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Abstract

Background Limited information is available regarding the application of lung-protective ventilation strategies dur-
ing one-lung ventilation (OLV) across mainland China. A nationwide questionnaire survey was conducted to investi-
gate this issue in current clinical practice.

Methods The survey covered various aspects, including respondent demographics, the establishment and mainte-
nance of OLV, intraoperative monitoring standards, and complications associated with OLV.

Results Five hundred forty-three valid responses were collected from all provinces in mainland China. Volume
control ventilation mode, 4 to 6 mL per kilogram of predictive body weight, pure oxygen inspiration, and a low-level
positive end-expiratory pressure <5 cm H,O were the most popular ventilation parameters. The most common
thresholds of intraoperative respiration monitoring were peripheral oxygen saturation (SpO,) of 90-94%, end-tidal
CO, of 45 to 55 mm Hg, and an airway pressure of 30 to 34 cm H,O. Recruitment maneuvers were traditionally
performed by 94% of the respondents. Intraoperative hypoxemia and laryngeal injury were experienced by 75%
and 51% of the respondents, respectively. The proportions of anesthesiologists who frequently experienced hypox-
emia during OLV were 19%, 24%, and 7% for lung, cardiovascular, and esophageal surgeries, respectively. Up to 32%
of respondents were reluctant to perform lung-protective ventilation strategies during OLV. Multiple regression
analysis revealed that the volume-control ventilation mode and an SpO, intervention threshold of <85% were inde-
pendent risk factors for hypoxemia during OLV in lung and cardiovascular surgeries. In esophageal surgery, working
in a tier 2 hospital and using traditional ventilation strategies were independent risk factors for hypoxemia during OLV.
Subgroup analysis revealed no significant difference in intraoperative hypoxemia during OLV between respondents
who performed lung-protective ventilation strategies and those who did not.

Conclusions Lung-protective ventilation strategies during OLV have been widely accepted in mainland China

and are strongly recommended for esophageal surgery, particularly in tier 2 hospitals. Implementing volume control
ventilation mode and early management of oxygen desaturation might prevent hypoxemia during OLV.
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Background

One-lung ventilation (OLV), typically achieved by plac-
ing a double-lumen endotracheal tube (DLET) or bron-
chial blockers, plays a critical role in cardiothoracic
surgery by providing optimal surgical exposure and pro-
tection of the nonoperated lung. Currently, lung protec-
tive ventilation strategies (LPVSs), characterized by low
tidal volume, permissible hypercapnia, individualized
positive end-expiratory pressure (PEEP), recruitment
maneuvers, and low inspiratory oxygen concentrations,
have become increasingly popular worldwide [1]. Stud-
ies have also reported that the perioperative application
of LPVS can ameliorate ventilation-induced lung injury,
reduce postoperative pulmonary complications (PPCs),
and improve patient outcomes, especially in those at high
risk for PPCs [2, 3]. However, no consensus or guide-
lines for LPVSs during OLV have been achieved. Ongo-
ing debates persist regarding the benefit of the ventilation
strategy and how to set the proper perioperative ventila-
tion parameters [4].

Hypoxia is one of the most common complications
during and after OLV, affecting 3.6-10.0% [5, 6] of
patients undergoing OLV, and leads to cerebral dysfunc-
tion [7], myocardium ischemia [8], arrhythmia [9], and
pulmonary hypertension [10]. In addition to inhibited
hypoxic pulmonary vasoconstriction (HPV), hypoxia
may be partially caused by airway problems, preexisting
lung malfunction, and inappropriate ventilation strate-
gies (high tidal volume, zero PEED, etc.). Additional risk
factors for intraoperative hypoxemia in cardiothoracic
surgery include the side of surgery, surgical position, and
the volume of the excised lung [6, 11].

This study aimed to explore the routine strategy for
establishing and maintaining OLV in cardiothoracic sur-
gery in China through a nationwide questionnaire survey
and to identify the risk factors for intraoperative hypoxia
during OLV in clinical practice using the lung isolation
technique.

