
others, particularly as policy changes affect the number and
composition of hospitals and markets required to participate.
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COMMENT & RESPONSE

Lung Recruitment and Positive End-Expiratory
Pressure Titration in Patients With Acute
Respiratory Distress Syndrome
To the Editor The trial by the Alveolar Recruitment for Acute
Respiratory Distress Syndrome Trial (ART) Investigators1

compared a low positive end-expiratory pressure (PEEP)
strategy2 with one combining a recruitment maneuver
and PEEP titration personalized to respiratory system com-
pliance among adults with moderate to severe acute respira-
tory distress syndrome (ARDS). The recruitment maneuver
and personalized PEEP approach lowered driving pressure
but increased mortality. Although one potential explanation
for increased mortality is the negative effects of the recruit-
ment maneuver, another is ventilator-induced lung injury
from overdistension of alveoli at end-inspiration (tidal hyper-
inflation) resulting from the method of personalizing PEEP.

The ART intervention protocol used a tidal volume of
5 mL/kg predicted body weight to determine the PEEP of
maximal compliance. If multiple PEEP levels had similar
compliance (within 1 mL/cm H2O), PEEP was set at 2 cm
above the highest of these levels. This approach inherently
leads to ventilation near the upper inflection point of the
pressure-volume curve at a tidal volume of 5 mL/kg pre-
dicted body weight. The mean tidal volume on day 1 in the
intervention group was 5.6 mL/kg predicted body weight,
suggesting that many patients were ventilated at tidal vol-
umes above those used to identify maximal compliance in
the decremental PEEP trial.

Much has been made of personalizing therapy in critical
illness. Is it possible that the personalization of PEEP in
the intervention group of the ART trial inadvertently intro-
duced injurious tidal hyperinflation, which was avoided in the
control group by applying a simple one-size-fits-all approach
to lower PEEP?
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To the Editor In a systematic review and meta-analysis of 2299
patients with moderate or severe ARDS, lower mortality was
found in the high-PEEP group compared with the low-PEEP
group (34.1% vs 39.1%, respectively; P = .049).1 In a second
systematic review and meta-analysis of 1594 patients with
ARDS, alveolar recruitment maneuvers were associated with
reduced in-hospital mortality without increasing the risk of
adverse events.2 In addition, a multicenter, randomized clini-
cal trial of 200 patients with moderate to severe ARDS
showed that an open-lung approach improved oxygenation
and driving pressure, without detrimental effects on mortal-
ity, ventilator-free days, or barotrauma.3

In contrast, the ART investigators reported the results
of a multicenter, randomized clinical trial of 1010 patients
who either received an alveolar recruitment maneuver fol-
lowed by best-compliance PEEP titration or a low-PEEP
strategy.4 The study found high 6-month mortality in both
groups, which was higher in the intervention group (65.3%
vs 59.9%, respectively; P = .04). How can these unexpected re-
sults be explained?

First, the recruitment maneuver was abrupt and short
and not monitored with lung imaging. Second, no check for
the efficiency of the recruitment maneuver was conducted,
and, because the study was multicenter, trained but inexpe-
rienced physicians might not have noticed and fixed the
possible but reversible complications that could occur dur-
ing the maneuver.

Third, 21.6% of the ARDS patients did not perform the
second alveolar recruitment maneuver after PEEP titration as
established by protocol, compromising the efficacy of the
recruitment and PEEP titration strategy. Fourth, recruitment
was not repeated from day 1 to day 7 in 62.7% of patients in
the intervention group, whereas 28 patients in the control
group received recruitment maneuvers. Fifth, the authors
introduced the use of the prone position prior to the recruit-
ment maneuver after publication of the Proning Severe ARDS
Patients (PROSEVA) study in 2013, possibly introducing a
new confounder to the study results.5

The most effective recruitment maneuver and PEEP re-
main to be determined.
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To the Editor The ART investigators performed a multicenter
randomized clinical trial comparing a high-PEEP strategy using
lung recruitment with titrated PEEP vs a low-PEEP strategy in
patients with ARDS.1 The trial, however, still leaves unan-
swered questions.

