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ABSTRACT

Video-assisted thoracic surgery (VATS) and 
robotic-assisted thoracic surgery (RATS) are com-
monly used in thoracic surgery, yet postopera-
tive complications still occur in up to 10% of 
the patients. The aim of our narrative review 
was to summarize the best available evidence 

on mechanical ventilation settings, particularly 
with regard positive end-expiratory pressure 
(PEEP) selection, tidal volume (VT) and venti-
lation mode, as well as the feasibility of two-
lung ventilation in patients undergoing thoracic 
surgery using VATS or RATS techniques. We 
searched the MEDLINE/PubMed database using 
the terms “VATS” or “RATS” and “ventilation” 
between 1 January 2007 and 1 February 2025. 
Publications were screened by title or abstract. 
We discussed studies according to their meth-
odological quality, ventilation mode, as well as 
the feasibility of two-lung ventilation in patients 
undergoing thoracic surgery using VATS or RATS 
techniques. In patients receiving one-lung ven-
tilation (OLV), the application of a protective 
lung ventilation using an intermediate VT 
ranged between 5 and 8 ml (mL) of predicted 
body weight (PBW) and a PEEP of 5–8 cmH2O 
was not found to be associated with a lower 
incidence of postoperative pulmonary complica-
tions and improved hospital outcomes. Titrating 
PEEP based on mechanical properties appears to 
enhance perioperative oxygenation and venti-
latory mechanics and to reduce postoperative 
pneumonia. However, no conclusions can be 
drawn regarding ventilation modes, because 
only few studies have compared the same low 
VT using different pressure versus volume con-
trol modes. The feasibility of two-lung ventila-
tion during specific thoracic surgery procedures 
has recently been positively evaluated, with 
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no differences in postoperative complications 
found. The level of evidence for the ventilatory 
settings in patients undergoing VATS or RATS 
remains low. In conclusion, large randomized 
controlled trials (RCTs) are needed to determine 
whether certain intraoperative ventilatory strate-
gies can reduce postoperative pulmonary com-
plications (PPCs) in patients.

Keywords:  One lung ventilation; Video-
assisted thoracic surgery; Robotic-assisted 
thoracic surgery; Ventilation control modes; 
Protective ventilation

Key Summary Points 

Protective ventilation strategy vs conven-
tional ventilation during one lung ventila-
tion (OLV): The effect of a protective lung 
strategy involving intermediate tidal volume 
(5–8 mL/kg PBW), PEEP of 5–8 cmH2O, and 
recruitment maneuvers may improve periop-
erative oxygenation and mechanics, but the 
effects on postoperative pulmonary compli-
cations (PPCs) remain uncertain; large rand-
omized controlled trials (RCTs) are required.

Positive end-expiratory pressure (PEEP) 
titration during OLV: A PEEP level around 
8 cmH2O is often optimal; titration based on 
driving pressure can improve oxygenation 
and mechanics and may reduce PPCs.

Ventilation mode: No mode is preferred; 
pressure controlled ventilation (PCV) may 
reduce the release of inflammatory media-
tors, suggesting a potential reduction in the 
risk of postoperative lung injury.

Oxygenation of the non-dependent lung: 
Recommended in principle, but the opti-
mal technique remains undefined; possible 
methods include continuous positive airway 
pressure (CPAP), low respiratory rate, or high-
frequency positive-pressure ventilation.

Role of total lung ventilation: It may be pre-
ferred for bleb resection, minimally invasive 
esophagectomy, or some cases of myasthenia 
gravis; its feasibility is supported, but there is 
no consistent benefit on clinical outcomes.

INTRODUCTION

A few decades ago, “open thoracotomy” was 
the preferred method of performing thoracic 
surgery, whereas nowadays video-assisted 
thoracic surgery (VATS) and robotic-assisted 
thoracic surgery (RATS) are used for the vast 
majority of procedures. Indeed, VATS and RATS 
are the most common surgical procedures for 
non-small cell lung cancer [1, 2]. Postopera-
tive complications have been reported in up 
to 10% of the patients with a mortality rate of 
less than 1% [1]. To achieve ideal surgical expo-
sure, it is necessary to ventilate the dependent 
lung avoiding ventilating the non-dependent 
lung (i.e., collapsing it). One-lung ventilation 
(OLV) remains the standard of care, but is still 
associated with well-known challenges, such 
as perioperative hypoxemia and ventilator-
induced lung injury (VILI), as well as issues 
with airway management. These are all factors 
that are believed to contribute to postopera-
tive pulmonary complications (PPCs). The inci-
dence of PPCs in patients undergoing thoracic 
surgery is approximately 13–20% [3, 4]. 

This review aims to determine whether spe-
cific intraoperative ventilatory strategies, such 
as lung-protective ventilation (intervention) 
compared to conventional ventilation during 
OLV (comparison), or two-lung ventilation 
(intervention) compared with OLV (compari-
son), can improve intraoperative ventilatory 
parameters and reduce postoperative pulmo-
nary complications (outcome) in patients 
undergoing VATS or RATS (population). 

This article is based on previously conducted 
studies and does not contain any new studies 
with human participants or animals performed 
by any of the authors.
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SEARCH STRATEGY

We searched the MEDLINE/PubMed and Web 
of Science databases using the terms “VATS” 
or “RATS” alongside “ventilation” covering 
the period from 1 January 2007 to 1 February 
2025. The initial search yielded 1442 publi-
cations. These publications were screened by 
title and by abstract, and 184 articles were 
identified as being potentially eligible by IF 
and BP. Exclusion criteria included publica-
tions in languages other than English, case 
reports, reviews, meta-analyses, non-human 
studies, studies on pediatric populations, and 
book chapters. All potentially eligible articles 
focusing on thoracic surgery and VATS or RATS 
procedures were retrieved in full and reviewed. 
The references of each article were reviewed to 
identify additional potentially eligible studies 
among randomized controlled trials (RCTs), 
prospective studies, and retrospective studies. 
We organized our review into thematic sec-
tions that were considered clinically relevant, 
using subheadings to divide content into more 
readable sections. Then, two authors selected 
the papers for each section on the basis of the 
methodological quality (RCTs first, then pro-
spective comparative studies) and their own 
perspective. Discrepancies were resolved by 
consensus amongst the three reviewers (SC, 
IF, BP) with 34 articles being included in the 
final review. Furthermore, we evaluated each 
selected study using the GRADE approach [5] 
( Fig. 1).

PROTECTIVE VENTILATION 
STRATEGY

In the operating room, OLV is associated with 
a ventilation/perfusion mismatch and a reduc-
tion in end-expiratory lung gas volume. This 
can lead to hypoxemia and VILI [6]. Ideally, the 
ventilation strategy should maintain adequate 
gas exchange, minimize atelectasis, and prevent 
overdistention of the dependent lung. This can 
be achieved by setting adequate positive end-
expiratory pressure (PEEP) levels and using a low 

tidal volume (VT). This is classically defined as 
a lung-protective ventilation strategy (PVS) [6, 
7]. See Table 1.

The strongest evidence of the potential ben-
efits of PVS comes from patients with acute res-
piratory distress syndrome (ARDS). However, lit-
tle evidence supports the use of PVS in thoracic 
surgery [8, 9]. See Table 2.

Yang et al. [10] showed that in 100 patients 
undergoing elective lobectomy, PVS with low VT 
(pressure-controlled ventilation (PCV) adjusted 
to achieve a VT of 6 mLmL/kg, PEEP 5 cmH2O, 
and fraction of inspired oxygen (FiO2) 0.5) was 
associated with a lower incidence of PPCs (4% 
vs 22%) than the conventional strategy of high 
tidal volume (volume-controlled ventilation 
(VCV) with VT of 10 mL/kg, no PEEP, and FiO2 
of 1). However, Amar et al. found no difference 
in the incidence of postoperative complications 
in patients ventilated with high or low VT in 
a propensity score-matched analysis comparing 
two groups of 172 patients undergoing lung sur-
gery [11].

