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Table 2: Main characteristics of RCTs for ARDS patients included in this study.

Author Year Patients Low PEEP level High PEEP level
Amato et al. [38] 1998 ARDS ≥5 cm H2O 16 cm H2O or Pflex + 2
Ranieri et al. [39] 1999 ARDS 3–15 cm H2O 15 cm H2O or Pflex + 3
The NHLBI Institute ARDS
Clinical Trial Network [40] 2004 ALI/ARDS 5 cm H2O 5–24 cm H2O according FiO2

Villar et al. [50] 2006 ARDS ≥5 cm H2O 15 cm H2O or Pflex + 3
Mercat et al. [41] 2008 ALI/ARDS 5–9 cm H2O PEEP according to Plateau 28–30 cm H2O
Meade et al. [42] 2008 ALI/ARDS 5 cm H2O 5–24 according FiO2

Talmor et al. [43] 2008 ALI/ARDS 10 cm H2O 17 cm H2O
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Figure 2: Pressure-volume curve with lower and upper inflection
points. According to PEEP level, the recruitment of collapsed alveoli
could be set between the lower and the upper inflection points.

were lower in high PEEP group [38, 39]. In 2004 the ARDS
network performed a clinical trial with the aim to investigate
the role of high PEEP levels on clinical outcome in ARDS
patients receiving mechanical ventilation [40]. PEEP levels
were set at 8 and 14 cmH2O during the days. As results, there
were no significant differences inmortality, in ventilator free-
days, or organ failure between low and high PEEP groups
[40]. ARDS network failed to show the best degree of PEEP
to be applied duringmechanical ventilation formild to severe
ARDS. General consensus exists about the use of PEEP in
ARDS to keep open alveoli and small airway. After the ARDS
network, Ranieri et al. compared the effect of high PEEP with
low PEEP as protective and standard ventilation [39]. In this
study the authors found a reduction in plateau pressure and
mortality in patients ventilated with high PEEP in a contest
of protective ventilation [38]. The role of PEEP in ARDS
was also evaluated in association with a fixed tidal volume
[41, 42]. In LOVS trial, there was no significant difference
in mortality but the incidence of refractory hypoxemia was
significantly lower in high PEEP group [40]. In EXPRESS
trial, the authors found no difference in mortality, but there
was a significant increase in ventilator and organ failure free-
days [42]. In a RCT by Talmor et al., PEEP was set at 13 cm

H2O for three days and then changed to 17 or 10 cm H2O
[43]. As results, from the third day oxygenation, respiratory
compliance and plateau pressure significantly improved in
the high PEEP group [43].The role of higher PEEP in severe
ARDS seems to be established by several RCTs to improve
survival or respiratory function even if it was associated with
fixed or differ from tidal volume.

In 2010, a meta-analysis evaluating the effect of higher
versus lower PEEP in ARDS patients suggested that treat-
ments with different PEEP levels were not associated with
an improvement in hospital survival, even if high PEEP
level was associated with an improvement of survival in
the subgroup of ARDS patients [44]. Recently, the ARDS
definition task force proposed a new definition for ARDS,
the Berlin definition, categorizing this pathology in three
mutual exclusive degrees as mild, moderate, and severe [45].
According to this task force, high PEEP level should be
reserved in severe ARDS patients [45].

