Finding Best PEEP: A Little at a Time

PEEP confers benefit by recruiting atelectatic areas for
gas exchange, increasing functional residual capacity,
improving compliance, and elevating arterial oxygen ten-
sion. Conversely, unnecessary PEEP may encourage over-
distention of lung units that are already open, thereby
reducing compliance, hyperinflating, and predisposing to
alveolar disruption. Simultaneously, vascular compression
by distended lung and elevated pleural pressure increases
right-ventricular afterload, redistributes pulmonary blood
flow, generates ventilatory dead space, and impedes venous
return.

Whether a given PEEP setting improves or impairs over-
all lung performance depends on the relative contributions
of recruitment and distention. This innate and usually
unpredictable benefit/risk dichotomy has led investigators
to seek a single reliable indicator of the best set point by
PEEP titration. Tidal compliance, which (unlike arterial ox-
ygenation) can be quickly, noninvasively, and repeatedly
determined at the bedside, has been used for this purpose
since the first days of PEEP use in ARDS.! In the mid-
1970s, Suter and colleagues® published influential data
from 15 normovolemic patients receiving volume-con-
trolled mechanical ventilation for acute respiratory failure.
In that seminal report, the end-expiratory pressure resulting
in maximum oxygen transport and lowest dead space frac-
tion also yielded the highest total static compliance.
Remarkably, best PEEP in this trial varied over a wide
range (ie, 0—15 cm H,O). When PEEP was increased
beyond its optimal level, mixed venous PO, decreased, sug-
gesting a reduction in O, transport. Noting that measure-
ment of cardiac output or a true mixed venous blood
sample is frequently not available (then or now), tidal com-
pliance was suggested as a means to indicate the level of
PEEP likely to result in the best overall cardiopulmonary
function.? In volume-controlled ventilation, highest compli-
ance is tracked faithfully by the driving pressure: A P =
[plateau pressure — PEEP]. Thus, finding the PEEP that
minimizes driving pressure and maximizes tidal compli-
ance for the tidal volume selected may simultaneously
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optimize O, delivery and cardiac loading, which is an im-
portant and often neglected aspect of machine adjustment.
Understanding the impact of tidal volume on recruit-
ment, the authors of that work from nearly 5 decades ago
wisely noted that patients with acute respiratory failure dif-
fer and therefore should not be treated indiscriminately.

SEE THE ORIGINAL STUDY ON PAGE 583

Later work from that same group confirmed that the PEEP
associated with best compliance does indeed vary with tidal
volume.® The implication is that, for the same patient, mul-
tiple compliance-based optimal values of PEEP exist. In
that mid- to late 1970s era, barotrauma occurred frequently,
but high tidal volumes were not otherwise of major con-
cern; the histologic damage known as ventilator-induced
lung injury (VILI) was yet to be brought to general
attention.”*

The National Institutes of Health—sponsored Acute Re-
spiratory Distress Syndrome Network trial (ARMA) that
tested tidal volumes of 6 versus 12 mL/kg predicted body
weight has been widely viewed as confirming that a general
strategy of using lower tidal volumes and higher frequen-
cies reduces the mortality risk from ARDS.> Refinement of
that concept was advanced 15 y later in a sophisticated sta-
tistical analysis of multiple high-quality trials by Amato
and colleagues.® Their influential report indicated that it
was the driving pressure, not tidal volume or even plateau
pressure, that was the prime culprit variable that could pre-
dict ventilator-associated mortality risk. In these trials,
which used low tidal volume, improved survival was
observed only when high driving pressures were avoided.
That work has been widely interpreted as demonstrating
that the limitation of driving pressure influences mortality,
quite apart from its value as a PEEP-setting index.”

