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However, the resultant pneumoperitoneum im-
pairs the respiratory mechanics 2 and worsens gas 
exchange by increasing the intra-abdominal pres-
sure and favoring the formation of atelectasis.3

laparoscopy is the preferred surgical approach 
in several abdominal and pelvic procedures.1 
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a B s t r a c t
BacKgroUND: During laparoscopy, respiratory mechanics and gas exchange are impaired because of pneumoperi-
toneum and atelectasis formation. We applied an open lung approach (ola) consisting in lung recruitment followed by 
a decremental positive-end expiratory pressure (PeeP) trial to identify the level of PeeP corresponding to the highest 
compliance of the respiratory system (best PeeP). our hypothesis was that this approach would improve both lung me-
chanics and oxygenation without hemodynamic impairment.
MetHoDs: We studied twenty patients undergoing laparoscopic cholecystectomy. We continuously recorded respira-
tory mechanics parameters throughout a decremental PeeP trial in order to identify the best PeeP level. Furthermore, 
lung and chest wall mechanics, respiratory and transpulmonary driving pressures (ΔP), gas exchange and hemodynamics 
were recorded at three time-points: 1) after pneumoperitoneum induction (tpreola); 2) after the application of the ola 
(tpostola); 3) at the end of surgery, after abdominal deflation (Tend).
resUlts: the “best PeeP” level was 8.1±1.3 cmH2o (range 6 to 10 cmH2o), corresponding to the highest compliance 
of the respiratory system (crs). This “best PEEP” level corresponded with lowest ΔPl. ola increased the compliance 
of the lung and of the chest wall, and decreased ΔPrs and ΔPl. Pao2/Fio2 increased from 299±125 mmHg to 406±101 
mmHg (P=0.04). changes in respiratory mechanics, driving pressures and oxygenation were maintained until tend. He-
modynamic parameters remained stable throughout the study period.
coNclUsioNs: in patients undergoing laparoscopic cholecystectomy, the ola was suitable for bedside PeeP setting, 
improved lung mechanics and gas exchange without significant adverse hemodynamic effects.
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Materials and methods

after obtaining approval from the ethics 
committee of the ospedali riuniti Hospital 
of Foggia, italy (protocol no. 17/ce/2012, ob-
tained on 27/02/2012) and written informed 
consent from each patient, the study was per-
formed in consecutive patients scheduled to 
undergo elective laparoscopic cholecystecto-
my from January to July 2013.

inclusion criteria were ages 18 years or old-
er, asa (american society of anesthesiology) 
physical status i and ii. Patients with preexist-
ing respiratory or cardiac diseases, and obesity 
(body mass index [BMI] ≥30 kg/m2) were ex-
cluded.

Upon their arrival in the operating room, 
patients were pre-medicated with midazolam 
0.03-0.04 mg/kg. After applying standard 
monitoring device (electrocardiogram and 
pulse oximeter [intellivue MP40 monitor, Phil-
ips, Boeblingen, germany]), the radial artery 
was cannulated (radial artery catheterization 
set, arrow international, reading, Pa, Usa) 
for continuous monitoring of blood pressure 
(BP). the arterial line was connected to the 
Flotrac™ sensor and the Vigileo™ monitor 
(edwards life sciences llc, irwine, ca, 
Usa, software version 03.10), which allows 
cardiac output (CO) and stroke volume (SV) 
estimation from the arterial pressure wave-
form and computes cardiac index (ci) and the 
stroke volume variation (SVV) as an index of 
fluid responsiveness.12

Patients were given 7 mL/kg of 0.9% NaCl 
iV before the induction of anesthesia and were 
then maintained with 5 mL/kg/h of 0.9% NaCl 
solution. anesthesia was induced with propo-
fol 2 mg/kg, fentanyl 3 µg/kg and succinylcho-
line 1 mg/kg. After induction the trachea was 
intubated with an endotracheal tube of appro-
priate size (rushelit rush ag lab, Waibling, 
germany). anesthesia was maintained with 
an infusion of propofol 150-200 µg/kg/min, 
remifentanil 0.1-0.2 µg/kg/min and cisatracu-
rium 1.5 µg/kg/min. The level of anesthesia 
was assessed through bi-spectral index (Bis) 
monitoring (aspect a-2000®, aspect Medi-
cal system, Newton, Ma, Usa). the infusion 

During positive pressure mechanical venti-
lation, the transpulmonary pressure (Pl) rep-
resents the amount of pressure that is directly 
applied to the lung parenchyma and determines 
lung inflation.4 at any given level of airway 
opening pressure (Prs), Pl is determined by the 
interplay of lung and chest wall elastance (el 
and ecW, respectively). in healthy subjects, el 
and ecW are approximately equal, hence Pl is 
approximately half the Prs.5, 6 During laparo-
scopic surgery Pl significantly decreases due 
to the pneumoperitoneum-induced increase in 
ecW.7 the reduced lung-distending pressure 
is responsible for worsening of gas exchange 
and lung mechanics through the generation 
of atelectasis in the dependent lung regions. 
a recruitment maneuver (rM) followed by 
the application of a standard positive end-ex-
piratory pressure (PeeP) level of 5 cmH2o is 
commonly suggested to restore Pl.7 However, 
physiological data suggest that immediately 
after the rM, PeeP should be individualized 
to maximize alveolar recruitment while mini-
mizing alveolar hyperinflation.4 Despite these 
physiological considerations, little is known 
about how to set the optimal PeeP level during 
laparoscopic surgery.

