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Abstract

Background: This study evaluated whether desflurane improved lung collapse during one-lung ventilation (OLV)
more than propofol, and whether it could reduce the operation time of video-assisted thoracic surgery.

Methods: Sixty patients undergoing lobectomy by video-assisted thoracic surgery (VATS) were randomly assigned
to general anesthesia with desflurane or propofol. Lungs were inspected by thoracoscope at 10, 30, and 60 min after
initiation of OLV. After surgery, the Lung Collapse Score, a composite of lung color and volume assessments, was
assigned by two clinicians blinded to the anesthetic regimen. The primary outcome was operation time. The second-
ary outcome included the complication rate.

Results: Of the 60 participants, 50 completed the study, 26 in Desflurane group and 24 in Propofol group. The Lung
Collapse Scores at 30 and 60 min after OLV initiation were significantly better in Desflurane group than in Propofol
group, and operation time was significantly shorter in Desflurane group (214 (57) min vs. 262 (72) min [mean (SD)],
difference in means, -48; 95% Cl, -85 to -11; P=0.01). The incidence of multiple complications was 1/26 (3%) and 6/24
(25%) in Desflurane and Propofol group, respectively (relative risk, 0.1, 95% Cl, 0.02 to 1.18; P=10.04).

Conclusions: Desflurane improved lung collapse during OLV and significantly shortened VATS lobectomy operation
time compared to propofol in our studied patients. Desflurane resulted in fewer postoperative complications. Thus,
desflurane may be an appropriate anesthetic during lobectomy by VATS requiring OLV.

Trial registration: The study was registered with the University Hospital Medical Information Network (UMINOOOOQO9
412). The date of disclosure of this study information is 27/11/2012. On this date, we registered the study into UMIN;
patients were included from 2013 to 2014. However, on 11/27/2015, the UMIN system administrator suggested a
detailed description. Thereafter, we added it to the Randomization Unit. Despite being prospective, it was retrospec-
tively registered on UMIN for the above reasons.
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not inhibit hypoxic pulmonary vasoconstriction (HPV), it
can contribute to oxygenation [3]. However, volatile anes-
thetic agents inhibit HPV [4, 5], suggesting that systemic
oxygenation during OLV may be worse with volatile
agents than with propofol. Benumof et al. reported that
anesthesia with a minimum alveolar isoflurane concen-
tration of 1.0 would inhibit the HPV response by approxi-
mately by 21%, but caused the shunt flow to increase by
only 4% of the cardiac output [6]. Several clinical studies
have reported no significant differences in systemic oxy-
genation between patients receiving propofol or volatile
anesthesia during OLV [7-9].

Moreover, the choice of anesthetic may change the
inflammatory responses in the lung, being lower in
patients in whom anesthesia is maintained with volatile
anesthetics than in those maintained with propofol dur-
ing OLV [10-12]. A meta-analysis found that, compared
with propofol, volatile anesthetic agents significantly
reduced inflammatory responses of the lung and res-
piratory complications after thoracic surgery [13]. These
findings suggested that volatile anesthesia may decrease
postoperative complications by reducing the inflamma-
tory response of the lungs during OLV.

Furthermore, volatile anesthetics may increase the
risk of recurrence and death compared to intravenous
anesthetics in cancer surgery. Administration of volatile
anesthetic agents during cancer surgery reportedly sup-
presses the immune system and affect long-term survival
compared with propofol [14]. However, the effects of vol-
atile anesthetics and propofol on long-term survival after
VATS lobectomy have not been compared.

We considered that desflurane may be superior to
propofol from a completely different viewpoint. A spon-
taneous lung collapse on the operated side during tho-
racic surgery is important for good surgical exposure.
As volatile anesthetics, including desflurane, have potent
bronchodilatory effects [15], they may improve gas evac-
uation, resulting in good lung collapse during OLV, which
would facilitate thoracic surgery. In the present study,
we hypothesized that, compared to propofol, desflurane
would enhance lung collapse during OLV and shorten
operation time. This prospective, double-blind, rand-
omized study tested this hypothesis by evaluating the
effects of desflurane and propofol on lung collapse dur-
ing OLV and the operation time of lobectomy by VATS.
Additionally, we examined intraoperative oxygenation,
postoperative complications, and long-term prognosis
after VATS lobectomy.

Materials and methods

The study protocol was approved by the local Ethics
Committee of Tokushima University (Approval num-
ber: 1590), and written informed consent was obtained
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from all patients. The study was registered with the
University Hospital Medical Information Network
(UMINO000009412). No outside funding was received.