5.2. PEEP in Traumatic Brain Injured Patients. The use of
PEEP in traumatic brain injured (TBI) patient is still contro-
versial. Inmechanical ventilation for respiratory disease,mild
PEEP levels and recruitment maneuver avoided progressive
alveolar collapse and possible lung consolidation, improved
arterial oxygenation, and reduced elastance of the respiratory
system [46]. As discussed above, the application of PEEP
in TBI patients could affect the cerebral circulation by a
raised of mean intrathoracic pressure resulting in a reduction
of cerebral venous return and then in an increase of ICP
[47]. Videtta et al. investigated the variation of ICP and CPP
at different levels of PEEP in mechanically ventilated brain
injured patients raising PEEP from 5 to 15 cm H2O with
an increase of ICP about 3mmHg but no changes in CPP
[48]. Young et al. investigated the ICP response to a gradual
increment of PEEP in 3 randomized groups of patients with
severe brain injured patients with pulmonary dysfunction
[45]. Interestingly, the authors reported a decrease in ICP
of 6mmHg in the group of patients with PEEP from 0 to
5 cm H2O, of 8mmHg in the group with PEEP from 6 to
10 cm H2O, and of 12mmHg in the group of PEEP from 11
to 15 cm H2O.This study seemed to suggest a useful and safe
application of PEEP formechanical ventilation in brain injury
[49]. The effects of PEEP were also investigated by Caricato
et al. in comatose patients with severe TBI and normal or
low lung compliance [19].The rise of PEEP reduced CPP and
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Positive end expiratory pressure (PEEP) may prevent cyclic opening and collapsing alveoli in acute respiratory distress syndrome
(ARDS) patients, but it may play a role also in general anesthesia. This review is organized in two sections. The first one reports
the pathophysiological effect of PEEP on thoracic pressure and hemodynamic and cerebral perfusion pressure.The second section
summarizes the knowledge and evidence of the use of PEEP in general anesthesia and intensive care. More specifically, for intensive
care this review refers to ARDS and traumatic brain injured patients.

1. Introduction

Positive end expiratory pressure (PEEP) is applied during
the end of expiration to maintain the alveolar pressure above
atmospheric pressure. PEEP is different from continuous
positive airway pressure (CPAP), because this one refers
to a positive pressure maintained during inspiration and
expiration phase of spontaneous ventilation. The benefit of
PEEP has been demonstrated in terms of preventing cyclic
opening and collapsing alveoli in acute respiratory distress
syndrome patients (ARDS). Moreover, protective ventilation,
even in noninjury lungs, should be considered such as during
perioperative period aiming to prevent collapsing of alveoli.
However, applying PEEP may affect cardiac function and
vital organ perfusion by complex mechanisms (Figure 1).
To minimize the adverse effects of PEEP in intensive care
unit (ICU) and in operating room, better knowledge and
understanding of the interaction between heart, lung, and
brain during applying PEEP are required.

The aims of this review are
(1) to clarify the pathophysiology of PEEP on thoracic

pressure and hemodynamic and cerebral perfusion;

(2) to clarify the role of PEEP during general anesthesia;

(3) to clarify the role of PEEP in intensive care for
ARDS, with a special focus on traumatic brain injured
patients.

2. Methods

In the first section of this paper, we considered general issues
related to pathophysiology of PEEP. In the second and third
parts we focused on randomized clinical trials evaluating the
role of PEEP during general anesthesia for different types
of surgery and for ARDS patients. The specific search for
traumatic brain injured patients was conducted with the
best available evidence according the aim of this paper. The
research was conducted mainly in PUBMED from 1996 to
2013.

3. Pathophysiology of PEEP

3.1. PEEP and Thoracic Pressure. The intrathoracic pressure
(ITP) should be categorized in airway pressure (Paw), pleural
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ference, 1.6%) with higher PEEP, but dif-
ferences in fatal consequences from such
barotrauma are unlikely (absolute risk
difference, 0.6%; RR, 1.20; 95% CI, 0.79-
1.81). Otherwise, we found no evi-
dence suggesting serious adverse ef-
fects associated with higher PEEP in
patients with ARDS.

The strengths of this review include
an explicit study protocol and analysis
plan; access to trial protocols, case re-
port forms, and complete, unedited data
sets; standardized outcome definitions
across trials (except for rescue thera-
pies); and analyses based on the inten-
tion-to-treat principle. To minimize the
risk of overfitting and data-driven asso-
ciations, we prespecified a limited num-
ber of prognostic factors and potential
effect modifiers for our statistical mod-
els.23 We calculated RRs adjusted for im-

portant prognostic factors using log-
binomial models16 and allowed for
potential clustering effects by using ran-
dom effects for recruiting hospitals.24 Our
results proved robust in sensitivity analy-
ses applying alternate statistical ap-
proaches. We followed current recom-
mendations for subgroup analyses in
meta-analysisof individual-patientdata,25

thereby overcoming limitations of meta-
analyses using aggregated data.26-29 All in-
cluded trials met high methodological
quality standards (concealed random-
ization, explicit study protocols, and
complete follow-up) and systematically
collected data on important, potential ad-
verse effects of high PEEP administra-
tion by routinely documenting deaths,
pneumothorax, use of vasopressors (he-
modynamic instability) and rescue thera-
pies (refractory hypoxemia), and dura-

tion of mechanical ventilation and
intensive care. An independent data and
safety monitoring committee was estab-
lished to monitor and protect the safety
of participants in each trial. The 3 ma-
jor trials included 90 multidisciplinary
intensive care units with international
representation; these features enhance
the generalizability of our findings.

