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Objective: The open lung approach is a mechanical ventilation
strategy involving lung recruitment and a decremental positive
end-expiratory pressure trial. We compared the Acute Respira-
tory Distress Syndrome network protocol using low levels of posi-
tive end-expiratory pressure with open lung approach resulting in
moderate to high levels of positive end-expiratory pressure for the
management of established moderate/severe acute respiratory
distress syndrome.

Design: A prospective, multicenter, pilot, randomized controlled
trial.

Setting: A network of 20 multidisciplinary ICUs.

Patients: Patients meeting the American-European Consensus
Conference definition for acute respiratory distress syndrome
were considered for the study.

Interventions: At 12-36 hours after acute respiratory distress
syndrome onset, patients were assessed under standardized
ventilator settings (Fi0,20.5, positive end-expiratory pressure
210 cm H,0). If Pao,/Fio, ratio remained less than or equal to
200 mm Hg, patients were randomized to open lung approach
or Acute Respiratory Distress Syndrome network protocol. All
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patients were ventilated with a tidal volume of 4 to 8 ml/kg pre-
dicted body weight.

Measurements and Main Results: From 1,874 screened patients
with acute respiratory distress syndrome, 200 were randomized:
99 to open lung approach and 101 to Acute Respiratory Dis-
tress Syndrome network protocol. Main outcome measures were
60-day and ICU mortalities, and ventilator-free days. Mortality at
day-60 (29% open lung approach vs. 33% Acute Respiratory
Distress Syndrome Network protocol, p = 0.18, log rank test),
ICU mortality (25% open lung approach vs. 30% Acute Respira-
tory Distress Syndrome network protocol, p = 0.53 Fisher's exact
test), and ventilator-free days (8 [0-20] open lung approach vs. 7
[0-20] d Acute Respiratory Distress Syndrome network protocol,
p = 0.53 Wilcoxon rank test) were not significantly different. Air-
way driving pressure (plateau pressure - positive end-expiratory
pressure) and Pao,/Fio, improved significantly at 24, 48 and 72
hours in patients in open lung approach compared with patients
in Acute Respiratory Distress Syndrome network protocol. Baro-
trauma rate was similar in both groups.

Conclusions: In patients with established acute respiratory dis-
tress syndrome, open lung approach improved oxygenation and
driving pressure, without detrimental effects on mortality, ventila-
tor-free days, or barotrauma. This pilot study supports the need
for a large, multicenter trial using recruitment maneuvers and a
decremental positive end-expiratory pressure trial in persistent
acute respiratory distress syndrome. (Crit Care Med 2016;
44:32-42)

Key Words: acute respiratory distress syndrome; barotrauma;
decremental positive end-expiratory pressure trial; mechanical
ventilation; positive end-expiratory pressure; recruitment maneuver;
ventilator-free days

the acute respiratory distress syndrome (ARDS) (1-5).

The ARDS network (ARDSnet) (1) established the ben-
efit on mortality of using small tidal volume (V) in patients
with ARDS. However, substantial controversy still exists over
the application of positive end-expiratory pressure (PEEP)
(3-9) and the use of lung recruitment (10, 11).

There are 6 randomized controlled trials examining the
effects of PEEP in patients with ARDS (3-8). However, the
results of these trials vary greatly. In the majority of these stud-
ies, patients did not have established ARDS, defined as patients
who on standard ventilator settings 24 hours after ARDS
diagnosis still had a Pao,/Fio, less than or equal to 200 mm
Hg. Patients meeting the American-European Consensus
Conference (AECC) criteria for ARDS whose Pao_/Fio, is more
than 200 mm Hg on standardized ventilator settings have an
ICU mortality of about 12-23%, whereas those with a Pao,/
Fio, up to 200 mm Hg on standardized ventilator settings have
a mortality of about 45-55% (12—14). These figures are consis-
tent with recent epidemiologic data (15-17).

All of the studies with a positive effect on outcome also
established a V_ and plateau and driving pressure difference

r I Yhe approach to ventilatory support affects outcome in
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between groups (3, 5, 9), applied PEEP based on the patient’s
lung mechanics, and enrolled patients meeting the AECC cri-
teria for ARDS (18). Speculation regarding the lack of benefit
from higher PEEP in the Assessment of Low tidal Volume and
elevated End-expiratory volume to Obviate Lung Injury (4),
Lung Open Ventilation (6), and Express (7) trials is that it is not
known how many of these patients had established ARDS and
if those without established ARDS were harmed by inadver-
tently high PEEP levels. Appropriate patient selection is a criti-
cal aspect of enrollment criteria since it has been demonstrated
that response to standardized ventilator settings identifies
patients with established ARDS and predicts mortality (12-15).

