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Abstract

Background One-lung ventilation (OLV) requires a high inspired oxygen concentration (FiO,) to promote
oxygenation improvement, yet it increases the risk of postoperative pulmonary complications. Therefore, this study
aimed to investigate the effects of prostaglandin E; (PGE,) in reducing FiO, during general anesthesia and mechanical
ventilation on oxygenation and postoperative complications in patients undergoing OLV.

Method A total of 120 patients scheduled for elective left thoracotomy esophageal cancer surgery were randomly
divided into four groups (n=30): Group L (FiO,=0.4, PGE,=0.1 pg /kg), Group M (FiO,=0.5, PGE, =0.1 pg /kg),
Group H (FiO,=0.6, PGE,=0.1 ug /kg), and Group C (FiO,=0.4, normal saline solution). The primary outcome was
oxygenation during OLV. Secondary outcomes included intrapulmonary shunt (Qs/Qt), incidence of postoperative
pulmonary complications, and changes in inflammatory cytokines.

Results Group H exhibited higher PaO, values than Groups L, M, and C at all time points T1-T6. Group M also showed
higher PaO, values than Groups L and C at all time points T1-T6. In contrast, Group L demonstrated significantly higher
PaO, values than Group C at time points T2-T4. The nebulization groups (L, M, H) had significantly higher PaO,/FiO,
than Group C at time points T2-T4. Group H had higher Qs/Qt values than Groups L, M, and C at all time points T1-T6.
At time points T2-T4, Group L had significantly lower Qs/Qt values compared to both Group C and Group M, which in
turn had significantly lower values than Group C. Regarding interleukin-6 (IL-6) levels, Group C was significantly higher
than the nebulization groups at time points T5-T8, while Group L was significantly lower than Groups M and H at T8. In
terms of tumor necrosis factor-a(TNF-a) levels, Group C was significantly higher than the nebulization groups at time
points T7-T8. With respect to clinical pulmonary infection score (CPIS), Group L was significantly lower than Groups
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FiO,+0.1 ug /kg PGE, is appropriate.

M, H, and C. There was no statistically significant difference in the overall incidence of postoperative complications
probability (PPCs) among the four groups, nor were there statistically significant differences in pneumothorax,
pulmonary infection, anastomotic leakage, ICU stay duration, or total hospital stay duration among the groups.
Conclusion PGE, demonstrates a significant advantage in reducing the incidence of hypoxemia, effectively
improving oxygenation status in patients undergoing OLV with lower FiO,. Given the effects of PGE, on oxygenation
and inflammatory factors, as well as the CPIS, the results of this study suggest that a clinical regimen of 0.4

Trial registration Chictrorg.cn identifier: Retrospectively registered, ChiCTR1800018288(09/09/2018).
Keywords Prostaglandin E,;, One-lung ventilation, Inspired oxygen concentration

Background
One-lung ventilation (OLV) is widely employed in the
anesthesia process for thoracic surgery. During OLV, the
ventilation-receiving lung exhibits reduced compliance
due to the gravitational influence of the mediastinum and
the elevated diaphragm in the lateral decubitus position.
Meanwhile, although the non-ventilated lung remains
unventilated, certain blood perfusion increases intrapul-
monary shunt (Qs/Qt). These factors may augment the
risk of intraoperative hypoxemia in patients. Therefore,
during OLV, pure oxygen or high inspired oxygen con-
centration (FiO,) are typically used to maintain patient
oxygenation [1]. Current lung-protective ventilation
strategies recommend reducing the FiO, as much as pos-
sible while ensuring adequate oxygenation, although the
specific concentration remains undefined [2].
Prostaglandin E; (PGE,), a selective pulmonary artery
dilator, has been previously shown to effectively reduce
Qs/Qt and significantly improve oxygenation when nebu-
lized and inhaled into the ventilated lung prior to OLV,
with minimal impact on hemodynamics [3]. This study
aims to investigate the effects of PGE, on lowering the
FiO, during general anesthesia and mechanical ventila-
tion on oxygenation and postoperative complications in
patients undergoing OLV.