The subgroup effect for ARDS at
baseline meets all criteria for a cred-
ible subgroup analysis.30 We found a
large and statistically significant (P=.02
for interaction) difference in RRs that
was consistent across individual trials
and efficacy outcomes. The hypoth-
esis was generated a priori and was one
of a small number tested. Exploring the
effect of higher vs lower PEEP across
quintiles suggests a threshold effect,
rather than a progressive increase in

Table 4. Clinical Outcomes in All Patients and Stratified by Presence of ARDS at Baseline

Outcomes

All Patients With ARDS Without ARDS

No. (%)

Adjusted RR
(95% CI)a

P
Value

No. (%)

Adjusted RR
(95% CI)a

P
Value

No. (%)

Adjusted RR
(95% CI)a

P
Value

Higher
PEEP

(n = 1136)

Lower
PEEP

(n = 1163)

Higher
PEEP

(n = 951)

Lower
PEEP

(n = 941)

Higher
PEEP

(n = 184)

Lower
PEEP

(n = 220)

Death in hospital 374 (32.9) 409 (35.2) 0.94
(0.86 to 1.04)

.25 324 (34.1) 368 (39.1) 0.90
(0.81 to 1.00)

.049 50 (27.2) 44 (19.4) 1.37
(0.98 to 1.92)

.07

Death in ICUb 324 (28.5) 381 (32.8) 0.87
(0.78 to 0.97)

.01 288 (30.3) 344 (36.6) 0.85
(0.76 to 0.95)

.001 36 (19.6) 37 (16.8) 1.07
(0.74 to 1.55)

.71

Pneumothorax
between day
1 and day 28c

87 (7.7) 75 (6.5) 1.19
(0.89 to 1.60)

.24 80 (8.4) 64 (6.8) 1.25
(0.94 to 1.68)

.13 7 (3.8) 11 (5.0) 0.72
(0.37 to 1.39)

.33

Death after
pneumothoraxc

43 (3.8) 40 (3.5) 1.11
(0.73 to 1.69)

.63 41 (4.3) 35 (3.7) 1.20
(0.79 to 1.81)

.39 2 (1.1) 5 (2.3) 0.44
(0.08 to 2.35)g

.34

Days with
unassisted
breathing
between day 1
and day 28,
median (IQR)d

13 (0 to 22) 11 (0 to 21) 0.64
(−0.12 to 1.39)e

.10 12 (0-21) 7 (0-20) 1.22
(0.39 to 2.05)e

.004 17 (0-23) 19 (5.5-24) −1.74
(−3.60 to 0.11)e

.07

Total use of rescue
therapiesf

138 (12.2) 216 (18.6) 0.64
(0.54 to 0.75)

!.001 130 (13.7) 200 (21.3) 0.63
(0.53 to 0.75)

!.001 8 (4.4) 16 (7.3) 0.60
(0.25 to 1.43)g

.25

Death after rescue
therapy f

85 (7.5) 132 (11.3) 0.65
(0.52 to 0.80)

!.001 82 (8.6) 124 (13.2) 0.66
(0.52 to 0.82)

!.001 3 (1.6) 8 (3.6) 0.37
(0.10 to 1.46)g

.15

Use of
vasopressors

722 (63.6) 759 (65.3) 0.93
(0.75 to 1.14)g

.49 627 (65.9) 647 (68.8) 0.90
(0.72 to 1.13)g

.37 95 (51.6)111 (50.5) 0.92
(0.56 to 1.50)g

.72

Abbreviations: ARDS, acute respiratory distress syndrome; CI, confidence interval; ICU, intensive care unit; IQR, interquartile range; PEEP, positive end-expiratory pressure; RR,
relative risk.