in this study we investigated the physiologi-
cal effects of the open lung approach (ola) 
in patients undergoing abdominal laparoscopic 
surgery. We reproduced the same physiologi-
cal approach applied in patients with arDs 8 
consisting in a rM immediately followed by a 
standardized stepwise decremental PeeP trial, 
to find the “best PEEP,” i.e. the PeeP corre-
sponding to the highest respiratory system 
compliance (crs).9-11 We tested the hypoth-
esis that, in patients undergoing laparoscopy 
in reverse trendelenburg position, the PeeP 
level that allows to obtain the highest crs dur-
ing the decremental PeeP trial would increase 
end-inspiratory Pl and that, consequently, this 
approach would both improve both lung me-
chanics and gas exchange without inducing 
significant hemodynamic impairment.

our secondary aim was to evaluate the im-
pact of the ola on the driving pressure ap-
plied on the respiratory system and to the lung 
(ΔPrs and ΔPl, respectively).
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breaths; subsequently, after setting a driving 
pressure of 15 cmH2O and keeping it con-
stant throughout the decremental PeeP trial, 
PeeP was stepwise reduced by 2 cmH2o ev-
ery 2 minutes.11 static compliance of the re-
spiratory system (crs) was measured at every 
step. the PeeP level corresponding to the 
highest crs during the decremental trial was 
identified as the “best PEEP.” Subsequently, 
the lungs were recruited again and the “best” 
PeeP was applied. afterwards, the ventilator 
was switched to the volume-control ventilation 
maintaining the baseline settings, except than 
for the “best PeeP level. these settings were 
maintained until the end of surgery. respira-
tory mechanics, hemodynamics and gas ex-
change were measured with the patient in re-
verse trendelenburg position (20° legs down) 
at three time points: 1) after the pneumoperito-
neum induction (tpreola); 2) after the applica-
tion of the open lung strategy (tpostola); and 
3) at the end of surgery, after abdominal de-
flation (Tend). Hemodynamic recordings were 
also performed continuously during the rM.

Respiratory mechanics and hemodynamic 
measurements

Hemodynamic and respiratory mechanics 
parameters were recorded, digitized and col-
lected on a personal computer through a 12-bit 
analog-to digital converter board (DaQcard 
700, National instrument, austin, tX, Usa) at 
a sample rate of 200 Hz (icU lab, KleisteK 
engineering, Bari, italy). intravascular pres-
sure measurements were adjusted to zero at 
atmospheric pressure and leveled to the mid-
axillary line. analysis of arterial blood gases 
was performed (aBl 330, radiometer, co-
penhagen, Denmark).

Airflow was measured with a heated pneu-
motachograph (Fleisch no.2, Fleisch, laus-
anne, switzerland) linear over the experimen-
tal range of flow, connected to a differential 
pressure transducer (Diff-cap, ±1 cmH2o; 
special instruments, Nordlingen, germany) 
inserted between the Y-piece of the ventila-
tor circuit and the endotracheal tube. airway 
opening pressure (Prs) was measured proxi-

rate of propofol was varied in order to target 
a Bis value between 50 and 60. Patients were 
mechanically ventilated with a servo Ventila-
tor 900c (siemens-elema aB, Berlin, germa-
ny) with a square flow waveform with a tidal 
volume (Vt) of 8 mL/kg ideal body weight 
(iBW), respiratory rate (rr) of 12 breath/min, 
inspiratory time (Ti) of 33% and an inspiratory 
pause of 20%. Patients were ventilated using 
an inspiratory oxygen fraction (Fio2) of 0.40 
as needed to maintain the sao2≥95%. External 
PeeP was set at 4-5 cmH2o as per our stan-
dard clinical practice.

a thin latex balloon-tipped esophageal cath-
eter (Compliance catheter, Microtek Medical 
B.V. Zutphen- Nl) was inserted through the 
mouth, advanced deflated into the esopha-
gus and connected by means of a polyethyl-
ene catheter to a pressure transducer (Digima 
clic), to measure esophageal pressure (Pes). 
The esophageal balloon was filled with 1-1.5 
ml of air and its correct positioning in the 
lower third of the esophagus was checked by 
assessing heart artifacts and verifying that the 
appropriate Pes increase in response to a mod-
erate transient manual on the abdomen 13-15 
were quantitatively equivalent to the increase 
in Pao.

a standardized protocol for hemodynamic 
management was applied in order to assure 
fluid volume optimization. Briefly, if SVV was 
<13%, no additional fluids were given whereas 
if SVV was higher 13%, additional boluses of 
250 ml of crystalloids were infused over 15-20 
minutes. after each bolus sVV was re-evaluat-
ed, and a further bolus was administered if sV 
increased by more than 10%, until reaching a 
SVV<13%.12

Study protocol

after the induction of pneumoperitoneum 
(abdominal co2 inflation to obtain an intra-
abdominal pressure of 10-12 mmHg) and he-
modynamic stabilization, a recruiting maneu-
ver (rM) was applied,11 consisting in pressure 
controlled ventilation with a driving pressure 
of 20 cmH2o and PeeP applied in steps of 5, 
10, 15, and 20 cmH2O every five respiratory 
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and percentages. continuous data were tested 
for normal distribution by the Kolmogorov-
Smirnov goodness- of -fit test and are present-
ed as means and standard deviations.