Kim et al. [12] randomized 60 patients under-
going wedge resection by VATS to conventional 
ventilation (VT 10 mL/kg), PVS (VT 6 mL/kg 
with PEEP 5 cmH2O) and PVS associated with 
recruitment maneuvers (RM) 10 min after the 
onset of OLV. They found that in the bronchoal-
veolar lavage (BAL) fluid from the dependent 
lung, TNFα concentrations (i.e., a proinflam-
matory cytokine) were lower in the PVS with 
RM group, while interleukin (IL)−10 concentra-
tions (an anti-inflammatory cytokine) were sig-
nificantly higher in the conventional ventilation 
group. Conversely, Ahn et al. [13] found no dif-
ference in the inflammatory response between 
groups when comparing a conventional strategy 
(VT 10 mL/kg, FiO2 1.0, and no PEEP) with a PVS 
(VT 6 mL/kg, FiO2 0.5, and PEEP 5 cmH2O) dur-
ing OLV [13]. However, in a subgroup of patients 
with coronary heart disease, PVS significantly 
reduced the inflammatory response in the lungs 
[14].

Further reduction of VT to 4 mL/kg com-
pared to 6 and 8  mL/kg with 5  cmH2O of 
PEEP during OLV resulted in a significantly 
lower extravascular lung water content [15], 
with a similar incidence of PPCs and hospital 
outcomes among the groups. Within the PVS 
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strategy, the effect of a RM prior to OLV in the 
supine position was investigated by compar-
ing three ventilation strategies: VT at 8 mL/
kg; VT at 8 mL/kg with PEEP at 8 cmH2O; and 
RM applied immediately before OLV followed 

by a PEEP at 8 cmH2O [16]. The PVS, includ-
ing RM application, was associated with a 
significantly higher arterial oxygenation and 
dynamic compliance as well as a lower dead 
space fraction at the end of the surgery. In 

Fig. 1   Overview of the search strategy and screening process for study inclusion
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contrast, a recent multicenter RCT, compar-
ing two strategies (lower VT 4 mL/kg PBW, 
with PEEP at 5 cmH2O and RMs vs higher VT 
6 mL/kg PBW with no PEEP and no RM) in 
patients undergoing elective thoracoscopic or 
open lung major resection, did not find any 
differences in terms of postoperative complica-
tions (28.5% vs 30.8%), hospital length of stay, 
or mortality [17]. A larger retrospective study 
found no correlation between a PVS with VT at 
5 mL/kg and at least PEEP at 5 cmH2O during 
OLV and the incidence of PPCs (11–15%) [18].

The application of PVS compared to a con-
ventional ventilation during OLV seems to be 
non-beneficial in terms of:

–	 Reducing the incidence of PPCs with low-
moderate certainty of evidence from rand-
omized and observational studies

–	 Reducing the inflammatory response after 
OLV in terms of reduced alveolar levels of 
TNFα and serum levels of IL-10 and C-reac-
tive protein with moderate certainty of evi-
dence from randomized studies

–	 Improving oxygenation and compliance 
during and after OLV albeit with moderate 
certainty of evidence from a single-center 
small randomized study

We suggest applying a PVS versus a conven-
tional ventilation strategy during OLV despite 
the beneficial effect on clinical outcome hav-
ing not been demonstrated.

PEEP Selection

The optimal level of PEEP during OLV remains 
controversial (Table  3). Excessive PEEP lev-
els increase pulmonary vascular resistance, 
decrease venous blood return, lead to a dispro-
portionate alveolar expansion, and increase 
shunt, thereby decreasing oxygenation. They 
also increase the driving pressure (i.e., plateau 
pressure minus PEEP) resulting in mechanical 
and biological lung injury, which can increase 
PPCs. Conversely, low PEEP levels can have 
detrimental effects, including decreased oxy-
genation, and increased shunting, as well as 
reduced opening and closing effects [19].

Yao et  al. randomized 50 patients under-
going VATS lobectomy into two groups [20]: 
the “optimal oxygenation titration group” in 
which PEEP was increased by 1 cmH2O from 
3 cmH2O every 4 min during OLV until maxi-
mal arterial oxygenation was achieved; and the 
“optimal compliance titration group” in which 
PEEP was increased by 1 cmH2O every 4 min 
during OLV until the best lung compliance 
was achieved. Four minutes after the onset 
of OLV, the patients in the “optimal compli-
ance titration group” had significantly lower 
PEEP levels than those in the “optimal oxy-
genation titration group” (7.68 ± 1.28 cmH2O 
vs 11.24 ± 1.71 cmH2O). Additionally, driving 
pressure and peak values were lower in the 
optimal compliance titration group, while 
dynamic lung compliance was higher with no 
adverse effects on hemodynamics. The authors 

Table 1   Summary of the definition of protective vs conventional ventilation from the cited studies

Amar et al. [11] define a protective lung strategy as the application of VT 8 mL/kg and a non-protective lung strategy as ≥ 8 
mL/kg. There were no differences in PEEP selection between groups because this was an observational study so the ventilator 
parameters were chosen at the discretion of clinicians
FiO2 inspired fraction of oxygen, PEEP positive end-expiratory pressure, VT tidal volume

Protective ventilation strategy Conventional ventilation

Tidal volume 5–8 mL/kg predicted body weight and PEEP 
at least of 5 cmH2O with or without recruitment maneuver 
FiO2 titrated from 100% to minimum 50% to obtain satura-
tion of peripheral oxygen > 95%

Tidal volume 10 mL/kg, zero end-expiratory pressure, FiO2 
100%



5432	 Adv Ther (2025) 42:5427–5450

Ta
bl

e 2
  S

um
m

ar
y 

of
 c

lin
ic

al
 st

ud
ie

s a
ss

es
sin

g 
th

e 
eff

ec
ts

 o
f p

ro
te

ct
iv

e 
lu

ng
 v

en
til

at
io

n 
str

at
eg

ie
s i

n 
th

or
ac

ic
 su

rg
er

y, 
in

cl
ud

in
g 

st
ud

y 
de

sig
n,

 p
at

ie
nt

 p
op

ul
at

io
n,

 p
ri-

m
ar

y o
ut

co
m

es
, m

ai
n 

re
su

lts
, a

nd
 ce

rt
ai

nt
y o

f e
vi

de
nc

e a
cc

or
di

ng
 to

 G
R

A
D

E 
3.

0

A
ut

ho
r a

nd
 st

ud
y d

es
ig

n
Pa

tie
nt

s (
n)

A
im

M
ai

n 
re

su
lts

G
R

A
D

E 
3.