Several authors (19-24) have argued that the most appro-
priate method for setting PEEP is to recruit the lung and then
to determine the least PEEP necessary to maintain the lung
open by a decremental PEEP trial (open lung approach, OLA).
Theoretically, this temporal sequence insures ventilation on
the deflation curve of the respiratory system’s pressure-volume
curve, improves lung mechanics, and decreases cyclic lung stress
by avoiding derecruitment (20-24). Since hypoxemia in ARDS
is primarily a result of intrapulmonary shunt, failure to recruit
lung not only allows shunting to persist but may also result in
overdistension of open alveoli (20). Recent data indicate that
lung recruitment maneuvers are capable of safely recruiting lung
volume and improving gas exchange and lung mechanics (11,
20-24). Based on these data, we hypothesized that the use of lung
recruitment maneuvers and a decremental PEEP trial (individu-
alized moderate to high PEEP) would result in a lower mortality
than the original ARDSnet protocol (lower levels of PEEP) (1).
Our goal was to compare 60-day all-cause mortality (patients
were followed for 60 d following randomization) in patients with
established ARDS managed with the OLA lung protective venti-
lation strategy compared with the ARDSnet protocol.

METHODS

This multicenter, pilot, randomized, controlled trial was performed
in 20 ICUs (Appendix 1). The study was approved by the institu-
tional review boards of all participating hospitals. All patients and/
or family members provided written informed consent.

Patients

All adult patients (> 18 yr) admitted to participating ICUs and
meeting AECC criteria for ARDS (12) who were on mechanical
ventilation for less than 96 hours were considered for enroll-
ment. Inclusion criteria were Pao,/Fio, up to 200mm Hg, acute
onset, bilateral infiltrates on anterior-posterior chest radio-
graph, no (clinical, echocardiographic, or hemodynamic)
evidence of left heart failure, recruited into the trial within
48 hours of meeting above criteria. Exclusion criteria were
age less than 18 years; weight less than 35kg predicted body
weight (PBW); body mass index greater than 50; intubation
as a result of an acute exacerbation of chronic pulmonary dis-
ease: chronic obstructive pulmonary disease, asthma, cystic
fibrosis, etc; acute brain injury or elevated intracranial pressure
(> 18 mm Hg); immunosuppressed patients receiving chemo-
therapy or radiation therapy (< 2 mo after chemotherapy or
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radiation therapy); and severe cardiac disease: New York Heart
Association class 3 or 4 or acute coronary syndrome or persis-
tent ventricular tachyarrhythmias. See online data supplement
(Supplemental Digital Content 1, http://links.Iww.com/CCM/
B466) for additional details. During the subsequent 12-36
hours after enrollment, patients were ventilated according to
the ARDSnet protocol (Table 1) (1) and then reassessed (quali-
fying blood gas) on specific ventilator settings for established
moderate/severe ARDS (25). Baseline arterial blood gases were
then obtained on 100% oxygen. Subsequently, patients” were
randomized to ARDSnet or OLA.

TABLE 1. Mechanical Ventilation Protocol

Protocol
ARDSnet. ARDSnet patients were managed throughout the
entire study by the original ARDSnet protocol (1) (Table 1)
(online data supplement, Supplemental Digital Content 1,
http://links.lww.com/CCM/B466). In both groups, permissive
hypercapnia was allowed and target V. referred to a volume
calculated based on the patients’ PBW (26). All patients were
managed in the supine position, although head of bed eleva-
tion was not specified.

OLA. A lung recruitment maneuver followed by a decre-
mental PEEP trial was performed before establishing initial

Standard ventilation settings

All enrolled patients

Ventilator mode VC

V; range 4-8mL/kg PBW

Respiratory rate Adjusted to maintain Paco, between 35 and 60 mm Hg
PEEP Set using Fio,-PEEP table

Fio, Set using Fio,-PEEP table

Recruitment maneuvers No

Inspiratory time <1s

Plateau pressure goal

Specific ventilation settings

<30cm H,0

All enrolled patients

Ventilator mode VC

Vv, < 6mL/kg PBW

Respiratory rate Adjusted to maintain Paco, between 35 and 60mm Hg
PEEP >10cm H,0

Fio, > 0.5

Recruitment maneuvers No

Inspiratory time <1s

Plateau pressure goal

After randomization settings

<30cmH,0
Open lung approach

Ventilator mode PC
V, target 6mlL/kg PBW
V; range 4-8mL/kg PBW

Respiratory rate

PEEP

Recruitment maneuvers
Inspiration: expiration ratio

Arterial pH goal

< 35 breaths/min

Set using decremental PEEP trial
Yes

1:1-1:3

> 730 and < 745

Plateau pressure goal <30cm H,0
Partial pressure of arterial oxygen goal 55-80mm Hg
Oxygen saturation by pulse oximetry 88-95%

Acute Respiratory Distress
Syndrome network protocol

VC

6mL/kg PBW
4-8mlL/kg PBW
< 35 breaths/min
Set using Fio,-PEEP table
No

1:1-1:3

> 730 and < 745
<30cm H,0
55-80mm Hg
88-95%

VC = volume control, V, = tidal volume, PBW = predicted body weight, PEEP = positive end-expiratory pressure, PC = pressure control.
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ventilator settings (19-24). After ensuring hemodynamic sta-
bility, a lung recruitment maneuver was performed using pres-
sure control ventilation to a peak pressure between 50 and
60cm H,O and PEEP 35-45cm H,0O depending on patient’s
response (22). Patients were sedated to apnea before the
recruitment maneuver and neuromuscular-blocking agents
were used if necessary to insure patient safety during the
maneuver by avoiding large increases in transpulmonary pres-
sure. For details, see online data supplement (Supplemental
Digital Content 1, http://links.lww.com/CCM/B466).