Data analysis was performed by means of 
repeated measure ANOVA. If significant, the 
Fischer exact test was applied for post-hoc 
comparison between the different study steps. 
P value less than 0.05 was considered statisti-
cally significant. Statistical analysis was per-
formed using statistica v. 10.0 (statsoft italia 
srl ©2011; www.statsoft.com).

Results

The enrolment flow diagram is reported in 
Figure 1. twenty out of 26 eligible patients 
were included in the study. Demographic char-
acteristics of the population studied are pre-
sented in table i.

Respiratory mechanics during the decremental 
PEEP trial

the decremental PeeP trial targeting the 
highest crs (71.2±8.3 ml/cmH2O) identified a 
PeeP level ranging from 6 to 10 cmH2o (mean: 
8.9±1.3 cmH2o) as the “best PeeP” (table ii, 
Figure 2). this “best PeeP” level correspond-

mal to the endotracheal tube with a pressure 
transducer (special instruments Digima-clic 
±100 cmH2o; Nordlingen, germany). Volume 
was obtained by numerical integration of the 
flow signal over time.

Peak and plateau Prs (Prs,PeaK and Prs,Plat re-
spectively), and total and static intrinsic PeeP 
of the respiratory system (PeePtot,rs and 
PeePirs, respectively), inspiratory and expira-
tory plateau esophageal pressures (Pes,Plat and 
Pes,eND_eXP), were measured according to stan-
dard methods.16

static compliance of the respiratory system 
(crs) and chest wall (ccW) were calculated as 
Vt/(Prs,Plat – PeePtot,rs) and Vt/(Pes,Plat 
– Pes,eND_eXP), respectively. lung compli-
ance (cl) was calculated as the difference 
between crs and ccW (cl

-1 = crs
-1 – ccW

-1). 
end-inspiratory and end-expiratory trans-
pulmonary pressure (Pl,Plat and Pl,eND_eXP,, 
respectively), were measured as already de-
scribed.5, 8, 17 respiratory system and trans-
pulmonary driving pressure (∆Prs and ∆Pl) 
were calculated as (Prs,Plat – PeePtot,rs) and 
(Pl,Plat – Pl,eND_eXP), respectively.8

total airways resistances (raw) were cal-
culated as the difference between Pao,PeaK and 
Pao,Plat divided the inspiratory airflow.18

Statistical analysis

a sample size calculation was performed 
using data from our previous study 7 on the ef-
fects of recruiting maneuvers in patients un-
dergoing gynecological laparoscopic surgery. 
Based on these data, a 16 ml/cmH2o increase 
in crs with a SD of 4 was considered signifi-
cant. By using a one-sample, one-sided test the 
sample size calculated was of 15 patients; this 
number was increased to 20 to allow for an ex-
pected drop-out of around one-third of patients 
and was used for patient enrolment. The α and 
β errors for the sample size were chosen as 
0.05 and 95%, respectively.

statistical comparison of demographic, re-
spiratory mechanics, hemodynamic and gas ex-
change data was performed between the three 
study steps: 1) tpreola; 2) tpostola; and 3) tend. 
Non-continuous data are expressed as numbers 

Figure 1.—Flow-diagram of the progress through the phases 
of the trial.

assessed for eligibility (N.=26)

allocated to intervention (N.=24)
-  received allocated intervention (N.=22)
-  did not receive allocated intervention (N.=2), 

surgical procedure turned in open due to 
surgeons’ decision

analyzed (N.=20)
excluded from analysis (N.=2, technical 
problem with waveform recording)

excluded
-  not meeting  

inclusion criteria (N.=2)
-  refused to participate 

(N.=0)

analysis

allocation

enrollment
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remained stable until tend. raW decreased 
significantly (P=0.002) and remained stable 
thereafter. the Pao2/Fio2, that was 299±125 
mmHg at tpreola, increased to 406±101 mmHg 
at tpostola (P=0.04), remaining stable until the 
end of surgery. Paco2 and pH remained stable 

ed to the lowest transpulmonary driving pres-
sure (ΔPl = 5.1 ± 0.26 cmH2o) (Figure 2).