Methods

Study population

A total of 120 patients with esophageal cancer scheduled
for radical resection at the Affiliated Cancer Hospital of
Nanjing Medical University between 2019 and 2023 were
enrolled. Pathology confirmed esophageal cancer diagno-
ses. All participating patients or their families provided
informed consent. Study subjects included 120 patients
scheduled for left thoracotomy esophageal cancer radi-
cal surgery, aged 18-79 years, with a Body mass index
(BMI) of 18-29.9 kg/m* and American Society of Anes-
thesiologists (ASA) II or III. Exclusion criteria included:
[1] history of pulmonary surgery, immunotherapy, or
neoadjuvant chemotherapy; [2] preoperative severe dys-
function of the heart, liver, or kidneys; [3] severe compli-
cations such as hypertension, coronary heart disease, or

glaucoma; [4] withdrawal from the study at any stage; [5]
intraoperative severe arrhythmia or circulatory instabil-
ity; [6] surgical duration less than 2 or more than 6 h; [7]
failure to maintain SpO,>90% during surgery, defined
as either failure to restore SpO, to >90% within 3 min of
desaturation or subsequent decline to < 88%.

All patients were randomly assigned to 1 of 4 groups
using a computer-generated random number table:
Group L (FiO,=0.4, PGE;=0.1 pg /kg), Group M
(Fi0,=0.5, PGE;=0.1 pg /kg), Group H (FiO,=0.6,
PGE,;=0.1 ug /kg), or Group C (FiO,=0.4, normal saline
solution). The randomization sequence was generated by
an independent biostatistician. Participants and investi-
gators (including treating physicians, nurses, and out-
come assessors) remained blinded to group assignments.
Data collection was conducted by blinded research team
members, ensuring objectivity. An independent statisti-
cian who remained blinded until final analysis performed
the unblinding and data analysis. All subjects enrolled
provided written informed consent, and the study was
approved by the Ethics Committee of Nanjing Medical
University.

Anesthesia and intervention

All patients underwent ultrasound-guided right internal
jugular vein catheterization and right radial artery cath-
eterization under local anesthesia for pressure monitor-
ing upon arrival in the operating room. Total intravenous
anesthesia was administered without premedication.
The anesthesia induction sequence included midazolam
0.05 mg-kg™, fentanyl 3-4 pgkg™, propofol 1 mgkg™,
and cisatracurium 0.2 mgkg™. A left double-lumen
endobronchial tube was inserted under video laryn-
goscopy, with its position confirmed using a fiberoptic
bronchoscope. Volume-controlled mechanical ventila-
tion (VCV) was employed, with the anesthesia machine
settings configured as follows: tidal volume (VT) 6—8 ml/
kg (ideal body weight), PEEP 5 cmH,O, respiratory rate
12-14 breaths per minute, inspiratory-to-expiratory
ratio 1:2. The RR was adjusted to maintain end-tidal CO,
(ETCO,) between 35 and 45 cmH,O, and FiO, was set
according to the respective study group. If SpO, dropped
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below 90% during one-lung ventilation (OLV) and per-
sisted for more than 3 min or further decreased to less
than 88%, the following interventions were sequentially
applied: increasing FiO, to 100%, applying continuous
positive airway pressure (CPAP) to the non-ventilated
lung, and if necessary, restoring two-lung ventilation.
During the maintenance phase of anesthesia, intravenous
infusion of propofol at a rate of 0.04—0.06 mg-kg™"-min™’,
remifentanil at 0.2 pgkg™min™, cisatracurium at
0.15 mg-kg™"-h™", and dexmedetomidine at 0.2 pg-kg™"h™
was administered. Intraoperative warming was main-
tained using an inflatable warming blanket to ensure
nasopharyngeal temperature remained above 36 C.
Blood pressure fluctuations were kept within 20% of the
baseline value, with vasoactive drugs used as necessary
to regulate blood pressure. After stable anesthesia, the
patient was positioned in the right lateral decubitus posi-
tion, and a fiberoptic bronchoscope was used to confirm
the correct placement of the double-lumen tube.

Nebulization was then initiated, with Group L, M, and
H receiving PGE; (brand name: Alprostadil Injection)
nebulization (0.1 pug/kg diluted in 10 ml of normal saline
solution) to the right lung, while Group C received ultra-
sonic nebulization of 10 ml of normal saline solution to
the right lung. The dose of 0.1 pg/kg PGE; was chosen
based on previous studies [3] demonstrating its efficacy
in improving oxygenation and reducing inflammatory
responses in patients undergoing OLV. The nebulization
flow rate was set at 2 L/min, and the nebulization dura-
tion was 10 min to ensure complete nebulization of all
fluids. After the onset of OLV, the VT was adjusted to
4-6 ml/kg (ideal body weight), while other respiratory
parameters remained unchanged. During chest closure,
manual lung recruitment was performed to restore two-
lung ventilation (with airway pressure limited to below
30 cmH,O for 30 s), and all patients were transferred to
the ICU at the end of the surgery.

