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Refractory Hypoxemia?
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For the past 4 decades, the prone position has been employed as an occasional rescue option for
patients with severe hypoxemia unresponsive to conventional measures applied in the supine ori-
entation. Proning offers a high likelihood of significantly improved arterial oxygenation to well
selected patients, but until the results of a convincing randomized trial were published, its potential
to reduce mortality risk remained in serious doubt. Proning does not benefit patients of all disease
severities and stages but may be life-saving for others. Because it requires advanced nursing skills and
escalation of monitoring surveillance to deploy safely, its place as an early stage standard of care
depends on the definition of that label. Key words: prone position; refractory hypoxemia; ARDS; mechanical
ventilation; respiratory failure; secretion clearance. [Respir Care 2016;61(6):818-829. © 2016 Daedalus

Enterprises]

Introduction

ARDS was initially reported with mortality as high as
90%.! Although outcome has improved in recent decades,
ARDS mortality currently approximates 27, 32, and 45%
for patients with P, /F\o, of 200-300, 100-200, and
<100 mm Hg, respectively.? Continued high mortality war-
rants ongoing research efforts for alternative therapeutic
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strategies and modalities. Relatively consistent improve-
ment in mortality has been demonstrated through random-
ized controlled trials and meta-analyses with low tidal vol-
ume mechanical ventilation3-¢ Other interventions, such as
the targeting of an “open lung” with higher than traditional
PEEP and the use of neuromuscular blockade, have some-
what less convincing evidence for therapeutic effect.”-°
Prone positioning for ARDS has been extensively stud-
ied in the laboratory and at bedside, and in both settings,
it improves oxygenation and lung recruitment during acute
lung injury.'%-13 Although multiple large randomized con-
trolled trials conducted in diverse populations failed to
demonstrate a consistent mortality benefit to prone posi-
tioning in ARDS,!#!® one published trial reported a very
substantial improvement in mortality (Fig. 1).2° Based on
these results, many would recommend widespread adop-
tion of prone positioning as a standard for patients with
ARDS who fail to respond to usual therapy. Indeed, pron-
ing, an intervention that imposes some risk for adverse
events, has been adopted by some hospitals for all of those
patients categorized as refractory to conventional mea-
sures. The mortality outcome benefit of prone positioning,
however, has been most evident in selected patient popu-
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Before 2001
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Randomized-controlled trials involving prone vs supine positioning in ARDS

Gattinoni et al 2001
Severity of illness:
Pao!é/Fm2 < 200 with

PEEP 25 cm H,0 or
Pao,/Fio, < 300 with
PEEP 210 cm H,0

Duration of PP per day
Goal 6 h, actual ~7.0 h

LPV protocol:
Suggested guidelines

Actual prone and supine
Vy =~10.3 mL/kg
predicted weight

Use of NMBs:
No comment, NR

6-month mortality:

Prone = 62.5%,

supine = 58.6%

RR 1.06 [CI 0.88-1.28]
(Nprone = 152; Nsypine = 152)

2001

Gattinoni et al 2004

Severity of illness:
P.o,/Fio, < 300

Duration of PP per day
Goal 8 h, actual ~8.0 h

LPV protocol:

Mancebo et al 2006

Severity of illness:
P.o,/Fio, < 200

Duration of PP per day
Goal 20 h, actual ~ 17 h

LPV protocol:

Per clinician

Actual prone Vy = 8.1—
8.3 ml/kg, supine Vy =
8.2-8.7 mL/kg (P = .05)

Use of NMBs:
Per clinician, ~ 20% in
each group

90-d mortality:

Prone =43.3%,

supine = 42.2%

RR 0.98 [CI 0.84-1.13,
P=.74]

(Norore = 413; Naygne = 378)

Protocolized max Vy 10 mL/kg
and max prone P 35 cm H,0)
Actual prone V;=7.3-8.5
mL/kg, supine V=

8.1-8.6 mL/kg (P=.16-.81)

Use of NMBs:
Per clinician, prone 43.3%,
supine 50% (P = .49)

ICU mortality:
Prone = 43%,
supine = 58%
RRNR[CINR; P=.12]
(Norone = 76: Naupine = 60)

Fernandez et al 2008

Severity of illness:
Pao,/Fio, < 200

Duration of PP per day
Goal 20 h, actual NR

LPV protocol:

Protocolized V; = 6-8 mL/kg
and max Py 30 cm H,0
Actual prone V= ~7.4 mL/kg,
supine Vy = ~7.1 ml/kg

Use of NMBs:
No comment, NR

60-d mortality:

Prone = 38%,

supine = 53%
RRNR[CINR; P=.3]
(Nprone = 21; Naupine = 19)

Taccone et al 2009

Severity of illness:
Pa0,/Fio, < 200

Duration of PP per day
Goal 20 h, actual 18 h

LPV protocol:
Protocolized V; =8 mL/kg
and max Py 30 cm H,0

Actual prone and supine Vr NR

Use of NMBs:
Per clinician, prone 79.8—

81.1%, supine 52.6-59.2 %

(P'< .001)*

28-d mortality:

Prone = 31.0%,

supine = 32.8%

RR 0.97 [Cl 0.84-1.13;
P=.72]

(Nprone = 168; Nsupine = 174)

Guérin et al 2013

Severity of illness:
Pao,/Fio, < 150

Duration of PP per day
Goal 16 h, actual ~17 h

LPV protocol:

Protocolized V; =6 mL/kg
and max Py 30 cm H,0
Actual prone Vy=~6.1 mL/kg,
and supine Vr =~6.1 mL/kg

Use of NMBs:

Per clinician, prone 79.8—
81.1%, supine 52.6-59.2 %
(P <.001)*

28-d mortality:

Prone = 16.0%,

supine = 32.8%

HR 0.39 [CI 0.25-0.63;
P<.001]

