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Abstract

Background: One-lung ventilation (OLV) is generally adopted for thoracic
surgery. The systemic application of a high fraction of inspiratory oxygen
(F10,) and continuous positive airway pressure (CPAP) to the non-ventilated
lung is useful for preventing arterial oxygen desaturation. The adverse effects
of elevated F,0, include oxidative lung injury, resorption atelectasis and co-
ronary and peripheral vasoconstriction. It is preferable to avoid hyperoxemia
in patients with complications such as chronic obstructive pulmonary disease,
idiopathic pneumonia, and bleomycin-treated lungs. We aimed to determine
whether the application of 60% O, CPAP to the non-ventilated lung is suffi-
cient to provide adequate oxygenation with 60% O, to the ventilated lung.
Methods: A total of 70 patients scheduled to receive elective thoracic surgery
requiring OLV were recruited. Left double-lumen tubes were applicable in all
surgeries. Patients were randomly allocated to one of two groups, to receive
either 60% O, CPAP (60% CPAP group, n = 35), or 100% O, CPAP (100%
CPAP group, n = 35) at a setting of 2 - 3 cmH,O, applied to the
non-ventilated lung. Arterial blood gas analyses were obtained at the follow-
ing stages: RA, spontaneous breathing under room air (RA); TLV, during to-
tal lung ventilation (TLV) prior to the initiation of OLV; T5, 5 min after the
initiation of OLV; T15, 15 min after the initiation of OLV; T30, 30 min after
the initiation of OLV. Results: The PaO, value in 60% CPAP group vs. 100%
CPAP group at each measurement were as follows: RA (mean [standard devi-
ation: SD], 89.7 [8.2] mmHg vs. 85.8 [11.9] mmHg); TLV (277.9 [52.9]
mmHg vs. 269.2 [44.0] mmHg); T5 (191.4 [67.9] mmHg vs. 192.3 [66.0]
mmHg); T15 (143.2 [67.3] mmHg vs. 154.7 [60.8] mmHg) and T30 (95.6
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[32.0] mmHg vs. 112.5 [36.5] mmHg), respectively. Among the five mea-
surement points, T30 was the only time point at which the 100% CPAP group
showed a significantly greater PaO, value than the 60% CPAP group (p =
0.0495). The SaO; at T30 in the 100% CPAP group (97.4 [2.0]%) was also sig-
nificantly greater than that in the 60% CPAP group (96.3 [2.2]%, p = 0.039).
No differences were found between the groups regarding changes to the over-
all PaO, values (p = 0.44) and SaO, values (p = 0.23) during the study period.
Conclusions: Oxygenation could be safely maintained in relatively healthy
patients with 60% O, OLV and 60% O, CPAP. The application of 60% O,
CPAP during OLV for patients who are not suited to exposure to high F,0,
may be an alternative form of respiratory management.

Keywords

CPAP, Double-Lumen Tube, Hyperoxemia, Hypoxemia,
One-Lung Ventilation

1. Introduction

One-lung ventilation (OLV) is performed to separate the non-ventilated lung
from the ventilated lung in thoracic surgery. Collapse of the surgical lung im-
proves access to the surgical field [1]. Intrapulmonary shunt may decrease oxy-
genation during OLV due to the collapse of the non-ventilated lung. The appli-
cation of a high fraction of inspiratory oxygen (F:O,) in order to avoid hypox-
emia increases atelectatic areas in the ventilated lung [2]. The incidence of hy-
poxemia during OLV was slightly enhanced (3% - 10%) [3] [4] [5]. Manage-
ments for preventing arterial oxygen desaturation during OLV include using
high FO,, continuous positive airway pressure (CPAP) to the non-ventilated
lung, positive end-expiratory pressure (PEEP) to the ventilated lung, and re-
peated inflation of the non-ventilated lung [1] [6]. CPAP may potentially reduce
mechanical stress by keeping the alveoli open, allowing gas exchange and di-
verting blood away from the collapsed lung [2]. However, high-pressure CPAP
has hemodynamic implications for the non-ventilated lung, causing overexpan-
sion of the non-ventilated lung, which limits surgical access [3]. Thus, to avoid
hypoxemia, 100% O, is routinely used in the application of CPAP to the
non-ventilated lung instead of high-pressure CPAP.