0 
ce

rt
ai

nt
y o

f 
ev

id
en

ce

Pr
ot

ec
tiv

e l
un

g s
tra

teg
y

Ya
ng

 et
 al

. [
10

]
Si

ng
le

-c
en

te
r p

ro
sp

ec
tiv

e r
an

do
m

iz
ed

 
co

nt
ro

lle
d 

st
ud

y

10
0

To
 co

m
pa

re
 co

nv
en

tio
na

l V
C

V
 st

ra
te

gy
 

(V
T

 1
0 

m
L/

kg
, Z

EE
P,

 F
iO

2 1
00

%
) v

s 
PV

S 
(V

T
 6

 m
L/

kg
, P

EE
P 

5 
cm

H
2O

, 
Fi

O
2 5

0%
) i

n 
te

rm
s o

n 
ox

yg
en

at
io

n 
72

 h
 

aft
er

 su
rg

er
y a

nd
 o

n 
Sp

O
2, 

Pa
C

O
2, 

an
d 

pe
ak

 in
sp

ira
to

ry
 p

re
ss

ur
e d

ur
in

g O
LV

 fo
r 

el
ec

tiv
e l

ob
ec

to
m

y

PV
S 

gr
ou

p 
ne

ed
ed

 el
ev

at
ed

 F
iO

2 t
o 

m
ai

nt
ai

n 
a S

pO
2 >

 95
%

 w
ith

 lo
w

er
 p

ea
k 

pr
es

su
re

 d
ur

in
g O

LV
 an

d 
sh

ow
ed

 lo
w

er
 

in
ci

de
nc

e o
f p

ul
m

on
ar

y d
ys

fu
nc

tio
n 

in
 

te
rm

s o
f h

yp
ox

em
ia

 an
d 

lu
ng

 in
fil

tr
at

io
ns

 
aft

er
 su

rg
er

y
In

 th
e P

V
S 

gr
ou

p,
 th

e i
nc

id
en

ce
 P

PC
s 

w
as

 si
gn

ifi
ca

nt
ly

 lo
w

er
 th

an
 in

 th
e 

V
C

V
 g

ro
up

 (i
nc

id
en

ce
 o

f P
aO

2/
Fi

O
2 

ra
tio

 <
 30

0 
m

m
H

g,
 lu

ng
 in

fil
tr

at
io

n,
 o

r 
at

el
ec

ta
sis

: 4
%

 vs
 2

2%
)

M
od

er
at

e

A
m

ar
 et

 al
. [

11
]

Si
ng

le
 ce

nt
er

, p
ro

sp
ec

tiv
e, 

ob
se

rv
at

io
na

l 
st

ud
y

10
80

To
 ev

al
ua

te
 th

e e
ffe

ct
 o

f p
ro

te
ct

iv
e l

un
g 

ve
nt

ila
tio

n 
(V

T
 <

 8 
m

L/
kg

 o
f P

BW
) 

du
rin

g O
LV

 co
m

pa
re

d 
to

 n
on

-p
ro

te
ct

iv
e 

ve
nt

ila
tio

n 
(V

T
 ≥

 8 
m

L/
kg

) i
n 

te
rm

s o
f 

PP
C

s (
pn

eu
m

on
ia

 an
d/

or
 A

R
D

S)
 in

 
pa

tie
nt

s u
nd

er
go

in
g p

ul
m

on
ar

y r
es

ec
tio

n

N
o 

sig
ni

fic
an

t r
ed

uc
tio

n 
in

 p
ne

um
on

ia
 

or
 A

R
D

S,
 w

ith
 P

LV
 (V

T
 <

 8 
m

L/
kg

) 
du

rin
g O

LV
 in

 th
or

ac
ic

 su
rg

er
y. 

U
nd

er
 

co
nd

iti
on

s o
f fl

ui
d 

re
str

ic
tio

n 
an

d 
co

nt
ro

lle
d 

pe
ak

 ai
rw

ay
 p

re
ss

ur
es

, t
he

 
ad

di
tio

na
l b

en
efi

t o
f P

LV
 ap

pe
ar

s s
m

al
l 

in
 th

is 
se

tt
in

g

Lo
w

K
im

 et
 al

. [
12

]
Si

ng
le

-c
en

te
r p

ro
sp

ec
tiv

e r
an

do
m

iz
ed

 
co

nt
ro

lle
d 

st
ud

y

60
To

 ev
al

ua
te

 th
e e

ffe
ct

 o
f R

M
 1

0 
m

in
 aft

er
 

th
e s

ta
rt

 o
f O

LV
 in

 a 
PV

S 
(6

 m
L/

kg
 in

 
O

LV
 w

ith
 P

EE
P 

5 
cm

H
2O

) c
om

pa
re

d 
to

 tr
ad

iti
on

al
 ve

nt
ila

tio
n 

(V
T

 1
0 

m
L/

kg
) a

nd
 p

ro
te

ct
iv

e v
en

til
at

io
n 

al
on

e (
6 

m
L/

kg
 in

 O
LV

 w
ith

 P
EE

P 
5 

cm
H

2O
) i

n 
te

rm
s o

f B
A

L’
s c

yt
ok

in
es

 co
nc

en
tr

at
io

n

A
fte

r O
LV

 in
 th

e d
ep

en
de

nt
 lu

ng
 T

N
Fα

 
in

 th
e B

A
L 

w
as

 lo
w

er
 in

 p
ro

te
ct

iv
e 

ve
nt

ila
tio

n 
w

ith
 R

M
 g

ro
up

. I
L-

10
 se

ru
m

 
le

ve
ls 

w
er

e s
ig

ni
fic

an
tly

 h
ig

he
r i

n 
th

e 
tr

ad
iti

on
al

 ve
nt

ila
tio

n 
co

m
pa

re
d 

to
 p

ro
-

te
ct

iv
e v

en
til

at
io

n 
w

ith
 R

M
 g

ro
up

M
od

er
at

e



5433Adv Ther (2025) 42:5427–5450	

Ta
bl

e 2
  c

on
tin

ue
d

A
ut

ho
r a

nd
 st

ud
y d

es
ig

n
Pa

tie
nt

s (
n)

A
im

M
ai

n 
re

su
lts

G
R

A
D

E 
3.

0 
ce

rt
ai

nt
y o

f 
ev

id
en

ce

A
hn

 et
 al

. [
13

]
Si

ng
le

-c
en

te
r p

ro
sp

ec
tiv

e c
om

pa
ra

tiv
e 

st
ud

y

62
To

 co
m

pa
re

 co
nv

en
tio

na
l O

LV
 (V

T
 1

0 
m

L/
kg

, F
iO

2 1
.0

, Z
EE

P)
 to

 p
ro

te
ct

iv
e 

O
LV

 (V
T

 6
 m

L/
kg

, F
iO

2 0
.5

, P
EE

P 
5 

cm
H

2O
) i

n 
te

rm
s o

f o
xy

ge
na

tio
n,

 
re

sp
ira

to
ry

 m
ec

ha
ni

cs
, p

la
sm

a I
L-

6 
an

d 
m

al
on

di
al

de
hy

de
 le

ve
ls 

be
fo

re
 d

ur
in

g 
an

d 
aft

er
 O

LV
 in

 p
at

ie
nt

s u
nd

er
go

in
g 

VA
Ts

IL
-6

 an
d 

m
al

on
di

al
de

hy
de

 in
cr

ea
se

d 
ov

er
 

tim
e i

n 
bo

th
 g

ro
up

s w
ith

ou
t s

ta
tis

tic
al

 
di

ffe
re

nc
es

 b
et

w
ee

n 
gr

ou
ps

. O
xy

ge
na

tio
n 

an
d 

re
sp

ira
to

ry
 m

ec
ha

ni
cs

 d
id

 n
ot

 sh
ow

 
di

ffe
re

nc
es

. Th
e p

ro
te

ct
iv

e O
LV

 d
id

 n
ot

 
pr

ov
id

e a
dv

an
ta

ge
s o

ve
r c

on
ve

nt
io

na
l 

O
LV

Lo
w

Li
u 

et
 al

. [
14

]
Si

ng
le

-c
en

te
r p

ro
sp

ec
tiv

e r
an

do
m

iz
ed

 
co

nt
ro

lle
d 

st
ud

y

60
To

 co
m

pa
re

 co
nv

en
tio

na
l v

en
til

at
io

n 
gr

ou
p 

(V
T

 1
0 

m
L/

kg
 an

d 
Z

EE
P)

 vs
 

pr
ot

ec
tiv

e v
en

til
at

io
n 

gr
ou

p 
(V

T
 6

 m
L/

kg
 an

d 
6 

cm
H

2O
 P

EE
P)