(Norone = 229; Naypine = 237)

2013 After 2013

ARDSNet 2000
RCT verified benefit of
LPV techniques

established repeatabl

ARDSNetwork 2004
ALVEOLI Trial failed to show
advantage to high PEEP but

le standardized

mechanical ventilation protocol

Alsaghir et al 2008
Meta-analysis showed benefit
to proning with higher
severity of illness

Papazian et al 2010
RCT verified benefit of NMBs

Beiter et al 2014

to proning is more likely in

Sud et al 2010

trials using LPV

Meta-analysis showed benefit

Meta-analysis showed benefit
to proning in the most
severely hypoxemic subjects

Other important ARDS studies

Fig. 1. Timeline of important clinical studies of prone positioning of subjects with ARDS. Above the timeline are listed the major randomized
controlled trials.14-17.19.20 Notably, none of the trials before 2013 confirmed statistically significant differences in mortality rates between
prone and supine positioning protocols. Over time, subsequent investigators selected subjects with higher severity of illness, used longer
durations of prone position, used more specific and protocolized lung-protective ventilation, and increased the use of neuromuscular
blockade. Below the timeline are other important trials and meta-analyses in ARDS.3.4.7.9.18.21.22 PP = prone positioning, LPV = lung-
protective ventilation, NR = not reported, NMB = neuromuscular blockade, RR = relative risk, RCT = randomized controlled trial. *,
reported only as a complication as a percentage of subjects who needed increased sedation/muscle relaxants after protocol initiation.

Amato et al 1998
Early trial suggesting
benefit to LPV

lations, and alternatives to proning exist with a demon-
strated potential to improve refractory hypoxemia. It is
therefore reasonable to argue that prone positioning should
not be considered as a care standard but rather should be
restricted to very specific care settings and phases of ill-
ness. What follows is a description of the rationale and
evidence on both sides of the argument.

life. However, from the standpoints of comparative anat-
omy and animal behavior, this practice of enforcing pro-
longed bed rest in the supine position has no parallel, since
virtually all mammals adopt a prone position when awake
to protect vulnerable and vital ventral structures. Our evo-
lutionarily close primate cousins do the same and ambu-
late prone.

The apparent exceptions to this rule are bats and some
arboreal animals (eg, sloth and opossum) who hang during
rest at an inaccessible height for protection. It is notable
that humans, when recumbent, most frequently assume a
lateral position to initiate sleep and orient themselves prone
almost as often as supine.??

Experimental data+?> and clinical observations2°-28
demonstrate uncontestable physiologic benefit from prone
positioning during acute lung injury. It is clear that prone
positioning redistributes stretching (transpulmonary) forces
within the thoracic cavity, helping to recruit lung tissue,

Prone Positioning as a Standard for ARDS-Pro

Variation of body position is innate to healthy patients,
but caregivers typically orient critically ill patients in the
face-forward, semi-recumbent posture for days to weeks
on end, with only periodic repositioning side-to-side
through a relatively shallow arc during the first phase of
illness. Doing so allows access to vital structures (airway,
oropharynx, and vasculature) and allows the caregiver to
face the patient as we are accustomed to do in everyday
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gravitationally drain the airways, and improve match-up of
ventilation to perfusion.'?2° For the same tidal volume and
PEEP combination, ventilating large animals in the prone
position reduces the severity of ventilator-inflicted lung
damage.2430.31

Using the very high but irrefutable outcome threshold of
improved overall mortality, most large clinical trials con-
ducted over the last 20 y were unable to confirm a survival
benefit in diverse populations of subjects labeled as having
acute lung injury/ARDS.'#-17 Clearly, not everyone bene-
fits from face-down positioning, yet post-trial subgroup
analyses have hinted that certain patient subgroups might
indeed benefit from the prone orientation.!* Severely ill
patients, those experiencing improved CO, exchange after
proning, and those ventilated with large and presumably
more hazardous tidal volumes appeared more likely to
benefit than other members of the general cohort.3? Meta-
analyses of pooled data from prone positioning trials have
appeared over the past several years that focus attention on
those relative few with the worst oxygen exchange.!8-33
These analyses argue convincingly that although proning
cannot be recommended for all patients with acute lung
injury, it does hold therapeutic value for some.

With the ascendance of evidence-based approaches to
medical practice, clinicians have come to depend on ran-
domized clinical trials (RCTs) to confirm or refute the
value of therapeutic options used in medical practice.?*
Although RCTs are of unquestioned benefit when realistic
outcome variables and mechanistically sound trial design
are applied to an appropriate population, numerous failed
trials conducted in critical care settings demonstrate how
vulnerable RCTs are to imprecise definitions, loose selec-
tion criteria, incomplete physiological understanding, and
restricted availability of suitable subjects. In the wake of
an RCT that fails to demonstrate outcome benefit, an in-
tervention of lifesaving value for a well selected few may
be shelved for lack of definitional precision and sufficient
numbers.

Prone positioning provides an illuminating example. The
truncated cone-shaped lung must fit into the more cylin-
drically contoured chest cavity, and this shaping mismatch
is partially offset by the reconfiguration of the latter when
prone.!235 Physiologic benefit follows as a direct conse-
quence of assuming what for all other mammals is the
preferred orientation (Table 1). There is little question that
prone positioning can be expected to redistribute trans-
lung forces, reduce the supine gradient of trans-lung pres-
sure,!!3¢ recruit and stabilize dorsal lung units, relieve
cardiac compression of lung tissue,?® and favor mouth-
ward migration of retained airway secretions.?” Such ac-
tions, on average, reliably improve oxygenation and air-
way drainage, particularly in the earlier stages of the injury
process. The consistently quoted response rate is approx-
imately 70%.3% The more even distribution of trans-alve-
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Table 1.  Physiologic Sequelae of Assuming the Prone Position

Alters conformation of the lung
Reduces gradient of trans-lung pressure

Airway pressures better reflect overall stress when prone
Improves matching of ventilation to perfusion
Recruits and stabilizes atelectatic lung units
Improves right-ventricular afterload
Encourages mouthward migration of secretions
Attenuates ventilator-induced lung injury risk
Other

Improves lymph drainage (?)