For the decremental PEEP trial, mechanical ventila-
tion mode was volume assist/control, V., 4-6 mL/kg, PEEP
25cm H,O, and ventilatory rate set at the level prior to the
recruitment maneuver. After a 3-minute stabilization period,
dynamic compliance (V. divided by peak pressure — PEEP)
was recorded. PEEP was then decreased in 2 cm H,O steps
and compliance recorded after stabilization. Dynamic compli-
ance was automatically calculated and displayed on the Servo-i
ventilator with each breath (on a daily basis, static compliance
was determined: V. divided by plateau pressure — PEEP). This
process was continued until the PEEP level corresponding to
the maximum compliance was identified. Once the maximum
compliance PEEP was identified, the lung was again recruited
and PEEP set at the maximum compliance PEEP + 3cm H,O.
Following the second recruitment maneuver, the mode was
changed to pressure assist/control, maximum compliance
PEEP + 3 cm H,O, pressure assist/control level set to establish a
peak inspiratory pressure less than 30 cm H,O, V. 4-8 mL/kg. If
V., was set less than 5 mL/kg PBW, plateau pressure was allowed
to exceed 30 cm H,O. Finally, the Fio, was reduced to the lowest
level maintaining the target Pao,. For details, see online data
supplement (Supplemental Digital Content 1, http://links.Iww.
com/CCM/B466). In addition, after PEEP was set, PEEP was
not to be modified for 24 hours and then only when the Fio,
decreased to 0.40. When PEEP was decreased, it was decreased
at a rate not to exceed 2cm H,O every 8 hours; if the decrease
in PEEP resulted in a loss of oxygenation or lung mechanics,
PEEP was to be reestablished. Management of ventilation for
OLA throughout the study followed the ARDSnet protocol.

In both groups, patients were assessed daily for readiness for
aspontaneous breathing trial based on the ARDSnet criteria (1)
(for details, see online data supplement, Supplemental Digital
Content 1, http://links.lww.com/CCM/B466). Those meeting
criteria received a 30- to 60-minute spontaneous breathing
trial. If the patients passed the trial, they were extubated, unless
there was a specific reason not to extubate. Patients older than
65 years, hypercapnic (> 45mm Hg after extubation), with
an ineffective cough and excessive secretions, with more than
one weaning failure, with more than one comorbid condition
(any chronic organ failure), upper airway obstruction, or Acute
Physiology and Chronic Health Evaluation (APACHE) II score
greater than 12 on the day of extubation received noninvasive
ventilation (bilevel positive airway pressure) for 24-48 hours
until stable or requiring reintubation (for details, see online
data supplement, Supplemental Digital Content 1, http://links.
lww.com/CCM/B466).
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Data were collected on day 0 (enrollment), day 1 (random-
ization), and days 2, 3, 4, 5, 6, 7, 10, 14, 21, 28, and every
7 days after randomization until extubation, including
APACHE II (27), lung injury score, Simplified Acute Physi-
ology Score (28), and Sequential Organ Failure Assessment
(29) scores, and organ failures (30, 31). Data gathering
after randomization included the highest and lowest value
for each parameter within the specific 24-hour period. For
details, see online data supplement (Supplemental Digital
Content 1, http://links.lww.com/CCM/B466). The primary
outcome was all-cause death at 60 days after randomiza-
tion (patients were followed for 60 d). Secondary outcomes
included ventilator-free days at day 28 (32), incidence of
barotrauma, development of extrapulmonary organ fail-
ures, length of ICU and hospital stay, and ICU and hospi-
tal mortality. In addition, we compared PEEP, Fio,, driving
pressure (plateau pressure minus PEEP), V., respiratory
rate, plateau pressure, gas exchange, number of organs fail-
ures, and APACHE II score between groups.

Power Analysis/Study Design

The power analysis was based on an expected 45% mortality in
the ARDSnet group. This mortality was determined from the
recent data on effect of standard ventilator setting trial con-
ducted by the Spanish Hospitales Espaiioles para el estudio de la
Lesién Pulmonar aguda network (5). In that study, patients with
severe and persistent ARDS managed with a V.. of 6-8 mL/kg
PBW had a mortality of 45.5%. In the OLA group, a mortality of
33% was expected. This was based on the findings of the Spanish
Acute Respiratory Insufficiency: Espafia Study (14) P,_ trial in
which the mortality in the P, group was 33%. Based on these
data, it was expected that approximately 600 patients would
need to be randomized into the 2 groups, ARDSnet protocol and
OLA, with an « of less than 0.05 and a 5 of greater than 80%.