 d
ur

in
g a

nd
 aft

er
 

O
LV

 in
 co

ro
na

ry
 h

ea
rt

 d
ise

as
e p

at
ie

nt
s 

un
de

rg
oi

ng
 V

AT
s f

or
 lu

ng
 re

se
ct

io
n 

on
 

pl
as

m
a c

yt
ok

in
es

 co
nc

en
tr

at
io

n,
 re

sp
ira

-
to

ry
 m

ec
ha

ni
cs

 an
d 

ox
yg

en
at

io
n

Pr
ot

ec
tiv

e v
en

til
at

io
n 

gr
ou

p 
sh

ow
ed

 a 
re

du
ct

io
n 

in
 ai

rw
ay

 p
re

ss
ur

e, 
an

 im
pr

ov
e-

m
en

t i
n 

dy
na

m
ic

 co
m

pl
ia

nc
e a

nd
 

ox
yg

en
at

io
n,

 an
d 

re
du

ce
d 

co
nc

en
tr

at
io

ns
 

of
 an

d 
C

-re
ac

tiv
e p

ro
te

in
 d

ur
in

g l
un

g 
re

se
ct

io
n

M
od

er
at

e

Q
ut

ub
 et

 al
. [

15
]

Si
ng

le
-c

en
te

r p
ro

sp
ec

tiv
e r

an
do

m
iz

ed
 

do
ub

le
-b

lin
de

d 
co

nt
ro

lle
d 

st
ud

y

39
To

 in
ve

sti
ga

te
 th

e e
ffe

ct
 o

f d
iff

er
en

t V
T

 o
n 

th
e d

ep
en

de
nt

 lu
ng

 (4
 m

L/
kg

 vs
 6

 m
L/

kg
 vs

 8
 m

L/
kg

) o
n 

EV
LW

I d
ur

in
g O

LV
 

fo
r V

AT
s. 

Se
co

nd
ar

y o
ut

co
m

es
 in

cl
ud

ed
 

he
m

od
yn

am
ic

s, 
ox

yg
en

at
io

n 
in

di
ce

s, 
in

ci
de

nc
es

 o
f p

os
to

pe
ra

tiv
e a

cu
te

 lu
ng

 
in

ju
ry

, a
te

le
ct

as
is,

 p
ne

um
on

ia
, m

or
bi

di
ty

 
an

d 
30

-d
ay

 m
or

ta
lit

y

U
se

 o
f V

T
 4

 m
L/

kg
 d

ur
in

g O
LV

 re
su

lte
d 

in
 lo

w
er

 E
V

LW
, a

lth
ou

gh
 n

o 
pa

tie
nt

 
de

ve
lo

pe
d 

ac
ut

e l
un

g i
nj

ur
y. 

N
o 

di
ffe

r-
en

ce
 w

as
 fo

un
d 

am
on

g t
he

 th
re

e g
ro

up
s 

in
 te

rm
s o

f n
ee

d 
fo

r i
nt

ra
op

er
at

iv
e 

C
PA

P,
 h

yp
ox

em
ia

 d
ur

in
g O

LV
, p

os
t-

op
er

at
iv

e a
te

le
ct

as
is,

 le
ng

th
 o

f h
os

pi
ta

l 
st

ay
s, 

po
st

op
er

at
iv

e p
ne

um
on

ia
, m

or
bi

d-
ity

, a
nd

 3
0-

da
y m

or
ta

lit
y

M
od

er
at

e



5434	 Adv Ther (2025) 42:5427–5450

Ta
bl

e 2
  c

on
tin

ue
d

A
ut

ho
r a

nd
 st

ud
y d

es
ig

n
Pa

tie
nt

s (
n)

A
im

M
ai

n 
re

su
lts

G
R

A
D

E 
3.

0 
ce

rt
ai

nt
y o

f 
ev

id
en

ce

C
ho

i e
t a

l. 
[1

6]
Si

ng
le

-c
en

te
r p

ro
sp

ec
tiv

e r
an

do
m

iz
ed

 
co

nt
ro

lle
d 

st
ud

y

99
To

 in
ve

sti
ga

te
 th

e e
ffe

ct
s o

f t
hr

ee
 st

ra
te

-
gi

es
: V

T
 at

 8
 m

L/
kg

, v
s V

T
 at

 8
 m

L/
kg

 
w

ith
 P

EE
P 

at
 8

 cm
H

2O
 vs

 R
M

 ap
pl

ie
d 

im
m

ed
ia

te
ly

 b
ef

or
e O

LV
 fo

llo
w

ed
 b

y a
 

PE
EP

 at
 8

 cm
H

2O
 b

ef
or

e, 
du

rin
g a

nd
 

aft
er

 O
LV

R
M

 g
ro

up
 sh

ow
ed

 b
et

te
r o

xy
ge

na
tio

n 
an

d 
de

ad
 sp

ac
e a

fte
r O

LV
, c

om
pl

ia
nc

e 
w

as
 b

et
te

r i
n 

PE
EP

 an
d 

R
M

 g
ro

up
s 

co
m

pa
re

d 
w

ith
 co

nt
ro

l g
ro

up
 d

ur
in

g a
nd

 
aft

er
 O

LV
 w

ith
ou

t d
iff

er
en

ce
s i

n 
he

m
o-

dy
na

m
ic

 va
ria

bl
es

M
od

er
at

e

Pi
cc

io
ni

 et
 al

. [
17

]
M

ul
tic

en
te

r, 
ra

nd
om

iz
ed

, s
in

gl
e-

bl
in

d,
 

co
nt

ro
lle

d 
tr

ia
l

88
0

To
 co

m
pa

re
 tw

o 
O

LV
 st

ra
te

gi
es

: l
ow

 V
T

 
4 

m
L/

kg
 w

ith
 P

EE
P 

5 
cm

H
2O

 an
d 

al
ve

ol
ar

 R
Vs

, v
s h

ig
h 

V
T

 6
 m

L/
kg

 w
ith

 
Z

EE
P 

on
 P

PC
s i

n 
pa

tie
nt

s u
nd

er
go

in
g 

lo
be

ct
om

y o
r p

ne
um

on
ec

to
m

y

Bo
th

 O
LV

 st
ra

te
gi

es
—

on
e w

ith
 lo

w
er

 
tid

al
 vo

lu
m

e, 
PE

EP
 5

 cm
H

2O
, a

nd
 

A
R

M
s a

nd
 th

e o
th

er
 w

ith
 h

ig
he

r t
id

al
 

vo
lu

m
e—

le
d 

to
 si

m
ila

r i
nc

id
en

ce
 in

 
PP

C
s, 

ho
sp

ita
l s

ta
y, 

or
 m

or
ta

lit
y (

28
.5

%
 

lo
w

er
 vs

 3
0.