This study enrolled 60 patients scheduled to undergo
lobectomy by VATS in Tokushima University Hospital
from January 2013 to July 2014. To compare the opera-
tion time, the planned procedure was limited to VATS
lobectomy. Our inclusion criteria were age 20-75 years,
American Society of Anesthesiologists physical status
class 1-2, Hugh-Jones class 1-2, and New York Heart
Association class 1-2. Our exclusion criteria were a his-
tory of cardiovascular or cerebrovascular disease and
anticoagulant medication (because all study patients
received epidural anesthesia), severe chronic obstruc-
tive pulmonary disease, defined as a percentage of
forced expiratory volume in 1 s (%FEV, ) <50% of the
predicted values; or severe restrictive lung disease,
defined as a percentage of vital capacity (%VC) <50% of
the predicted values.

Patients were randomly assigned 1:1 to receive desflu-
rane (Desflurane group) or propofol anesthesia (Propo-
fol group) using a closed envelope method. Patients,
surgeons, and the two clinicians who evaluated the
Lung Collapse Score were blinded to the group assign-
ment. Moreover, the desflurane vaporizer and syringe
pump for propofol were covered with a cloth to blind
the surgeons.

Anesthesiologists with>5 years of experience and who
were well-trained in anesthesia for thoracic surgery were
in-charge, preventing delays in the operation time due to
insufficient anesthesia techniques.

No patient was pre-medicated. An epidural catheter
was inserted at the Th5-8 level before general anesthesia
induction. Anesthesia was induced in all patients by injec-
tion of 0.3 pg-kg~'*min~! remifentanil, 1 mg/kg propofol,
and 1 mg/kg rocuronium. General anesthesia was main-
tained with 4-6% desflurane and 0.2-0.3 pg-kg '*min~"
remifentanil or with 2—-4 pg/mL propofol (using target-
controlled infusion systems) and 0.2-0.3 pg-kg™'*min~!
remifentanil, such that the BIS index was 40—60. Patients
were intubated with a double-lumen endobronchial tube
(DLT, Blue line®, Smith Medical US, Minneapolis, MN:
37 Fr for men and 35 Fr for women). The correct DLT
position was confirmed by fiberoptic bronchoscopy.

After intubation, ventilators were set at an oxygen flow
rate of 2 L/min. The fraction of inspired oxygen was 1.0;
the tidal volume was 6 mL/kg, and the inspiratory/expir-
atory ratio was 1:1.5. The respiratory ratio was controlled
such that the end-tidal carbon dioxide pressure was
within 35-45 mmHg, and the peak inspiratory pressure
during ventilation was limited to 30 cmH,O. OLV began
at the same time as surgery.
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In both Desflurane and Propofol groups, dual-lung
ventilation was continued before surgery, and OLV was
continued after beginning with surgery, without inter-
ruption of ventilation. The surgical side of the DLT was
clamped at OLV initiation and opened to the atmosphere
during OLV to promote lung collapse. We did not per-
form a continuous suction technique on the surgical side
unless specially requested by the surgeon.

The fraction of inspired oxygen was changed to 0.8 at
90 min after the start of surgery and to 0.6 at 120 min
after the start of surgery. We did not use positive end-
expiratory pressure during this study. Although we did
not perform an alveolar recruitment maneuver, at the
time of chest closure while checking with a thoracoscope,
we took sufficient time to pressurize both lungs and con-
firm visually that the lungs were adequately inflated for
all operations. After the operation was completed, X-rays
were taken to confirm that both lungs were fully inflated,
and the patient was extubated.

We injected 4 mg ephedrine when the systolic blood
pressure decreased<80 mmHg. Continuous epidural
analgesia was started 60 min after the incision. Continu-
ous epidural analgesia in all patients consisted of 5 mg/h
levobupivacaine+10 pg/h fentanyl. After surgery, all
patients were admitted to the intensive care unit and
monitored for approximately 24 h. Post-operatively, all
patients were assessed daily for clinical signs of pulmo-
nary complications until discharge. After hospital dis-
charge, the patients were followed-up for approximately
5 years to evaluate cancer recurrence or death.

Lung collapse score

The degree of lung collapse during OLV was evaluated
by measuring the Lung Collapse Score, which evalu-
ates the lung volume (lung volume score) and lung
surface color (lung color score, Fig. 1). In each patient,
the operative lung was thoracoscopically inspected at
10, 30, and 60 min after OLV initiation and recorded
on video. The Lung Collapse Score was assigned inde-
pendently by two clinicians blinded to the anesthetic
regimen using the recorded video at a later date. Lung
volume scores were determined in the distant view
with the thoracoscope directed to the upper edge of the
thoracic cavity. If the upper edge of the thoracic cav-
ity was not visible because of the lung, the lung volume
score was 0. If the upper edge of the thoracic cavity
was visible, but the vertebral bodies were not, the lung
volume score was 1. If the upper edge of the thoracic
cavity and vertebral bodies were visible, the lung vol-
ume score was 2. The lung color score was determined
based on the size of the white areas, indicating a non-
deflating area of the lung surface. If the white areas
occupied more than two-thirds, between one-third and
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two-thirds, and less than one-third of the lung surface,
the lung color scores were 1, 2, and 3, respectively. The
Lung Collapse Score was defined as the sum of the lung
color score and lung volume score. The average of the
Lung Collapse Scores assigned by two clinicians was
used for analysis.