Statistical Analysis

Descriptive statistics are expressed as mean * sp or median and
interquartile range depending on the nature and distribution of
the variables. Inferential statistics used estimates of the mean of
the differences and their 95% CI. Variables normally distributed
were compared with the Student ¢ test. For variables without a
normal distribution, the Mann-Whitney U rank test was used
for comparison. Categorical variables were compared using
Fisher exact test. The difference in 60-day mortality between the
ARDSnet and OLA groups was compared by the Kaplan-Meier
survival analysis with the log-rank test, and the Fisher exact test
was used to compare actual categorical differences at 60 days.
The relative risks and their 95% CIs were estimated. A two-sided
p value of less than 0.05 was considered significant.

RESULTS

Patients
Enrolment of patients began on September 1, 2007, and the
patient follow-up was completed on August 9, 2013. The trial
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was terminated at the time of the first planned interim analy-
sis because of the low rate of enrollment, precluding timely
completion of the original study size (n = 600). From a total
of 1,874 screened patients with ARDS, 297 met initial inclu-
sion criteria and 200 were randomized: 99 OLA; 101 ARDSnet
(Fig. 1). There were no differences between the two groups at
baseline, at randomization, and while receiving 100% oxygen
(Table 2).

Primary and Secondary Outcome Data
No statistically significant differences in 60-day all-cause mor-
tality were found (n = 28,29% OLA vs n = 33, 33% ARDSNet)
(p = 0.18, log-rank test) (Table 3 and Fig. 2). Multiple system
organ failure and septic shock were the most frequent causes
of death in OLA, whereas refractory hypoxemia and multiple
system organ failure were the most frequent causes of death
in ARDSnet protocol. ICU mortality did not differ between
groups (25% vs 30%; p = 0.53) (Table 3).

There were no significant differences in ventilator-free days
at day 28 (Table 3). OLA was associated with a trend to lower

Screened
ARDS palients
Excluded subjects n= 1874
-Age<i8 years 17
-Age>80 years 107
Weight<35 kg PBW 5 Ex_c\;;sd;;l
-Body mass index>50 14 n=

-Intubation for an acule exacerbation
of chronic pulmonary disease 100
-Acute brain injury or intracranial Wet inclusion criteria
pressure>18 mmHg 135 =297
-Patients receiving chemotherapy
of radiation therapy (<2 months
after chemolherapy or radiolherapy) 267 Relused
-Severe cardiac disease: NYHA class consent
3 or4 or acute coronary syndrome or n=78
ventricular tachyamythrias 48
-Pregnancy (confirmed by lab test) 7

-Sickle cell disease 16 Enrolled
-Neuromuscular disease of all types 20 n=218
-High risk of mortality within 3 months

from other than ARDS (terminal stage

cancer, severe cerebral damage) 194
-More than four extra-pulmonary

organ failures 219
-Presence of documented barolrauma 129
-Persistent hemodynamic instability,

ol

intractable shock (MAP<60 mmHg Received standard
for >2 h with maximum dose of ventilation for 24 hrs
WVASOPIESSOrs 188
-Penetrating chest injury 21
-Consented for anolher interventional Excluded due
study 21 loP/Fz200
n=18
Stratification by
Randomized Cenler
-Persistentcases- - Age
APACHE score

Upen Lung ARDSnet Protocal
[‘Wﬁi'g';f"‘““' ] { n=101

[ Protocol not strictly fulfilled ’ [ Protocol not strictly fulfilled ‘

for the whole ICU stay for the whole ICU stay
n=13 n=12

I [

Intention-todreat analysis Intentiontotreat analysis
n=99 n=101

Figure 1. Flow chart of the study. After appropriate enroliment, patients
were randomized to having positive end-expiratory pressure (PEEP) set
by the Acute Respiratory Distress Syndrome network (ARDSnet) pro-
tocol or by a decremental PEEP trial following a recruitment maneuver.
PBW = predicted body weight, NYHA = New York Heart Association,
MAP = mean airway pressure, P/F = Pao,/Fio,, APACHE = Acute
Physiology and Chronic Health Evaluation.
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rate of progressive respiratory failure than ARDSnet protocol
(12% vs 33%; p = 0.11) (Table 3).

Respiratory and Ventilatory Variables

Oxygenation improved after recruitment maneuvers irrespective
of baseline Pao /Fio,. At 24 hours after randomization, Pao,/Fio,
increased significantly in OLA (199+79mm Hg, 133+38 mm
Hg on day before randomization) but remained unchanged in
ARDSnet (136 £44mm Hg, 128+31 mm Hg on day before ran-
domization) (p < 0.0001). In general, during the first week after
randomization, patients in ARDSnet protocol were ventilated
with the same Pplat and a lower PEEP, a higher driving pressure
and Fio, with a lower Pao /Fio, than patients in OLA protocol (p
< 0.05) (Table 4). In a total of six patients in the ARDSnet group
and 18 patients in OLA when the V.. was set less than 5mL/kg
PBW), the plateau pressure exceeded 30cm H,O.

