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Mean airway pressure (Pmean) is a common pressure monitoring parameter of mechanical ventilators that is
closely correlated with mean alveolar pressure and represents stresses applied to the lung parenchyma during
ventilation. Pmean is determined by the peak inspiratory pressure, positive end-expiratory pressure (PEEP), and
inspiratory-to-expiratory time ratio with dynamic and real-time characteristics, which represents mechanical
power affected by the ventilator mode. Additionally, Pmean is an important parameter that affects hemodynamics.
Tidal forces and PEEP increase pulmonary vascular resistance (PVR) in direct proportion to their effects on Pmean.
Therefore, Pmean is increasingly considered to be related to the prognosis of patients on mechanical ventilation.
We propose a 3P strategy (Pmean, central venous pressure [CVP], and perfusion index [PI]) which is indicated
to achieve circulation protection mechanical ventilation with flow priority. Titrating the appropriate CVP and
meeting PI to ensure tissue perfusion with a lower Pmean are the core purposes. Pmean links the circulatory and

respiratory systems and is expected to become a potential parameter for intelligent ventilation.

Respiratory movement affects not only air flow but also blood
flow. In spontaneous breathing, changes in air flow in the lungs
are synchronized with blood flow. Blood flow changes peri-
odically with respiratory movement that can affect changes in
blood flow in the entire circulatory system and has different ef-
fects on left and right heart functions. At the same time, periodic
changes in pulmonary blood flow also significantly affect the
lung function [1]. In short, air flow and blood flow accompany
each other. Blood flow depends on the existence of air flow,
while air flow improves the distribution of blood flow. When
positive pressure ventilation is used, normal respiratory physi-
ology is disrupted. Tidal volume and an increased pleural pres-
sure result in increased pulmonary circulation resistance, de-
creased right ventricular preload, increased afterload, and a de-
crease in both preload and afterload in the left heart. As a result,
the blood flow of the pulmonary and systemic circulation is af-
fected by clinical consequences such as decreased oxygenation,

decreased blood pressure, and poor tissue perfusion [2]. Thisis a
prominent occurrence in patients with severe acute respiratory
distress syndrome (ARDS) who receive mechanical ventilation.
Even if the principle of small tidal volume lung protection is ap-
plied, a sharp deterioration in circulation and perfusion will in-
evitably occur, especially in severe ARDS [3]. Finding a simple,
objective, and dynamic real-time monitoring of airway pressure
indicator is thus necessary for the clinical realization for both
pulmonary and circulatory protection.

In the resting state, airway pressure is equivalent to alveolar
pressure, which represents the pressure generated by overcom-
ing the elastic retraction force of the respiratory system. Stud-
ies have shown that the measurement of alveolar pressure is
very difficult; however, because of the linear relationship be-
tween airway pressure and alveolar pressure, we can indirectly
obtain alveolar pressure through ventilator-mediated measure-
ment of airway pressure [4]. At present, there are several indica-
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tors that reflect airway pressure. For example, the plateau pres-
sure (Pplat) reflects the pressure level in the alveoli at the end
of inspiration, but it does not indicate changes in real lung vol-
ume. Moreover, Pplat is measured at the end of inspiration us-
ing an inspiratory hold maneuver under conditions of controlled
breathing. Transpulmonary pressure is defined as the difference
between alveolar pressure and pleural pressure, which reflects
the degree of expansion of lung tissue. Therefore, it represents
stress, which is related to the degree of lung injury. When us-
ing this indicator, it is essential to complete the measurement
of esophageal pressure and to measure and titrate the transpul-
monary pressure of the inspiratory and expiratory states, respec-
tively. Driving pressure (Pdriv) is defined as the difference be-
tween Pplat and positive end-expiratory pressure (PEEP), which
reflects the elasticity or compliance of the lung. Similarly, this
value can only be obtained after manually measuring the plat-
form pressure. The common feature of all the above parameters
is that they only describe the respiratory mechanics of the inspi-
ratory phase. Either different types of manual measurements are
required or the measurements rely on other pressure measuring
devices and methods.

