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ABSTRACT

In the surgery patient under general anesthesia doesn’t breathe spontaneously, and lung
movement is completely dependent on the mechanical ventilation of the anesthesia machine. In
order to achieve effective and safe mechanical ventilation of the patient’'s lungs during the
operation, the concept of lung protective ventilation strategy (LPVS) was proposed, that is, the use
of a low tidal volume and an appropriate level of positive end expiratory pressure (PEEP) to reduce
alveolar overexpansion and prevent alveolar collapse. In the past, PEEP was an important
measure to treat acute lung injury(ALIl) or acute respiratory distress syndrome(ARDS) by improving
oxygenation and reducing pulmonary edema. Subsequent studies found that PEEP not only be
used to treat patients with ALl or ARDS, but also can reduce the incidence of postoperative
pulmonary complications(PPCs) in some thoracoabdominal operations. Moreover, PEEP can
prevent atelectasis during and after surgery in patients undergoing thoracic and abdominal surgery
under general anesthesia, and decrease the incidence of postoperative infection. However, PEEP
can affect venous return by increasing intrathoracic pressure, thereby causing changes in heart
function and hemodynamics, and indirectly affecting intracranial pressure and renal function.
Therefore, with the widespread clinical application of PEEP, more and more people are starting to
focus on how to choose the appropriate PEEP. This article reviews the research progress of PEEP
selection method, the influence of PEEP on physiological function and the clinical application of
PEEP during mechanical ventilation.
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1. INTRODUCTION

Lung protective ventilation strategies include
many measures: low tidal volume, positive end-
expiratory pressure (PEEP),lung
recruitment,lowerFIO,,respiratoryrate, inspiratory
/expiratory ratio, and permissive hypercapnia
[1,2].The application of low tidal volume
combined with appropriate PEEP ventilation is

the most commonly used Ilung protective
ventilation strategy in general anesthesia.
Positive  end-expiratory pressure ventilation

refers to a ventilation method in which the
ventilator generates positive pressure during the
inspiratory phase to press oxygen into the lungs,
but at the end of expiration, the airway pressure
still maintains a certain positive pressure level.
Acute respiratory distress syndrome (ARDS) is
caused by intrapulmonary and extrapulmonary
factors, and is a disease characterized by
refractory hypoxemia [3]. PEEP can redilate the
collapsed alveoliin in ARDS patients,, increase
the pulmonary function residual capacity and
pulmonary compliance, improve ventilation and
oxygenation function, reduce intrapulmonary
shunt, and reduce the mortality rate of ARDS [4].
In addition, PEEP is also one of the strategies of
lung protective ventilation in general anesthesia
patients with mechanical ventilation [5]. In
general anesthesia patients undergoing thoracic
and abdominal surgery, the application of PEEP
can improve oxygenation, reduce the incidence
of PPCs, and improve the postoperative outcome
of surgical patients [6-9]. Some studies have
shown that PEEP can affect cardiovascular
function and cerebral blood perfusion by
increasingintrathoracic pressure. Therefore, we
need to choose the best PEEP to reduce the
impact of mechanical ventilation on circulatory
function and cerebral hemodynamics. Influences
in this article, we review the research progress of
PEEP selection method, the influence of PEEP
on physiological function and the clinical
application of PEEP during mechanical
ventilation.

2. DETERMINATION OF THE OPTIMAL
PEEP LEVEL

The following is the method of choosing the
optimal PEEP [Table 1].

2.1 Pressure-Volume Curve

The pressure-volume curve is based on the
functional residual capacity, which depicts the

relationship between alveolar pressure and
lungvolume. It reflects the static mechanical
characteristics of the lungs and thorax, as well as
the compliance of the respiratory system. This is
the most commonly used clinical method to
determine the level of PEEP. In the past, many
scholars believed that the lower inflection point
(LIP) of the inspiratory branch of the P-V curve is
the end of alveolar recruitment, and the upper
inflection point(UIP) of the inspiratory branch is
the beginning of alveolar hyperinflation. Setting
the optimal PEEP near LIP+2cmH,0O can prevent
the alveolar collapse at the end of respiration and
keep the alveoli open|10, 11]. However, some
scholars believe that the role of PEEP is to avoid
the collapse of the alveoli at the end of expiration,
so it is more reasonable to set PEEP according
to the expiratory branch of the P-V curve [12].
The point of maximum curvature (PMC) of
pressure-volume curve expiratory branch setting
PEEP can effectively prevent alveolar collapse in
expiratory phase, improve lung oxygenation,
increase lung volume, and have no serious
impact on hemodynamics adverse effects [13].
Therefore, it is more supportive to use P-V curve
expiratory branch PMC to determine the best
PEEP. The aforementioned P-V curves all refer
to static P-V curves. In clinical practice, the
ventilator displays dynamic P-V curves. There
are slightly different. We can use the dynamic P-
V curve to infer the approximate position of the
static P-V curve to observe the changes in lung
compliance.

2.2 PEEP Titration
2.2.1 Optimal oxygen method

PEEP selection method based on optimal
oxygenation. The specific operation is to
implement adequate recruitment. The criterion
for adequate recruitment is that the oxygenation
index (Pa0,/FiO,)>400mmHg after  the
recruitment maneuver is implemented or the
change of Pa0,/Fi0,<10% after two recruitments.
After lung recruitment, directly set PEEP to a
higher level (such as 20cmH,0), and then
reduce PEEP by 2cmH,0O every 3 to 5 minutes
until PaO,/FiO, decreases >10% (indicating
alveolar collapse), and then adjust the PEEP
level to PaO,/FiO,<400mmHg or reduce it by >10%
after lung recruitment. At this time,
PEEP+2cmH,0 is the best PEEP [14]. This
method requires multiple collections of the
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patient's arterial blood to determine PaO,, which
is not convenient.