Lung Recruitment and Decremental PEEP

Prior to the lung recruitment maneuver, OLA patients were man-
aged with a PEEP of 11.8+2.4cm H,O. After lung recruitment,
PEEP increased to 15.8 3.8 cm H,O and Fio, decreased from 0.70
(0.51-0.70) to 0.40 (0.40-0.60) (Table 4). A total of 231 recruit-
ment maneuvers were performed, 23% of these required that
0.5L (0.2-0.5L) of fluid be administered prior to the recruit-
ment maneuver. In seven patients, the lung recruitment maneu-
ver was stopped because of hypotension (none of these patients
received fluid before the recruitment maneuver). In three of these
patients, an additional 0.5-1.5L of fluid was administered allow-
ing the recruitment maneuver to continue. However, four patients
did not receive any fluid, and the recruitment maneuver was
stopped. Recruitment maneuvers were not applied to 10 patients
because the medical staff considered them too unstable to toler-
ate the recruitment maneuver or for other unspecified reasons.
All patients received sedatives prior to the recruitment maneu-
vers and 60 patients received neuromuscular-blocking agents on
day 1 compared with 42 patients in the ARDSnet protocol group
(p < 0.05). At baseline and on all subsequent days, there were
no differences in the number of OLA and ARDS patients who
received neuromuscular-blocking agents.

Adverse Events

There were no significant differences in major adverse events
reported: pneumothorax (6% vs 8%; p = 0.78) and cardiac
arrests (8% vs 6%; p = 0.58) or mild transient events; hypo-
tension (35% vs 29%; p = 0.45), desaturation (34% vs 22%;
p=0.06), and arrhythmias (15% vs 10%; p = 0.29) in percent
of patients in OLA versus ARDSnet protocol, respectively.

Protocol Violations

The study protocol was discontinued after the second day post-
randomization due to consent withdrawal by the treating phy-
sician or by patient’s family in three OLA patients and nine
ARDSnet patients. Since the application of PEEP and the use
of a specific mode of ventilation were the primary differences
in the two protocols, we report adherence to these aspects of
the protocols as the primary area of protocol violation. In the
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TABLE 2. Baseline Characteristics of Study Subjects

Acute Respiratory Distress

Syndrome Network
Characteristics Open Lung Approach (n =99) Protocol (n =101)

At the time of screening for ARDS

Age (yr) 52.2+15.1 5341145
Gender (male/female, n) B7/42 67/34
Acute Physiology and Chronic Health Evaluation Il score 18+ 10 17+6
PBW (kg) 6111 62+ 11
Risk factors for ARDS, no. of patients (%)
Sepsis 45 (45) 44 (44)
Pneumonia 53 (64) 54 (53)
Aspiration of gastric content 14 (14) 13 (13)
Other 16 (16) 23 (23)
V; (mL/kg PBW) 74+1.8 71x£15
Plateau pressure (cm H,0) 27+5 27+5
Set PEEP (cm HQO) 11.9+33 11.9+38
P/F ratio (mm Hg) 12137 114+33
Pao, (mm Hg) 85+26 81+19
Fio, (%) 70 (60-100) 70 (60-90)
Arterial pH 732£0.09 732+£0.09
Paco, (mm Hg) 48+192 47+12
Respiratory rate (breaths/min) 22+6 22+6
Minute ventilation (L/min) 92+23 93+23
Organ/system dysfunctions, no. of patients (%) 62 (63) 67 (66)
Coma 6 (6) 3(3)
Renal 17 (17) 16 (16)
Hepatic 1(1) 5(®)
Cardiovascular 50 (51) 59 (68)
Disseminated intravascular coagulation 4 (4) 6 (6)

At the time of “qualifying arterial blood gas” (after 12- to 36-hr standard ventilation and 30-min specific settings)

V., (mL/kg PBW) 6.3+09 6.2+0.8

Plateau pressure (cm H,0) 269+5.5 269+44

Set PEEP (cm HQO) 12+£27 12+23

Respiratory rate (breaths/min) 25.8+6 952+47

Minute ventilation (L/min) 96+23 96+23

P/F ratio (mm Hg) 133+38 128+ 31

Pao, (mm Hg) 86+22 82+ 15

Fio, (%) 70 (50-70) 70 (51-70)

Arterial pH 732+0.08 734+0.08

Paco, (mm Hg) 49.7+ 11 47919

(Continued)
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TABLE 2. (Continued). Baseline Characteristics of Study Subjects

Characteristics

Acute Respiratory Distress
Syndrome Network

At the time of “baseline arterial blood gas” (Fio, = 100%)
Pao, (mm Hg)
Arterial pH#
Paco, (mm Hg)

At the time of randomization

Duration of mechanical ventilation (d)

Open Lung Approach (n =99)

Protocol (n =101)

179188 174+£74

733+0.08° 7.35+0.09°

47 (41-65.5) 46.4 (40.56-54)
1.9+£13 20£12

ARDS = acute respiratory distress syndrome, PBW = predicted body weight, V, = tidal volume, PEEP = positive end-expiratory pressure, P/F = Pao,/Fio,.

ap = 0.0367.