Outcomes

The primary outcomes were lung collapse and opera-
tion time. Operation time was defined as the time from
the beginning of the operation, i.e., skin incision, to the
end of wound closure. Secondary outcomes included
oxygenation during OLV, and the number of pulmonary
complications, such as post-extubation hypoxemia (a
post-extubation P/F ratio <200 mmHg), radiographically
diagnosed pneumonia, and radiographically diagnosed
atelectasis, radiographically diagnosed effusion, fistula,
reintubation, systemic inflammatory response syndrome,
surgical sight infection, surgical revision, and death.
Inflammatory markers, such as white blood cell counts
and C-reactive protein concentrations, were compared
between Desflurane and Propofol groups. The 5-year
postoperative recurrence-free survival rate and overall
survival rate were compared as well between groups.

Statistical analysis

All statistical analyses were performed using SPSS ver-
sion 26 (IBM SPSS Corp., Chicago, IL, USA). Based on
a previous study [16], the power calculation showed a
mean (SD) duration of lobectomy by VATS of 192 (45)
min. Calculations indicated that to show a 40 min reduc-
tion in operation time would require 21 patients per
group, using a two-sided design and a significance level of
5% (a=10.05), with a probability of 80% (=0.20). Allow-
ing for potential dropouts, 30 patients per group were
enrolled. A histogram and the Shapiro—Wilk test were
used to assess data distribution. Continuous data are
reported as mean (SD). Categorical data are reported as
counts and percentages. The two groups were compared
using Student’s ¢-tests for continuous data or Fisher’s
exact tests for categorical data. The Chi-square test was
used to compare pathological stages. A linear regression
analysis was performed to examine the effect of specific
factors on operation time and Lung Collapse Score. We
also conducted a multiple regression analysis to identify
the factors affecting the operation time among the eight
factors of patient background, LCS60, and blood loss.
The 5-year postoperative recurrence-free survival rate
and overall survival rate were assessed using the Kaplan—
Meier method and were compared by log-rank tests.
P<0.05 was considered statistically significant.
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Fig. 1 Assessment of Lung Collapse Score. The degree of lung collapse during one-lung ventilation was evaluated by measuring the Lung Collapse
Score (Lung Collapse Score), evaluating the lung volume and the lung surface color. The upper panel shows a lung volume evaluation. In the
distant view, with the video directed to the upper edge of the thoracic cavity, both the upper edge of the thoracic cavity and vertebral bodies are
visible. The lung volume shown here is determined as 2. The lower panel shows a lung surface color evaluation. In this panel, as the white areas
occupy between one-third and two-thirds of the lung surface, the color score is determined as 2

Results
Of the 60 patients enrolled, 10 were excluded. Eight
patients were excluded because their operations were
converted to partial resection. Two patients were
excluded because a DLT with the planned inner diame-
ter could not be intubated. Of the 50 remaining partici-
pants, 26 were in Desflurane group and 24 in Propofol
group (Fig. 2). One patient in each group was used the
continuous suction technique at the surgeon’s request.
Patient characteristics are shown in Table 1. Despite
the randomization, there were significant differences
in patient background between groups regarding age
and %VC. We have three thoracic surgery teams at
our institution, with average VATS lobectomy times
of 254 (84), 228 (56), and 217 (53) min, respectively, in
this study period. There was no significant difference
in the variability of the distribution of the three teams
between the two groups (Table 1). The pathological

cancer stage did not differ significantly between groups
(Table 2).

The Lung Collapse Score was measured 50 times each
at 10, 30, and 60 min, the total number of repitition was
150 times. Of these, the number of times the scores were
in perfect agreement was 90 times or 60%; the number of
times the scores deviated by 1 point was 58 times or 39%,
and the number of times the scores deviated by 2 points
was twice or 1%.