Observed indicators

The surgical duration, OLV duration, blood loss, urine
output, and fluid intake of patients were recorded. Blood
samples were collected from the radial artery and the
right internal jugular vein for blood gas analysis at the
following time points: before anesthesia induction (T0),
post-anesthesia/pre-nebulization (T1), OLV 10 min (T2),
OLV 15 min (T3), OLV 30 min (T4), OLV 60 min (T5),
and OLV 120 min (T6). The following parameters were
recorded at each time point: PaO,, SaO,, PaCO,, PvO,,
SvO,, and the Qs/Qt, which was calculated using the
formula: Qs/Qt= (CcO,-Ca0,)/ (CcO,-CvO,), where
CaO,= (1.36 = Hb * SaO,)+ (0.0031 * PaO,), CvO,= (1.36
* Hb * SvO,) + (0.0031 * PvO,), and CcO,= [FiO, * (Pz—
Pio0) —PaCO, / R] * 0.0031 + (1.36 = Hb), with Pp= 760
mmHg, Py,o= 47 mmHg, and R=0.8. Additionally, the
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ETCO,, MAP, Ppeak, HR and PaO,/FiO, at each time
point were recorded.

Central venous blood samples were collected at TO,
T5, T7 (30 min after two-lung ventilation), and T8 (24 h
post-surgery). The concentrations of serum interleukin-6
(IL-6) and tumor necrosis factor-a (TNF-a) were mea-
sured using the ELISA method. The clinical pulmonary
infection score (CPIS) on post-operative day 2, ICU stay
duration, total hospital stay, and pulmonary complica-
tions within the first seven post-operative days were also
recorded.

Statistical analysis

Using PASS 2021, we calculated the sample size based
on the PaO2 of each group during the pre-experiment
OLV30min, taking a=0.05 and 1-f=0.9. This time
point was selected as the primary endpoint because it
represents the critical phase of hypoxemia risk during
OLV. A minimum of 24 patients per group is required
to achieve a power of 0.8 and a two-sided Alpha level of
0.05. Considering a 20% dropout rate, a final total of 30
patients was included in each group. Data analysis was
performed using SPSS 27.0 software. Measurement data
are expressed as mean*standard deviation (M+SD),
and inter-group analysis was conducted using one-way
ANOVA, Kruskal-Wallis test, or three-factor repeated
measures ANOVA, depending on the situation. Addi-
tionally, the Student-Newman-Keuls (SNK) method was
used to compare groups at different time points. Count
data were analyzed using the chi-square test or Fisher’s
exact probability method. A P-value of less than 0.05 was
considered statistically significant.

Outcomes

The primary outcome was oxygenation during one lung
ventilation (OLV), including PaO, measured at T2-T6.
Secondary outcomes included Qs/Qt and PaO,/FiO,
during OLV, IL-6 and TNF-a levels at T1, T2, T7, and T8,
CPIS, postoperative complications probability (PPCs),
intensive care unit (ICU) stay duration, and total hospi-
talization time.

Results

Baseline characteristics

This study included 120 patients (88 males, 23 females),
mean age 63.46+6.26 years, randomly assigned to four
groups. Six cases of hypoxemia occurred in Group C, one
in Group L. Seven patients were excluded, resulting in a
final sample of 113 patients (Fig. 1). There were no sta-
tistically significant differences in gender, age, ASA clas-
sification, BMI, preoperative PaO,, surgery duration, or
OLV duration among the four groups (Table 1).
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Group L (n=30):Fi0,= 0.4,
PGE, =0.1pg /kg

Group M (n=30):Fi0, = 0.5,
PGE, =0.1pg /kg

Group H (n=30):FiO, = 0.6,
PGE, =0.1pg /kg

Group C (n=30):FiO, = 0.4,
normal saline solution

N

Discontinued
intervention:hypoxemia (n=1)

Discontinued
intervention:hypoxemia (n=0)

Discontinued
intervention:hypoxemia (n=0)