Higher level F;0, is routinely used during OLV to minimize the risk of devel-
oping hypoxemia [4] [6] [7]. The effects of progressive hypoxemia, particularly
in individuals with coexisting cardiovascular, cerebrovascular, or pulmonary
disease, undoubtedly pose a greater risk of compromised circulation [8]. On the
other hand, the adverse effects of hyperoxemia and the application of high F,0,
include resorption atelectasis, coronary and peripheral vasoconstriction, cardiac
output decrease, and direct harm to lung through oxidative stress [9] [10] [11]

[12]. Hyperoxemia directly damages the lung in patients with chronic obstruc-
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tive pulmonary disease (COPD), idiopathic pneumonia and bleomycin-treated
lungs through oxidative stress [13] [14] [15]. Cancer patients have a higher
oxidative burden and may have less antioxidant capacity [16]. Lower level F,O,
at 0.6 can maintain oxygenation during OLV, and it is less than an inflammatory
response, lung edema, thickening of the alveolar wall, or acute injury will occur,
in comparison to higher level F,0, at 1.0% [7]. Therefore, the respiratory man-
agement that minimizes F,0, levels during OLV is deemed desirable. However, it
is currently unclear whether a lower F;O, CPAP can be safely applied to the
non-ventilated lung with a lower F;O, to the ventilated lung in the clinical set-
ting.

We aimed to determine whether the application of lower F,O, CPAP to the

non-ventilated lung is sufficient to provide adequate oxygenation.

2. Methods
2.1. Study Population

This prospective randomized, controlled study was approved by the university’s
institutional review board (IRB: 29-29) and written informed consent was ob-
tained from all subjects who participated in the trial. The trial was registered
prior to patient enrollment at the University Hospital Medical Information
Network in Japan (UMIN 000028137, Principal investigator: Yuko Yamada,
Date of registration: July 7, 2017). The study population included patients sche-
duled to undergo elective video-assisted thoracotomy requiring OLV from July
2017 to August 2019. The inclusion criteria were age >20 years, American Socie-
ty of Anesthesiologists physical status of 1 - 3 and OLV lasting >45 min. The ex-
clusion criteria were body mass index =30 kg/m?, severe respiratory dysfunction
and interstitial lung disease. A decline in pulse oximetric saturation (SpO,) to
<90% measured by pulse oximetry was the indication for interruption of the
study; cases in which this occurred were excluded. This article adheres to the ap-
plicable Consolidated Standards of Reporting Trials (CONSORT) guidelines.

2.2. Group Allocation

Patients were randomly assigned to one of two groups, receiving either 60% O,
CPAP (60% CPAP group, n = 35), or 100% O, CPAP (100% CPAP group, n = 35).
The allocation ratio was 1:1, and a random allocation sequence was performed us-

ing sealed opaque envelopes for the purpose of allocation concealment.

2.3. Anesthesia and Double-Lumen Tube Intubation

After the arrival of patients in the operating room, standard monitoring was
used. An intraarterial canula was inserted under local anesthesia. A thoracic
epidural catheter was placed at the T7 level and a test dose was administered. No
further epidural medications were administered until the end of the study pe-
riod. Anesthesia was induced with propofol, remifentanil, and rocuronium, and

maintained with propofol, remifentanil and rocuronium. All patients were intu-
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bated with left-sided double-lumen tubes (DLTs) (Broncho-Cath™, Mallinck-
rodt Medical Ltd., Athlone, Ireland) for both right- and left-sided surgery. An
appropriate DLT size was determined based on the diameter of the left mains-
tem bronchus, measured on preoperative chest computed tomography [17]. The
proper position of the DLT was confirmed by fiberoptic bronchoscopy in both
the supine and lateral positions. The bronchial cuff of the DLT was positioned,
allowing the cephalad surface to be visible just below the carina. The lungs of all
patients were ventilated with 60% oxygen. A tidal volume of 6 - 8 mL/kg (pre-
dicted body weight) was applied with PEEP of 4 cm H,O. The respiratory rate
was 10 - 15 breaths/min. Systolic blood pressure was maintained within 20% of
the preoperative value by the intravenous administration of inotropic agents
(ephedrine or phenylephrine). Cardiac output (CO) was monitored continuous-

ly using a FloTrac/Vigileo™ (Edwards Lifesciences) system.

