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INTRODUCTION

Traditionally the practice for intra-oper-
ative management of ventilation during 
thoracic surgery has been the use of tidal 
volumes in the range of 8-12 ml/kg (LTV).

These volumes were thought to minimize 
atelectasis during one-lung ventilation 
(OLV) and maximize oxygenation and ven-
tilation (1). Recently, much research was 
performed in multiple study populations, 
including patients being ventilated for rela-
tively short periods of time in the operat-
ing room (OR), suggesting that these larger 
tidal volumes have deleterious effects on 
patients that include intra-operative pul-
monary hyperinflation and increased in-
flammatory markers (2, 3) This exposure to 
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ABSTRACT

Introduction: In multiple study populations large tidal volumes (8 - 12 ml/kg) have deleterious effects on lung 
function in multiple study populations. The accepted approach to hypoxemia during one-lung ventilation is the 
application of continuous positive airway pressure to the non-ventilated lung first, followed by application of posi-
tive end-expiratory pressure to the ventilated lung. To our knowledge the effectiveness of positive end-expiratory 
pressure or continuous positive airway pressure on maintaining PaO2 with one-lung ventilation was not studied 
with smaller tidal volume (6ml/kg) ventilation. Our objective was to compare continuous positive airway pres-
sure of 5 cm H2O or positive end-expiratory pressure of 5 cm H2O during small tidal volume one-lung ventilation. 
Methods: Thirty patients undergoing elective, open thoracotomy with one-lung ventilation were randomized 
to continuous positive airway pressure or positive end-expiratory pressure and then crossed over to the other 
modality.
Results: There was a statistically significant higher PaO2 (141+81.6 vs 112+48.7, p = 0.047) with continu-
ous positive airway pressure than positive end-expiratory pressure while on one-lung ventilation. Two patients 
desaturated requiring 100% O2 with both positive end-expiratory pressure and continuous positive airway 
pressure. On two occasions the surgeon requested the continuous positive airway pressure be discontinued due 
to lung inflation.
Conclusion: The use of continuous positive airway pressure of 5 cm H2O to the non-ventilated lung while us-
ing small tidal volumes for one-lung ventilation improved PaO2 when compared with positive end-expiratory 
pressure of 5 cm H2O to the ventilated lung.
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volutrauma might lead to serious complica-
tions such as pulmonary edema and acute 
lung injury (ALI) (4, 5). Thoracic surgery 
patients having underlying lung disease 
and being exposed to to lung resection and 
prolonged duration of OLV are at high risk 
of developing postoperative ALI. As such, 
there has been an increasing recommenda-
tion to apply small or ‘protective’ tidal vol-
ume ventilation to this surgical population 
(6, 7). 
One of the concerns with all thoracic proce-
dures employing OLV is intra-operative hy-
poxia due to the large shunt that develops 
when only one lung is being ventilated.
The accepted approach to hypoxemia dur-
ing OLV is first the application of continu-
ous positive airway pressure (CPAP) to the 
non-ventilated lung followed, if necessary, 
by the application of positive end-expirato-
ry pressure (PEEP) to the ventilated lung 
(1). 
The research upon which this recommenda-
tion is based however, has been performed 
in patients who have been ventilated with 
larger tidal volumes (8-12). Since it is both 
easier to apply PEEP to the operative lung 
than CPAP to the non-operative lung and 
causes less interference with surgical expo-
sure, it is often employed first (1, 10).
Application of PEEP for the treatment of 
hypoxia in the setting of smaller tidal vol-
umes in two-lung ventilation is now con-
sidered the standard of care (13), but it has 
still to our knowledge not been compared 
with CPAP in OLV with small tidal volume 
ventilation.
As lung protective ventilation strategies 
become more uniformly employed in the 
OR for thoracic surgery, we felt it was im-
portant to re-examine the role of CPAP and 
PEEP to improve arterial oxygenation dur-
ing OLV. Our primary objective was there-
fore to determine whether CPAP or PEEP 
provide better oxygenation during small 
tidal volume (STV) one-lung ventilation 

compared to OLV.Secondarily we wished to 
determine the incidence of hypoxia (oxy-
gen saturation <90%) on OLV, and the 
need for rescue maneuvers such as two-
lung ventilation (TLV) and clamping of the 
operative pulmonary artery. 