Effect of the OLA on the partitioned respira-
tory mechanics, gas exchange and hemody-
namics

table ii shows that crs, cl and ccW in-
creased significantly following OLA and 

Figure 2.—respiratory system compliance (crs) and 
transpulmonary driving pressure (∆Pl) during decremental 
PeeP trial.
crs: PeeP12 vs. PeeP14, P=0.99; PeeP10 vs. PeeP14, 
P=0.013; PeeP8 vs. PeeP14, P=0.00003; PeeP6 vs. 
PeeP14, P=0.003; PeeP4 vs. PeeP14, P=0.022; PeeP8 vs. 
PeeP12, P=0.00014; Pee6 vs. PeeP12, P=0.003; PeeP0 
vs. PeeP8, P=0.05.
∆Pl: PeeP12 vs. PeeP14, P=0.078; PeeP10 vs. PeeP14, 
P=0.036; PeeP8 vs. PeeP14, P=0.005; PeeP6 vs. PeeP14, 
P=0.038; PeeP4 vs. PeeP14, P=0.049; PeeP8 vs. PeeP12, 
P=0.041; PeeP0 vs. PeeP10, P=0.0068.

Table I.—�Patients demographic characteristics.
characteristics Value

N. patients 20
age, years 47±15
Sex, N. (%)

Male 13 (65%)
Female 7 (35%)

ASA, N. (%)
i 7 (35%)
ii 13 (65%)

BMI, kg/m2 24±1.8
Coexisting condition, N. (%)

Current smoking 9 (45%)
Any alcohol intake 5 (25%)
chronic obstructive pulmonary disease 4 (20%)
chronic arterial hypertension 6 (30%)
Diabetes mellitus 2 (10%)

Duration of surgery, min 50±10
Data are shown as number (percentage) or as mean±sD.
asa: american society of anesthesiology; BMi: Body Mass index.

Table II.—�Breathing pattern and gas exchange parameters during the different experimental conditions.
Parameters tpreola tpostola tend P value

Vt, ml/Kg iBW 6.4±0.3 6.7±0.4 6.7±0.3 0.47
rr, breaths/min 12±1 12±1 12±1 0.77
Pao,Plat, cmH2o 13.4±0.8 15.6±1.4* 15.1±1.4* 0.003
PeePi,rs, cmH2o 0.8±0.9 0.8±0.7 0.7±0.7 0.81
PeePtot,rs, cmH2o 4.8±0.9 8.9±1.3* 8.7±1.4* 0.0001
DPrs, cmH2o 8.7±0.7 6.7±0.7* 6.3±0.6* 0.0001
Pl,Plat, cmH2o 7.6±0.8 9.0±1.2* 8.9±1.3* 0.007
Pl,eND-eXP, cmH2o 1.5±0.6 4.2±0.4* 4.1±0.5* 0.0003
DPl, cmH2o 6.2±0.5 4.8±0.6* 4.7±0.5* 0.0015
raw, cmH2o/l/s 13.9±3.4 7.2±1.8* 8.8±1.4* 0.002
crs, ml/cmH2o 55.4±4.7 71±8.2* 70.1±9.2* 0.0005
cl, ml/cmH2o 67.7±6.4 84.5±8.7* 82.9±8.3* 0.0013
ccW, ml/cmH2o 275±50.2 372±43.5* 358±47* 0.0007
Pao2/Fio2, mmHg 299±125 406±101* 424±104* 0.004
Paco2, mmHg 35±3.7 30±5 33±4.1 0.17
pH 7.36±0.5 7.38±0.4 7.36±0.4 0.25
*Statistically significant difference vs. tpreola.
Data are expressed as mean±sD. repeated measure aNoVa was used for the comparison of continuous variables. Fischer test for post-hoc 
comparison.
crs: respiratory system compliance; cl: lung compliance; ccW: chest wall compliance; ∆Prs: respiratory system driving pressure; ∆Pl: 
transpulmonary driving pressure; Fio2: inspiratory oxygen fraction; Pao2: partial pressure arterial oxygen; PeeP: positive end expiratory 
pressure; PeePi,rs: respiratory system static intrinsic PeeP; PeePtot,rs: respiratory system total PeeP; Pao,Plat: respiratory system plateau 
airways pressure; rr: respiratory rate; Vt: tidal volume; raw: total airways resistance; Paco2: partial pressure arterial carbon dioxide; 
Pl,Plat: end-inspiratory transpulmonary pressure; Pl,eND-eXP: end-expiratory transpulmonary pressure.

m
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vs. PeeP8
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in trendelenburg position.7 the effects of the 
reverse trendelenburg position (head up, i.e. 
the one applied in the present study) on respi-
ratory mechanics are less known 2, 23 though 
some studies suggest a worsening in respira-
tory mechanics in obese patients 1, 21 although 
the present study was not specifically designed 
to assess position-related changes in respirato-
ry mechanics, our data indirectly suggest that 
the combined effects of reverse trendelenburg 
and pneumoperitoneum induce a worsening in 
lung mechanics that responds to the ola strat-
egy (table ii).