2.4. Lung Separation and CPAP Application

Ventilatory variables were kept constant during the study, both during total lung
ventilation (TLV) and OLV. The bronchial cuff was connected to a cuff inflator
via a three-way stopcock, and then was inflated to a pressure of 20 cm H,O. OLV
was initiated just after the pleura was opened. The non-ventilated lung was ex-
posed to the atmosphere, thus allowing deflation to reach atmospheric pressure.
The ventilated lung was ventilated with 60% oxygen during OLV. Patients were
randomly allocated to one of two groups, which received either 60% O, CPAP
(60% CPAP group, n = 35), or 100% O, CPAP (100% CPAP group, n = 35) ata
setting of 2 - 3 cm H,O, which was applied to the non-ventilated lung via a
CPAP adaptor with a fresh gas flow of 5 I/min using a Broncho-Cath™ CPAP
system (Mallinckrodt Medical Ltd., Athlone, Ireland). CPAP was applied for a
period of 3 min after the initiation of OLV. During OLV, the cuff pressure mon-
itor was attached using a tube to the gas-sampling site of the patient end of the
CPAP system to verify the CPAP level.

2.5. Measurements

Blood gas was measured using a commercially available blood gas analyzer (ABL
700 analyzer; Radiometer, Copenhagen, Denmark). Hemodynamic variables,
peak inspiratory pressure (PIP), SpO, and arterial blood gas analyses were per-
formed at the following stages: 1) RA, spontaneous breathing under room air
(RA); 2) TLV, during TLV prior to the initiation of OLV in the lateral position;
3) T5, 5 min after the initiation of OLV; 4) T15, 15 min after the initiation of
OLV; and 5) T30, 30 min after the initiation of OLV (Figure 1). All measure-
ments, with the exception of RA, were taken in a lateral position. Hypoxemia
was defined as arterial partial pressure of oxygen (PaO,) <60 mmHg, or SpO,
was maintained at <90%. Concurrently, thoracic surgeons were asked to com-
ment on the quality of lung collapse after the opening of the chest. The condition

of lung collapse was assessed as follows: 0 = impossible surgical access; 1 = poor
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Randomization
Bronchial intubation 60% O, CPAP
» | End of
TLV F,0, 0.6 OLV F,0, 0.6 > Endof
Supine position Lateral position Lateral position 100% O, CPAP
Spontaneous respiration 6-8 mL-kg'+4 PEEP 6-8 mL-kg™'+4 PEEP

v

‘Measurement: RA ‘ ’ Measurement: TLV‘ ‘ Measurement: TS ‘

‘ Measurement: T15 ‘

‘ Measurement: T30 ‘

Figure 1. Study protocol. Hemodynamic variables, peak inspiratory pressure, SpO: and arterial blood gas analyses were obtained

at the following time points: 1) RA, spontaneous breathing under room air (RA); 2) TLV, during TLV prior to the initiation of
OLYV in the lateral position; 3) T5, 5 min after the initiation of OLV; 4) T15, 15 min after the initiation of OLV; and 5) T30, 30 min

after the initiation of OLV.

surgical access; 2 = fair operative field; and 3 = good operative field. Thoracic

surgeons were blinded to the group assignments.

2.6. Outcome Variables

The primary outcome of this study was the PaO, values of the two groups at 30
min after the initiation of OLV (T30). The secondary outcomes were the differ-
ences between the groups in the changes in PaO, and arterial oxygen saturation
(Sa02).