Methods

Following IRB approval and written in-
formed consent patients scheduled for open 
thoracotomy and lung resection (wedge re-
section, lobectomy, or pneumonectomy) re-
quiring double-lumen endobronchial tube 
(DLT) placement and one-lung ventilation 
were enrolled. Patients were excluded for 
the presence of severe cardiac, renal or he-
patic disease. 
Demographic data including age, gender, 
height, weight, ASA status, calculated ideal 
body weight [men: 50+ 0.91(cm Ht-152.4) 
and women: 45.5 + 0.91(cm Ht-152.4)] 
(14), FEV1, DLCO, FEV 25-75%, and 
FEV1/FVC ratio, indication for surgery, 
procedure performed, DLT size, and pres-
ence of co-morbid diseases were recorded. 
General anesthesia was induced at the dis-
cretion of the attending anesthesiologist. 
A DLT of appropriate size was placed and 
the position verified in both the supine and 
lateral decubitus position with fiberoptic 
bronchoscopy. Positive pressure ventila-
tion was commenced using a Datex/Ohm-
eda S/5 anesthesia delivery unit (ADU) 
(Datex-Ohmeda, Bromma, Sweden), using 
tidal volumes of 6 ml/kg based on the ideal 
body weight and volume-controlled venti-
lation. The respiratory rate was titrated to 
produce a normal arterial partial pressure 
of carbon dioxide (PaCO2). Maintenance of 
anesthesia consisted of one minimum al-
veolar concentration (MAC) volatile anes-
thetic (or less) in air/O2 (FiO2 = 0.6 – 0.7), 
+/- opioids and muscle relaxants to ensure 
normal hemodynamic parameters. Patients 
were randomized (by computer generated 
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random number and sealed envelopes) pre-
operatively into one of two groups (PEEP 
of 5 cm of H2O or CPAP of 5 cm H2O), then 
after twenty minutes in the first interven-
tion were crossed over into the other inter-
vention. Arterial blood gas (ABG) samples 
were taken preoperatively, then after place-
ment in the lateral decubitus position 20 
minutes after induction of anesthesia on 
two lung ventilation (2LV), 20 minutes af-
ter OLV using zero end expiratory pressure 
(ZEEP) and then 20 minutes after the intro-
duction of either PEEP or CPAP and then 
20 minutes after the alternate therapy (see 
Figure 1). Analysis was performed using 
the GEM Premier 3000 (Instrumentation 
Laboratory, Lexington, Massachusetts). 
CPAP was delivered using a disposable 
Broncho-Cath CPAP system (Mallinkrodt 
Medical, Athlone, Ireland). 
Airway pressures were measured using the 
D-lite spirometry system (Datex/Ohmeda) 
in conjunction with the S/5 ADU. The 
presence of intra-operative hypoxia (oxime-

ter SpO2 or ABG SaO2 <90%), its duration 
and timing (in relationship to interven-
tions) and the need for re-expansion and 
ventilation of the operative lung, as well as 
the need to increase FiO2 >0.7 were also 
recorded. 
Sample size calculations were performed 
on the basis of the outcome and data in Co-
hen et al. (11), which showed a treatment 
effect of PEEP during OLV and ZEEP dur-
ing OLV (control measurement) of approxi-
mately 25 mmHg (105 mmHg vs. 80 mmHg 
respectively) and a standard deviation (SD) 
to 40 mmHg. Using alpha of 0.05, and beta 
of 0.80 it was determined that 24 patients 
were needed.
This was increased to 30 to allow for the 
potential for patients to drop out prior to 
completion. Statistical analysis consisted 
of paired t-tests, and repeated measures 
ANOVA for parametric data as well as chi-
squared analysis for non-parametric data. 
A p value less than 0.05 was considered 
statistically significant. 