Although the Lung Collapse Score did not differ sig-
nificantly between groups at 10 min after OLV initia-
tion, the Lung Collapse Score at 30 min (Lung Collapse
Score30: LCS30) and 60 min (Lung Collapse Score60:
LCS60) were significantly higher in Desflurane group
than in Propofol group. Moreover, the mean (SD) oper-
ation time was 214 (57) min and 262 (72) min in Des-
flurane and Propofol groups, respectively (difference in
means, -48; 95% CI, -85 to -11; P=0.01). To examine
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Snrelllmal Assessed for eligibility (n = 108)
Excluded (n = 48)
« Not meeting inclusion criteria (n = 28)
«+ Declined to participate (n = 10)
« Other reasons, we couldn’t meet
patients before surgery (n = 10)
Randomized (n = 60)
|
Y {__ Allocation ] ¥
Allocated to intervention, Desflurane group (n = 30) Allocated to intervention, Propofol group (n = 30)
* Received allocated intervention (n = 30) » Received allocated intervention (n = 30)
L Analysis |
Analysed, Desflurane group (n = 26) Analysed, Propofol group (n = 24)
« Excluded from analysis (three patients were « Excluded from analysis (four patients were
changed to partial resections, 1 patient were changed to partial resections, 1 patient were not
not intubated planned diameter tube) (n = 4) intubated planned diameter tube, 1 patient couldn’t
record videoscopic inspection because of surgical
problem) (n = 6)
Fig. 2 Flow diagram of this study
Table 1 Demographic and clinical characteristics of patients in the Desflurane and Propofol groups
Desflurane group Propofol group Relative risk (95% Cl) P value
N=26 N=24
Female, n/total N (%) 12/26 (46%) 11/24 (45%) 1.00 (0.55 t0 1.83) 1.00%
ASA-PS, 1/total N (%) 7/26 (26%) 5/24 (20%) 1.29 (047 t0 3.52) 0.74°
Resection side, L/total N (%) 9/26 (34%) 11/24 (45%) 0.75 (0.38 to 1.49) 0.56°
Right Upper Lobe, L/total N (%) 9/26 (34%) 7/24 (29%) 0.88°
Right Middle Lobe, L/total N (%) 3/26 (11%) 2/24 (8%)
Right Lower Lobe, L/total N (%) 5/26 (19%) 4/24 (16%)
Left Upper Lobe, L/total N (%) 7/26 (26%) 7/24 (29%)
Left Lower Lobe, L/total N (%) 2/26 (7%) 4/24 (16%)
Thoracic surgery team, 12 (46%) / 10 (38%) / 8(33%) / 14 (58%) / 0.35°
team A/ team B/ team C 4 (15%) 2 (8%)
COPD, n/total N (%) 2/26 (7%) 5/24 (20%) 0.36 (0.07t0 1.72) 0.23°
Asthma, n/total N (%) 0/26 (0%) 2/24 (8%) N/A 0.22°
The difference in Means (95% Cl)
Age (yr), mean (SD) 61.9(6.9) 66.0 (5.6) 41 (-7.7t0-05) 0.02°
Height (cm), mean (SD) 159 (5.8) 159 (7.6) 0.2 (-3.5t04,1) 0.89°
Weight (kg), mean (SD) 57.5(7.6) 60.7 (12.1) 3.1 (-881025) 0.26°
%VC (%), mean (SD) 119(13.7) 110(12.3) 94 (20to 16.9) 001°
%FEV, , (%), mean (SD) 76.1 (5.5) 75.8(10.0) 03 (-421t048) 0.89°

Relative risks are for Desflurane group relative to Propofol group; the difference is (Desflurane group - Propofol group)

Average VATS lobectomy times in this study period of team A: 254 (84), team B: 228 (56), and team C: 217 (53) min, respectively

VC vital capacity, FEV forced expiratory volume, COPD chronic obstructive pulmonary disease, L left, R right, ASA-PS American Society of Anesthesiologists physical
status, Cl confidence interval, SD standard devision

2 Fisher’s exact test
b Student’s t-test
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Table 2 Pathological cancer stage in Desflurane and Propofol groups
Stage IA Stage IB Stagell A Stage lll A Others
(e.g., metastasis)
Desflurane group, n/total ~ 12/26 (46%) 4/26 (15%) 3/26 (11%) 4/26 (15%) 3/26 (11%)
N (%) (N=26)
Propofol group, n/total N 12/24 (50%) 3/24 (12%) 1/24 (4%) 4/24 (16%) 4/24 (16%)

(%) (N=24)

Chi-square test showed P=0.87

the difference of operation time more carefully, we also
compared the operation time of two groups except for
cases with exceptionally long operation times. Based on
the histogram analysis, two patients in Propofol group
were determined to be outliers in terms of operation
time (operation time: 469, 394 min). When excluding
these two patients, the operation time was significantly
shorter (DES vs. PROPO: 214.5 (57.6) min vs. 247.3
(51.5) min; P=0.04), bleeding was significantly lower
(DES vs. PROPO: 59.3 (73.4) mL vs. 138.6 (164.5) mL;
P=0.04), and the lung collapse score at 60 min was sig-
nificantly higher (DES vs. PROPO: 4.5 (0.5) vs. 4.0 (0.6);
P=0.01) in Desflurane group than in Propofol group.

