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Introduction 

Application of continuous positive airway pressure 
(CPAP) with an inspired oxygen concentration (FI02) 
of 1.0 to the nondependent lung has been reported 
to be an effective method of improving Pa02 during 
one-lung ventilation for elective thoracic surgery 
[1-5]. When nitrous oxide (N20)/oxygen/volatile 
anesthetics technique is employed during one-lung ven- 
tilation, the N20 decreases the inspired oxygen concen- 
tration and increases the chance of hypoxemia. 
However, the use of N20 allows maintenance of anes- 
thesia with low concentrations of potent inhalational 
agents. 

We have constructed a CPAP unit from equipment 
readily available in our department. The purpose of this 
study was to determine whether the CPAP oxygenation, 
using this unit, can prevent hypoxemia during one-lung 
ventilation with N20 and isoflurane anesthesia (FI02 of 
0.5). 

Patients and methods 

This study was approved by the Hospital Clinical Trial 
Committee, and informed consent was obtained from 
patients preoperatively. Twenty patients, 33-73 years of 
age (56.5 -+ 11.5), were studied who were having elec- 
tive thoracotomies (right: 8; left: 12) involving lung can- 
cer in 14 patients, esophageal cancer in 3, giant bullae in 
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2, and mediastinal tumor in 1. Arterial blood gas values, 
forced expiratory volume in the first second (FEVI0), 
and vital capacity (VC) were measured on all patients 
the day before surgery. Preoperative medication con- 
sisted of atropine sulfate 0.5 mg and pentazocine 30 mg, 
given intramuscularly i h prior to induction of anesthe- 
sia. Following insertion of intravenous and intra-arterial 
cannulae, anesthesia was induced with intravenous 
thiopental (4 mg.kg -~) followed by vecuronium 
(0.15mg.kg 1). The trachea was intubated with a 
double-lumen endotracheal tube (Bronch-Cath, size 
#37 to 39 Fr, Mallinckrodt, St. Louis, MO, USA). The 
position of the endotracheal tube was checked by aus- 
cultation and verified by fiberoptic bronchoscopy in the 
supine and lateral decubitus positions. Anesthesia was 
maintained with 50% N20, 0.5%-2% isoflurane in oxy- 
gen, and intermittent injection of vecuronium. The 
patient's lungs were ventilated with a volume ventilator 
(Exell 110 Ohmeda, Madison, WI, USA), using a tidal 
volume of 10-15 ml-kg -1 for two-lung ventilation. The 
respiratory rate was adjusted to maintain a Paco2 at 36 
_+ 3 mmHg [1]. 

The preoperative arterial blood gas sample was ob- 
tained with the patient in the lateral decubitus position 
during two-lung ventilation 20min after induction of 
anesthesia. After the chest was opened, one-lung venti- 
lation was commenced and CPAP was applied to the 
nondependent lung at the level of 2.5-10 cmH20 with 
pure oxygen via a CPAP system (Fig. 1). The dependent 
lung was ventilated at a rate of 15-20 min 1, with a tidal 
volume of 8-10 ml.kg ~ adjusted to maintain Pac% at 36 
_+ 3 mmHg. Arterial blood gases were analyzed every 
10 min after application of CPAP for i h, and at 90 min 
(Radiometer ABL505, Copenhagen, Denmark). Fur- 
ther intraoperative arterial blood gases were drawn 
10 min after re-inflation of the nondependent lung, and 
20 min after resumption of two-lung ventilation. End- 
tidal CO2 (ETc%), end-tidal isoflurane concentration 
(ETmo) and arterial oxygen saturation (Sao2) were 
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The individual changes in intraoperat ive end-tidal 
pa ramete rs  and blood gas values during thoracotomy 
are shown in Table  2. E T I s o  was gradually decreased 
after the initiation of one-lung ventilation, and was sig- 
nificantly decreased after resumption of two-lung venti- 
lation. Other  parameters  showed no statistically 
significant changes during thoracotomy.  