Ventilator-induced lung injury (Vili) is 
widely recognized as one of the risks of me-
chanical ventilation, and can occur in both al-
ready injured and healthy lung.22 lung protec-
tive protocols aim to minimize tidal alveolar 
hyperinflation and opening/collapse (atelec-
trauma) through the use of low Vt, low lung 
distending pressures and adequate PeeP lev-
els.23 in surgical patients this strategy has been 
shown to improve lung aeration while reduc-
ing atelectrauma 24 and seems to improve clini-
cal outcomes and to reduce health care utili-
zation.25, 26 However, the approach to PeeP 
setting and, overall, to lung recruitment is 
not standardized. the ola tested in the pres-
ent study was proposed for arDs patients 27 
and for preventing anesthesia-induced alveo-
lar collapse.11, 28 the physiological premise is 
that, owing to the hysteresis between the inspi-
ratory and expiratory volume-pressure curve, 
the PEEP level needed to keep the lung open 
once it has been fully recruited is lower than 
the pressure required to recruit the lung.29 ac-
cordingly, PeeP titration along the expiratory 
limb of the pressure-volume curve would al-
low to find the “best PEEP” that represents the 

throughout all the study steps. Hemodynam-
ics (sVV, mean arterial pressure and Hr) re-
mained stable throughout the observation pe-
riod (table iii).

Discussion

in patients undergoing laparoscopic chole-
cystectomy in reverse trendelenburg position: 
1) during the decremental PeeP trial the low-
est transpulmonary driving pressure (ΔPl) was 
found at a level of external PeeP correspond-
ing to the highest crs; 2) the “best PeeP” 
identified through a recruiting maneuver im-
mediately followed by a decremental PeeP 
trial targeting the highest respiratory system 
compliance improved lung and chest wall me-
chanics and oxygenation and did not worsen 
hemodynamics; 3) those effects were main-
tained until the end of surgery.

laparoscopy is the preferred surgical ap-
proach for several abdominal or pelvic pro-
cedures, because of pain reduction 19, 20 faster 
postoperative recovery and shorter hospital 
stay.21 However, the increase in intra-abdomi-
nal pressure due to pneumoperitoneum, pushes 
the diaphragm towards the thoracic cavity and 
stiffens the chest wall, and induces atelectasis 
in the dependent lung regions, as shown in 
computed tomographic studies.3 atelectasis 
are associated with perioperative complica-
tions, particularly in predisposed patients.22 
Patient’s positioning also plays a role: there is 
wide agreement in literature that trendelen-
burg posture (head down) further impairs respi-
ratory system mechanical properties through 
gravitational effects. We recently demonstrat-
ed that crs and cl decreases in patients un-
dergoing gynecological laparoscopic surgery 

Table III.—�Hemodynamics during the different experimental conditions.
tpreola tpostola tend P value

Hr, bpm 69±10 73±10 70±10 0.78
MaP, mmHg 94±19 103±23 86±14 0.07
ci, l/min/m2 2.8±0.5 2.9±0.7 2.8±0.7 0.58
SVV, % 13.2±4.8 12.8±3.5 11.5±3 0.34
Data are expressed as mean±sD. repeated measure aNoVa was used for the comparison of continuous variables. Fischer test for post-hoc 
comparison.
RM: recruitment maneuver; HR: heart rate; MAP: mean arterial pressure; CI: cardiac index; SVV: stroke volume variation.
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∆Prs.34 Our data show a significant OLA-In-
duced decrease in ΔPrs (P=0.0001) (table ii). 
this seems to suggest that the ola decreased 
the overall mechanical stress posed on lung 
parenchyma. However, we must point out that 
the thresholds for “injurious” ∆Prs in patients 
with healthy lungs undergoing general anes-
thesia are not known.34 Of note, despite ΔPrs 
seems to be a key variable in ARDS and anes-
thesia and has the advantage of a straightfor-
ward calculation, several authors sustain that 
the real driving pressure responsible for the 
dynamic mechanical lung stress is the trans-
pulmonary driving pressure (ΔPl).35 since in 
the present study we partitioned lung and chest 
wall mechanics,5, 36 we were able to calcu-
late simultaneously the ∆Prs and the ∆Pl. We 
found that, at least in this setting, ΔPrs mir-
rored the ∆Pl (table ii).

accordingly, our data suggest that 
∆Prs could be taken as a surrogate for ∆Pl. 
Overall, our findings that in Crs and ∆Prs 
in this context are suitable surrogates for cl 
and ∆Pl has important practical implications, 
considering that measuring Pes to obtain par-
titioned respiratory system mechanics is time 
consuming and requires dedicated monitoring 
tools and considerable expertise.