Improves efficacy of inhalational therapy (?)

olar pressure accomplished by the prone-modified chest
wall may reduce the impact of stress focusing at the junc-
tions of closed and open alveoli,? reduce the tendency for
airway opening and closure, allow the use of less PEEP,
improve afterload to the right ventricle,*>#! and permit
reduction of potentially toxic concentrations of inspired
oxygen. To achieve a survival benefit, it would appear
from published data that the patient should be positioned
prone for the majority of the day for at least several days.
However, although investigators of proning mechanisms
agree in their observations and principles of application
and management, more precision is needed to guide care.
Currently, we know neither the optimal daily duration of
prone positioning nor when to initiate prone positioning
nor, once applied, how many days to persist with it. It is
quite possible that reversion to the supine position for a
few hours once daily is beneficial. Finally, the interactions
of prone positioning with varied co-interventions, such as
recruiting maneuvers, Fyq , and driving pressure,** are lit-
tle studied.

Although many nursing units are now proficient in ac-
complishing and managing the prone position when indi-
cated,*? experience has shown that proning holds the po-
tential for harm as well as good. Stringent precautions
must be observed to prevent pressure ulcers, especially
over the face and eyes, with care taken to avoid inadver-
tent misadventures with displaced or kinked tubes and
catheters. Such problems often occur during the initial
transition to the prone position and often relate to patient
discomfort as well as the duration of prone positioning.
Well maintained sedation helps in avoiding the high trans-
pulmonary forces encountered during forceful breathing.
In theory, mobile and gravity-driven biofluids (infected
secretions and mediator-rich, surfactant-inhibiting edema
of first-phase inflammation) migrating along the airway
have the potential to propagate initially focal injury or
infection from dorsal to more ventral zones.37-44

Clues from the first large Italian trial'4 of prone posi-
tioning suggested that with mortality reduction as the ob-
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jective, only restricted subsets of patients—those with the
most severe disease and those who are recruitable—are
good candidates. The prospective follow-up RCT of
prone positioning conducted in subjects with ARDS with
moderate to severe hypoxemia affirmed that potential ben-
efits are most likely to accrue to those most severely af-
fected.!” The signal indicating mortality benefit, although
clearly present, was not overwhelmingly strong and would
have required the enrollment of many more subjects for
the trend to reach statistical significance. Lung-protective
measures, implemented before study initiation, might have
damped the risk for ventilator-induced lung injury and
masked any benefit from proning maneuvers. Indeed, the
overall mortality of ARDS in the age of lung-protective
strategies has progressively declined.*

Recruitment potential tends to parallel severity of dis-
ease, defined and categorized by impaired oxygenation as
defined according to the Berlin Consensus.*® Even severe
hypoxemia, however, may itself be too inclusive a cate-
gory to identify those most amenable to prone positioning.
The key to survival benefit is unlikely to be improved
oxygen exchange, which occurs in most proned patients
and can be achieved without altering lung stress, strain, or
driving pressure simply by better mixed venous saturation
and redistributing perfusion without increasing the number
of functional lung units. As suggested by the earlier analysis
by Gattinoni et al,3? recruitment may be the characteristic
that determines prone positioning’s value, and “recruitable”
patients are only a subset of those with severe hypoxemia.
Interestingly, the percentage of consolidated tissue that is
recruitable is higher in the most severely affected patients.
Recruitability is also a closer correlate of mortality than is
calculated tissue strain.*’” Achieving recruitment tends to
improve pulmonary vascular resistance and thereby aid
right ventricular performance. As argued forcefully by Vie-
illard-Baron et al,*' such improvement tends to occur when
the central circulation is not already full in the supine
orientation (ie, there is some preload reserve). Quantitat-
ing tissue recruitment at the bedside remains elusive in
today’s medical practice, but techniques that are just now
coming online for tracking regional events within the in-
jured lung, such as electrical impedance tomography and
lung ultrasonography, raise hopes for better precision and
logistical feasibility.

The remarkably positive results of the PROSEVA trial?°
demonstrate that failed RCTs do not invalidate prone po-
sitioning as a tool for ARDS management. Careful meta-
analyses'® clearly demonstrate that prone positioning can
be life-saving if the patients are well selected and the
timing of the intervention is appropriate. Guérin and col-
leagues?° followed the clues provided by prior trial results,
selected a severely affected population, treated them at an
early time, silenced neuromuscular efforts, and maintained
the prone positioning for the great majority of care hours
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during the crucial period. Such results suggest but do not
establish rigid rules by which to guide practice. In the
absence of unassailable RCT guidance, there are few ab-
solute mandates or prohibitions; the decision to implement
prone positioning remains a matter of individual judgment,
tempered by empiricism. Unless otherwise contraindicated,
prudent lessons from available data point toward under-
taking an empirical trial of prone positioning in those re-
ceiving ventilatory support whose severely impaired oxy-
genation fails to respond to usual measures, including
sedation, recruiting maneuvers, and high PEEP. Because
misadventures may arise during prone positioning, pron-
ing should be limited to those with severe ARDS (as in-
dicated by P,o /Fi5, <100 mm Hg) who show convinc-
ingly positive recruiting responses within a few hours of
being turned. Even when successful, prone positioning sel-
dom maintains its strong advantage over supine position-
ing longer than 3—4 d, a period over which patients who
benefit from prone positioning usually undergo improve-
ment in the underlying process of lung injury.'* Although
P,o, may adequately classify disease severity, VE/PaCOz
better tracks gas exchanging efficiency and perhaps better
reflects the recruitment that appears to be central to prone
positioning benefit.*® Recruiting maneuvers are employed
after prone positioning, both for their potential to reopen
refractory units and for setting the appropriate level of
PEEP.#9-50