8%
 h

ig
he

r)

M
od

er
at

e

C
ol

qu
ho

un
 et

 al
. [

18
]

M
ul

tic
en

te
r, 

re
tr

os
pe

ct
iv

e, 
ob

se
rv

at
io

na
l 

st
ud

y

32
32

To
 in

ve
sti

ga
te

 th
e c

or
re

la
tio

n 
be

tw
ee

n 
a 

pr
ot

ec
tiv

e v
en

til
at

io
n 

V
T

 5
 m

L/
kg

 w
ith

 
at

 le
as

t P
EE

P 
5 

cm
H

2O
 an

d 
PP

C
s

Th
er

e i
s n

o 
in

de
pe

nd
en

t l
in

k 
be

tw
ee

n 
a 

lo
w

 V
T

 lu
ng

-p
ro

te
ct

iv
e v

en
til

at
io

n 
str

at
-

eg
y a

nd
 th

e o
ve

ra
ll 

in
ci

de
nc

e o
f P

PC
s 

(1
1–

15
%

)

M
od

er
at

e

A
RD

S 
ac

ut
e 

re
sp

ira
to

ry
 d

ist
re

ss
 sy

nd
ro

m
e, 

A
RM

 a
lv

eo
la

r r
ec

ru
itm

en
t m

an
eu

ve
r, 

BA
L 

br
on

ch
oa

lv
eo

la
r l

av
ag

e, 
C

PA
P 

co
nt

in
uo

us
 p

os
iti

ve
 a

irw
ay

 p
re

ss
ur

e, 
EV

LW
I 

ex
tr

av
as

cu
la

r l
un

g 
w

at
er

 c
on

te
nt

 in
de

x,
 F

iO
2 i

ns
pi

re
d 

fr
ac

tio
n 

of
 o

xy
ge

n,
 IL

 in
te

rle
uk

in
, O

LV
 o

ne
 lu

ng
 v

en
til

at
io

n,
 P

aC
O

2 p
ar

tia
l p

re
ss

ur
e 

of
 ca

rb
on

 d
io

xi
de

 in
 a

rt
e-

ria
l b

lo
od

, P
BW

 p
re

di
ct

ed
 b

od
y 

w
ei

gh
t, 

PE
EP

 p
os

iti
ve

 e
nd

-e
xp

ira
to

ry
 p

re
ss

ur
e, 

PP
C

 p
os

to
pe

ra
tiv

e 
pu

lm
on

ar
y 

co
m

pl
ic

at
io

n,
 P

LV
 p

ro
te

ct
iv

e 
lu

ng
 v

en
til

at
io

n,
 P

VS
 

pr
ot

ec
tiv

e 
ve

nt
ila

tio
n 

str
at

eg
y, 

RM
 re

cr
ui

tm
en

t m
an

eu
ve

r, 
Sp

O
2 p

er
ip

he
ra

l o
xy

ge
n 

sa
tu

ra
tio

n,
 T

N
Fα

 tu
m

or
 n

ec
ro

sis
 fa

ct
or

 a
lp

ha
, V

AT
s v

id
eo

-a
ss

ist
ed

 th
or

ac
ic

 su
r-

ge
rie

s, 
VC

V 
vo

lu
m

e c
on

tr
ol

le
d 

ve
nt

ila
tio

n,
 V

T
 ti

da
l v

ol
um

e, 
Z

EE
P 

ze
ro

 en
d-

ex
pi

ra
to

ry
 p

re
ss

ur
e



5435Adv Ther (2025) 42:5427–5450	

Ta
bl

e 3
  S

um
m

ar
y o

f c
lin

ic
al

 st
ud

ie
s a

ss
es

sin
g t

he
 P

EE
P 

se
le

ct
io

n 
du

rin
g v

id
eo

-a
ss

ist
ed

 th
or

ac
ic

, i
nc

lu
di

ng
 st

ud
y d

es
ig

n,
 p

at
ie

nt
 p

op
ul

at
io

n,
 p

rim
ar

y o
ut

co
m

es
, m

ai
n 

re
su

lts
, a

nd
 ce

rt
ai

nt
y o

f e
vi

de
nc

e a
cc

or
di

ng
 to

 G
R

A
D

E 
3.

0

A
ut

ho
r a

nd
 st

ud
y d

es
ig

n
Pa

tie
nt

s (
n)

A
im

M
ai

n 
re

su
lts

G
R

A
D

E 
3.