ARDSnet group, the PEEP/Fio, table was not followed on 5%
of days (violation 79 d/total ventilation days 1,528 times 100).
In OLA, PEEP was inappropriately adjusted on 3% of days
(violation 42 d/total ventilation days 1,344 times 100). Pres-
sure assist/control was used in 3% of days on ARDSnet patients
(violation 40 d/total ventilation days 1,528 times 100), and vol-
ume assist/control was used on 8% of days in OLA (violation
110 d/total ventilation days 1,344 times 100).

DISCUSSION

Our study demonstrates that OLA can be safely applied to
patients with established ARDS. This is the first randomized
controlled trial to compare an OLA strategy based on a PEEP
titration using maximal compliance to select optimal PEEP
to the ARDSnet protocol. The major difference between the

TABLE 3. Study Outcomes

Outcomes

Open Lung Approach

OLA and ARDSnet protocol was the use of lung recruitment
maneuvers and a decremental PEEP trial versus the ARDSnet
table to manage Fio, and PEEP.

It has been well established that in some patients, lung recruit-
ment maneuvers improve lung mechanics and oxygenation simi-
lar to the response we noted in the OLA group (21-23). Titrating
PEEP to the maximum compliance on the deflation limb of the
respiratory system pressure-volume curve was intended to sus-
tain the benefits of the recruitment maneuver, as evidenced by
the oxygenation and driving pressure throughout the first week
of the protocol. Setting PEEP at this level ensured that PEEP was
set just higher than the pressure associated with the beginning
of dependent lung collapse (21-23). It should be emphasized
that this approach is very different from that proposed by Suter
et al (33) who set PEEP according to the best incremental PEEP

Acute Respiratory Distress
Syndrome Network Protocol

28-d mortality, n (%) 22 (22) 27 (27) 051 F
60-d mortality, n (%) 28 (29) 33(33) 054 F
ICU mortality, n (%) 25 (25) 30 (30) 0563 F
Hospital mortality, n (%) 29 (30) 35 (3bH) 045 F
Length of ICU stay, d, median (IQR) 18 (10-28) 16 (11-28) 0.79 W
Length of hospital stay, d, median (IQR) 27 (16—46) 23 (14-41) 049 W
Ventilator-free days, d, median (IOR) 8 (0-20) 7 (0-20) 053 W
Primary cause of death in ICU—univariate analysis
Progressive respiratory failure, n (% nonsurvivors) 3(12) 10 (33) 011 F
Septic shock, n (% of nonsurvivors) 10 (40) 3(10) 001 F
Multiple organ failure, n (% of nonsurvivors) 4 (16) 10(33) 022 F
Cardiac failure, n (% of nonsurvivors) 1(4) 1(3) 099 F
Other, n (% of nonsurvivors) 6 (24) 4(13) 048 F
Unknown cause of death, n (% of nonsurvivors) 1(4) 2(7)

IQR = interquartile range, p values: F = Fisher exact test, W = Wilcoxon rank test.

38 www.ccmjournal.org

January 2016 ¢ Volume 44 ¢ Number 1

Copyright © 2015 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.



Feature Articles

TABLE 4. Change of Ventilatory Parameters and Arterial Blood Gas Variables Over Time

Randomization

Variables

respiratory system

No. of patients (n) ARDSnet 101 101 98 86 78
OLA 99 94 90 83 73
Ventilation
Peak inspiratory ARDSnet  319%b5 32.2+£6.1 30.7£8.0 30.0£8.8° 30.0£10.12
pressure (cm H,0) 1)) 5 308452 30.1+3.7% 0804592 06.9+5.4% 959+5.8%
Plateau pressure ARDSnet 262443 252+46 245+5.1 244448 248459
(cm H,0) OLA 95.1+4.7 079 +3.8 26.2+39° 248439 237460
Mean airway ARDSnet 179437 173432 165+4.6 165+4.8 168458
pressure (cm H,0) 1 5 18.4+3.7 20.6+3.6 10.7+4.7¢ 165+4.3¢ 16.7+4.7
PEEP (cm H,0) ARDSnet  120+24 116425 107433 104+3.7¢ 105+3.9°
OLA 11.8+24 16.8+3.8* 14.3+39 125439 11.0+4.4
Driving pressure ARDSnet 142439 13.8+3.7 13.6+3.8 133+34 13.9+4.1
(cm H,0) OLA 140443 11.8+35% 11.4+3.1¢ 124432 120438
Auto-PEEP ARDSnet 0 (0-1) 0 (0-1) 0(0-1) 0 (0-1) 0(0-1.1)
(em H,0) OLA 0(0-1) 05 (0-1) 0(0-1) 0(0-1) 0(0-1)
Tidal volume (mL/kg ~ ARDSnet ~ 65%1.0 62+0.7 6.4+ 1.1 6.4+12 67116
Svreelg'ﬁtt)ed body OLA 6.6+1.3 5.6+1.1% 5.8+ 1.0 6.4+ 1.4 68+15
Compliance of the ARDSnet 280 (225-367) 288(220-369) 275 (220-346) 282(220-38.1) 271 (21.1-371)