2.2.2 Lung compliance

Set PEEP based on the compliance measured at
the bedside. The specific operation is to set a
higher PEEP level (such as 20cmH,0) on the
basis of adequate lung recruitment, and then
slowly decrease the PEEP, and record the
dynamic lung compliance (Cydn) obtained from
the ventilator monitoring after each PEEP
adjustment. When the Cydn reaches the
maximum value, the corresponding PEEP is the
best PEEP [15]. This method requires the
ventilator to have the function of monitoring
dynamic compliance, and at the same time it can
draw dynamic compliance curve.

2.2.3 Minimum dead space fraction

The dead space fraction (Vp/V7) can be used as
an index to reflect the efficiency of ventilation.
The ratio of healthy adults is usually less than
0.30, that is to say that 70% of the ventilation is
effective. In severe obstructive pulmonary
disease,Vp/Vcan increase to 60%-70%, and the
ventilation efficiency is significantly reduced. The
specific operation is: after adequate Ilung
recruitment, set a higher PEEP level (such as
20cmH;0), and then slowly decrease to 0cmH,0
with 2 cmH,0O, and use the NICO single breath
CO, curve method [16] to determineVp/V[dead
space fraction = (PaCO2-PETCO2)/PaCO2],
PEEP when Vp/Vt is the smallest is the best
PEEP.

2.2.4 Computer tomography

Computer Tomography (CT) scan is the most
reliable method to reflect whether the collapsed
alveoli is recruited. Selecting PEEP based on
chest CT scan is considered the gold standard
for the best PEEP selection. The specific
operation is to perform sufficient lung recruitment
first, then set PEEP to a higher level (such as
20cmH,0), and decrease PEEP by 2cmH,0O
every 3 to 5 minutes. A chest CT scan is required
each time the PEEP level is set, until alveoli
appear obviously collapsed (collapsed
alveoli>5%), at this time PEEP is the critical
value for the alveoli to collapse again, and the
PEEP+2cmH,0 is the best PEEP [17]. At present,
due to the shortcomings of radioactivity, high cost,
and inability to perform at the bedside, CT has
limited its clinical application and is only suitable
for experimental research.

2.2.5 Electrical impedance tomography

Electrical impedance tomography (EIT) is a
relatively new non-invasive, non-radiation, and
real-time monitoring technology that can perform
individual, real-time bedside imaging of the lungs.
Its principle is to stick a set of electrodes around
the chest, apply a basically imperceptible current
and measure the voltage it generates, and then
reconstruct the change in the relative electrical
impedance on the measurement plane [18,19].
The EIT image divides the lung cross-section into
four equal parts from the ventral side to the
dorsal side, which are ROI1 (ventral lung area),
ROI2 (near retest lung area), ROI3 (near dorsal
lung area), ROI4 (Dorsal lung area). EIT can be
used as an imaging technique for titrating PEEP,
which can simultaneously monitor pulmonary
blood flow distribution and ventilation-perfusion
matching, and has good consistency with CT [20].
The specific operation method is: at the level of
PEEP of 5cmH,0, increase PEEP by 2cmH,O
every 3 to 5 minutes, when the monitoring
ROI3+ROI4 reaches the maximum value, and
ROT1+ROI2 reaches the minimum value, the
PEEP is the best PEEP. Compared with the
traditional P-V curve and optimal oxygen titration
of PEEP, the titration of PEEP under the
guidance of EIT has higher accuracy, which will
promote the realization of individualized PEEP in
the future [21].

2.2.6 Bedside lung ultrasound technology

PEEP was titrated with bedside ultrasound. The
specific operation method is: after adequate lung
recruitment, decrease PEEP by 2cmH,O every
5minutes, observe two consecutive ultrasound
reinflation scores suddenly drop by more than
30%, at this time PEEP+,cmH20 is the best
PEEP [22]. However, bedside ultrasound also
has certain limitations. For patients with severe
obesity, chest wall subcutaneous emphysema,
and severe pulmonary edema, it is difficult to use
this method due to unclear imaging and difficult
ultrasound recognition.

2.2.7 Transpulmonary pressure monitoring

Transpulmonary pressure (PTP) is the difference
between alveolar pressure and intrathoracic
pressure, which can reflect the pressure of
expanding lung tissue and has nothing to do with
chest wall elasticity. When the transpulmonary
pressure at the end of inspiration is greater than
OcmH,0, the alveoli open, while when the
transpulmonary pressure at the end of inspiration
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is less than 0 cmH,0, the alveoli collapse and
atelectasis is likely to occur. In clinical practice,
the esophageal pressure measuring tube is
usually inserted through the nose and connected
to a specially configured ventilator. The pressure
at the lower third of the esophagus is measured
to estimate the transpulmonary pressure to guide
the setting of PEEP [23]. The specific operation
is: set a higher PEEP level (such as 20cmH,0),
and then reduce by 2cmH,O every 5 minutes
until it drops to OcmH,O. When the end-
expiratory transpulmonary pressure is less thanO
cmH,0, the previous PEEP maintains end-
expiratory Ptp>0 cmH,O and end-inspiratory
transpulmonary pressure <25 cmH,O, the PEEP
at this time is the best PEEP [24]. At present, the
measurement of transpulmonary pressure has
been used to titrate the PEEP of ARDS patients
in many different ways, and it is expected to
realize the individual adjustment of PEEP.

2.3 Stress Index

Stress index (Sl) describes the pressure-time
change curve of the alveoli during constant flow
ventilation. The Sl can reflect whether the alveoli
are constantly recruited or over-expanded as
PEEP increases. When SI>1,it indicates that with
the increase of inspiratory tidal volume, the
alveoli are over-expanded, and lung compliance
continues to decrease; when Si<1, it indicates
that as the inspiratory tidal volume increases, the
alveoli continue to expand and the alveolar
compliance continues to increase ; When SI=1, it
indicates that the corresponding alveoli are not
collapsed or over-expanded, and are always in
an open state. Therefore, the optimal PEEP
should be adjusted to the level of SI=1, at which
time the slope of the pressure-time curve
changes the least during the inhalation process
[25]. Because this method requires the
respiratory function monitor to record all airway
pressure values and corresponding time during
the inhalation process, and calculate them
through computer software. This limits its current
application in clinical practice.