aMultivariable regression with the outcome of interest as dependent variable; PEEP group, age, probability of dying in hospital derived from prognostic scores at baseline, severe
sepsis at baseline, and trial as independent variables; and hospital as a random effect.

bPatients who died before being discharged from the intensive care unit for the first time up to day 60.
cDefined as the need for chest tube drainage.
dMedian number of days of unassisted breathing to day 28 after randomization, assuming a patient survives and remains free of assisted breathing for at least 2 consecutive

calendar days after initiation of unassisted breathing.
eCoefficient from a corresponding linear regression model using the same independent variables and random effect as the above-described log-binomial model; for example, a

coefficient of 1.22 means that patients in the group treated with higher PEEP have, on average, 1.22 days more of unassisted breathing during the first 28 days compared with
patients in the group treated with lower PEEP.

fAs defined in each trial; rescue therapies included in the Assessment of Low Tidal Volume and Elevated End-Expiratory Pressure to Obviate Lung Injury and the Lung Open Ven-
tilation to Decrease Mortality in the Acute Respiratory Distress Syndrome studies: inhaled nitric oxide, prone ventilation, high-frequency oscillation, high-frequency jet ventilation,
extracorporeal membrane oxygenation, partial liquid ventilation, and surfactant therapy. Rescue therapies included in the Expiratory Pressure Study: prone ventilation, inhaled
nitric oxide, and almitrine bismesylate.

gAdjusted odds ratio substitutes for relative risk, because the corresponding log-binomial model did not converge.
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PROTECTING LUNGS FROM VENTI-
lation-induced injury is an im-
portant principle in the man-
agement of patients with acute

lung injury or acute respiratory distress
syndrome (ARDS). Although the criti-
cal care community has generally en-
dorsed lower tidal volumes and inspira-
tory pressures, the optimal level of
positive end-expiratory pressure (PEEP)
remains unestablished.1,2 Experimental
data suggest that PEEP levels exceed-
ing traditional values of 5 to 12 cm H2O
can minimize cyclical alveolar collapse
and corresponding shearing injury to the
lungs in patients with considerable
edema and alveolar collapse.3-5 For pa-
tients with relatively mild acute lung in-

jury, however, potential adverse conse-
quences of higher PEEP levels, including
circulatory depression6 or lung overdis-
tension,7 may outweigh the benefits. Sev-
eral multicenter, randomized trials test-
ing the incremental effect of higher levelsSee also p 883 and Patient Page.

Author Affiliations are listed at the end of this article.
Corresponding Author: Maureen Meade, MD, MSc,
Department of Clinical Epidemiology and Biostatis-
tics, Room 2C12, 1200 Main St W, Hamilton, ON L8N
3Z5, Canada (meadema@hhsc.ca).
Caring for the Critically Ill Patient Section Editor: Derek
C. Angus, MD, MPH, Contributing Editor, JAMA
(angusdc@upmc.edu).

Context Trials comparing higher vs lower levels of positive end-expiratory pressure
(PEEP) in adults with acute lung injury or acute respiratory distress syndrome (ARDS)
have been underpowered to detect small but potentially important effects on mortal-
ity or to explore subgroup differences.

Objectives To evaluate the association of higher vs lower PEEP with patient-
important outcomes in adults with acute lung injury or ARDS who are receiving ven-
tilation with low tidal volumes and to investigate whether these associations differ across
prespecified subgroups.

Data Sources Search of MEDLINE, EMBASE, and Cochrane Central Register of Con-
trolled Trials (1996-January 2010) plus a hand search of conference proceedings (2004-
January 2010).

Study Selection Two reviewers independently screened articles to identify studies
randomly assigning adults with acute lung injury or ARDS to treatment with higher vs
lower PEEP (with low tidal volume ventilation) and also reporting mortality.

Data Extraction Data from 2299 individual patients in 3 trials were analyzed using
uniform outcome definitions. Prespecified effect modifiers were tested using multi-
variable hierarchical regression, adjusting for important prognostic factors and clus-
tering effects.