(mL/cm H,0) OLA 29.0(21.8-389) 29.6(206-38.1) 304 (234-395) 29.8(25.3-34.0) 308(230-35.8)
Respiratory rate ARDSnet  248+5.0 26.0+4.8 26.4+49 264+b65 268+5.4
(breaths/min) OLA 95.1%6.0 989+5.6% 984455 9794 6.70¢ 953+6.7
Inspiratory time (s) ARDSnet 0.8 (0.7-1.0) 0.8 (0.7-0.9) 0.8 (0.7-0.9) 0.8(0.6-1.0) 0.8 (0.6-1.0)
OLA 0.9 (0.7-1.0) 0.8 (0.8-0.9) 0.8 (0.7-1) 0.8 (0.7-0.9) 0.8 (0.7-1.0)
Blood gas
Pao, (mm Hg) ARDSnet 82.29+149 81.7£21.3 83.8+245 81.9+21.7 85.1+26.4
OLA 856.6+929 100.6+58.429 90.3+25.6¢ 8719254 81.8+24.3
Fio, (%) ARDSnet 70 (50-70) 60 (50-70) 60 (50-70) 60 (45-70) 50 (40-70)
OLA 70 (51-=70) 40 (40-60)> 40 (40-50)¢ 40 (40-50) 40 (40-50)=¢
Pao,/Fio, ratio ARDSnet 128.3+30.5 135.6+435 14831549 1540£70.1¢ 168.3+82.92
OLA 133.4+378 198.5+78.6%¢ 212.5+84.42 19731 73.8%¢ 193.0+75.72°
Paco, (mm Hg) ARDSnet 479+88 482+9.4 51.1£124 50.1x£11.9 495+13.1
OLA 49.7+11.1 572+ 16.6° 50.4+139 49.3+12.7 495+13.3
pH ARDSnet 734+0.08 7.3610.08 7.38+0.09¢ 7.41+0.082 7.41+0.082
OLA 7.32+0.08 730£0.1¢ 737101 73910.09 730+0.89
Spo, (%) ARDSnet 945+3.0 939149 948+29 96.1+3.2 94.1+46
OLA 94.9+4.1 95.1+£3.7° 95.5+3.3° 95.2+3.1 95.0+29
ARDSnet = Acute Respiratory Distress Syndrome network, OLA = open lung approach, PEEP = positive end-expiratory pressure.
2p < 0.001 vs day O (baseline) value.
bp < 0.05 vs ARDSnet.
0 < 0.05 vs day O (baseline) value.
9p < 0.01 vs ARDSnet.
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Figure 2. Study outcomes for the Open Lung Approach (OLA) and Acute
Respiratory Distress Syndrome Network protocol groups. Survival curves
adjusted for prespecified baseline covariates (Acute Physiology and
Chronic Health Evaluation, age, Pao,/Fio, ratio, arterial pH) using Kaplan-
Meier survival analysis. Please note that the vertical axis has been trun-
cated at 0.5 for better visualization. However, this should not be perceived
as a larger difference than actually indicated.

titration without lung recruitment. Suter et al’s (33) approach
results in a much lower end-expiratory lung volume. This is
because ventilation occurs on the inflation limb of the respira-
tory system’s pressure-volume curve (21-23). It is the decremen-
tal PEEP trial postrecruitment that ensures that the resulting
PEEP may sustain the benefits of the lung recruitment maneuver.

The application of PEEP using OLA resulted in PEEP set after
the lung recruitment maneuver (Table 4) similar to the PEEP
level in other trials comparing high and low PEEP (3-8). At day
1, mean PEEP was only 4cm H,O higher than in the ARDSnet
protocol group but the daily PEEP level in OLA decreased, being
essentially equal to the ARDSnet protocol by day 7. As expected,
the higher PEEP was accomplished by a higher mean airway
pressure but it nevertheless resulted in a lower driving pressure.
As noted in Table 4, driving pressure was significantly lower in
the OLA group throughout day 3 and trended lower through-
out the first week while mean airway pressure was significantly
higher throughout day 3. In addition, Fio, was markedly lower
and Pao /Fio, higher in OLA patients than in the ARDSnet pro-
tocol group for the first week of the trial.

Contrary to the reports by others (34, 35), the benefits of the
lung recruitment maneuver were sustained in most patients as
a result of the best decremental PEEP being identified in each
patient. On average, only 2.57 recruitment maneuvers were
needed per patient. However, care was exercised to avoid inad-
vertent derecruitment. All patients had inline suction catheters,
ventilator circuits were not disconnected for routine care, and
the OLA protocol required a specific process to adjust PEEP
level. Specifically, after PEEP was set, PEEP was not to be modi-
fied for 24 hours and then only when the Fio, decreased to 0.40.
As a result, it was rare that PEEP needed to be reestablished
after a decrease and the number of recruitment maneuvers per
patients is so few. Essentially PEEP was sustained until there
was little likelihood of derecruitment with PEEP decrease.