0 
ce

rt
ai

nt
y o

f e
vi

de
nc

e

PE
EP

 se
lec

tio
n

Ya
o 

et
 al

. [
20

]
Si

ng
le

-c
en

te
r p

ro
sp

ec
tiv

e R
C

T
​

50
To

 co
m

pa
re

 tw
o 

PE
EP

 ti
tr

at
io

n 
str

at
eg

ie
s a

cc
or

di
ng

 to
 th

e b
es

t 
ox

yg
en

at
io

n 
vs

 th
e b

es
t c

om
pl

ia
nc

e 
in

 an
 el

de
rly

 p
op

ul
at

io
n 

un
de

rg
oi

ng
 

lo
be

ct
om

y

Be
st

 co
m

pl
ia

nc
e-

gu
id

ed
 P

EE
P 

tit
ra

-
tio

n 
str

at
eg

y r
es

ul
te

d 
in

 lo
w

er
 P

EE
P 

le
ve

l t
ha

n 
th

at
 id

en
tifi

ed
 b

y t
he

 b
es

t 
ox

yg
en

at
io

n 
tit

ra
tio

n 
str

at
eg

y. 
Th

is 
re

su
lte

d 
in

 en
ha

nc
ed

 lu
ng

 fu
nc

tio
n,

 
lo

w
er

 p
ea

k 
pr

es
su

re
s, 

an
d 

hi
gh

er
 lu

ng
 

co
m

pl
ia

nc
e w

ith
ou

t a
ffe

ct
in

g M
A

P 
or

 H
R

Lo
w

 fo
r c

lin
ic

al
 o

ut
co

m
es

M
od

er
at

e f
or

 p
hy

sio
lo

gi
ca

l o
ut

-
co

m
es

Zh
an

g e
t a

l. 
[2

1]
Si

ng
le

-c
en

te
r p

ro
sp

ec
tiv

e R
C

T
​

58
To

 in
ve

sti
ga

te
 th

e o
pt

im
al

 P
EE

P 
tit

ra
-

tio
n 

str
at

eg
y (

de
cr

em
en

ta
l P

EE
P 

tr
ia

l 
by

 st
ar

tin
g P

EE
P 

15
 cm

H
2O

 u
nt

il 
th

e m
ax

im
um

 co
m

pl
ia

nc
e v

s s
ta

nd
-

ar
d 

PE
EP

 5
 cm

H
2O

) d
ur

in
g O

LV
 in

 
te

rm
s o

f o
xy

ge
na

tio
n 

an
d 

re
sp

ira
to

ry
 

m
ec

ha
ni

cs
 in

 p
at

ie
nt

s u
nd

er
go

in
g 

VA
T

S 
lo

be
ct

om
y

O
pt

im
al

 P
EE

P 
ob

ta
in

ed
 b

y P
EE

P 
de

cr
em

en
ta

l t
itr

at
io

n 
ba

se
d 

on
 lu

ng
 

co
m

pl
ia

nc
e r

es
ul

te
d 

in
 in

cr
ea

se
d 

co
m

pl
ia

nc
e, 

re
du

ce
d 

dr
iv

in
g p

re
s-

su
re

, a
nd

 h
ig

he
r o

xy
ge

na
tio

n 
w

ith
 

lit
tle

 eff
ec

t o
n 

he
m

od
yn

am
ic

s

Lo
w

 fo
r c

lin
ic

al
 o

ut
co

m
es

M
od

er
at

e f
or

 p
hy

sio
lo

gi
ca

l o
ut

-
co

m
es

Sp
ad

ar
o 

et
 al

. [
22

]
Si

ng
le

-c
en

te
r p

ro
sp

ec
tiv

e R
C

T
​

60
To

 co
m

pa
re

 th
e e

ffe
ct

s o
f t

w
o 

PE
EP

 ti
tr

at
io

n 
str

at
eg

ie
s (

st
ep

w
ise

 
in

cr
ea

se
 o

r d
ec

re
as

e i
n 

a r
an

ge
 o

f 
0–

16
 cm

H
2O

) i
n 

te
rm

s o
f r

es
pi

ra
-

to
ry

 m
ec

ha
ni

cs
, v

en
til

at
io

n/
pe

rf
u-

sio
n 

m
ism

at
ch

, a
nd

 g
as

 ex
ch

an
ge

Bo
th

 st
ra

te
gi

es
 w

er
e e

qu
al

ly
 ab

le
 to

 
re

du
ce

 in
tr

ao
pe

ra
tiv

e s
hu

nt
 b

ut
 th

e 
de

cr
em

en
ta

l s
tr

at
eg

y s
ig

ni
fic

an
tly

 
de

cr
ea

se
d 

in
tr

ao
pe

ra
tiv

e d
riv

in
g 

pr
es

su
re

 an
d 

Pa
O

2/
Fi

O
2 r

at
io

 aft
er

 
su

rg
er

y c
om

pa
re

d 
to

 th
e i

nc
re

m
en

ta
l 

str
at

eg
y

Lo
w

 fo
r c

lin
ic

al
 o

ut
co

m
es

M
od

er
at

e f
or

 p
hy

sio
lo

gi
ca

l o
ut

-
co

m
es



5436	 Adv Ther (2025) 42:5427–5450

Fi
O

2 i
ns

pi
re

d 
fr

ac
tio

n 
of

 o
xy

ge
n,

 H
R 

he
ar

t r
at

e, 
M

A
P 

m
ea

n 
ar

te
ria

l p
re

ss
ur

e 
O

LV
 o

ne
 lu

ng
 v

en
til

at
io

n,
 P

aC
O

2 p
ar

tia
l p

re
ss

ur
e 

of
 c

ar
bo

n 
di

ox
id

e 
in

 a
rt

er
ia

l b
lo

od
, 

PB
W

 p
re

di
ct

ed
 b

od
y 

w
ei

gh
t, 

PE
EP

 p
os

iti
ve

 e
nd

-e
xp

ira
to

ry
 p

re
ss

ur
e, 

PP
C

 p
os

to
pe

ra
tiv

e 
pu

lm
on

ar
y 

co
m

pl
ic

at
io

n,
 R

C
T

​ ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
st

ud
y, 

RM
 re

cr
ui

t-
m

en
t m

an
eu

ve
r, 

VA
Ts

 vi
de

o-
as

sis
te

d 
th

or
ac

ic
 su

rg
er

ie
s, 

V
T

 ti
da

l v
ol

um
e

Ta
bl

e 3
  c

on
tin

ue
d

A
ut

ho
r a

nd
 st

ud
y d

es
ig

n
Pa

tie
nt

s (
n)

A
im

M
ai

n 
re

su
lts

G
R

A
D

E 
3.

0 
ce

rt
ai

nt
y o

f e
vi

de
nc

e

K
im

 et
 al

. [
23

]
Si

ng
le

-c
en

te
r p

ro
sp

ec
tiv

e R
C

T
​

52
To

 in
ve

sti
ga

te
 th

e e
ffe

ct
 o

f t
w

o 
le

ve
ls 

of
 P

EE
P 

(z
er

o 
an

d 
6 

cm
H

2O
) o

n 
in

tr
ao

cu
la

r p
re

ss
ur

e i
n 

pa
tie

nt
s 

un
de

rg
oi

ng
 O

LV
 fo

r V
AT

S

A
pp

lic
at

io
n 

of
 6

 cm
H

2O
 o

f P
EE

P 
du

r-
in

g O
LV

 d
id

 n
ot

 in
cr

ea
se

 in
tr

ao
cu

-
la

r p
re

ss
ur

e n
or

 d
ec

re
as

e o
cu

la
r 

pe
rf

us
io

n 
pr

es
su

re
 si

gn
ifi

ca
nt

ly,
 b

ut
 

en
ha

nc
ed

 o
xy

ge
na

tio
n 

an
d 

dy
na

m
ic

 
co

m
pl

ia
nc

e

Lo
w

 fo
r c

lin
ic

al
 o

ut
co

m
es

M
od

er
at

e f
or

 p
hy

sio
lo

gi
ca

l o
ut

-
co

m
es

Pa
rk

 et
 al

. [
24

]
Si

ng
le

-c
en

te
r p

ro
sp

ec
tiv

e R
C

T
​

29
2

To
 co

m
pa

re
 tw

o 
pr

ot
ec

tiv
e v

en
til

a-
tio

n 
str

at
eg

ie
s: 

pr
ot

ec
tiv

e v
en

til
at

io
n 

gr
ou

p 
V

T
 at

 6
 m

L/
kg

 o
f i

de
al

 b
od

y 
w

ei
gh

t, 
PE

EP
 at

 5
 cm

H
2O

 an
d 

R
M

 
vs

 d
riv

in
g p

re
ss

ur
e g

ro
up

 V
T

 at
 6

 
m

L/
kg

 o
f i

de
al

 b
od

y w
ei

gh
t, 

R
M

, 
an

d 
in

di
vi

du
al

ly
 ti

tr
at

ed
 P

EE
P 

to
 

ac
hi

ev
e t

he
 lo

w
es

t d
riv

in
g p

re
ss

ur
e 

du
rin

g O
LV

 in
 te

rm
s o

f r
ed

uc
in

g 
PP

C
s

D
riv

in
g p

re
ss

ur
e-

gu
id

ed
 ve

nt
ila

tio
n 

du
rin

g O
LV

 w
as

 as
so

ci
at

ed
 to

 a 
re

du
ce

d 
in

ci
de

nc
e o

f P
PC

s (
6.

9%
 vs

 
15

%
)

H
ig

h



5437Adv Ther (2025) 42:5427–5450	

concluded that PEEP titration guided by lung 
compliance improves lung function in patients 
undergoing pulmonary lobe resection.

Similarly, Zhang et  al. [21] compared two 
PEEP strategies in a RCT involving 58 patients 
undergoing elective VATS lobectomy. In the first 
group, PEEP was decreased by 2 cmH2O every 
2 min from 15 cmH2O until maximum pulmo-
nary compliance was achieved vs a standard 
PEEP of 5 cmH2O. The optimal PEEP obtained 
using the decremental trial based on lung com-
pliance was 8.8 ± 2.4 cmH2O, which was signifi-
cantly higher than that in the standard group. 
This resulted in higher oxygenation and lower 
driving pressure 20 min after the application of 
the optimal PEEP, with no differences in airway 
plateau or peak pressure. There were no differ-
ences in clinical outcomes such as hemody-
namics, PPCs, and length of hospital between 
groups.

Assuming that a PEEP strategy based on 
mechanical properties may be more beneficial 
than a PEEP strategy based on oxygenation 
or an unchanged PEEP strategy, Spadaro et al. 
compared an incremental PEEP trial with a dec-
remental PEEP trial to determine the lowest 
driving pressure during OLV [22]. Sixty patients 
undergoing VATS were randomly assigned to 
each group. In the “incremental PEEP group”, 
PEEP was gradually increased by 2 cmH2O from 
ZEEP to 16 cmH2O. In the “decremental PEEP 
group”, a RM was applied before and after the 
trial, then PEEP was gradually decreased by 
4 cmH2O from 16 cmH2O. In both groups, each 
step was maintained for 1 min while VT and 
respiratory rate remained unchanged. The two 
procedures resulted in similar levels of PEEP (8 
[6–12] cmH2O) vs 8 [8–10] cmH2O) and simi-
lar mechanical power values in OLV after titra-
tion. The shunt volume decreased by a similar 
amount in both groups. However, in the “decre-
mental PEEP” group, driving pressure decreased 
(8 [7–11] cmH2O vs 10 [9–11] cmH2O) and oxy-
genation improved.

In a RCT, Kim et al. demonstrated that, regard-
less of the PEEP titration strategy employed, 
applying a moderate fixed PEEP level of 6 cmH2O 
during OLV improved oxygenation and dynamic 
compliance without adverse effects, compared 
to ZEEP [23]. However, previous RCTs have 

demonstrated that the PEEP titration based on 
mechanical properties achieves better physiolog-
ical outcomes in terms of oxygenation, driving 
pressure, and dynamic compliance. Neverthe-
less, the impact on postoperative clinical out-
comes has been poorly investigated.