Recent years have seen important advances in de-
ploying a safe and effective extrapulmonary gas-
exchanging methodology.>! This availability provides a
potent and valued alternative option to achieve accept-
able oxygenation for the rescue phase of ARDS. The
extrapulmonary gas-exchanging methodology also may
reduce minute ventilation requirements and therefore
help to limit patient exposure to damaging airway pres-
sures. However, an extrapulmonary gas-exchanging
methodology is relatively expensive to implement, re-
quires specialized expertise to conduct safely, and does
expose the patient to systemic risks, such as bleeding,
infection, and mediator release and activation within the
bloodstream. By comparison, prone positioning is inex-
pensive, relatively safe, and requires only standard nurs-
ing skills once prone positioning has been accomplished.
It should be noted that an extrapulmonary gas-exchang-
ing methodology can be used in the prone as well as
supine position, once the catheter has been inserted.
Proning clearly is not to be used in every patient with
acute lung injury, but it should be promoted as a
helpful, even life-saving, and routinely considered option
for those most likely to succumb to this devastating
problem. In a strong sense, early prone position should
be a standard of care in ARDS with refractory hypox-
emia.
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Prone Positioning as a Standard for ARDS-Con

The influential prospective PROSEVA trial by Guérin
et al?® reported major risk reductions for 28- and 90-d
mortality in subjects with severe ARDS who had been
proned for extended diurnal periods during the first phase
of their illness. It is primarily this report that has returned
the practice of proning patients with ARDS to the fore-
front of discussions of critical care therapeutics. These
French investigators randomized 466 subjects into an in-
tervention group (n = 237) that received 4 = 4 sessions of
17 = 3 h in the prone position. Both the control supine
group (n = 229) and the prone group were ventilated with
a lung-protective ventilation protocol that included target-
ing initial tidal volumes (V) of 6 mL/kg of ideal body
weight in most subjects as well as observing paired
PEEP/F |, settings and absolute limits of plateau pressures
of 30 cm H,O. Both groups were similar, except that the
supine group had higher mean Sequential Organ Failure
Assessment scores, greater use of vasopressors, and less
use of neuromuscular blocking agents (NMBAs) before
inclusion. Once subjects were entered into the protocol,
however, NMBAs were used for significant and similar
durations in both groups (5.7 £ 4.7 and 5.6 = 5.0 d).
There were no differences in complications between groups,
save for more cardiac arrests in the supine cohort.

Several randomized controlled trials of prone position-
ing in ARDS before that of Guérin et al?° failed to show a
statistically significant effect on survival in other popula-
tions managed differently. In 2001, Gattinoni et al'* pub-
lished the first major randomized controlled trial to report
on the effect of prone positioning in ARDS. In this study,
subjects with P, /Fjo <200 with PEEP =5 cm H,O or
P.0,/Fio, <300 with PEEP =10 were randomized to su-
pine (n = 152) or prone (n = 152) groups.'* Although
these inclusion criteria did not comply with the diagnostic
definition of ARDS, only 5.3 and 6.6% in the prone and
supine groups would have failed to meet the current offi-
cial definition of ARDS.? In the intervention group, sub-
jects were placed in the prone position for 6 h/d for up to
10 d. The 10-d mortality rate, which was the primary end
point in this study, was not statistically different between
the 2 groups.'* It should be noted that this trial was com-
pleted before the ARDSNet low tidal volume trial was
reported.? As such, clinicians were asked to use the Amer-
ican-European Consensus Conference guidelines on me-
chanical ventilation.! These guidelines allowed for plateau
pressures of >35 cm H,O but encouraged smaller V1 to
prevent severely high pressures. Unfortunately, details of
the mechanical ventilation that subjects actually received
were not reported. There was a significant increase in
prone-related pressure ulcers, but inadvertent airway events
(such as unplanned extubations) were the same in both
groups.

822

In a study that preceded their landmark paper, Guérin
et al'> performed a second trial that failed to show a mor-
tality benefit for prone positioning in ARDS. This large
trial randomized a total of 791 subjects with ARDS (as
defined by P, /Fio, <300) to prone (n = 413) and supine
(n = 378) positioning. Subjects in the prone group were
placed in the prone position for a median of 8 h/d for a
median of 4 d.'> Mortality rates at 28 d were 31.5 and
32.4% in the supine and prone groups, respectively. This
trial encountered substantially higher rates of selective
(mainstem) intubation, endotracheal tube obstruction, and
pressure ulcers among the group that were proned.!'s

After these 2 trials failed to show a mortality benefit for
prone positioning in ARDS, Mancebo et al'® designed a
trial, theorizing that previous investigators had not imple-
mented prone therapy early enough or long enough to
show an effect. Mancebo et al'® compared the ICU mor-
tality of subjects with ARDS placed in the supine (n = 60)
and prone (n = 76) position for a targeted 20 h/d for up to
10 d. Subjects were actually proned for a mean of 17 h/d
for a mean of 10 d. ICU mortality was 58 and 43% in the
supine and prone groups, respectively (P = .12).1¢ Despite
showing an intriguing trend toward proning benefit, lim-
ited subject recruitment failed to provide adequate statis-
tical power, and the question of prone positioning for ARDS
was not answered with this trial. Mancebo et al'® sug-
gested that longer periods of prone positioning could be
achieved safely, given the demonstrated lack of differ-
ences in complications. Unfortunately, they also did not
achieve enough statistical power to exclude a difference in
complications between the 2 groups. All that Mancebo
et al'® could conclude was that prone positioning for lon-
ger periods of time may reduce mortality and that it was
both feasible and safe.

