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Individualizing 
Intraoperative  
Ventilation: Comment

To the Editor:

We read with great interest the article by Pereira et 
al.1 in a recent issue of Anesthesiology. The authors 

explore electrical impedance tomography–based determi-
nation of an individualized positive end-expiratory pressure 
level to simultaneously limit both atelectasis and overdis-
tension in mechanically ventilated patients during general 
anesthesia. While atelectasis is a well-recognized conse-
quence of mechanical ventilation during general anesthe-
sia, some authors previously considered overdistension as a 
non–clinically significant problem in the operating room.2 
We congratulate the authors for presenting data that chal-
lenge this assumption.

However, we feel that the authors omitted proper dis-
cussion of the discrepancy between their study and two 
other recent studies that failed to show a difference in 
postoperative atelectasis when assessed shortly after extuba-
tion.3,4 While Pereira et al. are to be commended for using 
computed tomography, the reference imaging technique, to 

assess the amount of atelectasis postextubation, we wonder 
why the authors have chosen a −200 to +100 Hounsfield 
units interval to define nonaerated lung. In the reference 
quoted to explain their methodology,5 atelectasis was defined 
as −100 to +100 Hounsfield units, as in numerous other 
publications.6–8 To rule out the possibility of a classification 
bias, the authors should have analyzed their results using the 
generally accepted reference values for both poorly aerated 
(−500 to −100 Hounsfield units) and nonaerated (–100 to 
+100 Hounsfield units) lung. Moreover, they should have 
reported the degree of atelectasis in square centimeters, as 
used in their sample size calculation, to eliminate the pre-
sumption of a reporting bias. We write to request that the 
authors report results both in square centimeters, as well as 
according to the generally accepted Hounsfield units refer-
ence values to address these potential biases.

Finally, provided the aforementioned concerns are 
properly addressed, Pereira et al.’s work is a crucial piece 
of information, as the primary mechanism by which lung 
protective ventilation is thought to decrease postoperative 
pulmonary complication is through the successful decrease 
in postoperative atelectasis.9 The authors weaned their 
patients using the pressure-support mode maintaining the 
same intraoperative positive end-expiratory pressure level 
contrary to the other studies. Interestingly, weaning using 
assisted ventilatory modes is seldomly performed in the 
operating room while it is a commonly performed proce-
dure in the intensive care unit. This cointervention might 
explain this trial’s observed difference in postoperative atel-
ectasis. We would also welcome comments from the authors 
about their choice of weaning method.

Competing Interests

The authors declare no competing interests.

Martin Girard, M.D., François Martin Carrier, M.D., M.Sc., 
Montreal University Hospital Center, Quebec, Canada  

(M.G.). martin.girard@umontreal.ca

DOI: 10.1097/ALN.0000000000002834

References

	 1.	 Pereira SM, Tucci MR, Morais CCA, Simões CM, 
Tonelotto BFF, Pompeo MS, Kay FU, Pelosi P, Vieira 
JE, Amato MBP: Individual positive end-expiratory 
pressure settings optimize intraoperative mechani-
cal ventilation and reduce postoperative atelectasis. 
Anesthesiology 2018; 129:1070–81

	 2.	 Hedenstierna G, Edmark L: Protective ventilation 
during anesthesia: Is it meaningful? Anesthesiology 
2016; 125:1079–82

	 3.	 Nestler C, Simon P, Petroff D, Hammermüller S, 
Kamrath D, Wolf S, Dietrich A, Camilo LM, Beda A, 

Copyright © 2019, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.<zdoi;DOI: 10.1097/ALN.0000000000002833>

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/131/2/447/376361/20190800_0-00046.pdf by guest on 10 April 2024

mailto:lis.evered@svha.org.au
mailto:martin.girard@umontreal.ca


Correspondence

448	 August 2019	 ANESTHESIOLOGY, V 131   •   NO 2

Carvalho AR, Giannella-Neto A, Reske AW, Wrigge 
H: Individualized positive end-expiratory pressure in 
obese patients during general anaesthesia: A random-
ized controlled clinical trial using electrical impedance 
tomography. Br J Anaesth 2017; 119:1194–205