Limitations of the study

We must acknowledge some limitations 
of our study: 1) we studied a relatively small 
number of low risk patients, undergoing a 
relatively simple surgical procedure; 2) we 
could not include, for practical reasons, a step 
of respiratory mechanics measurements be-
fore pneumoperitoneum in our study design; 
3) since our focus was a physiological one, we 
did not assess the clinical effects of the ola 
in the postoperative period. on the other hand, 
a multicenter, randomized controlled trial is at 
present enrolling patients to investigate wheth-
er a perioperative ola including a decremen-
tal PeeP trial is able to affect postoperative 
pulmonary complications in high risk patients 
undergoing surgery 37 and we think that our 
physiological findings could be useful to in-
terpret its results; lastly, 4) the values of chest 

optimal compromise between recruitment and 
hyperinflation.28, 30, 31 the two proposed physi-
ological targets to identify the “best PeeP” are 
spo2 and crs.28 Both are easy to monitor at the 
bedside but, of note, oxygenation is influenced 
also by cardiac output and other confounding 
factors. in the present study we targeted the 
decremental PeeP trial to the highest crs and 
obtained remarkable results in terms of lung 
mechanics and gas exchange (table ii).

Nevertheless, the crs depends from the in-
terplay between chest wall and lung mechani-
cal properties.4 accordingly, the best method 
would be partitioning between lung and chest 
wall mechanics and target to the higher cl 
rather than to the higher crs. in the present 
study we partitioned respiratory system me-
chanics into its lung and chest wall compo-
nents by measuring Pes.32 interestingly, our 
results suggest that, at least in the cohort of 
patients undergoing laparoscopic cholecystec-
tomy in reverse trendelemburg position, the 
crs behavior mirrors the one of cl (table ii).

To our knowledge, the present study is the 
first that assesses simultaneously Crs and Pl 
during a decremental PeeP trial, demonstrat-
ing a specular behavior of these parameters. 
Furthermore, during the decremental PeeP 
trial, when crs reached its zenith (identifying 
the “best PEEP”), ΔPl reached its nadir. these 
data, although needing further validation, pro-
vide a further important physiological ratio-
nale for titrating PeeP on crs, at least in this 
cohort. overall, it seems that the ola, while 
improving respiratory mechanics and oxygen-
ation minimizes the mechanical stress imposed 
by positive pressure tidal inflation by minimiz-
ing ΔPrs and ΔPl, although we must point 
out that both these values were already in the 
“safe” range before ola implementation.33

Recently, the role of the ∆Prs has been rec-
ognized as one of the main ventilation outcome 
parameters in arDs patients 33 and a meta-
analysis has suggested a correlation between 
∆Prs and postoperative pulmonary complica-
tions in surgical patients.34 Moreover, increase 
in PeeP was found to be effective in reducing 
post-operative mechanical complications only 
when associated with a decrease in the overall 
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for laparoscopy: a review. J clin anesth 2006;18:67-78.

20. Fletcher D, Stamer UM, Pogatzki-Zahn E, Zaslansky R, 

wall compliance in our patients were relatively 
higher compared with our previous studies. 
We ascribe this result to the reverse trendelen-
burg position, which reduces the shift of the 
diaphragm toward the thorax, in comparison 
with the trendelenburg position. Furthermore 
we studied healthy patients with BMI≤30 kg/
m2: obese patients would probably have shown 
different values of chest wall compliance.

in conclusion, we tested the effects of the 
ola protocol in patients undergoing abdomi-
nal laparoscopic surgical procedure and found 
that it increased the compliance of the lung and 
chest wall and decreased the total (respiratory 
system) and transpulmonary driving pressure 
while improving oxygenation, without induc-
ing significant adverse hemodynamic effects. 
Further studies are needed to assess the impact 
of the ola on postoperative respiratory com-
plications.

Key messages

 — laparoscopic cholecystectomy ne-
cessitates a pneumoperitoneum, which 
affects respiratory mechanics and gas ex-
change by promoting atelectasis in depen-
dent lung regions.

 — this paper shows that the ola, i.e. 
the application of a PeeP level titrated to 
achieve the best respiratory system com-
pliance immediately after a lung recruiting 
maneuver, is able to reverse several detri-
mental effects of pneumoperitoneum on 
lung mechanics and gas exchange.

 — Driving Pressure is recognized as a 
key parameter associated with postopera-
tive pulmonary complications in surgical 
patients. this study shows that the ola 
decreases the respiratory system and trans-
pulmonary driving pressures.

References

 1. oti c, Mahendran M, sabir N. anaesthesia for laparo-
scopic surgery. Br J Hosp Med 2016;77:24-8.

 2. Fahy BG, Barnas GM, Nagle SE, Flowers JL, Njoku MJ, 
agarwal M. effects of trendelenburg and reverse tren-

                  COPYRIGHT
© 

2018 EDIZIONI MINERVA MEDICA 
T

hi
s 

do
cu

m
en

t 
is

 p
ro

te
ct

ed
 b

y 
in

te
rn

at
io

na
l c

op
yr

ig
ht

 la
w

s.
N

o 
ad

di
tio

na
l r

ep
ro

du
ct

io
n 

is
 a

ut
ho

riz
ed

.I
t 

is
 p

er
m

itt
ed

 fo
r 

pe
rs

on
al

 u
se

 t
o 

do
w

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t 
on

ly
 o

ne
 c

op
y 

of
 t

hi
s 

A
rt

ic
le

.I
t 

is
 n

ot
 p

er
m

itt
ed

 t
o 

m
ak

e 
ad

di
tio

na
l c

op
ie

s
(e

ith
er

 s
po

ra
di

ca
lly

 o
r 

sy
st

em
at

ic
al

ly
, 

ei
th

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

A
rt

ic
le

 fo
r 

an
y 

pu
rp

os
e.