Recently, the hypothesis that PEEP titration 
based on mechanical properties could be ben-
eficial during both the intraoperative period 
and postoperative periods was confirmed. In a 
double-blind RCT, the “driving pressure group” 
(n = 145) received VT at 6 mL/kg of ideal body 
weight, RM, and individually titrated PEEP to 
achieve the lowest driving pressure during OLV. 
The “other group” received a protective ventila-
tion VT at 6 mL/kg of ideal body weight, PEEP 
at 5 cmH2O, and RM. Driving pressure-guided 
ventilation was associated with fewer cases of 
postoperative pneumonia or ARDS (6.9% vs 
15%) [24].

Most studies have found that a PEEP level 
around 8 cmH2O is optimal in terms of oxygena-
tion and lung mechanics. PEEP selection dur-
ing OLV based on optimizing respiratory system 
compliance rather than on strategies based on 
achieving the best oxygenation or on fixed PEEP 
levels has been associated with:

–	 An improvement in respiratory mechanics 
and oxygenation with moderate certainty of 
evidence from small randomized studies

–	 A reduction in the incidence of PPCs, with 
high certainty of evidence from a single-
center randomized study

In brief, we suggest titrating PEEP during OLV 
according to driving pressure to achieve the best 
possible physiological and clinical outcomes.

Volume vs Pressure‑Controlled Ventilation 
Mode

A key question in the management of mechani-
cal ventilation during thoracic surgery is which 
ventilation mode is more effective in reducing 
the incidence of acute lung injury after OLV and 
preventing PPCs. The selected studies on this 
topic are summarized in Table 4.
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Pressure-controlled ventilation (PCV) pro-
vides a decelerating inspiratory flow pattern 
which improves ventilation distribution, recruits 
poorly ventilated lung regions, thereby improv-
ing oxygenation when compared to the square 
waveform of volume-controlled ventilation 
(VCV) [25–28]. PCV with volume guarantee 
(PCV-VG) requires manual pressure adjustment 
and delivers the preset VT at the lowest possible 
pressure.

Song et al. [29] compared VCV and PCV-VG 
during OLV in 27 patients undergoing VATS and 
open lung surgery. They found that the airway 
pressure was lower in the PCV-VG group than 
in the VCV group with similar arterial oxygen 
tension levels. Similar results were found by 
Unzueta et al. [30]. Lin et al. [31] compared 
three different ventilation modes (VCV, PCV, 
and PCV-VG) during OLV in elderly patients. 
Airway pressure and arterial pressure oxygen 
(PaO2) were both improved in the PCV and PCV-
VG groups. However, all three studies used a VT 
of 8–9 mL/kg, which is higher than the recom-
mended value of 6 mL/kg. Furthermore, they did 
not provide any data on PPCs.

Zhu et al. [32] compared PVC to VCV in 65 
patients during VATS lobectomy while apply-
ing PVS (VT at 6 mL/kg and PEEP at 5 cmH2O). 
Peak pressure was higher in the VCV group, 
but there were no differences in plateau pres-
sure and oxygenation at different intraoperative 
time points. During the postoperative period, 
oxygenation was similar over the first 2 days 
and no difference in the rate of complications 
was found between groups after 30 days. In a 
similarly designed RCT, Tan et al. [33] found 
similar results: intraoperative blood gas analysis, 
hemodynamics, and length of hospital stay did 
not differ between groups, although peak and 
plateau pressures were lower in the PCV group. 
However, the VCV group had higher intraopera-
tive pro-inflammatory cytokine concentrations, 
while the PCV group had higher anti-inflamma-
tory cytokine concentrations. As TNFα and IL-6 
concentrations have been correlated with the 
degree of lung injury during OLV [34, 35], PCV 
seems to be associated with reduced intraopera-
tive pressure and pro-inflammatory factors as 
well as a reduced risk of VILI. However, it should 
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be noted that only a few studies have compared 
the same low VT using VCV versus PCV.

We do not recommend a preferred ventila-
tory mode at the bedside even if the use of PCV 
seems to be associated with fewer inflammatory 
mediators, suggesting a lower risk of postopera-
tive lung injury.

GAS EXCHANGE

The performance of gas exchange during OLV 
in VATS has been extensively assessed. Several 
studies have compared gas exchange (PaO2, 
PaCO2, and/or PaO2/FiO2 ratio) in OLV with that 
in two-lung ventilation (TLV) [9–13, 17, 20, 30, 
31, 34–39]. However, no mechanical ventilation 
setting allows the same quality of gas exchange 
to be maintained in OLV as in TLV.

Interestingly, the LAS VEGAS study which 
assessed current mechanical ventilation prac-
tices during general anesthesia for thoracic 
surgery (n = 302) found that the recommended 
intraoperative mechanical ventilation settings 
involving low VT, low driving pressure, and 
low-to-moderate PEEP were not applied to the 
vast majority of patients [40]. Compared with 
TLV, patients receiving OLV had a lower VT as 
well as higher peak and plateau pressure, driv-
ing pressures, and PEEP levels and a higher res-
piratory rate, while receiving more RMs. The 
incidence of PPCs was higher in patients with 
a higher ARISCAT score than in those with a 
lower score (48% vs 28.9%) but there was no 
difference between OLV and TLV (48.8 vs 41.8%) 
or between endoscopic and open procedures 
(34.8% vs 47.7%) [41].

Some studies have examined the feasibility 
of TLV during thoracic surgery. These studies 
focused on specific types of surgery, such as bleb 
resection, minimally invasive esophagectomy 
(MIEs), and thymectomy. The aforementioned 
studies are summarized in Table 5.

Two RCTs tested the effects of different 
maneuvers on isolated lungs during OLV. Kre-
mer et al. [36] found that higher PaO2 levels 
were achieved using differential lung ventilation 
techniques during OLV, by alternately ventilat-
ing the non-dependent lung with continuous 

positive airway pressure (CPAP) and a portable 
ventilator at low rate and pressure. Similarly, in 
another RCT, applying either high-frequency 
positive-pressure ventilation (HPPV) to the 
non-dependent lung with a VT of 2 mL/kg, an 
inspiratory-to-expiratory ratio of less than 0.3 
and a respiratory rate of 60 cycles/min or CPAP 
resulted in higher PaO2 levels than during OLV. 
HPPV further improved gas exchange in the 
isolated lung than CPAP application, although 
CPAP provided a much better operative field 
[39].

The effect of hypercarbia on lung oxygenation 
during thoracic surgery remains unclear.

Hypercapnia has been demonstrated to 
improve tissue oxygenation and reduce lung 
edema in animal models and human studies 
[42, 43]. However, the relationship between 
hypercapnia induced by protective lung ventila-
tion during OLV and oxygenation has not been 
extensively investigated.

Interestingly, a recent study enrolled 262 
patients who were randomized into three 
groups. The respiratory rate was adjusted to 
obtain a partial pressure of arterial carbon diox-
ide of 40 ± 5 mmHg in group 40, 50 ± 5 mmHg 
in group  50, and 60 ± 5  mmHg in group  60 
during OLV. Permissive hypercapnia improved 
lung oxygenation without increasing the risk 
of PPCs to less than 6% or the length of hos-
pital stay [44]. It is probable that hypercapnia 
increases pulmonary vascular resistance in the 
non-dependent lung or decreases pulmonary 
vascular resistance in the dependent ventilated 
lung, thereby promoting hypoxic vasoconstric-
tion [43–45].