2.4 ARDS Net Table [Table 2]

The ARDS net table method selects PEEP
according to the FiO,-PEEP table [26] set by the
international ARDS working group. This method
is simple to use and has a wide range of clinical
applications. However, since PEEP is selected
according to the corresponding relationship
between FiO, and PEERP, it lacks individualization
for setting PEEP.

3. EFFECTS OF PEEP ON THE BODY'S
PHYSIOLOGICAL FUNCTIONS [TABLE
3]

3.1 Effects of PEEP on Respiratory
Function
PEEP can increase the functional residual

capacity and increase the PaO, level by making
small alveoli expand and collapsed alveolar
recruitment to reduce intrapulmonary shunt, and
its effect is related to the level of PEEP.When
PEEP is below 10cmH,0, it mainly expands the
alveoli; when PEEP is greater than 10cmH,0, it
can recruit collapsed alveoli [28]. In patients with
ARDS, the application of PEEP can expand the

poorly ventilated alveoli and re-expand the
collapsed alveoli, resulting in reduced
intrapulmonary  shunt, thereby improving

oxygenation status and lung compliance [29].
Setting PEEP during mechanical ventilation can
also bring disadvantages to patients. When
PEEP over-expands the normal alveoli, it will
compress the surrounding blood vessels and
reduce gas exchange, thereby increasing the
ventilation of the ineffective cavity.For lesions of
the alveolar applies the appropriate PEEP,
alveolar recruitment and expansion can improve
theVentilation/blood flow ratio, with no significant
effect on ineffective ventilation.

3.2 Effects of
Function

PEEP on Circulatory

In clinical practice, in addition to preventing lung
injury, PEEP can also cause changes in the
hemodynamics of the cardiovascular system
through cardiopulmonary interaction.

Mechanical ventilation and PEEP can affect
cardiac function by changing lung volume and
intrathoracic pressure.During mechanical
ventilation, PEEP increases the pressure in the
chest cavity while increasing the pressure of the
superior and inferior vena cava vessels, which
obstructs the venous return of the systemic
circulation and reduces the venous return.At the
same time, during mechanical ventilation, due to
the increase of pulmonary vascular resistance,
the right ventricular afterload increases and the
right ventricular stroke volume decreases [30].
The blood in the right ventricle returns to the left
atrium through the pulmonary circulation and
then flows through the atrial septum to the left
ventricle (that is, the afterload of the right
ventricle is the preload of the left ventricle). After
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Table 1. The method of choosing the optimal PEEP in reported literature

Author Method Characteristics

Hickling KG 1998 P-V curve LIP+2cmH,0 Widespreadclinical application This method is simple and
Martin-Lefevre L 2001 easy to implement and lacks
Albaiceta GM 2004 PMC(The point of maximum curvature) precision

Ranieri VM 1999
Suarez-Sipmann F 2007
Kallet RH 2005

Luecke T 2012
Frerichs | 2017
Zhao Z 2019
Cho RJ 2020

Mauri T 2016

Pepin JL 2016

Brower RG 2000

Optimal Oxygen Method
Lung compliance
Minimum Dead Space Fraction

Computer Tomography

Electrical impedance tomography

Bedside lung ultrasound technology

Transpulmonary pressure monitoring

stress index

This method requires multiple collections of the patient's arterial
blood to determine PaO2, which is not convenient.

This method can better reflect the changes in the ventilated and
non-ventilated areas after lung recruitment, and is easy to operate.
This method can significantly reduce dead space ventilation, and
improve lung compliance.

CT is considered to be the gold standard for the best PEEP
selection. It has the disadvantages of radioactivity, high cost, and
inability to perform at the bedside.

EIT is a relatively new non-invasive, non-radiation, real-time,
bedsidelung imaging monitoring technology, and has higher
accuracy.

For patients with severe obesity, chest wall subcutaneous
emphysema, and severe pulmonary edema, it is difficult to use this
method due to unclear imaging and difficult ultrasound recognition.
This method requires a specially configured ventilator and an
esophagus monitoring pressure tube.and it is expected to realize
the individual adjustment of PEEP.

This method requires a respiratory function monitor to record all
the airway pressure values and corresponding time during the
inhalation process, which is calculated by computer software, and
the operation is more complicated.

This method is simple to use and easy to promote clinically, but it
has the disadvantage of lack of individualization of PEEP settings.

Table 2. NIH ARDS net [27]

(a)Lower PEEP : FiO2combination

Fio2 0.3
PEEP 5

(b)Higher PEEP : FiO2combination

FiO2 0.3
PEEP 12

ARDSnet table
0.4 0.5 0.5 0.6
8 8 10 10
0.4 0.4 0.5
14 16 16

0.7 0.8 0.9 0.9 0.9 1

14 14 14 16 18 18-24
0.7 0.8 0.8 0.9 1.0
20 20 22 22 22-24
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Table 3. Effects of PEEP on physiological functionin reported literature

Author Physiological function Effects
Respiratory function PEEP reduces intrapulmonary shunt by expanding small alveoli and re-expansion
Maisch S 2008 of collapsed alveoli to increase functional residual capacity and increase PaO2
levels.
For patients with ARDS, PEEP can improve their oxygenation and lung
compliance.
Circulatory function PEEP increases the pressure in the chest cavity to obstruct the venous return of

the systemic circulation and reduces the venous return.At the same time, due to
the increase of pulmonary vascular resistance, the right ventricular afterload

Vieillard-Baron A 2009 increases and the stroke volume of the right ventricle decreases. After a few beat
cycles, the stroke volume of the left heart decreases.
Marini M 2017 PEEP can improve heart function by reducing oxygen consumption.
Intracranial pressure and cerebral The application of PEEP will increase intrathoracic pressure and reduce
Haddad SH 2012 hemodynamics intracranial venous reflux;

The application of low tidal volume and appropriate level of PEEP is likely to
produce CO2 retention. It will expand the intracranial blood vessels and increase
intracranial pressure.