Results There were 374 hospital deaths in 1136 patients (32.9%) assigned to
treatment with higher PEEP and 409 hospital deaths in 1163 patients (35.2%)
assigned to lower PEEP (adjusted relative risk [RR], 0.94; 95% confidence interval
[CI], 0.86-1.04; P=.25). Treatment effects varied with the presence or absence of
ARDS, defined by a value of 200 mm Hg or less for the ratio of partial pressure of
oxygen to fraction of inspired oxygen concentration (P=.02 for interaction). In
patients with ARDS (n=1892), there were 324 hospital deaths (34.1%) in the
higher PEEP group and 368 (39.1%) in the lower PEEP group (adjusted RR, 0.90;
95% CI, 0.81-1.00; P=.049); in patients without ARDS (n=404), there were 50
hospital deaths (27.2%) in the higher PEEP group and 44 (19.4%) in the lower
PEEP group (adjusted RR, 1.37; 95% CI, 0.98-1.92; P=.07). Rates of pneumotho-
rax and vasopressor use were similar.

Conclusions Treatment with higher vs lower levels of PEEP was not associated with
improved hospital survival. However, higher levels were associated with improved sur-
vival among the subgroup of patients with ARDS.
JAMA. 2010;303(9):865-873 www.jama.com

©2010 American Medical Association. All rights reserved. (Reprinted) JAMA, March 3, 2010—Vol 303, No. 9 865

Downloaded From: http://jama.jamanetwork.com/ by TOKYO BAY MEDICAL CTR, jun kataoka on 04/23/2016



Conditional������

�������
ARDS�	�����PEEP�����
(moderate quality)



ARDS�	������2016��



�����������	����
���
�

���� ���
�	������������



������������
• C
•
• L I
•EB
• 
•



�
	
����
����	�

-  - -



�����
��	�����

=

=



��������

�	������ �
���	����



�������	�
���

5
10 10

-  - -



��������
������������
�����	��

5
10 10

 



- 7:6
03 02 4 ) 1  (

- 7:6
03 02 4 ) 1  (



RI A 6

N Engl J Med 2008;359:2095-104.

2 / 03 5   OE F 3  
RI AC D A
P 1 A
L S



N Engl J Med 2008;359:2095-104.

P
SL  F

O SL F

AE D
2/0 /2 0 R

O F



-
0 2 5 -

0 2 5 -
1



/



2 H 0 3
2 1



•@IJ)DH���5.<R2L)�0*?�	�PEEP3H
OP��ARDSnet protocol�Lower/FiO2N�3H	�OP�M-

•@IJ)0�����8�PEEPAH����9C+��($&
��(!�,B�


• 28K;QS�����@IJ)0�T�16���
�� 
($' �"�=���G:A4/���
��U>��#�
%�M-	���F��E:ARCT�7��������




�����

0 1 .  - ) (



ac

e CFD 8 CP

O A CP

i SR h E ID
 i SR 2



Methods



B;9

• 2 B ;D 6 ; ;6 A;

• R S S O On

• gO h

• l Fe O 4 2 J .9H

• Mma iOa Pc d
0/ 1 ) ( 



O CJON
• f1 4 W 6 ( 7E
• i), W 2CMH J 4CD J O J BM OCM * hf

•
., f R f e R R R z R

R f R R:; 539; 76; e ac

CA f tsmnl c R r S
r fl owp f eb cg 1 HC C DOP MC :3

OFC 2CMH J 4CD J O J 191 ( (0) - () /( (, ( ))



PES-Guided PEEP Group
A

Empirical PEEP-FiO2 Group
D

2 6
/ 0 3



3 5 2 53

PES-Guided PEEP Group
O H

Empirical PEEP-FiO2 Group
MR

5 2 2 5

G

5 2 2 5  B 30



1 2
• g ig P pg PB  b

• g G l G h L 8 T

• e r G B

• 2/2 B

• c n
ma pi Gu oy W

G G b t



��������



PES-Guided PEEP Group�������

• r PW
• n F 1

e L
k 1 E .  5 / VPm

g
• k B 1 HO .  5 / VP

n FP 4 c w W ti
o 20848 1 ap

l



Empirical PEEP-FiO2 Group �����

• / / -- 4 O sT L V a
/ /W

• / 8 4 8A m E y u

• /- Ck O PB/ / O

H cO a

t il Cm 5 I 2  8 / 3 V

H rt deg d

t mF 5 S 2  8 / 3 V

N Engl J Med. 2013;368(9):795-805. 