Table 3 Intraoperative Lung Collapse Score and other outcomes

At 60 min from the start of surgery, the surgeon was
asked to rate his satisfaction with the lung collapse on a
10-point scale. There was no significant difference in sat-
isfaction with lung collapse between the groups (DES vs.
PROPO: 9.5 (0.6) vs. 9.4 (0.8), repsectively; P=0.46).

Secondary outcomes, including PaO, during OLV,
duration of hospital stay, and concentrations of systemic
inflammatory mediators, did not differ significantly
between the groups (Table 3).

Postoperative adverse events are shown in Table 4. The
incidence of post-extubation hypoxemia was 0/26 (0%)
in Desflurane group and 4/24 (16%) in Propofol group
(relative risk was not available; P=0.04). The incidence
of multiple complications was 1/26 (3%) in Desflurane

Desflurane group Propofol group Difference in Means P-value
N=26 N=24 (95% Cl)
Lung Collapse Score (LCS)
LCS10: 10 min after the initiation of OLV, mean (SD) 20(04) 1.9(0.5) 0(-021t00.2) 0.85
LCS30: 30 min after the initiation of OLV, mean (SD) 34(0.6) 3.0(0.6) .3 (0.0t0 0.6) 0.03
LCS60: 60 min after the initiation of OLV, mean (SD) 4.5(0.6) 4.1 (0.6) 04(0.1t00.7) 0.00
Operation time (min), mean (SD) 215 (58) 263 (72) -48 (-85t0-11) 0.01
Amount of bleeding (mL), mean (SD) 59 (73) 135 (159) -75(-148 to -6) 0.04
PaO, (mmHg)
Before OLV, mean (SD) 492 (52) 457 (82) 5(-3to74) 0.07
10 min after initiation of OLV, mean (SD) 227 (87) 194 (116) 3(-25t091) 0.25
30 min after initiation of OLV, mean (SD) 216 (81) 171 (110) ( 9to 100) 0.1
60 min after initiation of OLV, mean (SD) 183 (72) 154 (68) 29 (-11t0 69) 0.15
White blood cells (count x 103/ul)
Before surgery, mean (SD) 52(1.5) 6.1 (2.0 -0.8(-1.8t00.1) 0.08
Postoperative day 1, mean (SD) 10.3 (3.5) 10.2 (3.4) 0.0(-1.9t02.0) 0.94
Postoperative day 3, mean (SD) 9.1(23) 9.0(1.8) 0.1 (-09to 1.3) 0.74
C-reactive protein (mg/dl)
Before surgery, mean (SD) 0.1(0.1) 0.2(04) -0.1 (-0.2 t0 0.0) 0.25
Postoperative day 1, mean (SD), mean (SD) 3.8(1.7) 40(1.7) -0.1 (-1,1t00.7) 0.69
Postoperative day 3, mean (SD) 43(3.3) 5.7 (4.5) -1.3(-3.5t00.8) 0.23

Differences are (Desflurane group - Propofol group)
Student'’s t-test was used for all tests

LCS Lung Collapse Score, OLV one-lung ventilation, Cl confidence interval, SD standard devision
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Table 4 Postoperative outcomes
Outcomes Desflurane group Propofol group Relative risk (95% Cl) P value
N=26 N=24
Adverse event
Pneumonia, n/total N (%) 1/26 (3%) 2/24 (8%) 046 (0.04 10 4.77) 0.60°
Atelectasis, n/total N (%) 4/26 (15%) 5/24 (20%) 0.73(0.22t0 2.43) 0.72°
Surgical revision, n/total N (%) 0/26 (0%) 2/24 (8%) N/A 0.22°
Fistula, n/total N (%) 1/26 (3%) 1/24 (4%) 0.92 (0.06 to 13.95) 1.00%
Effusion, n/total N (%) 1/26 (3%) 2/24 (8%) 0.46 (0.04 t0 4.77) 0.60°
Surgical sight infection, n/total N (%) 1/26 (3%) 3/24 (12%) 0.30 (0.03 t0 2.76) 0.34%
Reintubation, n/total N (%) 0/26 (0%) 2/24 (8%) N/A 0.22°
SIRS, n/total N (%) 1/26 (3%) 5/24 (20%) 0.18 (0.02 to 1.46) 0.09%
Post-extubation hypoxemia, 0/26 (0%) 4/24 (16%) N/A 0.04°
n/total N (%)
Death, n/total N (%) 0/26 (0%) 0/24 (0%) N/A N/A
Total, n/total N (%) 9 26
Multiple adverse events, n/total N (%) 1/26 (3%) 6/24 (25%) 0.15(0.02t0 1.18) 0.04%
5-year postoperative recurrence, n/total N (%) 8/26 (30%) 7/24 (29%) 1.05 (045 to 2.46) 1.00°
5-year postoperative death, 2/26 (7%) 4/24 (16%) 046 (0.09t0 2.29) 0.40°
n/total N (%)
The difference in Means (95% Cl)
Hospital stay (days), mean (SD) 13(14) 18 (22) -55(-16.3t05.2) 030P
Postoperative recurrence-free period (months), mean (SD) 485 (3.8) 482 (4.3) N/A 0.98¢
Postoperative survival period (months), mean (SD) 56.9 (2.1) 55.8(2.3) N/A 0.33¢