Other investigators adopted the theory that earlier and
longer prone positioning should result in a therapeutic ef-
fect. Fernandez et al'® recruited 42 subjects (21 prone, 19
supine) for their trial, which was aborted early. Using a
standardized mechanical ventilation protocol in both ex-
perimental and control groups, prone subjects were main-
tained in that position for 20 h/d. With only 42 subjects,
they did not show statistically significant differences in
60-d mortality, ICU stay, length of mechanical ventilation,
or hospital days.!® They also failed to demonstrate a dif-
ference in pneumothorax, unplanned extubation, or venti-
lator-associated pneumonia. An improvement was shown
in P, /Fo, in the prone group on day 3, leading to their
conclusion that early and continuous prone positioning in
ARDS should not be dismissed.

Taccone et al'7 recruited 342 subjects into a trial that
randomized 168 subjects to undergo prone positioning for
20 h/d. They also segmented their patient populations into
moderate (P,o /Fio, = 100-200 mm Hg, n = 192) and
severe (P, /Fip, <100 mm Hg, n = 150) ARDS to test
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the theory that prone positioning may only show clinical
benefit in the most severely ill subjects with ARDS.!7
Taccone et al'” targeted 20 h and achieved 18 * 4 h/d of
prone positioning in the experimental group. They achieved
adequate recruitment according to their power analysis to
demonstrate a 15% improvement in mortality in the prone
group.!” The relative risk and 95% CI for 28-d mortality,
ICU mortality, and 6-month mortality, respectively, for the
entire population were: relative risk 0.97 (CI 0.84-1.13,
P = .72), relative risk 0.94 (CI1 0.79-1.12, P = 47), and
relative risk 0.90 (CI 0.73-1.11, P = .33). The same out-
comes for the moderate hypoxemia and severe hypoxemia
subgroups were: relative risk 1.04 (C10.89-1.22, P = .62),
relative risk 1.00 (CI 0.83—1.22, P = .97), and relative risk
0.98 (CI 0.76-1.25, P = .85) and relative risk 0.87 (CI
0.66-1.14, P = .31), relative risk 0.83 (CI 0.60-1.15,
P = .25), and relative risk 0.78 (CI 0.53-1.14).'7 Given
these data, they cited a trend favoring prone positioning in
the severe hypoxemia group but failed to demonstrate an
improvement in any of their primary or secondary out-
comes.!” Taccone et al'” encountered more complications
with prone positioning.

It is on the basis of these RCTs that Guérin et al>®
formulated selection criteria and a protocol that finally
demonstrated a statistically significant outcome benefit to
prone positioning in subjects with severe ARDS. Although
the findings in the work of Guérin et al?® are impressive,
it must be stressed that the results were obtained in sub-
jects encountering a specific set of circumstances; there-
fore, the benefit implied by their results would not be
applicable to the global population of patients with ARDS.
Earlier studies included subjects with somewhat less se-
vere lung disease. For instance, the P,q /F o, ranged from
125 to 228 mm Hg at inclusion in studies that failed to
show a clinical benefit from prone positioning, whereas
the P, /Fio, in the study by Guérin et al>® was 100 in both
groups (required to be <150 for inclusion). A meta-anal-
ysis performed by Alsaghir et al?! was not able to dem-
onstrate a mortality difference favoring prone positioning
when combining the data of 6 trials from 2001 to 2006.
When they looked only at subjects from Gattinoni et al'4
and Mancebo et al'® with Simplified Acute Physiology II
scores >50, however, they noted a significant difference
that favored proning.2! Although there may be a benefit to
prone positioning for patients with severe ARDS, it is
unlikely to improve mortality risk for patients with less
severe disease.

A second factor to consider when evaluating the results
of Guérin et al?® is how conventional mechanical ventila-
tion techniques in ARDS have changed over time. It is
now clear that lung-protective mechanical ventilation tech-
niques improve survival in ARDS.3-%27 In a meta-analysis,
Beitler et al?? evaluated the mean V. of several random-
ized controlled trials of prone positioning conducted from
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2001 through 2013. In that work (as opposed to the post
hoc subgroup analysis of Gattinoni et al'#), prone posi-
tioning did not improve mortality outcome in subjects re-
ceiving higher average tidal volumes (>8 mL/kg of ideal
body weight).22 The combined effect of prone positioning
and lower average Vi (=8 mL/kg of ideal body weight)
did favor treatment. It is important to recognize that lung-
protective ventilation techniques have had a significant
impact on outcomes in ARDS over the period of time that
prone positioning trials have taken place.5? Although some
data from the first Italian trial imply the converse, it is
conceivable that prone positioning for patients with severe
ARDS is only effective when lung-protective mechanical
ventilation is employed.

Lung-protective ventilation is not consistently used by
many providers who confront ARDS.>3-54 A recent report
indicated that an initial failure to recognize ARDS fol-
lowed by transition to lung-protective mechanical ventila-
tion increased mortality between 2.7 and 7.2%, depending
on the size of the tidal volume used.>> Before widespread
implementation of prone positioning protocols, providers
should ensure that best-practice lung-protective ventilation
is being provided for their patients with ARDS.