There are major differences between our study and other
randomized controlled trials (3-8) evaluating the impact of
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high PEEP during lung protective mechanical ventilation.
First, none of those trials reevaluated patients at 24 hours after
ARDS to ensure only patients with established ARDS were ran-
domized. As a result, those previous studies enrolled patients
with less severe lung injury (3-8) than in our trial. We ensured
that all studied patients had established moderate/severe ARDS
24 hours after meeting the AECC definition while on stan-
dardized ventilator settings. Therefore, the cohort of patients
we studied was different from those studied by the ARDSnet
(6) and others (3-5, 8, 36, 37). Second, with the exception of
the liquid ventilation (38) and PROne positioning in SEVere
Ards prone positioning trials (39), 60-day mortality and ICU
mortality of our OLA group were one of the lowest reported
for patients with established ARDS. Third, PEEP was set in
the OLA group by a recruitment maneuver and a decremental
PEEP trial according to maximal compliance. It is the com-
bination of these two sequential interventions that defines an
OLA strategy. Forth, a positive physiologic consequence of the
OLA strategy was the significant reduction in driving pressure.

Finally, the application of OLA changed patients’ oxygenation
from a persistent Pao /Fio, less than 200mm Hg to a mean sus-
tained Pao,/Fio, near 200 mm Hg within the first 24 hours after
randomization. We speculate that this oxygenation benefit was a
direct result of recruitment of lung units and the sustaining of
recruited lung units open by patient-specific selection of PEEP.
This oxygenation benefit also resulted in sustained lower Fro,.

We speculate that the application of OLA may have changed
the course of ARDS by avoiding atelectrauma together with a
reduction in driving pressure (40). That is contrary to patients
who were managed with the ARDSnet approach, where the
majority of patients continued to have a mean Pao,/Fio, less
than 150mm Hg despite being ventilated with mean PEEP
greater than 10cm H,0O and Fio, more than > 0.5. This ben-
efit from OLA remained on day 7 despite PEEP differences
between OLA and the ARDSnet groups being eliminated.

A recent experimental study by Hussein’s group (41) pro-
vides insights into why the OLA approach may sustain oxy-
genation better than approaches that do not open the lung and
keep it open. They reported in rats that cell injury was minimal
in dry lungs compared with wet lungs regardless of V.. They
also demonstrated that the application of high PEEP to par-
tially fluid (edema)-filled lungs prevented epithelial injury
even when lungs were inflated to very large end-expiratory
volumes (PEEP levels) and very high end-expiratory pressures
provided V. s were small. They indicate that these findings may
provide the rationale of the OLA.

As indicated, patients were managed in the supine posi-
tion. Prone positioning was only allowed in patients failing to
respond to either protocol. In the ARDSnet protocol group, 10
patients were proned and in OLA four patients. We did not
include prone positioning as part of the protocol but do con-
sider it an alternative in those situations where OLA fails to
improve oxygenation.

As indicated, this trial was stopped early because of inability
to enroll sufficient number of patients after 5 years. There are a
number of reasons for this. First, the incidence of patients with
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ARDS in Europe, specifically in Spain, is markedly lower than
in North America (42). Recent North American data indicate
35-70 patients per 100,000 population, whereas in Spain, the
incidence of ARDS is only seven patients per 100,000 population
(41). Second, there was no funding to support research indi-
viduals in any of the participating institution; thus, there were
long periods where specific institutions were unable to screen
patients. Third, and most importantly, the investigators lost their
equipoise regarding the study. Over time they began to use the
OLA to manage patients from the onset of ARDS and as a result
chose not to consider recruiting these patients into the study.

The adverse event rate for both groups was very low. This
is especially true for pneumothorax rate. None of the previous
ARDS randomized controlled trials published to date dem-
onstrated as low a pneumothorax rate (1, 3-10, 37). Of note,
none of the pneumothoraces reported were directly associated
with the performance of a recruitment maneuver. The biggest
concern was the hemodynamic adverse events and the tran-
sient hypoxemia. However, these issues were managed with
fluid administration as per protocol, but in a few cases, they
did require cessation of the lung recruitment maneuver until
hemodynamic stability could be reestablished. As a result, care-
ful monitoring of patients during lung recruitment and dec-
remental PEEP trial is essential. It is impossible to determine
which patients may initially poorly tolerate the recruitment
maneuver. Of note, patients in the ARDSnet protocol group
also experienced transient hypoxemic and hemodynamic
events as observed in all patients with ARDS.

Our study is limited by the fact that it was powered for 600
patients but stopped because of inability to recruit patients.
Thus, it is impossible to know if any of the trends in outcome
would hold up in a larger study. However, this study did demon-
strate the safety of applying the OLA to managing patients with
ARDS. In addition, we did not track fluid management except
during the recruitment procedures; thus, we cannot determine if
OLA required more aggressive ongoing fluid management than
the ARDSnet.

In summary, OLA significantly improved oxygenation, lung
mechanics, and driving pressure and did not adversely affect
duration of ventilatory support and ICU and 60-day mortality
in patients with established ARDS. In addition, there were no
significant differences in major adverse events between OLA and
the ARDSnet approach. This pilot study should be considered
the foundation for a large, multicenter trial on the use of lung
recruitment maneuvers and a decremental PEEP trial in patients
with established ARDS.
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