It is relatively safe to choose an appropriate level of PEEP under the conditions of
stable hemodynamics, and has no obvious effect on ICP and CPP.

Kidney function Decreased renal function by reducing renal perfusion.
Pannu N 2004 Reduce renal plasma flow and glomerular filtration rate by increasing sympathetic
nerve-mediated renin activity.
Andrivet P 1991 Decrease in urine flow rate and sodium excretion rate by reducing the release of
ANP.
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a few beat cycles, the filling volume of the left
ventricle decreases and the stroke volume of the
left heart decreases [31]. Because the left and
right ventricles are intertwined by the same
myocardium, share the interventricular septum,
and coexist in the same pericardium, this close
anatomical  connection  determines  their
functional interdependence and mutual influence.
When the preload of the right ventricle decreases,
the left ventricular diastolic compliance, left
ventricular preload, and left ventricular cardiac
output all indirectly increase.Thus ,during positive
pressure ventilation, by limiting the filling of the
right ventricle, so that the right ventricular volume
reduction, reduced ventricular interdependence,
left ventricular volume increases at the same
filling pressur [32]. When applying high levels of
PEEP, the airway plateau pressure will increase
significantly, leading to increased pulmonary
vascular resistance and pulmonary hypertension,
resulting in a decrease in right ventricular stroke
volume, an increase in right ventricular end-
diastolic volume, and right ventricular dilation.
The latter restricts left ventricular dilation through
inter-ventricular interdependence, and the left
ventricular diastolic compliance, left ventricular
preload and left ventricular stroke volume are
successively reduced [31].

The effects of PEEP on hemodynamics are not
necessarily all adverse, and it can improve heart
function by reducing oxygen consumption [33].
Jardin et al.[34] found that high levels of PEEP
can have an adverse effect on hemodynamics,
but appropriate levels of PEEP can also have a
positive effect on hemodynamics. In clinical work,
we should pay attention to the ventilator-
associated lung injury caused by PEEP, which
can also lead to ventilator-related heart damage.

3.3 Effects of PEEP on
Pressure and
Hemodynamics

Intracranial
Cerebral

Many studies have found that mechanical
ventilation may have certain effects on
intracranial pressure (ICP) and cerebral
perfusion pressure (CPP). First, the application
of PEEP will increase intrathoracic pressure and
reduce intracranial venous reflux; second, during
lung protective ventilation, the application of low
tidal volume and appropriate level of PEEP is
likely to produce CO, retention. It will expand the
intracranial blood vessels and increase
intracranial pressure [35].

It has been reported in patients with brain injuries
may have pulmonary complications such as

ARDS and neurogenic pulmonary edema [36, 37].
In clinical practice, we usually choose an
appropriate level of PEEP to improve
oxygenation and re-expand collapsed alveoli to
reduce lung complications [38]. However, some
researchers have long been concerned that the
use of PEEP in patients with brain injury will
affect ICP and even cause neurological damage,
especially in patients with cerebral edema.
Therefore, it is very important to know whether
PEEP has adverse effects on ICP and CPP.
Boone et al.[39]showed that PEEP has no
significant effect on ICP and CPP in patients with
acute brain injury, and it can be applied to
patients with acute brain injury. They also found
that in patients with acute brain injury and severe
lung injury, PEEP is significantly correlated with
ICP and CPP (for every 1 cmH,O increase in
PEEP, ICP increases by 0.31 mmHg, while CPP
decreases by 0.85 mmHg). Similarly, Georgiadis
D et al.[40]found that PEEP had no significant
effect on the ICP of patients with acute stroke.
For patients with severe arterial aneurysmal
subarachnoid hemorrhage, PEEP gradually
increased to 20cmH,O may result in mean
arterial pressure decreased, while in the case of
relatively stable hemodynamics, the increase of
PEEP level has no significant effect on cerebral
perfusion pressure [41]. Based on the research
above, we may be able to draw a conclusion that
it is relatively safe to choose an appropriate level
of PEEP under the conditions of stable
hemodynamics, and has no obvious effect on
ICP and CPP.

3.4 Effects of PEEP on Kidney Function

In the 1970s, the widespread application of
PEEP in patients with respiratory failure such as
ARDS prompted many scholars to explore the
impact of positive pressure ventilation on renal
function. They found that when PEEP is
10cmH,0.,it can reduce urine flow rate, creatinine
clearance, and sodium excretion rate [42]. Farge
and other researchers [43]found that when PEEP
was used in critically ill patients, urine flow rate
and sodium excretion rate decreased, but

glomerular filtration rate did not decrease
significantly.
Mechanical ventilation affects two major

mechanisms of renal function: during mechanical
ventilation,cardiac output decreases and renal
perfusion decreases, resulting in decreased renal

function;[44]Jand renal plasma flow and
glomerular filtration rate are reduced by
increasing sympathetic nerve-mediated renin
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activity. Andrivet et al.[45]found that during
mechanical ventilation,increased intrathoracic
pressure would reduce venous return, thereby
reducing the pressure in the right atrium and
reducing the release of atrial natriuretic peptide
(ANP).The ANP has a strong diuretic and
natriuretic effect. Therefore, when PEEP is used,
a decrease in ANP can also lead to a decrease in
urine flow rate and sodium excretion rate.

Since many of the above cited studies have a
history of more than 40 years, further research is
needed to explore the impact of mechanical
ventilation on renal function.

4. CLINICAL APPLICATION OF PEEP

PEEP can be used not only to improve
oxygenation in respiratory failure patients such
as ARDS/ALI, but also to general anesthesia
patients with normal lung function to prevent
postoperative pulmonary complications.

