
Copyright © 2016, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2016; 125:1246-55 1254 Correspondence

Correspondence

Anesthesiology 2016; 125:1251-6 1254 Correspondence

 2. Collins SR, Blank RS, Deatherage LS, Dull RO: The endothe-
lial glycocalyx: Emerging concepts in pulmonary edema and 
acute lung injury. Anesth Analg 2013; 117:664–74

 3. Lohser J, Slinger P: Lung injury after one-lung ventilation: 
A review of the pathophysiologic mechanisms affecting 
the ventilated and the collapsed lung. Anesth Analg 2015; 
121:302–18

 4. Alphonsusi CS, Rodsetha RN: The endothelial glycocalyx: A 
review of the vascular barrier. Anaesthesia 2014; 69:777–84

 5. Broccard AF, Hotchkiss JR, Kuwayama N, Olson DA, Jamal 
S, Wangensteen DO, Marini JJ: Consequences of vascular 
flow on lung injury induced by mechanical ventilation. Am J 
Respir Crit Care Med 1998; 157(6 Pt 1):1935–42

 6. Briot R, Bayat S, Anglade D, Martiel JL, Grimbert F: Increased 
cardiac index due to terbutaline treatment aggravates cap-
illary-alveolar macromolecular leakage in oleic acid lung 
injury in dogs. Crit Care 2009; 13:R166

 7. Broccard AF, Vannay C, Feihl F, Schaller MD: Impact of low 
pulmonary vascular pressure on ventilator-induced lung 
injury. Crit Care Med 2002; 30:2183–90

 8. Hotchkiss JR Jr, Blanch L, Murias G, Adams AB, Olson DA, 
Wangensteen OD, Leo PH, Marini JJ: Effects of decreased 
respiratory frequency on ventilator-induced lung injury. Am 
J Respir Crit Care Med 2000; 161(2 Pt 1):463–8

 9. Hotchkiss JR Jr, Blanch L, Naveira A, Adams AB, Carter C, 
Olson DA, Leo PH, Marini JJ: Relative roles of vascular and 
airspace pressures in ventilator-induced lung injury. Crit Care 
Med 2001; 29:1593–8

(Accepted for publication August 18, 2016.)

Gunasundari

ALNALNAnesthesiology0003-3022lippincott 

WilliAms & WilkinshAgerstoWn, mD

10.1097/ALN.0000000000001349

ALN-D-16-00684

CORRESPONDENCE

xxx

xxxxxxxxx

125

6

1255
6

18August2016

Selecting the Level of Positive  
End-expiratory Pressure for One-lung 
Ventilation: “By Formula” or “By Feel”?

To the Editor:
Blank et al.1 confirm that one-lung ventilation (OLV) is not 
without risk, but I have grave doubts about whether it is rea-
sonable to conclude that “advances in our understanding of 
protective ventilation during OLV are likely to derive from 
well-designed randomized trials controlling for variables of 
inherent pathophysiologic significance.” The latter proviso, 
“controlling for variables of inherent pathophysiologic sig-
nificance,” identifies the difficulties presented by the wide 
variety of respiratory pathophysiology seen in thoracic surgi-
cal patients, as has recently been pointed out in relation to 
another, unrelated issue of OLV.2

Perhaps the quest for optimal protective ventilation 
should be directed more toward basic physiologic issues 
such as those identifiable in the now largely disregarded 
“art” of OLV. This particular “art” relied on three key 
aspects of two-handed manual ventilation with the adjust-
able “pressure relief valve” carefully adjusted to ensure 
that ventilation does not result in the standard adult 2-l 

reservoir bag progressively emptying or overfilling. First, 
judiciously applied manual ventilation enables the lung to 
be ventilated at the perceived optimal respiratory system 
dynamic compliance, as assessed by the ease with which gas 
is squeezed into it. (Incidentally, in the era before fiberop-
tic bronchoscopy was in clinical use for OLV, the clinical 
assessment of compliance [of both the ventilated lung and 
the “operated” lung] was invaluable for the optimal place-
ment of a double-lumen tube.)

Second, the rate at which gas vents from the lung can also be 
readily assessed “by feel.” (A delay in venting [from either the 
ventilated or the “operated” lung] could be caused by patho-
physiology as varied as chronic airway obstruction or emphy-
sema, by bronchospasm or secretions, or by a bronchial cuff 
partially obstructing gas flow.) This assessment of the “expira-
tory gas flow rate” can be facilitated by temporarily reducing 
the “fresh gas flow” into the ventilating “system/circuit” to say 
0.5 to 1.0 l/min, whereupon the gas returning to the reservoir 
bag during the expiratory phase of manual ventilation is com-
ing predominantly from the lung. Where the “expiratory gas 
flow rate” as assessed is low, a lesser level or no positive end-
expiratory pressure (PEEP) is likely to be indicated.

Third, the “inspiratory gas flow rate” can also be usefully 
assessed. To me, manual ventilation during OLV has always 
felt intuitively most satisfying (easiest) when generated with 
a “square wave” airway pressure; and because a monitored 
“square wave” airway pressure can be generated instanta-
neously by conscientious two-handed manual ventilation, the 
rate at which gas empties from the reservoir bag enables the 
specific assessment of the well-accepted “physiologic” decel-
erating pattern of inspiratory gas flow. Furthermore, when 
manually ventilating (with an instantaneously applied “square 
wave” airway pressure) at a relevant predetermined respiratory 
rate and a suitably low tidal volume for a given patient (and 
with the monitored tidal volume maintained at a constant 
level), I believe that it is possible to identify a level of applied 
(extrinsic) PEEP at which the delivery of the “decelerating gas 
flow” into the ventilated lung is easiest. (Such a level of PEEP 
will be expected in those patients with an initial “flat” com-
ponent of the static compliance plot.) But does this perceived 
ease of delivering gas from a 2-l reservoir bag (at a decelerating 
pattern of flow) correlate with a high initial (peak) inspiratory 
gas flow rate? Would it not, therefore, be both interesting and 
potentially clinically relevant to undertake a study plotting the 
level of applied PEEP against the initial (peak) inspiratory gas 
flow rate (as accurately recorded at the airway) in patients with 
differing respiratory pathophysiologies?

Many years of varied thoracic surgical experience has led 
me to believe that the greater the respiratory pathophysiol-
ogy, the more important is carefully monitored, conscien-
tiously performed manual ventilation in determining the 
initial settings for the mechanical ventilator, as described in 
just one interesting case report.3

To me, it seems most unlikely, considering the wide vari-
ety of respiratory pathophysiology seen in thoracic surgical 

This letter was sent to the author of the original article refer-
enced above, who declined to respond.—Evan D. Kharasch, M.D., 
Ph.D., Editor-in-Chief.
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patients, that “standardized guidelines”1 for mechanical ven-
tilation (OLV “by formula”) will emerge from large clinical 
studies on patients not serving as their own controls. On 
the other hand, several of the physiologic issues inherent in 
intuitive two-handed manual ventilation (OLV “by feel”) 
may well be worthwhile studying in depth.
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