M

FiO2 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.9 0.9 0.9 1.0

PEEP 5 5 8 8 10 10 10 12 14 14 14 16 18 18-24

Lower PEEP / higher FiO2

FiO2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.5 0.5 0.5-0.8 0.8 0.9 1.0 1.0

PEEP 5 8 10 12 14 14 16 16 18 20 22 22 22 24

Higher PEEP / lower FiO2

. 5 ;7 9 J

3 0;8: 1 276 - (  )

Higher PEEP J E NA D



•  E 2 8

• 2 2 8
Combining mortality and longitudinal measures in clinical trials.

Stat Med. 1999;18(11):1341-1354.



�����



�

� �

��



�� 


�	 �	

�� �� �� ��

��� ��� ��� ����
�	 �	 �

�
�

� � �� � �



�

� �

��

�� VFD 15


� �� VFD 10

�� VFD 20

�	

�	

�	

�	

�� VFD 15

�	
�	

�
�



1 0 0 8

•A C R UL t t  t

• s d

• S d pS S d

• 18 1 21 6 orE P n

•  D Ich aiI e



8 A 6DH A 2 AFE
orn
• 2 2 1 y 261 . D C1 O
• 5F t b gdVikmpi C.  O

A8F A6 F8 E
• dI 0c c hb d

• % h ae m lU
• E 8 A 6DH A C AF ad u C 6E 6 7 6D D I s

P aSS P P
• L E 8 A 6DH 8<6A EF 8 A C AFE U



8 - 8

•  I 2 -

• e

• ne

• 8

•  I B c y

• I T S

URPI a
h rtk d kI a

o 2 a
2 -
uI C Efm

8 I a
eI s I I
ne I

i I c y I



1 0. 5 8. 0 0 6 32

aVc

a %

i a
 %a

%a
 %

EPVent 1 studyD D
αlevel e 0.05 βlevel 15% power =85%

FS200



• 5 3 9 9 5. 5 0 W
• P S
• - 55 5 9 U
• A  Pa M
• < 9 5  P W

9 - 3 5 3 9 9



Result



1906,�
�������

1179,�"�
DNAR���� 244,

�	
rescue therapy 177,
MV>96h 169,

��$)��� 138,
Child >12�� + 134, etc

727,���
361,�'�!(	&%��
����150,�-#���*



1



�������
��
��

�
��

���	
���	

APACHE-�

SOFA

Risk factor

���
��
��

��
����
��



	��
pH

PaCO2

PaO2

P/F

TV/kg

����
�����
�
����

PEEP

FIO2

	��
�����
����
	���
���
���
	���
���

��������



��������



Ventilator Management and Respiratory Physiology

3 2 4

3 2 4
6

PEEP
3 2 4. 9

6



Ventilator Management and Respiratory Physiology

• O S . 4 S8 D

����� S2  0
• % 15 3
•  15 3

���� S  0
•  % 5 H S3
•  % 5 H S3



Ventilator Management and Respiratory Physiology

E 9 P H 9 9
• O %0 . 56
• O 0 . 56 O2 0

847 .
• %3
• O2 0



PEEP���

64.316.8

18.8

�����

��
��
��

57.1

15.3

27.6

���

��
��
��

baseline

+20cmH2O

-12cmH2O

baseline

+13cmH2O

-5cmH2O



EH =

.0 .0 F

.0 .0
1 2

1 3 2

6 857 4 .0



��

�
�

���

���

�	���

����

���

���



���
 �	� ���
 �	�

�� ��



���� �����

	� 	�



/   



��
��������	� ���
��������	�

�� ��



  
82

P=0.92

49.6 50.4



60

1

VFD

ICU

28

60

28

 

I F
6 2 F

I F
C I F

8 F
1 D0 8 F



�����

���



 
4 . 0 1 2

 %

56 5  %

%



 

P O 07 8 37 4 4924
04 2 4 64 1

R %  % M C

 % M C

E %  % M

-. %  % M



 

 1 2 y
ke K a m
SA b r y A

a m I fAo8 s t
RT d 21 2 y A
R Tu Ac y A

h y A



Post Hoc analysis

• 5 P E 9 9E 6
5 39 ..