Methods

Study design

From October 2023 to December 2023, the WJS.cn
survey platform (https://www.wjx.cn) was utilized to
conduct this nationwide questionnaire survey about
the practical experience in the LPVS of the OLV during
cardiothoracic surgery. The survey included respond-
ent demographics, the methods of OLV establishment,

the intraoperative monitoring standards, and the com-
plications associated with DLET intubation (see Addi-
tional file 1). All in-service anesthesiologists from
mainland China were enrolled in this survey via the
internet, which contained 30 questions propagated
through WeChat (Tencent, Shenzhen, China) designed
by the investigators. The answer sheets with (1) a repeat
response from the same internet Protocol number, (2)
less than 60 s of answer time, (3) incomplete answers,
and (4) less than 1 year of anesthetic occupation experi-
ence were excluded from this survey.

Statistical methods

Data processing and analysis were performed using R
version 4.3.0 (2023-04-21) and Zstats v 0.90 (www.
medsta.cn/software). All statistical graphs were gen-
erated using Microsoft PowerPoint 2010 (Microsoft,
USA) and GraphPad Prism 8.0.1 (GraphPad Software,
USA). P<0.05 was considered statistically significant.
Respondent characteristics are presented as frequen-
cies and percentages for categorical variables. The
respondents were divided into two groups according
to the incidence of intraoperative hypoxia: hypoxia
occurred frequently, classified as high incidence, and
never or occasionally occurred classified as low inci-
dence), and univariate regression was performed. The
multivariate logistic regression subsequently included
the variables with a P value<0.1. Finally, a subgroup
analysis was performed using a forest plot to compare
differences between the respondents who routinely
received LVPS and those who received conventional
ventilation in terms of the proportion of patients with
high incidence rates of intraoperative hypoxia.

Results

General data presentation

A total of 600 questionnaires were distributed, 565 of
which were successfully collected, including 543 valid
responses (543/600, 90.5%) that covered all provincial
administrative units in mainland China. Twenty-two
responses were excluded from the study (see Figs. 1 and
2). More than two-thirds of the respondents held the
title of chief physician, 86% of whom came from Tier 3
hospitals. The respondents’ titles, gender, age, hospital
location, hospital tiers, and years of experience in anes-
thesiology are presented in Fig. 3.
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Fig. 1 Flow chart

One-lung ventilation establishment

Most respondents routinely evaluated respiratory func-
tion before surgery (see Fig. 4). The DLET and visual
laryngoscope were commonly used to establish OLV
(see Fig. 5A and B). The decision-making process for
the sizes of artificial airways was based on body shape,
sex, airway inner diameter, and surgical site for most
of the respondents (see Fig. 5C). Bronchoscopy, visual
DLET, and other visualization equipment were uti-
lized for endotracheal placement in three-fourths of
the respondents (see Fig. 5D). More than half of the
respondents used pure oxygen preinhalation and tradi-
tional methods for lung collapse (see Fig. 5E).

Mechanical ventilation parameters

Up to 32% of respondents were reluctant to perform
LPVS during OLV, with many citing concerns that LPVS
was a complicated and impractical technique during
cardiothoracic surgery (see Fig. 6). More than half of the
respondents chose pure oxygen inspiration during OLV
because of concerns about hypoxemia. Volume-con-
trolled ventilation (VCV) mode, recruitment maneu-
vers, 4 to 6 mL per kilogram predictive body weight,
pure oxygen inspiration, and a low-level PEEP of <5 cm
H,O were accepted by most respondents (see Fig. 7A, B,
C, D and E). The most prevalent reason for performing
pure oxygen inhalation during one-lung ventilation was
concern about intraoperative hypoxemia (see Fig. 7F).