	 4.	 Kostic P, LoMauro A, Larsson A, Hedenstierna G, 
Frykholm P, Aliverti A: Specific anesthesia-induced 
lung volume changes from induction to emergence: A 
pilot study. Acta Anaesthesiol Scand 2018; 62:282–92

	 5.	 Reske AW, Reske AP, Gast HA, Seiwerts M, Beda A, 
Gottschaldt U, Josten C, Schreiter D, Heller N, Wrigge 
H, Amato MB: Extrapolation from ten sections can 
make CT-based quantification of lung aeration more 
practicable. Intensive Care Med 2010; 36:1836–44

	 6.	 Gattinoni L, Pesenti A, Bombino M, Baglioni S, 
Rivolta M, Rossi F, Rossi G, Fumagalli R, Marcolin R, 
Mascheroni D: Relationships between lung computed 
tomographic density, gas exchange, and PEEP in acute 
respiratory failure. Anesthesiology 1988; 69:824–32

	 7.	 Reber A, Engberg G, Sporre B, Kviele L, Rothen HU, 
Wegenius G, Nylund U, Hedenstierna G: Volumetric 
analysis of aeration in the lungs during general anaes-
thesia. Br J Anaesth 1996; 76:760–6

	 8.	 Puybasset L, Cluzel P, Gusman P, Grenier P, Preteux F, 
Rouby JJ: Regional distribution of gas and tissue in 
acute respiratory distress syndrome. I. Consequences 
for lung morphology. CT Scan ARDS Study Group. 
Intensive Care Med 2000; 26:857–69

	 9.	 Tusman G, Böhm SH, Warner DO, Sprung J: Atelectasis 
and perioperative pulmonary complications in high-
risk patients. Curr Opin Anaesthesiol 2012; 25:1–10

(Accepted for publication May 9, 2019.)

Individualizing 
Intraoperative  
Ventilation: Reply

In Reply:

We thank Drs. Girard and Carrier for their comments 
on our study published in Anesthesiology.1 We agree 

that overdistension has been overlooked in the operating 
room. Occurring predominantly in conditions of high pos-
itive end-expiratory pressure (PEEP), overdistension is one 
mechanism through which patients may require higher driv-
ing pressures for a given tidal volume. Conversely, PEEP that 

is too low can also lead to higher driving pressures, especially 
in patients at increased risk of lung collapse (e.g., obese patients 
and those being submitted to laparoscopy surgery). Therefore, 
targeting PEEP levels that aim to minimize both collapse and 
overdistention seems reasonable and may benefit patients.

Concerning the analysis of postoperative atelectasis, our 
sample size calculation was based on a study in which high 
PEEP caused a 40% reduction in the area of atelectasis (−100 
to +100 Hounsfield units) in a single 5-mm computed tomog-
raphy slice of the lung.2 In our study, we obtained whole lung 
computed tomography after extubation in 40 patients. The 
volumetric computed tomography allowed us to compute 
mass and volume of atelectasis in the whole lung,3 as opposed 
to just the area in a single slice. We chose the range between 
−200 to +100 Hounsfield units a priori because it has better 
correlation with shunt fraction4 than the classic window of 
−100 to +100 Hounsfield units. A sensitivity analysis using 
this classic window showed similar results of lower lung col-
lapse in the titrated PEEP group (table 1).

Finally, we agree with Girard and Carrier that weaning 
patients in the operating room on pressure support ven-
tilation with low fraction of inspired oxygen (Fio

2
) and 

high PEEP is not usual care. In our institution, anesthesi-
ologists usually wean patients on spontaneous breathing, 
without PEEP and on high Fio

2
. In our study, however, 

we standardized practice to keep the same intraoperative 
PEEP and Fio

2
with the intention to mitigate atelectasis 

formation during the weaning period. This choice might 
have helped preserve the increased recruitment obtained 
during the intraoperative period in the titrated PEEP arm. 
Indeed, Kostic et al.,5 who used continuous positive air-
way pressure and low Fio

2
 during weaning, also found a 

lasting benefit—after extubation—of lung recruitment 
and higher PEEP expressed as higher expiratory lung vol-
ume. We are unsure whether the negative results of pre-
vious studies6,7 could be explained by the weaning phase 
because the weaning method is not described in detail in 
these articles. Further studies are warranted to assess the 
role of the weaning method on postoperative atelectasis.
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