Discontinued
intervention:hypoxemia (n=6)

Analyzed (n=29)
Excluded from analysis (n=0)

Analyzed (n=30)
Excluded from analysis (n=0)

Analyzed (n=30)
Excluded from analysis (n=0)

Analyzed (n=24)
Excluded from analysis (n=0)

Fig. 1 Flow diagram of study participants

Table 1 Characteristic of patients with esophageal cancer [Mean +SD / n(%)]

Characteristic L group(n=29)

M group(n=30)

H group(n=30) Cgroup(n=24)

Male 22(75.9) 25(83.3) 23(76.7) 19(79.2)
Female* 7(24.0) 5(16.7) 7(233) 5(20.8)
Age, year’ 633£6.5 63.2+54 628+6.8 64.5+7.6
ASAII¥ 22(75.9) 24(80) 21(70) 20(83.3)
ASA I 7(24.7) 6(20) 9(30) 4(16.7)

BMI, kg/m”” 229+28 236426 233+32 224+28
Preoperative Pa0,, mmHg’ 80.1£8.0 814+£75 784+£104 79.3+£95
Duration of surgery, min’ 2143+459 215.2+46.8 2089+£589 210.0£54.6
Duration of OLV, min" 1773+44.2 1721+£46.6 1713£463 1758+47.6

“#" uses chi-square test; “*” uses one-way ANOVA; BMI, Body mass index; OLV, one-lung ventilation; L, 0.4 FiO,+0.1 pg /kg PGE;; M, 0.5 FiO,+0.1 pg/kg PGE;; H, 0.6

FiO,+0.2 ug/kg PGE;; C, 0.4 FiO, +normal saline solution.

Effects of PGE, on oxygenation under different FiO, levels

Within the first 30 min after the start of OLV, PaO,
and PaO,/FiO, decreased rapidly, while Qs/Qt gradu-
ally increased. PaO, and PaO,/FiO, reached their low-
est points at 60 min of OLV in the nebulized groups
L, M and H, whereas the lowest point in the control
group C occurred at 30 min (Table 2; Figs. 2 and 3). Qs/
Qt peaked at 60 min of OLV in the nebulized groups L,
M and H, but peaked at 30 min in the control group C
(Table 2; Fig. 4). Throughout OLV, PaO, in the H group
was higher than that in the groups L, M, and C at all time
points. PaO, in the group M was higher than that in the
groups L and C at all time points. PaO, in the group L
was significantly higher than that in the group C between
T2 and T4. (Table 2; Fig. 2). The PaO,/FiO, in the neb-
ulized groups L, M and H was significantly higher than
that in the group C between T2 and T4 (Table 2; Fig. 3).
Qs/Qt in the group H was higher than that in the groups
L, M, and C at all time points. Between T2 and T4, Qs/
Qt in the group L was significantly lower than that in

the groups C and M, and Qs/Qt in the group M was sig-
nificantly lower than that in the group C (Table 2; Fig. 4).
There were no significant differences in PaCO,, PETCO,,
Ppeak, MAP and HR among the four groups at all time
points (Table 3).

Effects of PGE, on inflammatory factors and postoperative
pulmonary complications under different FiO, levels
Regarding IL-6 levels, the group C showed significantly
higher levels at T5, T7, and T8 compared to the nebu-
lized groups L, M and H (Table 4). At T8, IL-6 levels in
the group L were significantly lower than those in the
groups M and H, with no statistical differences at other
time points. Regarding TNF-a levels, the group C exhib-
ited significantly higher levels at T7 and T8 compared
to the nebulized groups L, M and H, while there were
no statistical differences among the groups L, M, and H
(Table 4). In terms of postoperative CPIS, the group L
had significantly lower scores than the groups M, H, and
C. There were no statistically significant differences in
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Table 2 The levels of PaO,, PaO,/FiO, Qs/Qt among four groups (Mean +SD)
Indicator Group T, T, T; T, Ts Te
PaO,,mmHg"

L 17274511 1004 + 2567 90.2+29.4% 85.7+15.3 79.8+16.9 100.5+24.6

M 242.5+41 2% 129.5+56.5% 111.5+304% 105.8+28.3% 100.8+380% 115.6+326%

H 2734+32.4%¢ 15144 34.2%¢ 1344 +29.4%¢ 124.2+24.1%¢ 1164 +33.5%¢ 152.8+46.2%¢

C 17734515 824+240 76.7+13.0 716+125 795+147 10194243
Pa0,/Fi0,, mmHg"