Two-lung 
ventilation 
with TV 6 ml/kg, 
ZEEP (zero end-
expiratory 
pressure)

RR titrated 
to a normal 
PaCO2 FiO2 80%

One-lung 
ventilation 
with TV 
6 ml/kg 
and ZEEP

Addition 
of PEEP 5
cmH20 
to dependant 
lung

Addition 
of PEEP 5
cmH20 
to ventilated 
lung End 

of study

Addition 
of CPAP 5
cmH20 
to dependant 
lung

Addition 
of CPAP 5
cmH20 
to ventilated 
lung

(20 min) (20 min) (20 min) (20 min)

A
B
G

A
B
G

A
B
G
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Figure 1 - Study flow diagram.  ZEEP – zero end-expiratory pressure, RR – respiratory rate, TV – tidal 
volume, PaCO2 – arterial partial pressure of carbon dioxide, ABG – arterial blood gases, CPAP - con-
tinuous positive airway pressure, PEEP - positive end-expiratory pressure.
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Results

As illustrated in Figure 2, 35 patients gave 
consent, one patient withdrew consent, 
two had their procedure cancelled and two 
had their procedure rescheduled. There 
were no differences in demographic and 
prerandomization ventilatory data between 
the PEEP first and the CPAP first groups 
(Table 1 and 2). Table 3 shows a statistical-
ly significantly higher PaO2, bigger change 
from OLV with ZEEP and smaller A-a gra-
dient with 5 cm H2O CPAP in the non-ven-
tilated lung than with 5 cm H2O PEEP in 
the ventilated lung while on OLV. Two pa-
tients in each group had episodes of oxygen 
desaturation requiring 100% O2. On two 
occasions the surgeon requested the CPAP 
be discontinued due to lung inflation and 
difficulty with the surgical exposure. One 
patient had CPAP first and the other PEEP. 
All other data from these two patients were 
analyzed other than that during the CPAP 
phase.

35 patients recruited

30 pts studied

16 pts PEEP 1st 14 pts CPAP 1 st

2 procedures rescheduled
2 cancelled
1 pt withdrew consent

1 pt surgeon requested 
CPAP be discontinued; 
PEEP data still used

1 pt surgeon requested 
CPAP be discontinued; 
PEEP data still used

Figure 2 - Patient recruitment and allocation. 
pt - patient - CPAP - continuous positive airway 
pressure, PEEP - positive end-expiratory pressure.

Table 1 - Preoperative data in continuous positive air-
way pressure (CPAP) and positive end-expiratory pres-
sure (PEEP) groups. Values are expressed and mean 
(standard deviation). BMI – body mass index, BW 
– body weight, pk-yr – pack years, Hgb – hemoglobin, 
FEV1/FVC – forced expiratory volume in 1 second/for-
ced vital capacity, preop – preoperative, mmHg – milli-
meters of mercury.

CPAP 1st PEEP 1st

Age (yr) 63 (7.6) 67 (13.7)

height (cm) 168 (10.4) 167 (10.3)

BMI (kg/m2) 27.7 (5.5) 25.8 (5.32)

ideal BW (kg) 61 (11.1) 62 (11.7)

smoking
(pk-yr) 27 (22.9) 34 (20.0)

Hgb (g/L) 132 (15) 134(18)

Operative 
lung (R:L) 12:4 7:7

FEV1/FVC 0.7 (0.10) 0.7 (0.10)

preop PaO2 
(mmHg) 70 (8.8) 76 (12.1)

preop PaCO2 
(mmHg) 39 (3.5) 40 (2.1)

Table 2 - Ventilatory data in continuous positive ai-
rway pressure (CPAP) and positive end-expiratory 
pressure (PEEP) groups. Values are expressed as mean 
(standard deviation). PA/W – airway pressure, cm 
H2O – centimeters of water, FiO2 – inspired concentra-
tion of oxygen, #/min – number/minute.

CPAP PEEP

PaCO2 (mmHg) 46 (6.1) 43 (9.1)

PA/W peak (cm H2O) 26 (5.8) 26 (5.9)

P A/W plateau (cm H2O) 19 (4.7) 20 (4.2)

FiO2 0.7 (0.08) 0.7 (0.08)

Respiratory Rate (#/min) 13.8 (2.3) 13.0 (2.5)