Relative risks are for Desflurane group relative to Propofol group; differences are (Desflurane group - Propofol group)

SIRS Systemic inflammatory response syndrome, Cl confidence interval, SD standard devision, N/A Not available

2 Fisher’s exact test
b Student’s t-test

€ P-value from log-rank test

group and 6/24 (25%) in Propofol group (relative risk, 0.1;
95% CI, 0.02 to 1.18; P=0.04). Six patients died during
the postoperative follow-up period. The mean follow-up
period for non-deceased patients was 57.4 weeks. The
5-year postoperative recurrence-free survival rate and
overall survival rate did not differ between these groups
(Fig. 3).

Linear regression analysis showed no significant associ-
ation between operation time and age or between opera-
tion time and %VC. There was no significant association
of operation time with height, body weight, body mass
index, and %FEV . In contrast, LCS30 and LCS60 were
related to operation time (LCS30: R=-0.30, P=0.04,
LCS60: R=-0.31, P=0.03; Table 5). A weak positive
correlation was found between %VC and Lung Col-
lapse Scorel0. However, no other significant correlation
was found between Lung Collapse Score 10/30/ 60 and
age, or between Lung Collapse Score 10/30/60 and %VC
(Table 6).

A multi-regression analysis revealed that the fac-
tors that had a statistically significant effect on opera-
tion time were height (standardized coefficients Beta:

0.33, P=0.01), LCS60 (standardized coefficients Beta:
-0.31, P=0.02), and bleeding (standardized coefficients
Beta: 0.27, P=0.01) at the 0.05 level, (adjusted R 0.241,
P-value of prediction equation: 0.001; Table 7).

Discussion

This prospective randomized study showed that desflu-
rane anesthesia improved lung collapse during OLV and,
consequently, shortened the operation time of lobectomy
by VATS, and reducing postoperative adverse events.
Improvement of lung collapse during OLV might have
improved the field of view over the surgical site of the
lobectomy, resulting in a shorter operation time. These
beneficial effects may help to reduce postoperative
adverse events.

The mechanism by which desflurane promotes spon-
taneous lung collapse remains unclear. Lung collapse
is affected by different factors [17]. In the early phase,
oxygen in the alveoli outflows mainly via the respira-
tory tract. In the later phase, after the peripheral respir-
atory tract is obstructed by the initial oxygen outflow,
oxygen in the alveoli diffuses and is taken up into the
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Fig. 3 Five-year recurrence-free survival rate or overall survival rate after lobectomy under desflurane and propofol anesthesia. The recurrence-free
survival rate and survival rates did not differ in these two groups (recurrence-free survival rate: P=0.98, survival rate: P=0.33)

Table 5 Pearson’s correlation of factors with operation time

Pearson’s correlation Pvalue

coefficients
Age 0.24 0.09
Height 027 0.06
Bodyweight 0.17 0.23
BMI 0.08 0.60
%VC -0.08 0.57
%FEV, -0.08 060
Lung Collapse Score10 -0.06 0.66
Lung Collapse Score30 -0.3 0.04
Lung Collapse Score60 -0.31 0.03
Bleeding 0.35 0.01

BMI body mass index, VC vital capacity, FEV forced expiratory volume

Table 6 Pearson’s correlation between two factors

Pearson’s correlation  P-value
coefficients
Between Lung Collapse Score10
Age 0.30 0.02
%VC -0.20 0.14
Between Lung Collapse Score30
Age 0.04 0.77
%VC 0.16 0.24
Between Lung Collapse Score60
Age -0.11 041
%VC 0.21 0.13

LCS Lung Collapse Score, VC vital capacity
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Table 7 Coefficients of explanatory variables determined

significant by multiple regression analysis (N =50)

Variables Standardized Coefficients Beta Sig
Height 033 0.01
LCS60 -0.31 0.02
Bleeding 0.27 0.03

Objective variavles: operation time, P <0.05, R*=0.28, P=0.001

pulmonary arteries. Desflurane may promote oxygen
egress from the peripheral respiratory tract and oxy-
gen diffusion into the pulmonary arteries. Bronchodila-
tion by desflurane may improve oxygen drainage via the
peripheral respiratory tract during OLV.