On the basis of the weak evidence, we rec-
ommend a strategy for oxygenating the non-
dependent lung; the modalities remain to be 
determined.

Specific Surgical Thoracic Procedures

Bleb Resection

The smaller size of the resection makes TLV a 
viable option for bleb resection. Cerfolio et al. 
[46] reported that VATS with TLV was feasible 
and provided excellent visualization of the 
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pleural space, enabling pleural biopsies and talc 
insufflation in patients with malignant pleural 
effusion or effusion of unknown origin.

One study compared OLV with a VT of 8 mL/
kg and a respiratory rate of 12 cycles/min with 
TLV during bleb resection in patients with spon-
taneous pneumothorax. The TLV strategy with 
a low VT of 4 mL/kg and a respiratory rate of 23 
cycles/min to maintain adequate gas exchange 
was found to be safe and effective. This approach 
was also associated with a significant reduction 
in the time from endotracheal intubation to 
incision and in the total duration of anesthe-
sia, making it a viable alternative for a relatively 
short and simple procedures [47].

There are several methods that can be used 
to improve the quality of the surgical view. The 
simplest method is probably to decrease the VT, 
which is then compensated for by increasing the 
respiratory rate. Lee et al. [48] randomized 48 
patients undergoing to bleb resection to receive 
three different respiratory rates (15 vs 18 vs 22 
cycles/min) during TLV with a VT of 5 mL/kg. 
They found that a rate of 15 cycles/min did not 
result in any abnormal physiological changes in 
terms of PaO2 or PaCO2 while ensuring an opti-
mal surgical field. Interestingly, this study also 
found no significant difference in PaCO2 and 
end-tidal carbon dioxide (ETCO2) values among 
different respiratory rates, despite significantly 
different minute ventilations.

Thus, for bleb resection, we recommend a pro-
tective ventilation strategy using TLV instead of 
OLV.

Minimally Invasive Esophagectomy (MIE)

In addition to the general disadvantages of OLV, 
at least two further potential issues have been 
reported in connection with OLV during MIE. 
Firstly, it can be difficult to excise the left recur-
rent laryngeal nerve lymph node because of the 
presence of a double-lumen endotracheal tube 
[49]; secondly, some MIEs are performed in the 
prone position. In this position, the improve-
ment in ventilatory-to-blood flow ratio expected 

during OLV as a result of hypoxic pulmonary 
vasoconstriction may be less effective than in 
the left lateral decubitus position. Furthermore 
pneumothorax can reduce the compliance of the 
collapsed lung [50].

While few studies have compared OLV with 
TLV, all of these studies report the advantages 
of TLV.

In a retrospective study by Cai et al. [51], TLV 
with artificial pneumothorax was compared 
with OLV in the semi-prone position. The study 
found that TLV with artificial pneumothorax 
provided better intraoperative respiratory func-
tion (PaCO2, PaO2, SaO2), a shorter preparation 
time for anesthesia induction, less blood loss, 
a shorter thoracoscopic operating time, and a 
shorter postoperative hospital stay with a similar 
number of the resected thoracic lymph nodes. 
PPCs did not differ significantly between the two 
groups. Similarly, a subsequent study reported 
better oxygenation on postoperative day 5 and 
reduced inflammation during the postoperative 
period, as well as a shorter operative time and 
similar PPCs (16.7% vs 23.9%) in the TLV group 
with carbon dioxide insufflation compared with 
the OLV group [52].

Baloch et al. [53] reported similar benefits 
with TLV, including lower blood loss, a shorter 
surgical procedure, and ICU stay and similar 
PPCs. Notably, the ventilation strategy was 
detailed: VT was set at 350  mL for TLV and 
400 mL for OLV varying according to airway 
pressures fluctuations, PEEP was set at 5 cmH2O 
with a FiO2 of 1 and a respiratory rate of 16 
cycles/min. Surprisingly, a VT of 350 mL during 
TLV did not compromise surgical comfort.

Similarly, we propose a TLV-based protective 
ventilation strategy for MIEs instead of OLV.

VATS Thymectomy

Given the need to reduce muscle relaxant doses 
in patients with myasthenia gravis, the use of 
TLV with a single-lumen endotracheal tube and 
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Table 6   Summary of the main topics addressed in this review

OLV one lung ventilation, MIE minimally invasive esophagectomy, PBW predicted body weight, PCV pressure-controlled 
ventilation, PCV-VG pressure-controlled ventilation volume guaranteed, PEEP positive end-expiratory pressure, PPCs post-
operative pulmonary complications, PVS protective ventilation strategy, TLV two lung ventilation, TV tidal volume, VATs 
video-assisted thoracic surgeries, VCV volume-control ventilation

Best practice suggestions on mechanical ventilation during OLV for VATS Grade 3.0
Certainty of evidence

PVS
We suggest to apply a PVS during OLV VT 5–8 mL/kg of PBW and 

PEEP at least of 5 cmH2O with or without recruitment maneuver

  It reduces the inflammatory response after OLV in terms of reduced 
levels of alveolar and serum cytokines and C-reactive protein

Moderate

  It improves oxygenation and compliance during and after OLV Moderate

  No benefits in terms of reduction in the incidence of PPCs have 
been demonstrated

Moderate

PEEP selection
We suggest to titrate PEEP during OLV according to best driving pres-

sure or best respiratory system compliance

  To obtain best respiratory mechanics and oxygenation Moderate

  To reduce the incidence of PPCs High

PCV or PCV-VG vs VCV mode
We cannott recommend a preferred ventilatory mode
The use of PCV or PVC-VG vs VCV seems to be associated with

  Lower peak airways pressures and similar oxygenation during OLV Low

  Lower inflammatory markers Moderate

  Similar PPCs High

Gas exchange
We recommend a strategy for oxygenating the non-dependent lung, 

the modalities remain to be determined
Specific surgical thoracic procedures

Low

Bleb resection: we suggest a TLV-based PVS instead of OLV Moderate

  MIE: we suggest a TLV-based PVS instead of OLV Low–moderate

  Thymectomy: no specific ventilation strategy can be suggested Low
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artificial pneumothorax with CO2 insufflation 
has recently been investigated. A retrospective 
study comparing TLV with CO2 insufflation and 
OLV during VATS thymectomy found no signif-
icant differences in operative time, postopera-
tive hospital stay, complications, hemodynamic 
parameters, and oxygenation between the TLV 
group and OLV groups [54].

As a result of the weak evidence on this 
topic, no specific ventilation strategy can be 
recommended.

CONCLUSION

This literature review highlights the many uncer-
tainties regarding the setting of mechanical venti-
lation during OLV in patients undergoing thoracic 
surgery (Table 6). The use of OLV raises a consider-
able number of issues, including operator experi-
ence, inflammation associated with the method 
itself, complications arising from the devices used 
to exclude a lung, and the associated costs. Inter-
mediate VT ranging between 5 and 8 mL/PBW, 
PEEP set at 5–8 cmH2O, and RMs appear to be asso-
ciated with improved perioperative oxygenation 
and ventilatory mechanics. However, the effect 
of ventilatory settings on outcomes, including 
postoperative pulmonary complications, remains 
unclear. To date, PVS does not appear to be associ-
ated with improved outcomes in patients receiving 
OLV; however, this does not support the use of a 
non-protective strategy.

The only strategies that have been demon-
strated to improve oxygenation during OLV are 
the alternative applications of CPAP or a low res-
piratory rate and pressure in the non-depend-
ent lung or high-frequency positive-pressure 
ventilation.

The use of TLV is based on a very limited level 
of evidence, but seems feasible for a few proce-
dures. However, no differences in terms of PPCs 
have been found.

Large RCTs are needed to determine whether 
some ventilatory strategies can reduce PPCs in 
patients undergoing VATS.
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