Mean airway pressure (Pmean) is defined over a given inter-
val of time using the area under the curve of the pressure time
curve for one breath divided by the total cycle time. Because
airway pressure changes in real time with alveolar pressure, it
is particularly important to monitor changes in airway pressure
in real time, under different ventilation conditions and during
different breathing phases, to clarify changes in lung and tho-
rax elastic resistance and compliance. Pmean is a more objec-
tive indicator that is directly measured by the ventilators them-
selves [5]. In addition, it is related to the oxygenation index
[6]. More importantly, according to the formula of mechani-
cal power, Pmean is an important parameter involved in con-
stituting mechanical power [7]. High Pmean indicates that the
patient has higher mechanical energy power. Taken together,
Pmean is a potential indicator of lung stress. A recent multi-
center study showed that in a group of mechanically ventilated
ARDS patients, Pmean was independently associated with 90-
day mortality and correlated with Pplat or Pdriv, which had
predicted mortality like the implication of Pplat or Pdriv [8].
From this point of view, Pmean also has potential prompt sig-
nificance when spontaneous breathing is too strong or breathing
drive is too high.

More importantly, Pmean is an important pressure parameter
that affects the hemodynamics of a patient. It has been shown
that elevated Pmean leads to decreased cardiac output in the
infant population during both normal frequency and high fre-
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Fig. 1. Flow prioritized 3P (Pmean, CVP, and
PI) Circulation Protective Ventilation Strategy.
Gas accompanied by blood flow. If the Pmean
increases >10 cmH,O, the CVP may increase
to >10 mmHg based on the cardiopulmonary
interaction. Then, the blood flow will be dis-
rupted, leading to perfusion injury based on
PI < 1.4. ARDS: Acute respiratory distress syn-
drome; CVP: Central venous pressure; ICU: In-
tensive care unit; PI: Perfusion index.

Injuryed perfusion
PI<1.4

quency mechanical ventilation [9,10]. Interventions to reduce
Pmean during cardiopulmonary resuscitation (CPR) can reduce
pleural pressure and improve hemodynamics [11]. Our previous
study showed that Pmean affects CVP and then cardiac output
(CO) through mechanical ventilation and cardiopulmonary in-
teractions; at the same time, Pmean and CVP are proven risk
factors for poor prognosis on mechanical ventilation [12,13].
In addition, CO determines the perfusion level, but measuring
CO is often tedious. There is a positive correlation between per-
fusion index (PI) and left ventricular output [14]. At the same
time, it is positively related to superior vena cava flow, which
indirectly provides left ventricular flow changes or may lack vol-
ume capacity status in real time [15]. This opens the possibility
for skipping complex CO measurements and using PI directly to
indicate the perfusion level. These theories coincide with our
finding that PI is a protective factor for mechanical ventilation
[16]. Therefore, we propose a 3P strategy of circulation pro-
tection mechanical ventilation with flow priority [Fig. 1]. The
strategy we proposed should reverse this process to open the
lung, match the flow, and ensure perfusion. If someone meets
these 3P criteria, the prognosis is always better. The Pmean,
CVP, and PI cut-off values are based on our previous publication,
which came from all patients who received mechanical ventila-
tion in the ICU during a period of observational time [12,13].
The cut-off value needs further development and validation, es-
pecially in patients with severe ARDS with unstable hemody-
namics. However, patients with high CVP and Pmean accompa-
nied by low PI deserve clinical attention with respect to their
hemodynamic status.

At present, the era of big data and intelligent intensive care
units (ICUs) has arrived. Determining whether it is possible to
use a simple real-time parameter for respiratory mechanics mea-
surement and monitoring has become an urgent need. Using
Pmean as an indicator of daily clinical management, our lat-
est research showed that the 90-day mortality rate of patients
who reached the Pmean target was lower than that of patients
who did not, again illustrating the vital role of Pmean in the
daily management of patients in the ICU [17]. Additionally,
we proposed that three quality control targets (SpO, # 100%,
PaCO, > 40 mmHg, Pmean < 10 cm H,0) may be used for ICU
treatment, which may be a highly operable method to achieve
enhanced recovery after surgery (ERAS) in the ICU. Pmean mea-
surement is conducive to the development of related studies,
avoids tedious measurement of respiratory mechanics, and is
not restricted by ventilation mode. It is of great significance
for real-time monitoring and dynamic adjustment of respiratory
mechanics to achieve intelligent ventilation.
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In summary, we believe that Pmean has many advantages
compared with other traditional pressure indicators and has the
potential to become a bridge parameter connecting respiratory
mechanics and hemodynamics in the future. In the process of
clinical treatment, in cases of increased Pmean, strict low tidal
volume lung protection, more suitable PEEP, more suitable vol-
ume state, and the lowest load of the right heart are factors to be
considered. Intensive care clinicians and nurses are supposed to
use this index widely in daily clinical work to validate our theory
of “3P strategy of circulation protection mechanical ventilation
with flow priority.” More research and data are needed to verify
and validate these findings in the future.
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