Moreover, desflurane inhibition of HPV may improve
oxygen diffusion into the pulmonary arteries dur-
ing OLV by not reducing blood flow to the pulmonary
artery on the surgical side. Moreover, as desflurane has
higher specific gravity than oxygen (desflurane specific
gravity: 1.47, oxygen specific gravity: 1.10) [18], alveo-
lar gas may have higher specific gravity than propofol.
This difference in the specific gravity of alveolar gas
may accelerate alveolar gas evacuation via the periph-
eral respiratory tract during lung collapse in desflu-
rane anesthesia compared to propofol anesthesia.
Bronchodilation, HPV suppression, and specific grav-
ity differences would each have produced only a mini-
mal effect. However, together, these effects might have
resulted in significantly superior lung collapse in Des-
flurane group.

Interestingly, the difference in lung collapse progres-
sion became more apparent over time, even though the
operative lung was not ventilated during OLV. Absorp-
tive atelectasis is considered a significant factor for lung
collapse [19]. Blood from the pulmonary artery continu-
ously flows in the operative lung during OLV. Compared
with desflurane, propofol does not inhibit HPV. There-
fore, Propofol group was expected to exhibit decreased
blood flow to the operative lung compared to that in
Desflurane group. To achieve complete removal of alveo-
lar gas, it is important to induce alveolar gas absorption
into the pulmonary blood flow, i.e., absorptive atelectasis.
However, in Propofol group, induction of absorptive ate-
lectasis may be delayed due to an HPV-induced decrease
in pulmonary blood flow on the operative side. Therefore,
the lung collapse in Propofol group may have delayed
over time compared to Desflurane group, even when the
operative lung was not ventilated.

Studies comparing sevoflurane and desflurane suggest
that the two anesthetics have similar bronchodilatory
and HPV-inhibitory effects [15, 20]. Here, the broncho-
dilatory and HPV-inhibitory effects of desflurane are
assumed to explain its superiority to propofol for lung
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collapse. Therefore, sevoflurane may have a similar effect
in promoting lung collapse.

In the present study, we evaluated the quality of lung
collapse on the operative side during OLV. There have
been no reports of objective measurements of the qual-
ity of lung collapse in clinical studies, although one study
reported subjective measurements [21]. Two animal
studies reported objective measurements of lung collapse
using an invasive method not clinically practicable [22,
23].

The Lung Collapse Score we used is a novel method for
assessing lung collapse of unknown reliability. However,
with a perfect agreement rate of 60% and a discrepancy
22 points in the 1% range between two clinicians, we
believe that we were able to maintain a sufficient level of
agreement for an evaluation method based on appear-
ance. Additionally, we showed significant relationships
of both the LCS30 and LCS60 with operation time. These
findings suggest the usefulness of the Lung Collapse
Score for assessing the quality of lung collapse.

We could not measure pulmonary artery pressure and
only assessed the trend of intraoperative oxygenation.
There was no significant improvement in oxygenation
between 30 and 60 min after OLV initiation in any groups
(Table 3). In our study model, we could not find a second
HPYV peak 40—45 min after OLV initiation [24].

Operation time of lobectomy by VATS

This research is the first to show a difference in opera-
tion time between the two groups. VATS procedures
for lung cancer include lobectomy, segmentectomy, and
partial resection in our institute. Lobectomy requires
23 vascular treatments (22 pulmonary arteries and 21
pulmonary vein), whereas segmentectomy requires two
vascular treatments (one pulmonary artery and one pul-
monary vein), and partial resections do not require any
vascular treatments. Vascular treatments require careful
attention, and are considered the bottleneck determin-
ing the operation time. Therefore, the operation time for
lobectomy is longer than for segmentectomy and partial
resection. Since the primary outcome of this study was
operation time, we limited procedures to VATS lobec-
tomy. Previous reports included both lobectomy and oth-
ers, or thoracotomy and VATS [10, 25-27], which may
explain why their results differed from ours.

Moreover, many of these reports tend to report a
shorter operation time in the inhalational anesthetic
group. Conno’s report showed significantly shorter OLV
duration with inhalational anesthetics [25]. This outcome
can be considered similar to our results.