2.7.Sample Size Estimation

A type I error estimate of 5% (alpha = 0.05) and a power (1-beta) of 90% were
set. The sample size calculation was based on the assumption that the difference
in the PaO, value of the 2 groups was 25 mmHg, and that the standard deviation
(SD) of the groups was 30, according to a previous report [18]. It was estimated
that a minimum of 63 patients would be required. To compensate for possible

dropouts, the enrollment of 70 patients (Z.e, 35 patients per group) was planned.

2.8. Statistical Analysis

All data were analyzed using the SPSS® software program, version 23 (SPSS Inc.,
Chicago, IL, USA). The characteristics of patients are summarized as the mean
[SD] for continuous variables. Frequencies and percentages are shown for cate-
gorical variables. For the analysis of the primary outcome variables, the mean
PaO, of the two groups were compared using Student’s #test with a two-sided
significance level of 0.05. The primary result was considered statistically signifi-
cant when the P value was < 0.05. The analyses of arterial blood gas (pH, PaCO,,
Sa0,), SpO,, PIP and hemodynamic variables were the same as in the primary

analysis.
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For the analysis of the secondary outcome variables, a two-way repeated
measures analysis of variance was used to assess the difference between the
groups. The secondary results were considered statistically significant when the

P value was < 0.05.

3. Results
3.1. Participants

Seventy patients were enrolled in this study from July 2017 to Aug 2019 (Figure
2). The perioperative demographic patient profiles and operative details are
summarized in Table 1 and Table 2. Of these 70 patients, 2 patients were ex-
cluded from the analysis. Almost all patients (except for 1 lung carcinoid) un-
derwent lung cancer surgery. In these two cases, there was extensive pleural ad-
hesion of the non-ventilated lung and the lung collapse was interrupted. The

remaining 68 patients (n = 34 in each group) completed the study (Figure 2).

3.2. Primary Outcome

The PaO, value measured at T30 in the 100% CPAP group (mean [SD], 112.5
[36.5] mmHg) was significantly higher than that in the 60% CPAP group (95.6
[32.0] mmHg, p = 0.0495) (Figure 3(a)).

3.3. Secondary Outcome

No difference was found between the groups regarding changes to the overall
PaO, values during study period (p = 0.44). SaO, measured at T30 in the 100%

Enrolled (n=70)

!

Randomized (n=70)

|

Allocated to 60% O2 CPAP (n=35) Allocated to 100% O2 CPAP (n=35)
Excluded (n=1): extensive pleural Excluded (n=1): extensive pleural
adhesions of nonventilated lung adhesions of nonventilated lung

v \4
Analyzed (n=34) Analyzed (n=34)

Figure 2. Study flow chart.
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Table 1. Patients’ characteristics

60% CPAP-group 100% CPAP-group

Number of patients 34 34
Age (years), mean (SD) 63.0 (10.5) 66.7 (10.4)
Male, n (%) 15 (44.1) 16 (47.1)
Height (cm), mean (SD) 159.4 (8.7) 160.2 (9.4)
Weight (kg), mean (SD) 57.0 (12.7) 59.0 (10.2)
ASA class, I/TI/III, n 9/25/0 11/23/0
Never smoker, n (%) 16 (47.1) 16 (47.1)
FEV1/FVC (%), mean (SD) 75.2 (5.3) 74.4 (6.9)
EVC, % of the predicted, 108.1 (13.0) 112.5 (13.0)

mean (SD)

Side of surgery, left/right, n (%) 15 (44.1)/19 (55.9) 22 (64.7)/12 (35.3)

Values presented as the mean (standard deviation) or number (proportion). Abbrevia-
tions: ASA, American Society of Anesthesiologists; CPAP, continuous positive airway

pressure; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; SD,
standard deviation.

Table 2. Operative details.

60% CPAP-group 100% CPAP-group

Number of patients 34 34
Duration of OLV (min), mean (SD) 162.8 (47.8) 166.6 (63.3)
Durati f in),
uration of surgery (min) 190.7 (47.6) 193.4 (65.1)
mean (SD)
Conditions for surgery, 0 (0)/6 (17.6)/ 0 (0)/9 (26.5)/

0/1/2/3, n (%) 23 (67.6)/5 (14.7) 19 (55.9)/6 (17.6)

Type of surgery, n (%)

Partial resection 2 (5.9) 3(8.8)
Segmentectomy or wedge resection 13 (38.2) 7 (20.6)
Lobectomy 19 (55.9) 24 (70.6)

Values presented as the mean (standard deviation) or number (%). Abbreviations: CPAP,
continuous positive airway pressure; OLV, one lung ventilation; SD, standard deviation.