L 434841222 250046397 2254+731044° 201.8+3357 199.5+42.3 246.6+60.2

M 48174892 2545+558? 2216+723° 2108+546° 20274730 23174655

H 4543+613 253345268 219.6+454° 2006+455° 1924+583 2536+778

C 443341287 2059+60.1 191.8+32.7 17894312 198.7+36.7 2548+60.7
Qs/Qt"

L 750423 128+1.7° 135420 144+16° 158420 144427

M 84424 144+24% 154+18% 156+13% 160+15 152416

H 11.741.5%¢ 166+ 1.6 17.6+14%¢ 18.8+1.2%¢ 19.3+1.2%¢ 17.541.4%¢

C 80426 155427 162429 171427 163+2.1 155419

“*" yses one-way ANOVA; T1, post-anesthesia/pre-nebulization; T2, OLV 10 min; T3, OLV 15 min; T4, OLV 30 min; T5, OLV 60 min; T6, OLV 120 min; °P<0.05 compared
with Group C; PP<0.05 compared with Group L, °P<0.05 compared with Group M.

PaOz
(mmHg)

350

200

50

Fig. 2 PaO, dynamic changing during OLV in four groups. “Pa0," uses one-way ANOVA; 2P<0.05 compared with Group C; ®P<0.05 compared with Group
L, °P<0.05 compared with Group M

the overall incidence of PPCs among the four groups, nor
were there differences in atelectasis, pulmonary infec-
tions, anastomotic leaks, ICU stay duration, or total hos-
pital stay among the groups (Table 5).

Discussion
During OLV, the core elements of anesthesia manage-
ment include adequate oxygenation and lung protection.

Effectively reducing the risk of hypoxemia during OLV
and minimizing oxidative stress damage caused by high
FiO, are two critical yet seemingly contradictory aspects
of lung protection research during OLV [4, 5]. Regarding
the appropriate level of FiO, during OLV, clear clinical
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Fig. 3 Pa0, /FiO, dynamic changing during OLV in four groups. “Pa0,/Fi0," uses one-way ANOVA; 2P<0.05 compared with Group C; PP<0.05 compared
with Group L, “P<0.05 compared with Group M
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Fig. 4 Qs/Qt dynamic changing during OLV in four groups. “Qs/Qt” uses one-way ANOVA; °P<0.05 compared with Group C; °P<0.05 compared with
Group L, “P<0.05 compared with Group M



Xing et al. BMC Anesthesiology (2025) 25:229 Page 7 of 10
Table 3 The levels of SaO,, PaCO,, ETCO,, Ppeak, MAP, HR among four groups(Mean +SD)
Indicator Group T, T, T; T, Ts Te
Sa0,, %"
L 992408 953+24 952+27 935+32 951420 973416
M 999+04 96.9+2.7% 96.4+2.5%® 959+30% 96.2+2.9%° 976+2.1
H 100+0.0 98.7+1.0%¢ 98.3+1.4%¢ 983+ 14%¢ 98.0+1.3%¢ 98.8+1.5%
C 993403 954+1.1 955+2.2 930+3.1 954+2.1 973416
PaCO,, mmHg"
L 462+18.1 463+72 438+49 425+52 409+6.1 394+47
M 406+32 411457 394+56 40.1+6.1 422462 384+57
H 429460 433462 418+58 40.1+58 416+63 395+638
C 425+44 415+59 413453 413+58 404+63 39.7+54
ETCO,, mmHg"
L 352436 363+4.7 356+4.0 339+46 33.1+44 336433
M 345+38 381436 36.7+36 365+42 364+45 363+49
H 354458 368+46 35.7+4.1 347440 351+44 344444
C 356453 366+4.2 360+4.1 353436 354+38 341440
Ppeak, cmH,0"
L 151437 219+49 214449 221459 218+49 220+35
M 149432 225+37 230+34 236+45 243+45 243439
H 149432 225+37 230+34 236+45 243+45 243439
C 144426 231439 232+34 237439 246+38 249+45
MAP, mmHg"
L 976+13.1 98.1+13.0 942+134 9674112 1004+10.2 0884121
M 97.6+13.1 98.1+13.0 942+134 9674112 1004+10.2 98.8+12.1
H 10224146 96.6+16.0 92.7+162 942+228 9574212 054+164
C 9844122 983+13.1 928+128 9824111 10094938 983+129
HR, bpm”
L 827+136 783+157 756+137 783+139 7884141 764+124
M 740+100 739+148 73.7+130 7214128 718+116 700+11.2
H 766+145 737+147 744+144 827+127 788+136 759+139
C 7714105 742+143 7574131 777498 790+134 743+10.7