Intraoperative ventilation monitoring
The most common thresholds for intraoperative mon-
itoring values were a peripheral oxygen saturation

(SpO,) of 90-94%, an end-tidal carbon dioxide (ETCO,)
of 45-55 mm Hg, and an airway pressure of 30—34 cm
H,O (see Fig. 8).

Perioperative complications

Hypoxemia was commonly observed during OLV sur-
gery. The percentages of anesthesiologists who frequently
experienced intraoperative hypoxemia were 19%, 24%,
and 7% for lung, cardiovascular, and esophageal surger-
ies, respectively (see Fig. 9A). Hypoxemia and laryngeal
injury were frequently experienced by 75% and 51% of
the respondents, respectively (see Fig. 9B). Subgroup
analysis revealed that no significant differences were
observed between respondents who performed LPV dur-
ing OLV and those who did not with respect to the high
incidence of intraoperative hypoxemia (see Fig. 10).

Multiple regression analysis

The application of the VCV mode (OR: 0.54, 95% CL:
0.33-0.88, P=0.014) and an SpO, intervention thresh-
old of <85% (OR: 4.40, 95% CI: 1.12-17.36, P=0.034)
were identified as independent risk factors for hypox-
emia during OLV in lung surgery patients (see Additional
file 2). The same risk factors were found for cardiovas-
cular surgery (OR: 0.57, 95% CI: 0.34-0.94, P=0.027;
OR: 5.29, 95% CI: 1.31-21.45, P=0.020) (see Additional
file 3). In esophageal surgery, hospital tier and the tradi-
tional ventilation strategy were independent risk factors
for postoperative hypoxemia after OLV (OR: 3.04, 95%
CIL: 1.32-6.97, P=0.009; OR: 3.04, 95% CIL: 1.32-6.97,
P=0.009) (see Additional file 4).
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Fig. 2 Regional distribution of the respondents in mainland China

Discussion

Preoperative evaluation

Preoperative evaluation of respiratory function is cru-
cial for preventing PPCs during cardiothoracic surgery.
Chest computerized tomography clearly identifies pre-
existing pulmonary lesions and tracheal abnormalities
[12, 13]. The need for lung function examination for
patients scheduled for lobectomy is unassailable. The
predicted postoperative forced expiratory volume in 1 s is
the most effective index for predicting respiratory com-
plications after thoracic surgery, while maximal oxygen
uptake is the best predictor of postoperative prognosis
[14]. A peak oxygen uptake of <17 mL/(kg-min) and an

100

anaerobic threshold of <10.5 mL/(kg-min) were consid-
ered to be related to increased complications and a lower
5-year survival rate following esophageal surgery [15].
Arterial blood gas analysis can serve as a supplementary
assessment for patients unable to undergo lung function
examinations before thoracic surgery. While preoperative
hypoxemia is a risk factor for postoperative complica-
tions, hypercapnia is not [16].

Establishment of lung isolation

Lung isolation is the core technique in anesthetic man-
agement during cardiothoracic surgery, in which
DLET and bronchial blockers are frequently utilized
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of hospitals. E Duration in the field of anesthesiology

for establishing OLV [17]. No significant difference was
found regarding the efficacy of intraoperative lung col-
lapse between the two commonly used lung isolation
techniques. However, DLET intubation seemed more
time-saving in the bronchial location [18]. As a result,
94% of the respondents in the study reported using
DLET. Successful lung isolation during surgery depends
on precise endotracheal placement. It has been reported
that chest auscultation contributes to 35% of malposition
cases during bronchial intubation [19]. Therefore, fiber-
optic bronchoscopy is considered the gold standard glob-
ally [20, 21]. However, some of the respondents (24%)
relied on their clinical experiences, which may reflect
a shortage of visual equipment in primary hospitals in
mainland China.