In our study, Desflurane group exhibited better lung
collapse than that in Propofol group. We also found a
negative correlation between LCS and operative time.
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These results suggest a better lung collapse in Desflurane
group, which facilitated obtaining a good surgical view
quickly, leading to a faster and safer surgical procedure,
thus shortening the operation time.

Intraoperative oxygenation

In a study by Cho et al. that examined the effects of des-
flurane and propofol on oxygenation during OLV, des-
flurane significantly worsened oxygenation during OLV
compared to propofol [28]. Conversely, there was no sig-
nificant difference in oxygenation during OLV between
groups in the present study. The desflurane concentration
in their study (5-7%) was higher than that in ours (4-6%).
Since desflurane enhances HPV suppression in a concen-
tration-dependent manner, differences in desflurane con-
centration may have affected the results.

Postoperative complications

We demonstrated that the number of patients with post-
extubation hypoxia and multiple adverse events was
significantly smaller in Desflurane group than in Propo-
fol group. Recently, several studies demonstrated that
administration of volatile anesthetics during lung resec-
tion surgery reduces the frequency of postoperative pul-
monary complications, as volatile anesthetics attenuate
the pulmonary and systemic inflammatory responses
[13, 25, 29]. Molecular studies on the targets of volatile
anesthetics on neutrophils, monocytes, and macrophages
reveal that volatile anesthetics significantly reduce neu-
trophil recruitment and phagocytosis by targeting multi-
ple molecules [30, 31]. Compared with propofol, volatile
anesthetics reduce local inflammatory responses during
OLV [25-27, 29]. However, no previous study suggested
that volatile anesthetics are superior to intravenous anes-
thetics in reducing postoperative complications after
lobectomy by VATS from these viewpoints.

Long-term recurrence and survival rates

The use of volatile anesthetics may result in more fre-
quent small metastases after cancer surgery and affect
long-term recurrence and survival rates [32]. However,
a previous study showed that desflurane did not reduce
the number of short- and long-term major complica-
tions after standard lung surgery compared to propofol
anesthesia [33]. The present study similarly showed that
desflurane anesthesia did not worsen the 5-year postop-
erative recurrence-free survival rate or overall survival
rate compared with propofol anesthesia. Despite our
small sample size, we could confirm that desflurane did
not worsen the cancer prognosis in our patients.
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Limitations

This study had several limitations. Despite the randomi-
zation, there was a significant difference in %VC and
age between groups, but neither factor was significantly
associated with operation time. The effects of differences
in the patient background on operation time and lung
collapse were considered irrelevant. Because we con-
ducted the statistical analyses after collecting the cases,
it was impossible to eliminate the significant differences
in patients’ backgrounds. Thus, we conducted a multi-
ple regression analysis to identify the factors affecting
operation time among the eight factors of patient back-
ground, LCS60, and blood loss. It revealed that height,
LCS60, and bleeding significantly affected the operation
time. Based on the statistical analyses, we considered a
minimal influence of %VC and age on the operation time
(Table 8). Of these three factors, the amount of bleeding
was rather considered a surgical outcome, as well as the
operation time. This result also suggests that the Lung
Collapse Score was an important factor affecting opera-
tion time. Promoting lung collapse provides the surgeon
with a better surgical view, leading to a faster and safer
operation. Resultantly, Desflurane group, which had a
better lung collapse, had shorter surgery time and less
bleeding.

Another limitation is that Desflurane group also
received 1 mg of propofol per body weight for anesthe-
sia induction. Since general anesthesia induction with
desflurane alone is difficult, we had to use propofol for
induction. At our institute, the time from anesthesia
induction to the beginning of surgery is approximately
60 min. Considering the metabolic speed of propofol,
we considered the propofol concentration in Desflurane
group to be negligibly low at OLV initiation.

Other limitations include the small sample size and
the inclusion of patients from a single center. Large and
prospective multicenter trials are needed to compare the
duration of lobectomy by VATS in patients administered
propofol or desflurane anesthesia.

Table 8 Coefficients when the removed variables are input

(N=50)
Variables Standardized Coefficients Sig
Beta

Desflurane or Propofol group 0.19 0.16
Age 0.14 0.26
Male or female 0.13 041
Weight -0.10 0.51
BMI -0.06 0.60
FEV, oo, 0.04 076
%VC -0.00 0.97
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Conclusion

In conclusion, compared with propofol, desflurane
improved lung collapse during OLV and significantly
shortened the operation time of VATS lobectomy in
our study patients. Additionally, desflurane reduced the
postoperative complication rate. These results suggest
that the good quality lung collapse induced by desflu-
rane may enhance surgical exposure during VATS lobec-
tomy, reducing operation time and postoperative adverse
events.
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