CPAP group (97.4 [2.0] %) was higher than that in the 60% CPAP group (96.3
[2.2] %, p = 0.039); however, there was no difference between the two groups
regarding changes to the overall SaO, values during study period (p = 0.23)
(Figure 3(b)).

3.4. Comparison of Physiologic Variables

The hemodynamic variables, and the results of PIP, SpO, and arterial blood gas
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Figure 3. (a). A comparison of PaO; between the 60% CPAP and 100% CPAP groups. PaO; values were measured at the following
time points: 1) RA, spontaneous breathing under room air (RA); 2) TLV, during TLV prior to the initiation of OLV in the lateral
position; 3) T5, 5 min after the initiation of OLV; 4)T15, 15 min after the initiation of OLV; and 5) T30, 30 min after the initiation
of OLV. In the 100% CPAP group, the PaO; value at T30 was significantly higher than that in the 60% CPAP group. No difference
was found between the groups regarding changes to the overall PaO; values during the study period (p = 0.44). The straight line
indicates the 60% CPAP group and the dotted line indicates the 100% CPAP group. Values are presented as the mean (standard
deviation). *P < 0.05. (b) A comparison of SaO: between the 60% CPAP and 100% CPAP groups. SaO: values were obtained at the
following time points: 1) RA, spontaneous breathing under room air (RA); 2) TLV, during TLV prior to the initiation of OLV in
the lateral position; 3) T5, 5 min after the initiation of OLV; 4) T15, 15 min after the initiation of OLV; and 5) T30, 30 min after
the initiation of OLV. In the 100% CPAP group, the SaO. value obtained at T30 was significantly higher than that in the 60%
CPAP group. No difference was found between the groups regarding changes to the overall SaO; values during the study period (p
= 0.23). The straight line indicates the 60% CPAP group and the dotted line indicates the 100% CPAP group. Values are presented
as the mean (standard deviation). *P < 0.05.
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analyses (pH, PaO,, PaCO,, Sa0,) are presented in Table 3. There were no pa-
tients with hypoxemia during the study period. PaCO, values in both groups

were maintained at approximately 40 mmHg.

3.5. The Condition of Surgical Field

The surgeons assessed the condition of the surgical field as poor surgical access
in 6 patients from the 60% CPAP group and 9 patients from the 100% CPAP
group. In these patients, the surgical fields did not interfere to the extent that vi-

sibility was disturbed due to the application of CPAP. All surgeries were completed

Table 3. Blood gas analysis and hemodynamic data.

RA TLV T5 T15 T30

pH

60% CPAP-group 7.44 (0.03) 7.37 (0.03) 7.38 (0.04) 7.39 (0.04) 7.4 (0.04)

100% CPAP-group 7.43 (0.02) 7.36 (0.03) 7.38 (0.03) 7.39 (0.03) 7.4 (0.04)
PaO: (mm Hg) *

60% CPAP-group 89.7 (8.2) 277.9 (52.9) 191.4 (67.9) 143.2 (67.3) 95.6 (32.0)

100% CPAP-group 85.8 (11.9) 269.2 (44.0) 192.3 (66.0) 154.7 (60.8) 112.5 (36.5)
Sa0: (%) *

60% CPAP-group 97.1 (1.0) 99.6 (0.5) 99.0 (0.9) 97.7 (2.2) 96.3 (2.2)

100% CPAP-group 96.7 (1.5) 99.7 (0.2) 99.1 (1.0) 98.3 (1.9) 97.4 (2.0)
SPOZ (%)

60% CPAP-group 98.8 (1.3) 100 (0) 99.8 (0.6) 98.9 (1.9) 97.7 (2.2)

100% CPAP-group 98.4 (1.5) 99.9 (0.2) 99.8 (0.6) 99.1 (1.5) 98.4 (1.9)
PaCO; (mm Hg)