Discussion

We found that the use of 5 cm H2O CPAP on 
the non-ventilated lung while using small 
tidal volumes for one lung ventilation pro-
duced a larger PaO2 and a smaller A-a gradi-
ent than the use of 5 cm H2O PEEP on the 
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ventilated lung during OLV. Our findings 
are both similar in effect and magnitude as 
those seen with previous studies using larg-
er tidal volumes (8, 11). We did not find any 
significant differences in peripheral SpO2 
or the incidence of oxygen desaturations re-
quiring treatment. Our finding is somewhat 
disappointing as the use of PEEP leads to 
significant improvement in patient’s oxy-
genation with STV in patients undergoing 
general anesthesia with 2LV (13), in those 
undergoing OLV who have developed sig-
nificant hypoxia (10), and those with acute 
respiratory distress syndrome (14). This 
was our preferred outcome as it is much 
easier to apply PEEP to the ventilated lung 
than CPAP to the non-ventilated lung dur-
ing OLV and it causes less interference with 
surgical exposure (1, 11).
Other than the use of STV our study dif-
fered from the original comparisons of 
CPAP and PEEP for OLV in that we chose 
a value of 5 cm H2O as opposed to the value 
of 10 used by Capan et al. (8) and Cohen et 
al. (11). We wished to avoid the use of 10 
cm of H2O as it can cause significant disten-
tion of the operative lung and inhibit sur-
gery and was based on the knowledge that 

Table 3 - Oxygenation comparison between continuous 
positive airway pressure (CPAP) and positive end-ex-
piratory pressure (PEEP) groups. Values are expressed 
as means (SD). OLV – one lung ventilation, A-a gra-
dient – alveolar to arterial gradient, SaO2 – ABG arte-
rial oxygen saturation.

CPAP PEEP P value

PaO2

141 
(81.6)

112 
(48.7) 0.049

Change in PaO2 
from OLV

29.6 
(83.0)

- 3.8 
(51.4) 0.047

PO2 A-a gra-
dient

298 
(106)

335 
(83) 0.032

ABG SaO2

96.8
(3.6)

96.3 
3.6) 0.3

Oximeter SpO2

96.4 
(3.2)

96.2 
(3.3) 0.6

smaller amounts of CPAP of 2 and 5 cm of 
H2O are still effective (9). We also chose an 
inspired oxygen concentration of 0.6-0.7 
which was somewhat between the 1.0 used 
by Capan et al. (8) and Hogue (9), and 0.5 
used by Cohen et al (10,11). This decision 
was based on the desire to provide some 
nitrogen to the ventilated lung and there-
by minimize atelectasis while at the same 
time maximize the inspired concentration 
of oxygen.
Though the design of our study was not 
double-blinded, the laboratory person-
nel analyzing the PaO2 values (our pri-
mary outcome) and the statistician had no 
knowledge of the treatment arm sequence. 
This similar methodology was used in the 
earlier studies using LTV (8-12). The cross-
over design of our study also ensured that 
the patients served as their own control to 
account for differences within the popula-
tion. Interestingly, this methodology was 
not used by Capan et al (8) or Cohen et al 
(11) though Hogue (9) and Slinger et al (12) 
did use this technique. 
Another limitation of our study was the 
fact that we did not apply a lung recruit-
ment manoeuvre (RM) prior to the initia-
tion of PEEP to the ventilated lung. This 
is known to improve oxygenation with or 
without the use of PEEP in patients under-
going thoracic surgery with OLV (15-18). 
Though similar in their goals these RMs 
were all applied differently and some re-
quire several manoeuvres or calculations 
(15-18). Also, studies advocating STV with 
PEEP for OLV did not utilize a recruitment 
manoeuvre upon its initiation (1, 3-7). 
Lastly, a recent survey showed that more 
sophisticated ventilatory management in-
cluding RMs are rarely used intraoperative-
ly by anaesthesiologists (13) making our 
study more applicable to the general anes-
thesiologist. We therefore chose to utilize 
the same methodology as Capan et al (8) 
and Cohen et al. (10, 11) had utilized with 
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their LTV OLV studies which did not in-
volve the application of a lung recruitment 
manoeuvre. We also did not measure the 
actual end expiratory pressure that existed 
which may have been different than that 
supplied due to the occurrence of autopeep. 
Finally, we did not control the anesthetic 
provided to our patients. We did however 
limit the amount of volatile agent to less 
than one MAC to minimize the effects that 
these agents might have on hypoxic pulmo-
nary vasoconstriction.
In conclusion, our study showed that the 
use of 5 cm H2O CPAP to the non-ventilat-
ed lung improved oxygenation more than 
5 cm H2O PEEP to the ventilated lung in 
patients undergoing OLV with STV but had 
no effect on peripheral oxygen saturation 
or the incidence of oxygen desaturation.
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