Hyperoxia-induced lung injury causes an ARDS-type
picture with edema, fibrosis, and vascular remodeling,2

although the mechanisms by which reactive oxygen species
promote cellular apoptosis and necrosis are not yet fully
understood. All patients with ARDS are exposed to prolonged
high fractional inspired concentrations of oxygen (FIO2) to
manage hypoxemia. In the ART trial, participants were sub-
jected to an additional FIO2 of 1.0 for 30 minutes prior to
alveolar stretch, the necessity of which is unclear, because
this is neither a required step for establishing the presence of
ARDS nor grading its severity.3

Hyperoxia when combined with alveolar stretch may
cause more harm to alveolar epithelial cells than either of
these processes in isolation.2,4,5 The combination of popula-
tion selection and these events as part of the trial protocol
may have led to the poorer outcomes demonstrated in the
high-PEEP strategy group.

Therefore, this study may not mean the end of the open-
lung principle but may highlight the need for a more proac-
tive approach to ARDS management by performing recruit-
ment maneuvers and targeted PEEP strategies earlier as part
of ARDS prevention rather than treatment. Rationally, the
timing for this would be a clinical compromise between
ensuring optimal fluid resuscitation and cardiac stability
vs avoidance of prolonged exposure to a high FIO2 prior to a
recruitment maneuver. From a practical perspective, this
could be achieved as soon as optimal fluid responsiveness is
reached after intubation. This approach is similar to the use
of greater fluid resuscitation in the first 6 to 12 hours fol-
lowed by a more conservative approach.

The deleterious synergistic effects of hyperoxia and
volutrauma should be considered in the context of this trial,
and further studies are required before the era of open-lung
ventilation is truly considered to be over.
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In Reply Dr McKown and colleagues suggest that the method
used to personalize PEEP might be one explanation for the
higher mortality in the recruitment maneuver and PEEP titra-
tion group. When multiple PEEP levels had similar compli-
ance, we set the PEEP at 2 cm above the highest of these lev-
els based on observations from a previous case series.1 Mean
PEEP levels used in the experimental group were similar to
other high-PEEP trials. We also used a tidal volume of 5 mL/kg
predicted body weight during PEEP titration, although tidal
volume was set at 6 mL/kg during maintenance ventilation
(or lower if plateau pressure >30 cm H2O). We acknowledge that
using the same tidal volume both during PEEP titration and
maintenance ventilation would have been a better choice, al-
though the small differences between tidal volume during PEEP
titration and maintenance ventilation were unlikely to sub-
stantially change the level of optimal PEEP.

Dr Barbas and colleagues offer 5 potential explanations for
the results. First, the recruitment maneuver was abrupt and
short. The recruitment maneuver adopted in the trial was based
on 2 noncontrolled studies that showed excellent lung re-
cruitability and safety.1,2 We started the recruitment maneu-
ver with the same PEEP level as the study by Borges et al1 and
increased PEEP in steps of 10 cm H2O, similarly to Matos et al,2

or in steps of 5 cm H2O in the second half of the trial. Our
recruitment maneuver was shorter (1 minute) based on evi-
dence showing that most lung recruitment occurs in 10 sec-
onds of a sustained inflation, while the risk of hypotension in-
creases after this time.3 Second, Barbas and colleagues suggest
that intensivists had little experience with recruitment
maneuvers, sometimes not noticing a reversible complica-
tion. Adequate implementation of the protocol was pursued
zealously in ART using multiple strategies. All sites were vis-
ited and received training (except 1 site trained with web con-

ference), used bedside manuals to guide procedures, and were
contacted immediately after each patient was enrolled to pro-
mote adherence to study procedures. We also conducted pe-
riodic teleconferences and sent monthly newsletters. The
proposition that inexperience might explain the results is not
supported by data: there was no evidence of heterogeneity of
treatment effect on mortality across sites, including sites with
experienced investigators. Third, Barbas and colleagues state
that about 22% of the patients did not receive the second re-
cruitment maneuver after PEEP titration. In fact, the proto-
col established that whenever complications occurred dur-
ing the first recruitment maneuver, the second should be
omitted. Fourth, it was argued that most patients in the ex-
perimental group did not receive a new recruitment maneu-
ver from day 1 to 7, whereas some patients in the control group
received a recruitment maneuver. Similar to previous studies,1,2

recruitment was only repeated after day 1 when oxygenation
worsened or circuits were disconnected. Most patients con-
tinuously improved oxygenation, thus repeating the recruit-
ment maneuver was inappropriate. The control group fol-
lowed the ARDS Network protocol, which allowed recruitment
maneuvers in cases of refractory hypoxemia. Fifth, allowing
prone position after evidence of benefit provided by the
PROSEVA trial was an ethical imperative but not a con-
founder because prone positioning was well-balanced be-
tween groups.4