This may or may not be the case; we must remember that
there is still no concrete evidence that VILI is the causal
link between the ventilating prescription and mortality risk.
Rather, higher driving pressures may reflect severity of
underlying disease and the need to ventilate a patient with
high systemic O, demands using a baby lung of reduced
capacity.® Thus, although driving pressure is certainly a help-
ful clinical tool for setting PEEP and may indeed influence
outcome, the true picture in any given patient is undoubtedly
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more complex. For example, pressure does not equate to tis-
sue stretch, and driving pressure may to some extent reflect
the compliance of the chest wall and positional factors.
Moreover, ventilating power, of which driving pressure is
but one determinant, may lie closer to the root cause of VILI
than any individual pressure, volume, or flow.*'

Putting such doubts aside, driving pressure may provide
a link that helps explain why studies of higher PEEP did
not show consistent survival benefit.'"" PEEP increments
could be protective only when increased PEEP alters lung
mechanics so that the same tidal volume is delivered with
lower driving pressure (ARDSnet). This interpretation is
consistent with physiologic studies suggesting that the ben-
efits of PEEP are most often found in patients with greater
lung recruitability. On the other hand, ventilation with inap-
propriately low PEEP encourages progressive atelectasis,
decreased respiratory system compliance, and, ultimately,
higher driving pressure.'?

In the current issue of RESPIRATORY CARE, Sahetya et al3
address the performance of the ARDSnet lower PEEP/Fjo,
table for PEEP selection among a small group of subjects
with lung injury of Berlin-defined moderate to high sever-
ity.'* In each subjects, PEEP was adjusted up and down
from its initial setting from the ARDSNet table, and driving
pressure was measured at each PEEP level. End-expiratory
pressure was then titrated to produce the lowest driving pres-
sure, and stability at that value was confirmed over a 30-min
observation period. Contrary to their anticipated results,
which would have favored elevating PEEP from the tabu-
lated baseline value, PEEP that produced the lowest driving
pressure increased in some subjects and decreased in others.
In fact, in some cases, the PEEP required to minimize driv-
ing pressure fell considerably below that specified by the
subjectively established ARDSNet lower PEEP/Fjo, table.

This useful work by the Johns Hopkins group invites sev-
eral observations. First, the PEEP/Fjo, table proposed by
the ARDSNet investigators, which is based on O, exchange
and not mechanics, may be a reasonable start for matching
PEEP to the selected tidal volume. However, as demon-
strated here, we cannot rely on that arbitrarily set table to
predict optimized respiratory system mechanics. As shown
long ago, best PEEP depends on tidal volume and should
reflect hemodynamic impact as well as VILI risk.>* Not all
stepwise methods of setting PEEP require a recruiting ma-
neuver, nor are they equally helpful.'® Yet, because PEEP
adjustments affect multiple important variables, whereas
the strength of hypoxic pulmonary vasoconstriction varies
widely among patients, careful titration to a rapidly respon-
sive bedside indicator of mechanics (eg, driving pressure or
compliance) remains the key to sorting through the com-
plexity of the individual patient. The results from Sahetya
et al'? illustrate once again that determining whether PEEP
should be increased or decreased should be an empirically
determined process, not a “look it up” process.
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An encouraging observation from this study was the
rapid response of driving pressure to stepwise PEEP titra-
tion."*> With tidal volume fixed, we must assume that the
change in PEEP is entirely responsible for the ultimate opti-
mization of respiratory mechanics and alteration of driving
pressure. However, we are not informed whether patients
were passively ventilated, nor whether neuromuscular
blockade and proning were in play. Finally, changes in re-
spiratory system mechanics for this patient group may not
be relevant to all patients with ARDS, given that the mean
body mass index of subjects studied in this trial was rather
high (ie, nearly 38 kg/m?). Chest wall and body position
have the potential to affect measurements of the mechanical
properties of the respiratory system that are based on air-
way rather than transpulmonary pressure.'®

This small study by Sahetya et al'* supports the relevance
of physiologic titration; as we have learned before, a standar-
dized care guideline (or table) may be a pragmatic conven-
ience, but its applicability to the individual must be judged
by a knowledgeable caregiver. Recent experience also sug-
gests that the advisability to personalize care also applies to
other aspects of ARDS management, such as prone position-
ing and paralytics.'”'® At the bedside, published tables are
not enough; physiological observations with a strong scien-
tific rationale serve as a better guide to intervention. Like all
powerful drugs with benefits and side effects, PEEP applied
to critically ill patients with ARDS must be dosed carefully.

David J Dries

John J Marini

Regions Hospital, University of Minnesota
Minneapolis/St. Paul Minnesota
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