Fig. 1. Circuit for application of continuous positive airway 
pressure (CPAP) to the nondependent lung. The flexible posi- 
tive end-expiratory pressure (PEEP) valve (A) with integral 
pop-off valve was placed on the circuit expiratory limb to 
produce CPAP to the nondependent lung. End-expiratory 
pressure was measured at the airway with an aneroid manom- 
eter (B). The oxygen flow rate and/or pop-off valve (C) is 
adjusted to provide the desired amount of CPAP as measured 
on the manometer. When re-inflation of the nondependent 
lung is necessary, the bag is squeezed and the circuit is closed 
by the stopper (balloon valve) (D) to avoid air leak. The one- 
way valve (E) is closed to produce PEEP without rebreathing 
during deflation of the lung, so that the nondependent lung 
can be ventilated without losing end-expiratory pressure 

recorded continuously throughout  the anesthesia. 
(Capnomac Ultima, Datex,  Helsinki, Finland) 

All data were expressed as means +_ SD. A two-tailed 
t-test was used to compare  the various parameters .  Dif- 
ferences with a statistical probabil i ty of less than 0.05 
were considered to be  significant. 

Results 

Table i indicates that  the pulmonary  function and blood 
gas data before  surgery were within the normal  ranges 
in all patients. One pat ient  who had ischemic changes in 
the E C G  immediate ly  after the induction of anesthesia 
was dropped f rom the study. 

The t ime course of Pao2 during thoracotomy with 
one-lung ventilation is shown in Fig. 2. The mean  values 
of Pao2 generally declined to 100 m m H g  within the 30-  
60rain of one-lung ventilation. Af ter  inflating the 
nondependent  lung, the Pao2 rose to near  the control 
values quickly. No clinical problems were encountered 
with any of the patients. The  lowest values of Pao2 f rom 
each pat ient  during one-lung ventilation was 94.2 _+ 
18.7 mmHg,  ranging f rom 78 to 129 m m H g  during one- 
lung ventilation with CPAP.  

Discussion 

The dependent  lung is usually ventilated mechanically 
with a mixture of 100% oxygen and inhaled anesthetics 
to avoid hypoxemia.  However ,  there are some 
pathophysiologic problems. First, al though a high FIo 2 
in the single-ventilated lung may increase Pa% levels, 
absorpt ion atelectasis and oxygen toxicity are possible 

Table 1. Pulmonary function and blood gas data before 
surgery 

Parameters Mean +_ SD Range 

%VC (%) 99.8 + 7.5 88.6 - 114.0 
FEV1. 0 (%) 82.2 +_ 11.0 75 - 106 
FEV/VC 0.83 + 0.14 0.66- 1.08 
pH 7.43 _ 0.04 7.35- 7.49 
Paco 2 (mmHg) 40.3 • 2.7 36.7 -44.4 
Pao2 (mmHg) 83.3 • 8.1 71.5 - 97.6 
Sao 2 (%) 94.7 -+ 1.8 92 - 97 
BE (retool/l) 1.8 + 2.7 -1.1 - 7.8 

VC, vital capacity; FEV l 0 forced expiratory volume in the first sec- 
ond; FEV, forced expiratory volume; Paco2, partial arterial pressure 
of CO2; Sao 2, arterial oxygen saturation; BE, base excess. 
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Fig. 2. The time course of Pao2 during one-lung ventilation 
with 50% N20-isoflurane anesthesia. LI, inflation of 
nondependent lung; TL, two-lung ventilation. Values are ex- 
pressed as mean • SD. *P < 0.05 vs baseline 
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Table 2. Changes of end-tidal parameters and blood gas values during thoracotomy with one-lung ventilation 
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Control 10 20 30 40 50 60 90 (min) LI TL 