4.1 Application of PEEP in ARDS Patients

ARDS is a disease mainly manifested by the
collapse of a large number of alveoli, the
imbalance of ventilation and blood flow and the
resulting refractory hypoxemia. Some studies
have shown that lung protective ventilation
strategies can improve the prognosis of ARDS
and reduce the mortality rate [46].Setting an
appropriate level of PEEP is one of the most
important measures in the treatment of ARDS in
lung protective ventilation strategies.However,
too high PEEP can cause excessive expansion
of the alveoli, and too low PEEP can cause the
alveoli to collapse, ultimately leading to
ventilator-induced lung injury (VILI). Therefore,
setting an appropriate level of PEEP to maintain
collapsed alveolar recruitment after lung
recruitment is the key to improving and
maintaining the oxygenation of ARDS patients
and realizing the process of mechanical
ventilation.[47].

The lung of ARDS is composed of three parts:
normal area, collapse area and consolidation
area. In the collapsed area, some recruitable
alveoli will open and close repeatedly in each
breathing cycle, generating shear force. An
appropriate level of PEEP can maintain these
alveoli in an open state at the end of
expiration.The study found that the use of high
levels of PEEP for patients with moderate to
severe ARDS is beneficial, while the use of high
levels of PEEP for patients with mild ARDS does

not have any benefits, and even does more harm
than good. Therefore, high levels of PEEP are
only recommended for patients with moderate to
severe ARDS [48, 49].

PEEP in

4.2 Application of General

Anesthesia

In recent years, with the increase of general
anesthesia operations, we have found that
postoperative pulmonary complications are the
main cause of postoperative complications and
death after general anesthesia [1, 50]. In general
anesthesia, mechanical ventilation is highly
correlated  with  postoperative  pulmonary
complications. For some patients with poor lung
function and prone to pulmonary complications
after surgery, the appropriate PEEP can improve
oxygenation, which is beneficial.In clinical
anesthesia, appropriate PEEP can prevent
postoperative pulmonary complications. When
applying high levels of PEEP, the alveoli may
over-dilate, leading to an increase in pulmonary
vascular resistance; while applying low levels of
PEEP may not prevent atelectasis.

During general anesthesia, we found that lung
protective ventilation strategies such as low tidal
volume, appropriate PEEP and lung recruitment
can improve the respiratory function of surgical
patients and reduce the incidence of
postoperative lung infections [51]. Studies have
shown that in laparoscopic surgery, due to the
need for a special posture (head high and low
feet), the application of PEEP can improve
patient oxygenation and lung compliance, and
has no significant impact on hemodynamics [52].
During laparotomy, D'Antini et al.[53]found that
compared with low-level PEEP, setting high-level
PEEP after lung recruitment does not seem to
cause excessive alveolar expansion, and it can
also reduce the shear damage caused by the
periodic opening and closing of alveoli. In
contrast, another randomized controlled trial
conducted during abdominal surgery showed that
high levels of PEEP (12cmH,0) and lung
recruitment maneuvers did not prevent
postoperative lung complications concurrent
compared with low levels of PEEP (0-2cmH,0)
[54]. For the above research, we believe that it
does not overturn the concept of lung protection
in abdominal surgery, but tells us that choosing
an appropriate level of PEEP is beneficial to
improve the lung function and prognosis of
patients  with  abdominal  surgery  while
maintaining hemodynamic stability.For chest
surgery, some traditional views in the past
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believed that PEEP may increase the
intrathoracic pressure, reduce venous return, and
indirectly reduce the perfusion of organs and
tissues throughout the body, leading to
imbalance of ventilation and blood flow and
affecting oxygenation [55].

5. CONCLUSION

In summary, whether it is patients with lung
diseases such as ARDS or patients undergoing
general anesthesia with normal lung function, the
application of appropriate PEEP seems to be
beneficial. However, according to which method
and principle to choose the best PEEP to
implement lung protection ventilation still puzzles
clinicians. The application of transpulmonary
pressure and EIT titration of PEEP is the most
commonly used method for setting PEEP in
recent years, which promotes the further

development of individualized PEEP in the future.

In future clinical studies, we choose the method
of titrating PEEP not only to pay close attention
to the changes in the patient’s oxygenation level
and lung compliance, but also to pay attention to
the impact on circulation and cerebral
hemodynamics, At the same time, it must not
ignore the impact on kidney function and
gastrointestinal tract.

CONSENT

It is not applicable.
ETHICAL APPROVAL

It is not applicable.
COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Young CC, Harris EM, Vacchiano C,
Bodnar S, Bukowy B, Elliott RRD, et al.
Lung-protective ventilation for the surgical
patient: international expert panel-based
consensus recommendations. Br J
Anaesth 2019;123(6):898-913.

DOI: 10.1016/j.bja.2019.08.017.

2. Writing Committee for the
PCGOotPVNftCTNoOtESO0A, Bluth T, Serpa
Neto A, Schultz MJ, Pelosi P, Gama de
Abreu M, et al. Effect of Intraoperative

534

High Positive End-Expiratory Pressure
(PEEP) With Recruitment Maneuvers vs
Low PEEP on Postoperative Pulmonary
Complications in Obese Patients: A
Randomized Clinical Trial. JAMA
2019;321(23):2292-2305.

DOI: 10.1001/jama.2019.7505.

Sklar MC, Patel BK, Beitler JR, Piraino T,
Goligher EC. Optimal Ventilator Strategies
in Acute Respiratory Distress Syndrome.
Semin Respir Crit Care Med. 2019;
40(1):81-93.

DOI: 10.1055/s-0039-1683896.

Chiumello D, Cressoni M, Carlesso E,
Caspani ML, Marino A, Gallazzi E, et al.
Bedside selection of positive end-
expiratory pressure in mild, moderate,
and severe acute respiratory distress
syndrome. Crit Care Med. 2014;42(2):252-
264.

