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Prone Positioning

Beyond Physiology

N the current issue of ANESTHESIOLOGY, Petersson ez al.

provides us with a physiologic study describing, in anes-
thetized human volunteers, the effects of prone positioning
and the application of 10 cm H,O positive end-expiratory
pressure (PEEP) on the regional distribution of pulmonary
ventilation and perfusion.' This article creates a complete
formulation of the pulmonary ventilation and perfusion in
the prone position.

In the supine position, at 0 cm H,O PEEP, the size of
the alveolar units decreases exponentially from ventral
(nondependent) to dorsal (dependent) lung regions.” This
indicates that the distending forces of the lung (i.e., the
difference between the alveolar and the pleural pressure)
decreases along the ventral-to-dorsal axis. The increase of
pleural pressure close to the dependent lung regions is
commonly considered the result of the push of the abdom-
inal organs towards the lungs, which increases from the
ventral to the dorsal regions.

In spontaneously breathing subjects, the engine of ventila-
tion is the diaphragm, which displaces a huge amount in its
dorsal (dependent) portion. This action is associated with a
more favorable position of the dependent alveolar units along
their pressure-volume curves® and accounts for the greater
ventilation observed in the most dependent lung regions.
During anesthesia and paralysis, however, the diaphragm
acts as a passive flaccid membrane. The insufflated gas is
then preferentially distributed towards the ventral and
nondependent lung areas.* Because the regional distribu-
tion of lung perfusion is greater in the dependent lung
regions, the final result is that mechanical ventilation, at 0
cm H,O PEEP, is associated with some degree of ventila-
tion-to-perfusion (V,/Q) mismatch. This result is consis-
tent with both the gravitational (West et al.’) or fractal
distribution (Glenny ez a/.°) theories of lung ventilation/
perfusion. The addition of PEEP partially corrects this
mismatch because it progressively moves ventilation to-
wards the dependent lung regions (as previously shown by
computed tomography scanning’ and in the current
study'), whereas perfusion is further increased in the de-
pendent lung regions.

In the prone position, at 0 cm H,O PEEP, the size of
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alveolar units decreases with an exponential decay from dor-
sal (now nondependent) to ventral (now dependent) lung
regions. This occurs to a much lower extent than that ob-
served in the supine position. As a result, alveolar ventilation
is more homogeneously distributed in the prone than in the
supine position.” Because lung perfusion redistributes to-
wards the dependent regions, this results in a more homog-
enous V,/Q matching at 0 cm H,O PEEP, such as shown by
Petersson et al." and others.®” Surprisingly, after the addition
of PEEP, Petersson ez al. found that perfusion increased in
the ventral lung regions (now dependent), whereas the dis-
tribution of alveolar ventilation remained unchanged. Con-
sequently, the authors claimed that V,,/Q matching was de-
creased by the addition of PEEP in the prone position and
suggested that lower PEEP levels might be preferred in the
prone position compared with the levels of PEEP used in the
supine position.

This conclusion may be incorrect when a patient has un-
derlying acute lung injury. Because patients with acute lung
injury often have severe hypoxemia resistant to typical ther-
apies, Bryan ' suggested that prone positioning might
lead to improved oxygenation. His prediction was fully
confirmed in most of the studies subsequently published,
which undoubtedly showed that in approximately 70% of
patients with acute respiratory distress syndrome (ARDS),
prone position—always applied in association with some
degree of PEEP-improves oxygenation. Therefore, there
is clearly a difference between normal lungs; for example,
a deterioration of V,/Q was observed by the current au-
thors after 10 cm H,O PEEP was added to the patients in
the prone position.'

The explanation for the improvement of V,,/Q in patients
with ARDS in the prone position involves understanding the
distribution of edema in the diseased lungs. In patients with
ARDS, the mass of the lung with the edema may be increased
to 300% of that of normal lungs."" Therefore, the dependent
lung regions in ARDS patients are compressed from the ab-
normal weight of the lung tissue above (nondependent) in
the supine position.'” When the ARDS patient is prone,

@ This Editorial View accompanies the following article: Peters-
son J, Ax M, Frey J, Sanchez-Crespo A, Lindahl SGE, Mure
M: Positive end-expiratory pressure redistributes regional
blood flow and ventilation differently in supine and prone hu-
mans. ANESTHESIOLOGY 2010; 113:1361-9.
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the mass of the dorsal lung, which reinflates (.., dorsal
becomes the nondependent lung regions), is greater than
the potential mass of the ventral (now dependent) lung
regions, which may collapse.'” When lung perfusion is
substantially unmodified, the overall V,/Q matching im-
proves as new pulmonary units are recruited for more
effective gas exchange.

This is probably the primary mechanism for the im-
provement in oxygenation in the prone ARDS patient,
although other mechanisms (including a different shape
of the diaphragm, changes of hypoxic pulmonary vaso-
constriction, and a differential production of nitric oxide
in different lung regions) may play a role. Sadly, there can
be negative consequences to prone positioning, including
a possible increase in chest wall stiffness.” The reduced
chest wall compliance leads, in the case of pressure-con-
trolled ventilation, to an initial reduction in transpulmo-
nary pressure (i.e., decreased tidal volume) or, in the case
of volume-controlled ventilation, to an increase in plateau
airway pressure. The overall balance of the positive and
negative effects of the prone position can be observed by
looking at the variation in arterial carbon dioxide. Inde-
pendent of oxygenation changes, a decrease in arterial
carbon dioxide indicates a recruitment of lung paren-
chyma, whereas an increase in arterial carbon dioxide may
indicate a large increase in chest wall stiffness.

We believe that the most recent clinical trial of prone
ARDS patients may provide some insights about the rela-
tionship between PEEP and the prone position.14 In that
study, the patients that had been randomized to the prone-
arm were allowed to undergo a variation in the ventilator
settings aimed towards a less dangerous ventilation, if the
oxygenation improved. Two maneuvers were allowed: first, a
reduction of inspired oxygen fraction, and second, a reduc-
tion of PEEP, with a target arterial partial pressure of oxygen
between 70-90 mmHg. The results clearly showed an iden-
tical level of PEEP between the two arms, suggesting that a
decrease in PEEP was not possible in the prone ARDS
patients.

These data from prone ARDS patients, contrast with
the findings observed by Petersson e# /. in normal pa-
tients." The comparison of the results suggest that in
ARDS patients, reductions of PEEP are inappropriate, at
least when V,,/Q matching and systemic oxygenation are
being evaluated.

Finally, although the article by Petersson ez al., as well as
our comments, have focused on gas exchange, there may be
an effect from prone positioning in ARDS patients on their
survival. The survival benefit of prone positioning during
ARDS is probably a result of a decrease in the harmful effects
of mechanical ventilation. The prone position leads to more
homogeneous lung inflation and more homogeneous alveo-
lar ventilation, suggesting that the strain applied to the lung
parenchyma and its associated stress are more homoge-
neously distributed than in the supine position.'> This
should decrease ventilator-induced lung injury. As a matter
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of fact, all the meta-analyses performed on prone positioning
of ARDS patients, so far, agree with two major points: (1) In
all patients, a systemic oxygenation improvement is ob-
served, and this is obviously greater in the most hypoxemic
patients; and (2) in the most severe ARDS patients, when

lung dishomogeneity is the greatest, prone positioning ap-

pears to provide about a 10% survival benefit.'®"”
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