•�������� H
O 9 5 0 % 1 2 9



Discussion



�� ��������
�
� 	����������

�����



��� ��� ��� ���

�� ��

��
���#!	����
�"�������������	��
����	



n engl j med 359;20 www.nejm.org november 13, 2008 2095

The new england  
journal of medicine
established in 1812 november 13, 2008 vol. 359 no. 20

Mechanical Ventilation Guided by Esophageal Pressure  
in Acute Lung Injury

Daniel Talmor, M.D., M.P.H., Todd Sarge, M.D., Atul Malhotra, M.D., Carl R. O’Donnell, Sc.D., M.P.H.,  
Ray Ritz, R.R.T., Alan Lisbon, M.D., Victor Novack, M.D., Ph.D., and Stephen H. Loring, M.D.

A bs tr ac t

From the Department of Anesthesia, 
Critical Care, and Pain Medicine, Beth Is-
rael Deaconess Medical Center (D.T., 
T.S., R.R., A.L., S.H.L.); the Division of 
Pulmonary and Critical Care and the Divi-
sion of Sleep Medicine, Brigham and 
Women’s Hospital (A.M.); the Division of 
Pulmonary, Critical Care, and Sleep Med-
icine, Beth Israel Deaconess Medical 
Center (C.R.O.); the Harvard Clinical Re-
search Institute (V.N.); and Harvard 
Medical School (D.T., T.S., A.M., C.R.O., 
A.L., S.H.L.) — all in Boston. Address re-
print requests to Dr. Talmor at the De-
partment of Anesthesia, Critical Care, 
and Pain Medicine, Beth Israel Deacon-
ess Medical Center, 1 Deaconess Rd., CC-
470, Boston, MA 02215, or at dtalmor@
bidmc.harvard.edu.

This article (10.1056/NEJMoa0708638) was 
published at www.nejm.org on November 
11, 2008.

N Engl J Med 2008;359:2095-104.
Copyright © 2008 Massachusetts Medical Society.

Background
Survival of patients with acute lung injury or the acute respiratory distress syndrome 
(ARDS) has been improved by ventilation with small tidal volumes and the use of 
positive end-expiratory pressure (PEEP); however, the optimal level of PEEP has been 
difficult to determine. In this pilot study, we estimated transpulmonary pressure 
with the use of esophageal balloon catheters. We reasoned that the use of pleural-
pressure measurements, despite the technical limitations to the accuracy of such 
measurements, would enable us to find a PEEP value that could maintain oxygenation 
while preventing lung injury due to repeated alveolar collapse or overdistention.

Methods
We randomly assigned patients with acute lung injury or ARDS to undergo mechani-
cal ventilation with PEEP adjusted according to measurements of esophageal pressure 
(the esophageal-pressure–guided group) or according to the Acute Respiratory Dis-
tress Syndrome Network standard-of-care recommendations (the control group). 
The primary end point was improvement in oxygenation. The secondary end points 
included respiratory-system compliance and patient outcomes.

Results
The study reached its stopping criterion and was terminated after 61 patients had 
been enrolled. The ratio of the partial pressure of arterial oxygen to the fraction of 
inspired oxygen at 72 hours was 88 mm Hg higher in the esophageal-pressure–
guided group than in the control group (95% confidence interval, 78.1 to 98.3; 
P = 0.002). This effect was persistent over the entire follow-up time (at 24, 48, and 72 
hours; P = 0.001 by repeated-measures analysis of variance). Respiratory-system com-
pliance was also significantly better at 24, 48, and 72 hours in the esophageal-
pressure–guided group (P = 0.01 by repeated-measures analysis of variance).