60% CPAP-group 38.1 (3.2) 45.2 (3.7) 43.6 (3.9) 42.7 (3.9) 41.9 (3.9)

100% CPAP-group 38.7 (2.9) 46.3 (3.7) 44.5 (4.2) 429 (4.2) 41.8 (4.2)
PIP (cm H20)

60% CPAP-group 16.8 (1.9) 22.7 (3.9) 22.8 (4.1) 23.2(3.9)

100% CPAP-group 16.4 (1.6) 23.1(2.9) 23.0 (3.1) 23.6 (3.3)
Cardiac index (L/min/m?)

60% CPAP-group 2.6 (0.5) 2.8 (0.6) 2.8 (0.6) 3.0 (0.6)

100% CPAP-group 2.5 (0.6) 2.6 (0.5) 2.7 (0.7) 2.8 (0.6)
Heart rate (beats/min)

60% CPAP-group 74.8 (11.4) 65.0 (9.9) 65.9 (9.4) 70.4 (11.1) 74.7 (10.6)

100% CPAP-group 72.7 (12.1) 66.1 (11.0) 65.7 (9.7) 68.2 (9.7) 71.3 (12.3)
Mean arterial pressure (mmHg)

60% CPAP-group 104.4 (12.9) 73.1(8.8) 81.1(9.6) 77.0 (10.1) 73.4(7.3)

100% CPAP-group 102.2 (13.1) 75.7 (10.3) 80.5 (9.5) 77.4 (10.0) 72.9 (10.3)

Values presented as the mean (standard deviation). *P < 0.05. Abbreviations: CPAP, continuous positive airway pressure; OLV,
one lung ventilation; RA, room air; TLV, total lung ventilation; PIP, peak inspiratory pressure.
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without interruption. In both groups, CPAP was applied safely. The quality of
lung collapse was similar between the groups. None of the patients was graded as

0, where interference is maximal (Table 2).

4. Discussion

In the present study, we compared arterial oxygenation with the application of
60% O, CPAP or 100% O, CPAP to the non-ventilated lung during 60% O-
OLV. In our previous study, the lowest PaO, value was obtained at 30 min after
the initiation of OLV [19]. Therefore, in the present study, we investigated PaO,
values up to 30 min after the initiation of 60% O, OLV. The minimum time re-
quired to complete pulmonary artery ligation was 30 min after the initiation of
OLV. Among the five PaO, values, 30 min after the initiation of OLV was only
one time point at which 100% O, CPAP was associated with a significantly
greater value than 60% O, CPAP. However, no difference was found between
groups regarding changes to the overall PaO, values throughout the study pe-
riod. Our results suggested that 100% O, CPAP would be more applicable for
maintaining oxygenation than 60% O, CPAP.

Sa0, obtained from 30 min after the initiation of OLV also showed signifi-
cantly greater readings for 100% O, CPAP than 60% O, CPAP. There was no
difference between the groups regarding changes to the overall SaO, values dur-
ing the study period. The relationship between PaO, and SaO, is represented by
the oxygen-hemoglobin dissociation curve. PaO, is the amount of oxygen dis-
solved in the blood. Sa0; is the percentage of hemoglobin bound to oxygen. Our
study showed statistically significant differences between the groups in both
PaO, and SaO,, however these small differences would reflect no advantage
within the clinical situation. In this present study, no patients were presented
with hypoxia. The present results indicated that 60% O, OLV with 60% O,
CPAP was at least able to maintain oxygenation without exposure to high F,0,,
and as such may be applied safely in clinical use.

SpO; is a parameter that can be non-invasively measured in routine practice
and is substituted for SaO, in the clinical setting. In this present study, there was
no significant difference in the SpO, values of the groups, despite the significant
differences in PaO, and SaO, at the 30 min measurement point. The margin of
error of SpO; is considered to be within 2% to 3% of the SaO, [20] [21] [22]. The
small difference in SaO, values (1.1%) may have had no effect on the difference
in SpO; values.

