!"�
���*+�+� ARDS �+-������+�&����-���&�"�����%�)�� ARDS
*��18

3.  Perioperative period ����!"�E�0�)��++���4�
����!"����+�����)'� (healthy lungs) .0�����)'�
(previously-injured lungs) ����!"���0����4+��"�+�	����
'�� lung injury ��4�)��� ���"��� .0��0�����'�� *��.)�
atelectasis, pneumonia, pneumothorax,
bronchopleural fistula, ALI .0� ARDS  +��0�)���
	���	�;�"�� traditional ventilatory protocols �
���
�)�� subclinical lung injury #$��%��;�.��3$4��+-��+�)��
����%(�#4
�'�+%�)	���';�-��2 .0� Lung-protective
ventilatory  strategy (LPVS ) #$���&�  more
physiologic tidal volume .0� appropriate PEEP
	�+��/0� perioperative lung injury *��55

Impact of  LPV clinical trials on ventilation
practices

)���
�0���"�%��+��&�����������'�+�)�)��
3$4�&�� ventilatory management )(�&������")��
�0��%�)���+�)�����.����0)��"�%���)���")�� lung-
protective ventilation4,5   #$�����%����������&�<�����
����'������!"�����&����-���&�"�����%#$��%�+�%
�"�����+	��
3$4���-���2   .'�%�))��E$),��0)����3�� clinical
trials ��0����4'��)����0����.�0�3��"�5��&����-���&�"�
����%56-57 ��"��+�)���
 LPV (lower tidal volume
.0� higher PEEP)  +��&�����+3$4������&��2  .0�+�
���0������"�5�)���&����.')'���)��+�)   ���������
��"��.+�%�+�)���&� LPV ����+3$4������+����	
��
���
	/�'�.0�"  �0)����),� �&�� ��'��'��)(*+�0�0�58

#$����%�)��%�)�0��	���';  �&�� )���0-�)����!"�
���������*+�/�)'�����-����������%�).�"������.��
�
*"� %$�*+��)���0��'�+�������"��  �;�	�����)��
�
 lung-protective ventilation strategy (LPVS)
*��&���) research settings  +��0�)�0��	���';
#$���"�*�����)��"�������<.0�.)�*3�������������
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��-������+��)�	���%��
���<�"�+������*�����)����	�%�<
.0�"��4*��&�����)�������&�<�����)"���3"������3$4�59

Conclusion
Ventilator-induced lung (VILI) ��-� VALI ����

additional lung injury ���	�+��/�_��)����-��
���0�
0�*��  Lung-protective ventilation strategy (LPVS)
*+�'���)���;�)�T<��-�����+�  �����������0������_�
�+����)���&����-���&�"�����%+����� gentle lung
treatment  ��-��0� global .0� regional stress/strain
'�� lung tissues #$��	�������
*����"����4�-� �&�  low  tidal
volume  (/������*�*���&�'�
)"�� 6 ml/kg predicted
BW) .0� open-lung approach ����&� moderate/
higher PEEP .'������2  (/������*�*���"�	��)"�� 15
cmH

2
O) .0�%
)�� airway plateau pressure *"�*+�

�)�� 30 cmH
2
O.
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