“*" uses one-way ANOVA; T1, post-anesthesia/pre-nebulization; T2, OLV 10 min; T3, OLV 15 min; T4, OLV 30 min; T5, OLV 60 min; T6, OLV 120 min; °P<0.05 compared

with Group C; P<0.05 compared with Group L; °P<0.05 compared with Group M.

Table 4 Serum levels of IL-6 and TNF-ain the four groups (Mean +SD)

Biomarkers Group T, Ts T, Ty
IL-6, pg/mLx L 4.96+249 23.86+4.97° 39.53+£6.84° 5854+1541°
M 495+243 23.82+5.15° 39.65+6.61° 67.69+9.17%
H 5.15%2.76 23.78+4.51° 3845+10.59° 67.97+7.22%
C 4.14+257 34.80+7.35 844+1572 109.63+1747
TNF-a, pg/mL” L 0.82+0.23 1.88+£04 2.66+045° 33+0.86°
M 0.86+0.41 1.74+052 249+0.54° 3.09+0.50°
H 1.00+0.40 1.87+£091 2.68+0.70° 3.02+065°
C 1.00£0.29 1.77+0.83 3.53+0.79 4.63+0.71

“*" yses one-way ANOVA; ?P<0.05 compared with Group C; bP<0.05 compared with Group L; T1, post-anesthesia/pre-nebulization; T5, OLV 60 min; T7, 30 min after
two-lung ventilation; T8, 24 h post-surgery; IL-6, interleukin-6; TNF-a, tumor necrosis factor-a.

guidelines are currently lacking. When performing OLYV,
a protective ventilation strategy should strictly con-
trol FiO,. While ensuring adequate oxygenation, efforts
should be made to maintain FiO, at the lowest possible
level. FiO, reduction should start from a baseline below
1.0 to mitigate oxidative stress damage exacerbated by
high-concentration oxygen inhalation [5]. This study
demonstrates that pre-OLV administration of 0.1 pg/

kg PGE; to the ventilated lung reduces the required
FiO, during OLV. The reduction in FiO,, combined with
the physiological effects of PGE;, not only contributes
to a decrease in the Qs/Qt, improved oxygenation, and
a lower incidence of hypoxemia but also reduces the
release of inflammatory cytokines (IL-6, TNF-a), leading
to a reduction in the CPIS.
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Table 5 Postoperative rehabilitation of patients in the four
groups [Mean +5D / n(%)]

Characteristics L M H C

29 30 30 24
CPIST 18409  34+12° 39+18° 443+13°
Atelectasis of IungS 0(0) 1(3.33) 2(6.67) 0(0)
Pulmonary infection®  1(3.45) 1(3.33) 2(6.67) 1(4.55)
Anastomotic IeakageS 1(3.45) 1(3.33) 1(3.33) 2(9.10)
LOS inICU, day* 1.1+02 1.0+£00 1.0£00 1.3%06
LOS in hospital, day# 255478 232470 204424 27.3+82

“*" uses one-way ANOVA; “$” uses Fisher’s exact probability method; LOS,
Length of stay; °P<0.05 compared with Group L.

Studies have indicated [6] that inhaling high FiO, dur-
ing general anesthesia has adverse effects on the human
body, and it is recommended to use ventilation with FiO,
not exceeding 0.6. Additionally, ROCCA reported [7]
that the minimum FiO, during OLV can be as low as 0.4.
Therefore, the FiO, values set in this study were 0.4, 0.5,
and 0.6. PGE, acts as a selective pulmonary vasodilator
by activating adenylate cyclase, increasing cyclic AMP,
and reducing intracellular calcium [8]. This preferentially
dilates vessels in the ventilated lung, redirecting perfu-
sion away from the non-ventilated lung and lowering Qs/
Qt. Previous studies have reported that [3] PGE; can help
maintain adequate oxygenation in OLV patients with
FiO, 0.6, but it remains unclear how low an FiO, PGE,
can help OLV patients tolerate. Therefore, this study
aimed to investigate the effects of different FiO, levels on
oxygenation and Qs/Qt in OLV patients after pre-OLV
nebulized inhalation of 0.1 pg/kg PGE, in the ventilated
lung, to determine the optimal FiO, value.