A third factor that should be weighed when considering
the merits of prone positioning, as demonstrated by Guérin
et al,?0 is that most subjects in this trial received NMBAs
to facilitate care. In 2010, Papazian et al® performed a
multi-center, double-blind, placebo-controlled trial of sub-
Jects with severe ARDS (P, /F;o, <150 mm Hg) random-
ized to receive either NMBAs (cisatracurium besylate) or
placebo. These investigators reported a 90-d hazard ratio
of death of 0.68 (CI 0.48-0.98, P = .04) in subjects
receiving NMBAs compared with subjects receiving pla-
cebo.” In that trial, both groups received a statistically
similar number of therapeutic co-interventions, such as
prone positioning (NMBA 42% vs placebo 48%, P = .31),
suggesting that these co-interventions were not key factors
in demonstrating a clinical effect. Similarly a meta-anal-
ysis by Alhazzani et al>° evaluating 3 trials and a total of
431 subjects (NMBA 223, control 208) demonstrated a
risk ratio of 0.72 (CI 0.28-0.91) for 90-d hospital mor-
tality favoring treatment with NMBAs. Guérin et al?° rec-
ognized the potential role of NMBAs and adjusted for
their use in their final analysis because fewer subjects in
the supine group received NMBAs. Judging from the anal-
yses of Papazian et al® and Alhazzani et al,>° the reduced
early use of NMBAs might have affected mortality in the
supine group of Guérin et al.20

Complications can occur with prone positioning. Mul-
tiple studies have reported an increased risk of pressure
ulcers in the prone group.!'*!557 Risk factors associated
with pressure ulcers included age =60 y, male sex, and
body mass index =28.4 kg/m?.3357 Because the risk ratio
for pressure ulcers was higher in the more recent trial by
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Table 2.  Exclusion Criteria Observed in the Key Prone Versus Supine ARDS Clinical Trials
Exclusions to Prone Positioning Gattinoni'4 Guérin'> Mancebo!® Fernandez!® Taccone!” Guérin?°
(2001) (2004) (2006) (2008) (2009) (2013)

Tracheal surgery or sternotomy X X
Massive hemoptysis X X
Bronchopleural fistula X

Facial trauma/surgery X
Unstable ortho/spine X X X X X X
Severe hypotension, MAP <65 or <80 X X X X X X
Pregnancy X X
Inhaled nitric oxide X
Lung or other transplantation X X
Burns >20% TBSA X
Chronic respiratory failure on oxygen or NIV X X
Cerebral edema or elevated ICP X X X X X X
Cardiogenic pulmonary edema X X

Recent pacemaker implantation X X
Anterior chest tube X

Of note, the single trial to demonstrate a statistically significant mortality benefit to prone positioning imposed the most numerous and restrictive exclusion criteria.

MAP = mean arterial pressure (mm Hg)
TBSA = total body surface area

NIV = noninvasive ventilation

ICP = intracranial pressure

Guérin et al,2° the hazard would seem to increase with
longer prone sessions.3-57 The nature of the supporting
bed surface may influence the tendency for ulceration.
Other complications of prone positioning are also impor-
tant. Taccone et al'” reported an increased rate of airway
obstruction, transient desaturation, vomiting, increased va-
sopressor needs, loss of venous access, displacement of
endotracheal tubes, and the need for increased neuromus-
cular blockers with prone positioning. Other studies have
listed airway complications, venous and arterial access
problems, facial edema, and vomiting as problems asso-
ciated with the prone position.>® The decision to employ
prone positioning for an individual patient requires a
risk/benefit analysis specific to the individual patient and
the context of their care. Many of the more concerning
complications of prone positioning occur during the initial
turning. These potentially can be overcome with careful
and regimented prone positioning protocols.*3->7-38 To in-
struct users and readers how to duplicate their positioning
method, a protocol is described, and video recordings are
provided in the supplement to Guérin et al.? Successful
trials reporting no differences in rates of important com-
plications between prone and supine positioning groups
have employed these types of nursing protocols. These
procedures require adequate numbers of staff to be present
during positioning, adequate training of the staff involved
in the process, and appropriate exclusion of patients at
high risk for prone complications. Guérin et al? reported
that all centers involved in their study had =5 y of expe-
rience in prone positioning.?? They also imposed extensive
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clinically relevant exclusion criteria, which included me-
chanical ventilation for ARDS =36 h; intracranial pres-
sure >30 mm Hg; cerebral perfusion pressure <60 mm Hg;
massive hemoptysis; recent tracheal surgery or sternot-
omy; recent serious facial trauma or surgery; recent deep
venous thrombosis; recent pacemaker placement; unstable
spine, femur, or pelvic fractures; mean arterial pressure
<65 mm Hg; pregnancy; single anterior chest tube with
air leaks; lung transplantation; >20% total body surface
area burn; chronic respiratory failure; underlying disease
with life expectancy <1 y; use of inhaled nitric oxide or
almitrine bismesylate; use of extracorporeal membrane ox-
ygenation; and use of noninvasive ventilation delivered for
>24 h before inclusion (Table 2).2° Indeed, <15% of
patients with ARDS admitted to the participating ICUs
during the study period were randomized into the study.
Since improved outcomes with prone positioning could
only be demonstrated in selected patient populations treated
in highly trained ICUs, expansion of this therapy to a
broad population of patients and clinical settings must be
considered carefully.

Despite the physiologic rationality of prone positioning,
it is notable that of the multiple randomized trials of prone
positioning, only Guérin et al?® demonstrated statistically
significant improvement of mortality rate with proning
therapy. Inclusion of only subjects with severe ARDS, use
of appropriate lung-protective ventilation, liberal use of
NMBAs, substantial institutional experience proning pa-
tients, and exclusion of patients likely to experience com-
plications from prone positioning are important factors to
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be considered when attempting to apply the results of Guérin
et al?® to local practice. Comparing Guérin et al'> and
Guérin et al,?° mortality in the prone group improved from
41.1 to 20.1%.1520-25 Aside from increased duration of
prone positioning from 8 to 16 h, the major differences in
the studies from 2004 to 2013 were exactly the factors
discussed above. These factors included a baseline inclu-
sion P,q /F|o criterion that decreased from 150 to
100 mm Hg. Mechanical ventilation protocols went from
undefined with mean V. of 8.1 mL/kg of ideal body weight
to standard lung-protective ventilation with mean V. of
7 mL/kg of ideal body weight. The use of NMBAs went
from clinician preference to protocolized and extensive
use of NMBAs in 2013. Prone positioning techniques were
early in development and disseminated as guidelines to
study centers in 2004, whereas in 2013, only centers were
used with substantial experience coupled with multimedia-
based training about prone positioning. It seems implau-
sible that the increased duration of prone positioning was
the only factor leading to a theoretical 20% absolute risk
reduction in the prone groups from 2004 to 2013.