DOI: 10.1097/CCM.0b013e3182a6384f.
Guldner A, Kiss T, Serpa Neto A, Hemmes
SN, Canet J, Spieth PM, et al
Intraoperative protective mechanical
ventilation for prevention of postoperative
pulmonary complications: a
comprehensive review of the role of tidal
volume, positive end-expiratory pressure,
and lung recruitment maneuvers.
Anesthesiology 2015;123(3):692-713.

DOI: 10.1097/ALN.0000000000000754.

De Jong MAC, Ladha KS, Vidal Melo MF,
Staehr-Rye AK, Bittner EA, Kurth T, et al.
Differential  Effects of Intraoperative
Positive End-expiratory Pressure (PEEP)
on Respiratory Outcome in Major
Abdominal Surgery Versus Craniotomy.
Ann Surg. 2016;264(2):362-369.

DOI: 10.1097/SLA.0000000000001499.
Wang B, Wu B, Ran YN. A clinical study on
mechanical ventilation PEEP setting for
traumatic ARDS patients guided by
esophageal pressure. Technol Health
Care.2019;27(1):37-47.

DOI: 10.3233/THC-181380.

Marret E, Cinotti R, Berard L, Piriou V,
Jobard J, Barrucand B, et al. Protective
ventilation during anaesthesia reduces
major postoperative complications after
lung cancer surgery: A double-blind
randomised controlled trial. Eur J
Anaesthesiol. 2018;35(10):727-735.

DOI: 10.1097/EJA.0000000000000804.
Rauseo M, Mirabella L, Grasso S, Cotoia A,
Spadaro S, D'Antini D, et al. Peep titration
based on the open lung approach during
one lung ventilation in thoracic surgery: a



10.

11.

12.

13.

14.

15.

16.

17.

Zhaoxia and Xianjie; JPRI, 33(46A): 526-537, 2021; Article no.JPRI.75218

physiological study. BMC Anesthesiol.
2018;18(1):156.

DOI: 10.1186/s12871-018-0624-3.

Hickling KG. The pressure-volume curve is
greatly modified by recruitment. A
mathematical model of ARDS lungs. Am J
Respir Crit Care Med. 1998;158(1):194-
202.

DOI: 10.1164/ajrccm.158.1.9708049.
Martin-Lefevre L, Ricard JD, Roupie E,
Dreyfuss D, Saumon G. Significance of the
changes in the respiratory system
pressure-volume curve during acute lung
injury in rats. Am J Respir Crit Care Med.
2001;164(4):627-632.

DOI: 10.1164/ajrccm.164.4.2008018.
Rimensberger PC, Cox PN, Frndova H,
Bryan AC. The open lung during small tidal
volume ventilation: concepts of recruitment
and ‘'optimal' positive end-expiratory
pressure. Crit Care Med. 1999;27
(9):1946-1952.

DOI: 10.1097/00003246-199909000-00038.

Albaiceta GM, Taboada F, Parra D,
Luyando LH, Calvo J, Menendez R, et al.
Tomographic study of the inflection points
of the pressure-volume curve in acute lung
injury. Am J Respir Crit Care Med.
2004;170(10):1066-1072.

DOI: 10.1164/rccm.200312-16440C.
Ranieri VM, Suter PM, Tortorella C, De
Tullio R, Dayer JM, Brienza A, et al. Effect
of mechanical ventilation on inflammatory
mediators in patients with acute respiratory
distress  syndrome: a  randomized
controlled trial. JAMA. 1999;282(1):54-61.
DOI: 10.1001/jama.282.1.54.
Suarez-Sipmann F, Bohm SH, Tusman G,
Pesch T, Thamm O, Reissmann H, et al.
Use of dynamic compliance for open lung
positive end-expiratory pressure titration in
an experimental study. Crit Care Med
2007;35(1):214-221.
DOI:10.1097/01.CCM.0000251131.40301.
E2.

Kallet RH, Daniel BM, Garcia O, Matthay
MA. Accuracy of physiologic dead space
measurements in patients with acute
respiratory  distress syndrome using
volumetric capnography: comparison with
the metabolic monitor method. Respir Care
2005;50(4):462-467.

Luecke T, Corradi F, Pelosi P. Lung
imaging for titration of mechanical
ventilation. Curr  Opin  Anaesthesiol

2012;25(2):131-140.
DOI: 10.1097/ACO.0b013e32835003fb.

18.

19.

20.

21.

22.

23.

24.

25.

535

Frerichs I, Amato MB, van Kaam AH,
Tingay DG, Zhao Z, Grychtol B, et al.
Chest electrical impedance tomography
examination, data analysis, terminology,
clinical use and recommendations:
consensus statement of the TRanslational
EIT developmeNt stuDy group. Thorax.
2017;72(1):83-93.

DOI: 10.1136/thoraxjnl-2016-208357.
Cinnella G, Grasso S, Raimondo P,
D'Antini D, Mirabella L, Rauseo M, et al.
Physiological Effects of the Open Lung
Approach in Patients with Early, Mild,

Diffuse  Acute Respiratory  Distress
Syndrome: An Electrical Impedance
Tomography Study. Anesthesiology.

2015;123(5): 1113-1121.

DOI: 10.1097/ALN.0000000000000862.
Frerichs |, Hahn G, Golisch W, Kurpitz M,
Burchardi H, Hellige G. Monitoring
perioperative changes in distribution of
pulmonary  ventilation by functional
electrical impedance tomography. Acta
Anaesthesiol Scand. 1998;42(6):721-726.
DOI: 10.1111/j.1399-6576.1998.tb05308.x.
Zhao Z, Chang MY, Chang MY, Gow CH,
Zhang JH, Hsu YL, et al. Positive end-
expiratory pressure titration with electrical
impedance tomography and pressure-
volume curve in severe acute respiratory
distress syndrome. Ann Intensive Care.
2019;9(1):7.

DOI: 10.1186/s13613-019-0484-0.