Yang M et al. [9] reported that during OLV, 58% of
patients undergoing protective strategies (FiO,=0.5,
PEEP =5 cmH,0, VT =6 mL/kg) experienced hypoxemia
(SpO,<95%) and required an increase in FiO, to main-
tain SpO, >95%. Similarly, this study observed that in the
group C with FiO, 0.4, 6 patients developed hypoxemia
(SpO, dropped below 90% and failed to recover to =90%
within 3 min or further decreased to < 88%), with an inci-
dence rate of 25%, indicating a higher risk of hypoxemia
in patients with FiO, 0.4. In the group L, which received
FiO, 0.4 with PGE, nebulization, only one case of hypox-
emia occurred, indicating that nebulized PGE, can sig-
nificantly reduce the incidence of hypoxemia. This also
demonstrates that under FiO, 0.4 during OLV, nebulized
PGE, in the ventilated lung can ensure adequate oxy-
gen supply, thereby enabling a reduction in FiO, while
maintaining oxygenation. Furthermore, in OLV patients
receiving nebulized PGE,, although PaO, and SaO, levels
decreased when FiO, was reduced from 0.6 to 0.4, they
remained within safe ranges. Additionally, we observed
no significant differences in PaCO,, ETCO,, Ppeak, MAP,
or HR levels among patients under FiO, 0.6, 0.5, and 0.4.
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Therefore, nebulized 0.1 pg/kg PGE,; in the ventilated
lung enables OLV patients to safely tolerate FiO, 0.4.

During OLV, the patient’s physiological state under-
goes the following changes: First, the non-ventilated
lung fully collapses, receiving no ventilation but retaining
some blood perfusion, resulting in Qs/Qt. Second, due to
gravitational effects, the ventilated lung takes on most of
the pulmonary blood flow and all the ventilation, leading
to an imbalance in the ventilation-perfusion ratio (V/Q).
Additionally, when the patient is in the lateral decubitus
position, the compliance of the ventilated lung decreases
due to the gravitational effect of the mediastinum and the
elevation of the diaphragm. Finally, the non-ventilated
lung undergoes hypoxic pulmonary vasoconstriction
(HPV).During OLV, HPV serves as one of the body’s self-
regulatory protective mechanisms against hypoxia [10]
and is particularly critical. The primary stimulus for this
mechanism is alveolar oxygen tension, which induces
pre-capillary vasoconstriction to reduce blood flow to
hypoxic lung tissue. This reduces Qs/Qt, mitigates V/Q
mismatch, and improves oxygenation. Under the influ-
ence of HPV, blood flow in hypoxic regions of the lung
can be redirected to non-hypoxic areas, with a redistri-
bution rate of up to 50-70% [11]. This mechanism plays
a crucial role in reducing Qs/Qt, adjusting the V/Q, and
improving oxygenation.

Studies indicate that under normal HPV function,
blood perfusion in the non-ventilated lung can be
reduced to 20-25% [12]. Further studies reveal the HPV
effect becomes evident within 15 min of OLV, peaks at
60 min, and shows no significant changes thereafter [13—
15]. In clinical practice, studies indicate [16] the Qs/Qt
rises rapidly during the initial stage of OLV, reaching its
peak at 30 min, accompanied by a rapid decline in arte-
rial PaO,, particularly between 15 and 30 min of OLV
when PaO, drops to its lowest level. Subsequently, over
the next 1-2 h, PaO, gradually rises. In this study, we
found PaO, in all four groups decreased linearly within
30 min of OLV, with the group C reaching its lowest
point at 30 min, and then gradually rising. This finding
is consistent with previous research. After PGE; nebu-
lization, the L, M, and H groups’ lowest PaO, values
were delayed until 60 min, when the HPV effect peaked.
Therefore, pre-OLV ventilation-side lung nebulization
with PGE, helps patients pass through the sharp decline
in PaO, during the first 30 min of OLV, reducing hypox-
emia occurrence.