Conclusions
As compared with the current standard of care, a ventilator strategy using esophageal 
pressures to estimate the transpulmonary pressure significantly improves oxygen-
ation and compliance. Multicenter clinical trials are needed to determine whether this 
approach should be widely adopted. (ClinicalTrials.gov number, NCT00127491.)
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group underwent mechanical ventilation with set-
tings determined by the initial esophageal-pres-
sure measurements. Tidal volume was set at 6 ml 
per kilogram of predicted body weight. The pre-
dicted body weight of male patients was calcu-
lated as 50 + 0.91 × (centimeters of height – 152.4) 
and that of female patients as 45.5 + 0.91 × (centi-
meters of height − 152.4). PEEP levels were set to 
achieve a transpulmonary pressure of 0 to 10 cm 
of water at end expiration, according to a sliding 
scale based on the partial pressure of arterial 
oxygen (PaO2) and the fraction of inspired oxygen 
(FIO2) (Fig. 1). We also limited tidal volume to 
keep transpulmonary pressure at less than 25 cm 
of water at end inspiration, although this limit 
was rarely approached, and tidal volume was 
never reduced for this purpose.

Patients in the control group were treated ac-
cording to the low-tidal-volume strategy reported 
by the ARDSNet study of the National Heart, 
Lung, and Blood Institute.12 This strategy speci-
fies that the tidal volume is set at 6 ml per kilo-
gram of predicted body weight and PEEP is based 
on the patient’s PaO2 and FIO2 (Fig. 1).

In both groups, the goals of mechanical ven-
tilation included a PaO2 of 55 to 120 mm Hg or a 
pulse-oximeter reading of 88 to 98%, an arterial 
pH of 7.30 to 7.45, and a partial pressure of arte-
rial carbon dioxide (PaCO2) of 40 to 60 mm Hg, 
according to the sliding scales in Figure 1. To 
reduce the need for frequent manipulation of the 
ventilator settings, the goals for oxygenation in 
both groups were relaxed from the narrow range 

of PaO2 values in the ARDSNet study (55 to 80 
mm Hg) to a broader range of 55 to 120 mm Hg.

All measurements were repeated 5 minutes 
after the initiation of experimental or control ven-
tilation and again at 24, 48, and 72 hours. Mea-
surements were also performed as needed after 
changes were made to ventilator settings because 
of any clinically significant change in the pa-
tient’s condition.

Therapies other than mechanical ventilation 
were administered by members of the primary 
ICU team, who were unaware of the results of the 
esophageal-pressure measurements. To avert com-
plications, these team members used protocols 
to guide hemodynamic resuscitation,16 sedation, 
weaning from ventilation, and other standard 
interventions related to ventilator care.17 These 
care standards were aggressively applied in both 
groups. After the measurements at 72 hours, the 
results of pressure measurements were made 
available to the caregivers, who were free to use 
or not use them for decisions concerning treat-
ment and ventilator management.

The primary end point of the study was arte-
rial oxygenation, as measured by the ratio of PaO2 
to FIO2 (PaO2:FIO2) 72 hours after randomization. 
The secondary end points included indexes of 
lung mechanics and gas exchange (respiratory-
system compliance and the ratio of physiological 
dead space to tidal volume), as well as outcomes 
of the patients (the number of ventilator-free days 
at 28 days, length of stay in the ICU, and death 
within 28 days and 180 days after treatment).
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Figure 1. Ventilator Settings According to the Protocol.

For the intervention group, keep the partial pressure of arterial oxygen (PaO2) between 55 and 120 mm Hg or keep 
the oxygen saturation, as measured by pulse oximeter, between 88 and 98% by using the ventilator settings in one 
column at a time. Set the positive end-expiratory pressure (PEEP) at such a level that transpulmonary pressure dur-
ing end-expiratory occlusion (PLexp) stays between 0 and 10 cm of water, and keep transpulmonary pressure during 
end-inspiratory occlusion at less than 25 cm of water. For the control group, keep PaO2 between 55 and 120 mm Hg 
(or keep oxygen saturation according to pulse oximeter between 88 and 98%) by using the ventilator settings in one 
column at a time. Set the PEEP and tidal volume at such levels that the airway pressure during end-inspiratory oc-
clusion stays at less than 30 cm of water. In both groups, apply ventilation with either pressure-control ventilation or 
volume-control ventilation with a ratio of inspiratory time to expiratory time between 1:1 and 1:3 to minimize dys-
synchrony between the patient and the ventilator while achieving a tidal volume of 6±2 ml per kilogram of predicted 
body weight and a respiratory rate of 35 breaths per minute or less. Lung-recruitment maneuvers are permitted to 
reverse episodic hypoxemia after suctioning or inadvertent airway disconnection, but not on a routine basis.
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