Pac% 38.8 (3.7) 37.3 (10.9) 40.5 (5.3) 38.8 (4.9) 40.2 (4.1) 39.3 (5.2) 40.1 (4.4) 39.1 (3.7) 38.8 (4.3) 39.4 (5.4) 
(mmHg) 
ETco a 34.9 (3.1) 34.9 (3.4) 35.3 (2.8) 34.4 (2.4) 35.4 (2.3) 35.4 (3.1) 34.5 (3.2) 36.2 (5.6) 35.0 (3.1) 36.1 (4.1) 
(mmHg) 
Sao2 (%) 99.4 (0.7) 97.8 (2.1) 97.1 (1.7) 97.2 (1.6) 97.0 (1.3) 96.9 (1.7) 96.6 (2.2) 97.4 (1.9) 98.9 (0.7) 99.1 (0.4) 
Sp% (%) 98.7 (0.9) 97.7 (2.8) 97.1 (2.2) 96.6 (2.7) 97.1 (2.1) 96.3 (2.6) 96.7 (2.8) 96.4 (2.2) 99.1 (1.2) 99.0 (1.2) 
ETIso 1.21 (0.32) 1.21 (0.27) 1.01 (0.21) 0.91 (0.24) 0.89 (0.16) 0.86 (0.10) 0.83 (0.10) 0.79 (0.10)* 0.74 (0.11)* 0.56 (0.11)* 
(%) 
pH 7.40 (0.03) 7.39 (0.04) 7.39 (0.05) 7.39 (0.05) 7.39 (0.04) 7.39 (0.04) 7.39 (0.04) 7.38 (0.05) 7.39 (0.04) 7.39 (0.05) 
BE -0.5 (4.5) -0.9 (2.2) -0.7 (2.2) -1.3 (2.0) -0.9 (1.9) -1.3 (1.9) -0.8 (2.0) -1.7 (2.4) -1.2 (2.3) -1.1 (2.3) 
(mmol/1) 

Mean (+_ SD). 
LI, lung inflation; TL, two-lung ventilation; Paco2, partial arterial pressure of CO2; ETco2, end-tidal CO2; Sao2, arterial oxygen saturation; Spo2, 
peripheral oxygen saturation; ETIso, end-tidal isoflurane concentration; BE, base excess. 
* P < 0.05 v s  control. 

during one-lung ventilation with 100% oxygen [6]. Sec- 
ond, a higher M A C  of inhaled anesthetics may be re- 
quired to maintain hemodynamic stability during 
thoracic surgery. The high concentration of inhalation 
anesthetics required would inhibit hypoxic pulmonary 
vasoconstriction (HPV) in the non-ventilated lung, 
leading to an increase in transpulmonary shunt [7]. 

Nitrous oxide (N20) can be used during one-lung 
anesthesia [8]. The administration of N2O may prevent  
the oxygen toxicity, and will permit the use of lower 
concentration of the potent  inhalational agents, which 
may result in less hemodynamic depression. In this 
study, end-tidal isoflurane concentrations were main- 
tained between 0.79%-1.2% during one-lung ventila- 
tion. In clinical doses near 1MAC,  the inhaled 
anesthetics provide a reasonable degree of cardiovascu- 
lar stability [6]. The use of N 2 0  , however, necessitates a 
significant decrease in  the inspired oxygen concentra- 
tion, and increases the chance of hypoxemia when one- 
lung ventilation is employed [9]. Some investigators 
reported that an FIo 2 of 0.5 causes significant hypoxemia 
during one-lung ventilation [9-11]. In this study, how- 
ever, we found that the application of CPAP to the 
nondependent  lung produced acceptable oxygenation 
in all patients, resulting in a mean Pao 2 between 100.0 _+ 
21.5 and 142.8 + 56.4 mmHg. Unfortunately,  we could 
not complete a control study (measurement of oxygen- 
ation during one-lung ventilation with 50% N 2 0  with- 
out CPAP to the nondependent  lung). The reasons for 
this are as follows: (1) informed consent was obtained 
from only nine patients; (2) these nine patients devel- 
oped severe hypoxemia (Pao 2 less than 70mmHg)  
within the first 30 rain, and FIO 2 had to be Changed from 
0.5 to 1.0. 