Although the study of Guérin et al?° aptly demonstrates
that prone positioning can have a beneficial effect in ARDS,
it does not suggest that all patients with ARDS will benefit
from proning. Although patients with severe, early phase
ARDS may benefit, prone positioning should not be viewed
as a general standard of care for all ARDS patients. Prone
positioning protocols should only be utilized once health-
care systems have invested in improving compliance with
lung-protective mechanical ventilation and the use of
NMBAs. Once this has been accomplished, prone posi-
tioning should only be considered in severe ARDS, in
patients who are not at a high risk for prone complications,
and in settings trained to provide a safe and effective prone
positioning technique.
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Discussion

Branson: How many people would
use prone positioning in a patient with
a P,o /Fip, <150 in their ICU?

Hurford: As standard of care? Ev-
erybody with a P,q /Fi5 <150 gets
proned?

Branson: No, nothing’s absolute. I
need to phrase it better.

Marini: It’s for someone who’s re-
fractory and you’re entering danger-
ous pressure and Fg .

Maclntyre: Is there anybody who
would never prone anybody?

Kacmarek: All of us prone some pa-
tients. I put prone positioning after re-
cruitment and appropriate titration of
PEEP. If you do that and you don’t
see a reasonable response over a pe-
riod of time, then I would consider
prone positioning. But I don’t think
you should consider it before you’ve
done everything else because to me
the potential negative effects of prone
positioning clearly outweigh the neg-
ative effects of lung recruitment.

Berra: When I think about ARDS
and proning, [ always think about small
airways obstruction, mucociliary
clearance, and secretion drainage. Es-
pecially in difficult to ventilate ARDS
patients with dishomogenous lungs,
parenchymas, and such. So one of the
beneficial effects of proning is to drain
fluid/secretions. Is there a study on
mucociliary clearance and proning?
And the drainage of secretions in
ARDS patients?

Marini: I’'m not aware of any stud-
ies on the mucociliary escalator.
Lorenzo [Berra], airway clearance is
something you’re really adept at. I
think airway drainage is often a big
part of why many people do better in
the prone position. How do we expect
our suction catheters to clear out the
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distal airways without a little help from
gravity? Maybe I interpreted the ques-
tion incorrectly, but should it be the
next thing you try after you run out of
the usual things? I would say yes, it
should be. Increasing PEEP without
recruitment has been repeatedly
shown' to redirect blood flow to com-
promised zones, overstretching some
areas and upping the ante for damage
at the interface zone. If you keep us-
ing PEEP and recruitment maneuvers
to higher and higher values in the su-
pine position, you’re really swimming
upstream. You're going to wind up
with a hemodynamic problem and ac-
tually are not doing your patient very
much good. If you’ve tried PEEP and
you’ve reached a reasonable level and
your Fig is still a little high and you’re
uneasy, then turning them over almost
certainly reduces the risk of ventila-
tor-induced lung injury. We talked this
morning about how driving pressures
>12 or 14 cm H,O potentially could
be dangerous. If proning does not im-
prove the patient’s oxygenation or ven-
tilation, then I think you need to let
6 h go by and turn them back to su-
pine positioning, try more upright po-
sitioning, and try whatever you think
might work.

I interpret the term standard of care
to be a trusted intervention that should
be a fallback option. It’s not for ev-
erybody, for sure. But it is for those
really in danger from ventilator-
induced lung injury or the conse-
quences of hypoxemia. Complications
are few, and safe proning is not diffi-
cult. In the Italian studies—and
Lorenzo can probably correct me be-
cause he knows details about them—
the bedding surface was firm and not
selected to avoid skin breakdown.
However, if you do have a surface
which is padded, air-fluidized, or
whatever you want to call it, the inci-
dence of bedsores is quite small. If
you pay attention to the head and to
the skin surfaces and “swim” the pa-
tient every couple hours, they don’t
get into serious trouble with all those
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things we worry about. Nursing train-
ing is also key.

Holets: I think that’s a good point.
We do proning, but we use a specialty
bed. There’s a very big concern about
developing decubiti, which is a report-
able event. So, many times we don’t
keep them prone long enough.

Hurford: The question I have is
where does it fall in the algorithm?
Standard of care to me means every-
body at a certain level will get it. Not
necessarily just non-responders. Some
people will get INO [inhaled nitric ox-
ide] or inhaled prostacyclin or epopro-
stenol, and certainly I think among the
group here, we would probably prone
a patient before we did that. But we
would probably do some other things
before we would prone. Rather than,
“oh the P, /F)q is <150, it’s time to
flip.”

Marini: Bill, I agree with you com-
pletely. In our shop, we tend to go to
inhaled prostacyclin first. If that
doesn’t stabilize the patient and we
are still concerned, then we try pron-
ing; we’re comfortable with it. We
have nursing teams where only 2
nurses and a therapist will prone the
patient. You generally need 2 or 3 per-
sons. Once they’re prone, they don’t
need a lot more care than a supine
patient. I’'m not talking down to any-
body (you all know this), but once
you have proned the patient, things
really settle down. And generally
speaking, yes, you have to have good
surveillance but little more than you
would normally do with supine pa-
tients.