Cho RJ, Adams A, Ambur S, Lunos S,
Shapiro R, Prekker ME. Ultrasound
Assessment of Diaphragmatic Motion in
Subjects With ARDS During
Transpulmonary Pressure-Guided PEEP
Titration. Respir Care. 2020;65(3):314-319.
DOI: 10.4187/respcare.06643.

Amato MB, Meade MO, Slutsky AS,
Brochard L, Costa EL, Schoenfeld DA, et
al. Driving pressure and survival in the
acute respiratory distress syndrome. N
Engl J Med. 2015;372(8): 747-755.

DOI: 10.1056/NEJMsa1410639.

Mauri T, Yoshida T, Bellani G, Goligher EC,
Carteaux G, Rittayamai N, et al.
Esophageal and transpulmonary pressure
in the clinical setting: meaning, usefulness
and perspectives. Intensive Care Med.
2016;42(9):1360-1373.

DOI: 10.1007/s00134-016-4400-x.

Pepin JL, Timsit JF, Tamisier R, Borel JC,
Levy P, Jaber S. Prevention and care of
respiratory failure in obese patients. Lancet
Respir Med. 2016;4(5):407-418.



26.

27.

28.

29.

30.

31.

32.

33.

Zhaoxia and Xianjie; JPRI, 33(46A): 526-537, 2021; Article no.JPRI.75218

DOI: 10.1016/S2213-2600(16)00054-0.
Acute Respiratory Distress Syndrome N,
Brower RG, Matthay MA, Morris A,
Schoenfeld D, Thompson BT, et al.
Ventilation with lower tidal volumes as
compared with traditional tidal volumes for
acute lung injury and the acute respiratory
distress syndrome. N Engl J Med. 2000;
342(18):1301-1308.

DOI: 10.1056/NEJM200005043421801.
Brower RG, Lanken PN, Macintyre N,

Matthay MA, Morris A, Ancukiewicz M, et al.

Higher versus lower positive end-
expiratory pressures in patients with the
acute respiratory distress syndrome. N
Engl J Med. 2004;351(4):327-336.

DOI: 10.1056/NEJM0a032193

Maisch S, Reissmann H, Fuellekrug B,
Weismann D, Rutkowski T, Tusman G, et
al. Compliance and dead space fraction
indicate an optimal level of positive end-
expiratory pressure after recruitment in
anesthetized patients. Anesth Analg.
2008;106(1):175-181, table of contents.
DOI:10.1213/01.ane.0000287684.74505.4
9

Constantin JM, Jabaudon M, Lefrant JY,
Jaber S, Quenot JP, Langeron O, et al.
Personalised mechanical ventilation
tailored to lung morphology versus low
positive  end-expiratory  pressure for
patients with acute respiratory distress
syndrome in France (the LIVE study): a
multicentre,  single-blind,  randomised
controlled trial. Lancet Respir Med.
2019;7(10):870-880.

DOI: 10.1016/S2213-2600(19)30138-9
Jardin F, Farcot JC, Gueret P, Prost JF,
Ozier Y, Bourdarias JP. Cyclic changes

in arterial pulse during respiratory
support. Circulation. 1983;68(2):266-
274.

DOI: 10.1161/01.cir.68.2.266

Jardin F, Vieillard-Baron A. Acute cor
pulmonale. Curr Opin Crit Care.
2009;15(1):67-70.

DOI: 10.1097/mcc.0b013e3283220ddd
Luecke T, Pelosi P. Clinical review: Positive

end-expiratory pressure and cardiac output.

Crit Care. 2005;9 (6):607-621.

DOI: 10.1186/cc3877

Marini M, Caretta G, Vagnarelli F, Luca F,
Biscottini E, Lavorgna A, et al
[Hemodynamic effects of positive end-
expiratory pressure]. G Ital Cardiol (Rome)
2017;18(6):505-512.

DOI: 10.1714/2700.27611

34.

35.

36.

37.

38.

39.

40.

41.

42.

536

Jardin F, Farcot JC, Boisante L, Curien N,
Margairaz A, Bourdarias JP. Influence of
positive end-expiratory pressure on left
ventricular performance. N Engl J Med.
1981;304(7):387-392.

DOI: 10.1056/NEJM198102123040703
Haddad SH, Arabi YM. Critical care
management of severe traumatic brain
injury in adults. Scand J Trauma Resusc
Emerg Med; 2012.

DOI: 10.1186/1757-7241-20-12

Mascia L. Acute lung injury in patients with
severe brain injury: a double hit model.
Neurocrit Care. 2009;11(3):417-426

DOI: 10.1007/s12028-009-9242-8

Hoesch RE, Lin E, Young M, Gottesman
RF, Altaweel L, Nyquist PA, et al. Acute
lung injury in critical neurological illness.
Crit Care Med 2012;40(2):587-593.

DOI: 10.1097/CCM.0b013e3182329617
Tejerina E, Pelosi P, Muriel A, Penuelas O,
Sutherasan Y, Frutos-Vivar F, et al.
Association between ventilatory settings
and development of acute respiratory
distress syndrome in  mechanically
ventilated patients due to brain injury. J Crit
Care. 2017;38:341-345.

DOI: 10.1016/}.jcrc.2016.11.010

Boone MD, Jinadasa SP, Mueller A, Shaefi
S, Kasper EM, Hanafy KA, et al. The Effect
of Positive End-Expiratory Pressure on
Intracranial Pressure and  Cerebral
Hemodynamics. Neurocrit Care.
2017;26(2):174-181.

DOI: 10.1007/s12028-016-0328-9
Georgiadis D, Schwarz S, Baumgartner
RW, Veltkamp R, Schwab S. Influence of
positive  end-expiratory pressure on
intracranial  pressure and  cerebral
perfusion pressure in patients with acute
stroke. Stroke. 2001;32(9):2088-2092.