Previous studies have demonstrated [10, 17] that HPV
can improve the body’s oxygenation function by reduc-
ing Qs/Qt. However, it is important to note that this
regulatory effect of HPV is influenced by various factors,
including anesthetic drugs, disease conditions, surgi-
cal procedures, and physiological factors [18], with FiO,
being one important factor. This study found that from
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anesthesia induction to OLV 30 min, Qs/Qt in the L, M,
and H groups increased in a dose-dependent manner
with increasing FiO,, which may be related to enhanced
inhibition of HPV as FiO, increases [8]. In addition, dur-
ing the first 30 min after the start of OLV, Qs/Qt in the
group L was significantly lower than in the group C. We
speculate that the mechanism by which PGE, inhalation
reduces Qs/Qt is mainly related to PGE, being a selective
pulmonary artery vasodilator [19]. PGE, increases blood
flow to the ventilated side of the lung, thereby reducing
Qs/Qt.

Intravenous infusion of PGE; can reduce serum IL-6
and TNF-a levels, thereby alleviating organ inflammatory
damage [20]. This study further observed the effect of
inhaled PGE, on serum inflammatory factors. The results
showed that inhalation of 0.1 pg/kg PGE, significantly
reduced serum IL-6 levels at 30 min after OLV, 30 min
after OLV completion, and 24 h postoperatively, as well
as serum TNF-a levels at 30 min after OLV completion
and 24 h postoperatively. Notably, IL-6 in the group L on
the second postoperative day was also significantly lower
than in the groups M and H. IL-6, as a pro-inflammatory
factor with diverse biological functions, plays a crucial
role in immune regulation and inflammatory responses
in various pathophysiological processes. During the acute
phase of injury and infection, the concentration of IL-6
in the blood typically increases significantly [21]. Breunig
et al. [22] found that IL-6 levels in both serum and bron-
choalveolar lavage fluid significantly increased after the
completion of OLV. TNF-a is one of the pro-inflamma-
tory factors involved in mediating acute lung injury, with
functions such as inducing pulmonary endothelial cell
activation, leukocyte migration, granulocyte degranu-
lation, and capillary leakage. In addition, it can directly
or indirectly inhibit the synthesis of pulmonary surfac-
tant [23, 24]. Additionally, it is noteworthy that the CPIS
in the L group was significantly lower than in the other
three groups. CPIS is an assessment tool that integrates
clinical manifestations, imaging features, and microbio-
logical test results to evaluate the severity of pulmonary
infection. However, due to the limited sample size, there
were no statistically significant differences among the
four groups in terms of postoperative atelectasis inci-
dence, pulmonary infection incidence, anastomotic leak
incidence, ICU stay duration, and total hospital stay.

Taking into account the effects of the aforementioned
inflammatory factors and the comprehensive evaluation
of postoperative CPIS, it is recommended to utilize 0.4
FiO,+0.1 pg/kg PGE, as a superior nebulization com-
bination. This combination not only ensures adequate
oxygenation for the body, reduces Qs/Qt, and lowers
the incidence of hypoxemia, but also shows promise in
reducing the infection risk observed at the time points
we monitored.
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Limitation

However, several limitations of this study cannot be over-
looked. Firstly, the sample size calculation was based
on PaO, as the primary outcome measure rather than
postoperative complications, which may lead to false-
negative conclusions regarding the incidence of post-
operative complications. Secondly, the nebulized dose
of PGE, was set at 0.1 pg/kg, and higher doses of PGE,
were not investigated. Lastly, our study population was
limited to patients with normal lung function, and sub-
jects with impaired lung function were not included.
Therefore, whether the recommended combination
(0.4 FiO,+0.1 pg/kg PGE,) is suitable for patients with
impaired lung function, the elderly, or obese individuals
remains to be further validated. Future studies should
focus on exploring the effects of different doses of PGE,,
the long-term outcomes of patients, and the applicability
of this regimen in different patient populations.

Conclusion

In conclusion, pre-OLV administration of 0.1 pg/kg PGE,;
to the ventilated lung enhances pulmonary vasodilation,
thereby reducing the Qs/Qt, improving oxygenation,
and lowering the incidence of hypoxemia. These effects
collectively enable a reduction in the required FiO,. The
combined impact of FiO, reduction and physiological
effects of PGE; may further attenuate systemic inflam-
matory cytokine levels (IL-6 and TNF-a), which is associ-
ated with improved CPIS.
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