To improve oxygenation during one-lung ventilation, 
applying CPAP to the nondependent  lung/or applying 
positive end-expi'ratory pressure (PEEP)  to the venti- 
lated lung has been studied. Capan et al. [1] found a 

CPAP of 10 cmH20 to be optimal for improving oxy- 
genation. Brown et al. [12] ventilated patients with se- 
lective P EEP  to the dependent  lung in the lateral 
position during thoracotomy; this resulted in adequate 
arterial oxygenation with 3 0 % - 5 0 %  inspired oxygen. 
Cohen et al. [13] also repor ted  that CPAP to the 
nondependent  lung had the most beneficial effects on 
oxygenation and hemodynamics during one-lung venti- 
lation. This maneuver  may increase Pao2 by keeping the 
alveoli in the nondependent  lung distended, thus per- 
mitting oxygen uptake, and/or by diverting blood flow 
to the dependent,  ventilated lung. Therefore,  applica- 
tion of CPAP to the nondependent  lung will increase 
arterial oxygenation during one-lung ventilation. 

An undesirable property of general anesthesia is inhi- 
bition of H P V  in the nondependent  lung by anesthetic 
agents such as isoflurane and halothane [7,14,15]. If 
H P V  is greatly inhibited in the nonventilated lung, pul- 
monary  blood flow persists, resulting in a marked in- 
crease of venous admixture. However ,  it has been noted 
that inhalational anesthetics have less of an inhibitory 
effect on H P V  in intact in vivo preparations as com- 
pared to in vitro studies [6]. In addition, approximately 
1 MA C of isoflurane or halothane does not  impair arte- 
rial oxygenation any more than intravenous anesthesia 
[6], suggesting that there is no inhibition of HPV by 
1 MA C of these inhalational anesthetics during one- 
lung ventilation. In this study, using nitrous oxide al- 
lowed isoflurane to be decreased to 1 M A C  or less. 
CPAP with 100% oxygen was applied to the 
nonventilated lung immediately after beginning one- 
lung ventilation. Therefore,  it is believed, from the re- 
sults of our study, that pulmonary capillary blood flow 
around the inflated alveoli with 100% oxygen could still 
take up oxygen, and pulmonary capillaries around the 
collapsed alveoli, which might still exist in spite of the 
application of CPAP, could undergo H P V  to minimize 
venous admixture. 
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I t  has p r ev ious ly  b e e n  shown tha t  a r te r ia l  oxygen-  
a t ion  dur ing  one - lung  ven t i l a t i on  has  a nega t ive  co r re la -  
t ion  with  the  deg ree  of  obs t ruc t ive  lung d isease  [16]. 
T h e  pa t i en t  p o p u l a t i o n  in this  s tudy h a d  no  obs t ruc t ive  
lung d isease  (Tab le  1). F u r t h e r  s tudy  is r e q u i r e d  to f ind 
the  effect  of  C P A P  to the  n o n d e p e n d e n t  lung on  a r te -  
r ia l  o x y g e n a t i o n  in the  pa t i en t s  wi th  obs t ruc t ive  lung 
d i sease  du r ing  one - lung  ven t i l a t ion .  

In  conclus ion ,  a d e q u a t e  o x y g e n a t i o n  can be  ma in -  
t a i ned  by  ven t i l a t ing  the  d e p e n d e n t  lung with  50 % N20-  
O2-isof lurane ( < M A C )  if C P A P  with  100% oxygen  is 
a pp l i ed  to  t he  n o n d e p e n d e n t  lung in pa t i en t s  who  do  
no t  have  obs t ruc t ive  p u l m o n a r y  disease .  
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