DOI: 10.1161/hs0901.095406

Muench E, Bauhuf C, Roth H, Horn P,
Phillips M, Marquetant N, et al. Effects of
positive  end-expiratory  pressure  on
regional cerebral blood flow, intracranial
pressure, and brain tissue oxygenation.
Crit Care Med. 2005;33(10):2367-2372.
DOI:10.1097/01.ccm.0000181732.37319.d
f

Marquez JM, Douglas ME, Downs JB, Wu
WH, Mantini EL, Kuck EJ, et al. Renal
function and cardiovascular responses
during positive airway pressure.
Anesthesiology. 1979;50(5):393-398.

DOI: 10.1097/00000542-197905000-00004



43.

44,

45,

46.

47.

48.

49.

50.

Zhaoxia and Xianjie; JPRI, 33(46A): 526-537, 2021; Article no.JPRI.75218

Farge D, De la Coussaye JE, Beloucif S,
Fratacci MD, Payen DM. Interactions
between hemodynamic and hormonal
modifications during PEEP-induced
antidiuresis and antinatriuresis. Chest.
1995;107(4):1095-1100.

DOI: 10.1378/chest.107.4.1095

Pannu N, Mehta RL. Effect of mechanical
ventilation on the kidney. Best Pract Res
Clin Anaesthesiol. 2004;18 (1):189-203.
DOI: 10.1016/j.bpa.2003.08.002

Andrivet P, Adnot S, Sanker S, Chabrier
PE, Macquin-Mavier |, Braquet P, et al.
Hormonal interactions and renal function
during mechanical ventilation and ANF
infusion in humans. J Appl Physiol
(1985).1991;70(1):287-292.

DOI: 10.1152/jappl.1991.70.1.287

Fan E, Brodie D, Slutsky AS. Acute
Respiratory Distress Syndrome: Advances
in Diagnosis and Treatment. JAMA.
2018;319(7):698-710.

DOI: 10.1001/jama.2017.21907

Rubenfeld GD. How much PEEP in acute
lung injury. JAMA. 2010;303(9):883-884.
DOI: 10.1001/jama.2010.226

Schultz MJ, Abreu MG, Pelosi P.
Mechanical ventilation strategies for the
surgical patient. Curr Opin Crit Care.
2015;21(4):351-357.

DOI: 10.1097/MCC.0000000000000215
Walkey AJ, Del Sorbo L, Hodgson CL,

Adhikari NKJ, Wunsch H, Meade MO, et al.

Higher PEEP versus Lower PEEP
Strategies for Patients with  Acute
Respiratory  Distress  Syndrome. A

Systematic Review and Meta-Analysis.
Ann Am Thorac Soc. 2017; 14
(Supplement_4): S297-S303.

DOI: 10.1513/AnnalsATS.201704-3380T
de la Gala F, Pineiro P, Reyes A, Vara E,
Olmedilla L, Cruz P, et al. Postoperative
pulmonary complications, pulmonary and
systemic inflammatory responses after
lung resection surgery with prolonged one-
lung ventilation. Randomized controlled
trial comparing intravenous and

51.

52.

53.

54.

55.

inhalational anaesthesia. Br J Anaesth.
2017; 119 (4): 655-663.

DOI: 10.1093/bja/aex230

Severgnini P, Selmo G, Lanza C, Chiesa A,
Frigerio A, Bacuzzi A, et al. Protective
mechanical ventilation during general
anesthesia for open abdominal surgery

improves postoperative pulmonary
function.  Anesthesiology. 2013;118(6):
1307-1321.

DOI: 10.1097/ALN.Ob013e31829102de

Cinnella G, Grasso S, Spadaro S, Rauseo
M, Mirabella L, Salatto P, et al. Effects of
recruitment maneuver and positive end-
expiratory  pressure  on  respiratory
mechanics and transpulmonary pressure

during laparoscopic surgery.
Anesthesiology. 2013;118(1):114-
122.

DOI: 10.1097/ALN.0Ob013e3182746a10
D'Antini D, Huhle R, Herrmann J,
Sulemaniji DS, Oto J, Raimondo P, et al.
Respiratory System Mechanics During Low
Versus High Positive End-Expiratory
Pressure in Open Abdominal Surgery: A
Substudy of PROVHILO Randomized
Controlled Trial. Anesth Analg. 2018;126(1):
143-149.

DOI: 10.1213/ANE.0000000000002192
Anaesthesiology PNIftCTNotESO,
Hemmes SN, Gama de Abreu M, Pelosi P,
Schultz MJ. High versus low positive end-
expiratory  pressure  during general
anaesthesia for open abdominal surgery
(PROVHILO trial): a multicentre
randomised  controlled Lancet.
2014;384(9942): 495-503.

DOI: 10.1016/S0140-6736(14)60416-5
Spadaro S, Grasso S, Karbing DS,
Fogagnolo A, Contoli M, Bollini G, et al.
Physiologic Evaluation of Ventilation
Perfusion Mismatch and Respiratory
Mechanics at Different Positive End-
expiratory Pressure in Patients Undergoing
Protective One-lung Ventilation.
Anesthesiology. 2018;128(3):531-538.

DOI: 10.1097/ALN.0000000000002011

trial.

© 2021 Zhaoxia and Xianjie; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle4.com/review-history/75218

537


http://creativecommons.org/licenses/by/2.0

	/Journal of Pharmaceutical Research International
	33(46A): 526-537, 2021; Article no.JPRI.75218

	Progress in Clinical Application of Positive End-Expiratory Pressure
	ABSTRACT
	1. INTRODUCTION
	2. DETERMINATION OF THE OPTIMAL PEEP LEVEL
	3. EFFECTS OF PEEP ON THE BODY'S PHYSIOLOGICAL FUNCTIONS [TABLE 3]
	4. CLINICAL APPLICATION OF PEEP
	5. CONCLUSION
	CONSENT
	ETHICAL APPROVAL
	COMPETING INTERESTS
	REFERENCES