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tr
on

ic
 c

op
y 

of
 t

he
 a

rt
ic

le
 t

hr
ou

gh
 o

nl
in

e 
in

te
rn

et
 a

nd
/o

r 
in

tr
an

et
 f

ile
 s

ha
rin

g 
sy

st
em

s,
 e

le
ct

ro
ni

c 
m

ai
lin

g 
or

 a
ny

 o
th

er
m

ea
ns

 w
hi

ch
 m

ay
 a

llo
w

 a
cc

es
s 

to
 t

he
 A

rt
ic

le
.T

he
 u

se
 o

f 
al

l o
r 

an
y 

pa
rt

 o
f 

th
e 

A
rt

ic
le

 fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

.T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 f

ro
m

 t
he

 A
rt

ic
le

 is
 n

ot
 p

er
m

itt
ed

.T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

no
t 

pe
rm

itt
ed

.I
t 

is
 n

ot
 p

er
m

itt
ed

 t
o 

re
m

ov
e,

 c
ov

er
, 

ov
er

la
y,

 o
bs

cu
re

, 
bl

oc
k,

 o
r 

ch
an

ge
 a

ny
 c

op
yr

ig
ht

 n
ot

ic
es

 o
r 

te
rm

s 
of

 u
se

 w
hi

ch
 t

he
 P

ub
lis

he
r 

m
ay

 p
os

t 
on

 t
he

 A
rt

ic
le

.I
t 

is
 n

ot
 p

er
m

itt
ed

 t
o 

fr
am

e 
or

 u
se

 f
ra

m
in

g 
te

ch
ni

qu
es

 t
o 

en
cl

os
e 

an
y 

tr
ad

em
ar

k,
 lo

go
,

or
 o

th
er

 p
ro

pr
ie

ta
ry

 in
fo

rm
at

io
n 

of
 t

he
 P

ub
lis

he
r.



eFFects oF oPeN lUNg aPProacH iN laParoscoPic cHolecYstectoMY D’aNtiNi

Vol. 84 - No. 2 MiNerVa aNestesiologica 167

acute respiratory failure: an experimental study. am J 
respir crit care Med 2001;164:122-30.

30. Lachmann B. Open up the lung and keep the lung open. 
intensive care Med 1992;18:319-21.

31. Ferrando c, Mugarra a, gutierrez a, carbonell Ja, 
garcía M, soro M, et al. setting individualized positive 
end-expiratory pressure level with a positive end-expira-
tory pressure decrement trial after a recruitment maneu-
ver improves oxygenation and lung mechanics during 
one-lung ventilation. anesth analg 2014;118:657-65.

32. 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;42:1360-73.

33. 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;372:747-55.

34. Neto as, Hemmes sN, Barbas cs, Beiderlinden M, 
Fernandez-Bustamante a, Futier e, et al. association 
between driving pressure and development of postop-
erative pulmonary complications in patients undergoing 
mechanical ventilation for general anaesthesia: a meta-
analysis of individual patient data. lancet respir Med 
2016;4:272-80.

35. Protti A, Maraffi T, Milesi M, Votta E, Santini A, 
Pugni P, et al. role of strain rate in the Pathogene-
sis of Ventilator-induced lung edema. crit care Med 
2016;44:e838-45.

36. grasso s, terragni P, Birocco a, Urbino r, Del sorbo l, 
Filippini c, et al. ECMO criteria for influenza A (H1N1)-
associated arDs: role of transpulmonary pressure. in-
tensive care Med 2012;38:395-403.

37. Ferrando c, soro M, canet J, Unzueta Mc, suárez F, 
librero J, et al. rationale and study design for an indi-
vidualized perioperative open lung ventilatory strategy 
(iProVe): study protocol for a randomized controlled 
trial. trials 2015;16:193.

tanase NV, Perruchoud c, et al. chronic postsurgical 
pain in europe: an observational study. eur J anaesthe-
siol 2015;32:725-34.

21. Murray a, lourenco t, de Verteuil r, Hernandez r, Fra-
ser c, McKinley a, et al. clinical effectiveness and cost-
effectiveness of laparoscopic surgery for colorectal can-
cer: systematic reviews and economic evaluation. Heal 
technol assess 2006;10:1-141, iii-iv.

22. sutherasan Y, D’antini D, Pelosi P. advances in ventila-
tor-associated lung injury: prevention is the target. expert 
rev respir Med 2014;8:233-48.

23. chiumello D, algieri i, grasso s, terragni P, Pelosi P. 
recruitment maneuvers in acute respiratory distress syn-
drome and during general anesthesia. Minerva anestesiol 
2016;82:210-20.

24. rothen HU, Neumann P, Berglund Je, Valtysson J, Mag-
nusson a, Hedenstierna g. Dynamics of re-expansion 
of atelectasis during general anaesthesia. Br J anaesth 
1999;82:551-6.