Kallet: We’ve done proning in over
60 patients at San Francisco General,
and a lot of what we do comes from
what you’ve talked about. I agree with
Bob [Kacmarek], we try to get people
up to a neighborhood of 16-18 PEEP.
After a few hours on PEEP at this
range, some patients open up like a
flower, and we can wean down their
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Fio, without a problem. These patients
don’t need to be proned. However,
there are other patients who fail to
respond or show very modest improve-
ments in Paoz, and these are the ones
we prone. When I teach the residents
about managing severe ARDS, I give
them a guide that I call The Rule of
Eights: If you’re in the neighborhood
of 18 of PEEP and 80% oxygen and
you can’t sustain a P, of 80 while
doing basic care, these are the ones
we definitely prone. That’s a pretty
conservative strategy, but it’s a way
to push for prone therapy when some
physicians are still squeamish about
doing it. We’ve also occasionally wit-
nessed trauma patients who fail to re-
spond to high PEEP, and when we
prone them, we very quickly drain sev-
eral liters of pulmonary edema out their
endotracheal tube! So perhaps these
patients might have responded to
high PEEP and diuretics. Since the
PROSEVA study? came out, we’ve no-
ticed that our faculty and residents are
not as hesitant to prone patients. The
last thing I think is important to men-
tion about the PROSEVA study? and
its stunning mortality results is that it
was the most heavily protocolized
study I’ve ever seen: sedation and pa-
ralysis, they had a protocol for fluid
management, nutrition... I know
how difficult it is to do a study like
that, but perhaps that level of control
over all aspects of therapy is what’s
needed to really improve outcomes.

Mireles-Cabodevila: In our institu-
tion, we have protocolized it as an ad-
junct therapy. That is, if you get to a
P,0/Fio, <150 and you’ve been there
for 12 h on appropriate therapy, we
will prone you. We just decided to do
that as a group. A question that I had
when John [Marini] was talking about
the mechanism, you talked about the
lung becoming stiffer, and when you
the prone them the chest wall becom-
ing stiffer. [ remember one of the books
in critical care mentioned the place-
ment of bags on top of the chest like
the poor man’s proning. I wanted to
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hear from you guys what you thought
about that and whether that had been
tested?

Kacmarek: We’ve done it, but
haven’t done it in a long time, but it
does seem to improve oxygenation by
making the chest wall stiffer. It doesn’t
work in everybody, but it does im-
prove P,o in some patients. You get
redistribution of V to the dependent
as opposed to the non-dependent lung
by putting weight on the thorax.

Marini: That might be a good idea;
you’re obviously not going to leave
weights on the patient, but if you do
see a response, that should be encour-
aging to turn the patient over. But if
not, it does not exclude proning ben-
efit. If you want to read good stuff on
this, Paolo Pelosi did a great series of
articles,3>> where he found the chest
wall stiffens but the lung improves its
overall compliance. To take an obese
patient and put them prone you stiffen
their chest wall even further, but their
FRC [functional residual capacity] im-
proves, and their oxygenation im-
proves.

Branson: Can we do rock-paper-
scissors? You’ve done optimal PEEP,
you’ve done regular ventilator protec-
tion, you’ve done everything you can
do with the regular ventilator. So,
around the table: prone, INO/inhaled
prostacyclin, or ECMO [extracorpo-
real membrane oxygenation]. Which
one do you do first? The patient has
refractory hypoxemia; what’s your
next step?

Hurford: Prone, INO, ECMO.

Davies: ECMO. We have proned
some patients, but it’s been a while;
we take them off the oscillator and go
to ECMO.

Holets: Prone, INO, ECMO.

Mireles-Cabodevila: Call for an
ECMO consult, but we would start a

rescue therapy of proning or inhaled
prostacyclin.

Kacmarek: The way we’re going
lately we’d go to ECMO, but person-
ally I think we should prone, then do
INO or epoprostenol, and then ECMO.
We’re triggering ECMO consults
much more frequently and more rap-
idly.

Kallet: At $180,000 a pop, my hos-
pital spent over $1,000,000 in
18 months on ECMO. In response to
that, we’ve mandated at least 24 h of
bundling ARDS care with low-V,
high PEEP, paralysis, inhaled prosta-
cyclin, and proning. Since doing that,
we’ve only needed to transfer one pa-
tient out for ECMO in almost 4 y.

Berra: I agree with Bob.

Marini: I’'m not trying to make this
complicated, but if your patient is ac-
idotic and heading south from acido-
sis or renal insufficiency ... ECMO
might be the first option. Whether it’s
calling for an ECMO consult first or
proning first would depend on the other
organ systems. For us, again assum-
ing that the patient is not seriously
acidotic and/or hemodynamically un-
stable, we’d probably try inhaled pros-
tacyclin because it’s fast, and if that
doesn’t work like a charm, we’d prone
next and lastly call for ECMO.

Kacmarek: The reflex is to go to
inhaled vasodilator, but they do not
change anything. For me, it’s a cos-
metic activity that does nothing to
change the physiology that’s creating
the problem. So, yeah you can do it
and you get good saturations for a
while, but so what?

Marini: Unless it enables you to re-
duce the other things that could be
injurious to the patient, I agree with
you.

Hess: The reality that struck me, as
John said, is how often we’ve done it
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and when is the last time we did it?
We at the Massachusetts General Hos-
pital don’t prone very often. A hand-
ful per year, I would say. I think it’s
because we’re more aggressive with
PEEP and we do use a lot of inhaled
pulmonary vasodilators. We actually
don’t use that much ECMO, either,
for ARDS.

Mireles-Cabodevila: Do you put in
an esophageal balloon?

Hess: Yes. Where some people
would might say we’re at a plateau
pressure of 30, so we need to put the
patient on the oscillator or prone them
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or ECMO or whatever, we would lean
toward putting in an esophageal bal-
loon catheter and maybe we can vio-
late the plateau pressure of 30 rule if
we actually look at transpulmonary
pressure.

Kacmarek: And we’re doing that
more and more these days.
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