All patients were submitted to FIO2 of 100% for 30 min-
utes before defining eligibility with the aim of enrolling those
with a higher amount of lung collapse.5 Dr Morris and col-
leagues suggest that the association of hyperoxia after FIO2 of
100% and alveolar stretch in the intervention group might help
explain the results. Although interaction between hyperoxia
and alveolar stretch has been suggested in physiological
studies,6 its clinical significance is unknown. Nevertheless, we
agree this association might have had a detrimental role.
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Patient Data Ownership
To the Editor The Viewpoint by Ms Mikk and colleagues1

aimed to improve patient engagement and health care infor-
matics and to recommend technical improvements to elec-
tronic health care records. The authors proposed a data use
agreement (DUA) that relates to data quality, integrity, pri-
vacy, and security. Our principal concern is with the use of
such a DUA to grant patients control over all uses of health
data, including in secondary research. This measure of con-
trol is apparently what the authors referred to as “patient
data ownership” in their title, although the term was not
used in the body of the article.

Individual ownership of data, whether health related
or otherwise, is contrary to well-established legal prec-
edent in the United States, United Kingdom, and many
other jurisdictions, which for good reasons do not rec-
ognize property interests in mere facts or information.2,3

Instead, the authors would establish property-like rights
through contract. Granting individuals a high degree of
control over health data may hinder valuable biomedical
research, whether this is conferred under a property or
contract-based legal regime. For example, giving patients
the right to specify that they approve of research relating to
cancer but not to HIV, or to change their minds regarding
permissions previously granted, could have disruptive and
far-reaching consequences for legitimate and potentially
lifesaving research.

Thus, although telling patients that they own their data
may elicit a short-term, positive response in patients, physi-
cians, and policymakers, it may result in less-effective
research and flawed health policy. Accordingly, we caution
health care systems and informatics providers against
expanding the use of DUAs in a manner that gives individu-
als property-like control over data.
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In Reply Mr Contreras and colleagues express concern that
providing individuals with control over their complete,
longitudinal health data could result in less-effective scien-
tific research because individuals may not choose to share
their data. However, multiple studies have shown that indi-
viduals are far more willing to share their medical data for
research purposes than are their physicians.1,2

Our proposal would create a longitudinal health data set
for individuals that aggregates health data from various care
settings using common data elements. Data would be
updated with automatic patient encounter data receipts in
near real time and curated by a health data manager under a
data use agreement with the patient. The aggregated data are
meant to elevate patient self-care and enhance clinical care.
Not only would patients benefit from access to all of their
data, but clinicians could benefit too by seeing a more com-
plete and accurate picture of the patients in front of them.

Data could also be shared by the patient for secondary
uses such as research. Our proposal would supplement, not re-
place, records that clinicians must maintain today. By provid-
ing patients with options to share all, some, or none of their
data, patients may actually be more comfortable providing
health data for research.3

Researchers will still have the opportunity to invite
patients to participate in clinical trials. Other than regular
automated data receipts sent to patients’ aggregated data
sets, there would be no other effect on clinical studies
(except that patients may agree to share additional, patient-
recorded health data with researchers). Of note, informed
consents today must indicate that patients can stop partici-
pating at any time and, in some cases, this choice can
include revocation of prior consent to share data.

The writers also express concern that our proposal will
result in flawed health policy and is contrary to legal prec-
edent. Our proposal creates a data set controlled by patients
through contract law and other mechanisms that do not
contravene existing law. Other scholars have reviewed the
interplay of property law and privacy law on health records
and health data, with the bottom line being that neither
property nor privacy law is completely applicable to health
data or a patient’s ability to control their health data.4

Third-party, patient-controlled compilations of health
data, such as mobile health records kept in secure apps,
already exist.5,6 Our proposal advances and adds to elements
of existing ideas. We believe the result will be better, comput-
able health data about patients that are timely, reliable,
and can be used by patients and their care teams to maintain
an improved, complete picture of patients’ health.
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