25. Futier e, constantin JM, Paugam-Burtz c, Pascal J, 
eurin M, Neuschwander a, et al. a trial of intraopera-
tive low-tidal-volume ventilation in abdominal surgery. 
N engl J Med 2013;369:428-37.

26. serpa Neto a, Hemmes sN, Barbas cs, Beiderlinden 
M, Fernandez-Bustamante a, Futier e, et al. incidence 
of mortality and morbidity related to postoperative lung 
injury in patients who have undergone abdominal or tho-
racic surgery: a systematic review and meta-analysis. 
lancet respir Med 2014;2:1007-15.

27. art investigators. rationale, study design, and analysis 
plan of the alveolar recruitment for arDs trial (art): 
study protocol for a randomized controlled trial. trials 
2012;13:153.

28. tusman g, Bohm sH. Prevention and reversal of lung 
collapse during the intra-operative period. Best Pract res 
clin anaesthesiol 2010;24:183-97.

29. Pelosi P, goldner M, McKibben a, adams a, eccher g, 
caironi P, et al. recruitment and derecruitment during 

Authors’ contributions.—Davide D’antini and Michela rauseo contributed equally to this study. Davide D’antini, Michela rauseo, 
and Gilda Cinnella were responsible for conception and design, analyzing and interpretation, manuscript writing and final approval 
of the manuscript. lucia Mirabella, salvatore grasso, and Michele Dambrosio were responsible for conception and design, data 
interpretation, and final approval of the manuscript. Antonella Cotoia performed data analysis and interpretation. Luigi Camporota, 
savino spadaro, alberto Fersini, and alberto sciusco were responsible for manuscript writing and revision, and data analysis. rocco 
Petta and Rosaria Menga performed data acquisition and manuscript revision. All authors read and approved the final manuscript.
Conflicts of interest.—The authors certify that there is no conflict of interest with any financial organization regarding the material 
discussed in the manuscript.
Article first published online: July 5, 2017. - Manuscript accepted: June 24, 2017. - Manuscript revised: June 8, 2017. - Manuscript 
received: March 6, 2017.

                  COPYRIGHT
© 

2018 EDIZIONI MINERVA MEDICA 
T

hi
s 

do
cu

m
en

t 
is

 p
ro

te
ct

ed
 b

y 
in

te
rn

at
io

na
l c

op
yr

ig
ht

 la
w

s.
N

o 
ad

di
tio

na
l r

ep
ro

du
ct

io
n 

is
 a

ut
ho

riz
ed

.I
t 

is
 p

er
m

itt
ed

 fo
r 

pe
rs

on
al

 u
se

 t
o 

do
w

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t 
on

ly
 o

ne
 c

op
y 

of
 t

hi
s 

A
rt

ic
le

.I
t 

is
 n

ot
 p

er
m

itt
ed

 t
o 

m
ak

e 
ad

di
tio

na
l c

op
ie

s
(e

ith
er

 s
po

ra
di

ca
lly

 o
r 

sy
st

em
at

ic
al

ly
, 

ei
th

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

A
rt

ic
le

 fo
r 

an
y 

pu
rp

os
e.

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tr
on

ic
 c

op
y 

of
 t

he
 a

rt
ic

le
 t

hr
ou

gh
 o

nl
in

e 
in

te
rn

et
 a

nd
/o

r 
in

tr
an

et
 f

ile
 s

ha
rin

g 
sy

st
em

s,
 e

le
ct

ro
ni

c 
m

ai
lin

g 
or

 a
ny

 o
th

er
m

ea
ns

 w
hi

ch
 m

ay
 a

llo
w

 a
cc

es
s 

to
 t

he
 A

rt
ic

le
.T

he
 u

se
 o

f 
al

l o
r 

an
y 

pa
rt

 o
f 

th
e 

A
rt

ic
le

 fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

.T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 f

ro
m

 t
he

 A
rt

ic
le

 is
 n

ot
 p

er
m

itt
ed

.T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

no
t 

pe
rm

itt
ed

.I
t 

is
 n

ot
 p

er
m

itt
ed

 t
o 

re
m

ov
e,

 c
ov

er
, 

ov
er

la
y,

 o
bs

cu
re

, 
bl

oc
k,

 o
r 

ch
an

ge
 a

ny
 c

op
yr

ig
ht

 n
ot

ic
es

 o
r 

te
rm

s 
of

 u
se

 w
hi

ch
 t

he
 P

ub
lis

he
r 

m
ay

 p
os

t 
on

 t
he

 A
rt

ic
le

.I
t 

is
 n

ot
 p

er
m

itt
ed

 t
o 

fr
am

e 
or

 u
se

 f
ra

m
in

g 
te

ch
ni

qu
es

 t
o 

en
cl

os
e 

an
y 

tr
ad

em
ar

k,
 lo

go
,

or
 o

th
er

 p
ro

pr
ie

ta
ry

 in
fo

rm
at

io
n 

of
 t

he
 P

ub
lis

he
r.