High systemic O, delivery is associated with an increased risk of serious ad-
verse effects, including reabsorption atelectasis, decreased capillary perfusion,
and cellular oxygen consumption, as well as decreased cardiac output and de-
creased coronary and cerebral blood flow [23] [24]. Hyperoxia-induced damage
due to the production of free radicals is more prominent in the lung, as the lung
tissue is continuously exposed to oxygen. There is some evidence suggesting that
patients who undergo thoracic surgery may be more susceptible to lung injury
from hyperoxia than conventionally thought [25]. Rabbits receiving FO, 0.6
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during OLV showed a lower inflammatory response in the lung and less lung
injury in comparison to rabbits receiving FiO, 1.0 [26]. It is reasonable to at-
tempt to reduce inspired oxygen concentrations in order to protect vulnerable
organs in high-risk patients such as those with COPD, idiopathic pneumonia, or
bleomycin-treated lungs [7]. No patients in either of our groups developed
hyperoxia-induced respiratory or cardiovascular complications. In the absence
of clinical complications, our present study could not determine whether high
FiO; is truly harmful to the lung function. At least, minimizing F,O, would be a
method for avoiding hyperoxia-induced damage in the compromised lung. The
lower threshold for SpO, is still unknown; however, there is international con-
sensus regarding the achievement of a minimal SpO, value of >90% with mod-
erate F1O; levels of 0.4 - 0.6 in OLV [27]. Our study showed that the application
of 60% O, CPAP can assist in minimizing F,O, levels to avoid hypoxemia in pa-
tients with a normal lung function. Further studies are required to analyze pa-
tients with significantly decreased lung function.

Several management protocols for preventing arterial oxygen desaturation
during OLV have been put forward. Repeated inflation of the non-ventilated
lung (lung recruitment) is one management for preventing hypoxemia. Howev-
er, lung recruitment following complete collapse of the lung results in ische-
mia-reperfusion injury, inducing inflammatory cytokine production in the col-
lapsed lung [2]. Meanwhile, CPAP maintains the patency of non-ventilated al-
veoli, minimizing the shunt fraction and attenuating the inflammatory cytokine
release [2] [28]. A potential limitation of CPAP includes the overexpansion of
the non-ventilated lung, which subsequently interferes with surgical access [29]
[30]. In the previous study, 6.7% - 30% of patients showed disturbed visibility
with CPAP at 5 cm H,O [28] [30]. In this study, the application of low-level
CPAP (2 - 3 cm H;O) to the non-ventilated lung was shown to be feasible for
preventing desaturation during OLV without unnecessary lung distention. The
method was simple and applicable in all patients. Thus, low-level CPAP is a pre-
ferable respiratory management for avoiding hypoxemia and should be at-
tempted first.

Interaction of the shunt fraction, cardiac output, oxygen expenditure, venous
saturation, and hemoglobin levels may affect oxygenation [31]. The shunt frac-
tion during OLV is estimated to be in the order of 20% - 30% of the cardiac
output [1] [32]. The cardiac output must be maintained for adequate oxygena-
tion, due to the negative effect of low mixed venous oxygen tensions on oxygen
delivery in the setting of a high shunt fractions [32]. Age, pH, carbon dioxide,
temperature, CO are the principal non-pharmalogical variables that influence
hypoxic pulmonary vasoconstriction [32]. In the present study, there were no
significant differences in the above-mentioned factors that affect hypoxic pul-

monary vasoconstriction.

5. Limitations

The side of the surgery is an important factor in predicting hypoxemia during
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OLV [33]. Patients undergoing left thoracotomy show better PaO, values during
OLV than those undergoing right thoracotomy, since the left lung normally
receives 10% less CO than the right lung [34]. In our study, there were no signif-
icant differences related to side of the surgery between the groups. Thus, differ-

ences based on the side of surgery likely only had a slight effect on our results.

6. Conclusion

In relatively healthy patients, oxygenation could be safely maintained with 60%
0O, OLV and 60% O, CPAP. The application of 60% O, CPAP during OLV for
patients who are not suited to exposure to high F;O, may be an alternative form

of respiratory management.
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