Cardiothoracic surgery benefits from effective lung
collapse, which consists of two stages. The lung rapidly
deflates under the elastic force of the alveoli in the first
stage, lasting less than one minute. As the small airway
closes, the second stage begins, and the residual gas in
the alveoli is slowly absorbed by the pulmonary capillary.
Compared with the conventional manipulation of lung
collapse, the open-clamp airway technique described by
Rong Huang and colleagues was associated with more
rapid and complete lung collapse and a lower incidence
of hypoxemia during surgery [22]. A small-sample ran-
domized controlled trial recently reported that preemp-
tive OLV for lung collapse in thoracoscopic surgery was

effective and safe [23]. However, conventional lung col-
lapse manipulation was routinely performed by more
than half of the respondents enrolled in this study, reveal-
ing that it was convenient and reliable for the majority
of Chinese anesthesiologists under the stress of a heavy
workload.

Lung protective ventilation strategy

The volume control ventilation mode, a tidal volume of
4 to 6 mL per predictive body weight (kg), pure oxygen
inspiration, and a low-level PEEP of <5 cm H,O were the
most acceptable ventilation parameters for the respond-
ents in this study. Logistic regression analysis indicated
that the VCV mode was an independent risk factor for
intraoperative hypoxemia in pulmonary and cardiac sur-
gery patients in this study. Compared with the volume
control ventilation mode and the pressure control vol-
ume guarantee mode, lower airway pressure and higher
dynamic lung compliance were monitored in patients
in the pressure control ventilation mode. However, no
significant difference was observed in the incidence of
PPCs, indicating a weak relationship between airway
pressure, dynamic lung compliance, and short-term
respiratory outcomes after surgery [24, 25]. Moreover,
patients at high risk of PPCs might benefit from the VCV
mode, which is associated with lower volume and driving
pressure [26]. Coincidentally, the majority of respondents
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in this study routinely performed VCV during surgery. patients without a proper level of PEEP during surgery
However, the authors could not confirm the reason why  [27]. Accordingly, most anesthesiologists in mainland
the VCV mode was prevalent in mainland China. China support this approach and utilize low tidal vol-

While low tidal volume ventilation is recommended ume and low-level PEEP in their daily clinical practice.
for LPVSs, the incidence of PPCs does not decrease in  However, what we should note is that debates still exist
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regarding whether low tidal volume ventilation combined
with proper PEEP can reduce the number of PPCs in
OLV [28].

High concentrations of inhaled oxygen can cause oxy-
gen toxicity, resorption atelectasis, and other oxidative
stress injuries and are closely associated with high inci-
dences of PPCs and 30-day mortality [29, 30]. Neverthe-
less, 100% FiO, has been widely adopted in China. Not
surprisingly, the main reason was the concern about
intraoperative hypoxemia following OLV. The authors
strongly recommend titrating the FiO, from a low level

and keeping the FiO, as low as possible to maintain good
oxygenation during OLV.

As previously mentioned, a proper PEEP setting plays
an essential role in LPVS, preventing pulmonary atelec-
tasis following long-term low tidal volume ventilation.
However, no consensus has been reached concerning
the standard PEEP level during OLV. A 5 cm H,O PEEP
setting failed to alleviate pulmonary inflammation
and reduce serum biomarkers related to lung injury in
patients who underwent OLV during esophagectomy
[31]. In contrast, another observational study reported
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Fig. 7 Mechanical ventilation parameters. A Ventilation mode; B Lung recruitment maneuvers; C Initial tidal volume; D Initial FiO2; E Preferred
positive end-expiratory pressure; F Reasons for pure oxygen inhalation during one-lung ventilation
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reduced PPCs at 5 cm H,O PEEP compared with zero
PEEP [30]. These findings demonstrated that patients
experienced a lower incidence of pulmonary atelecta-
sis and better lung compliance after driving pressure-
guided ventilation with 8 cm H,O PEEP in on-pump
cardiac surgery [32]. Moreover, a multicenter rand-
omized control trial confirmed the critical role of driv-
ing pressure in the PEEP setting, indicating its positive
effect on intraoperative oxygenation function [33]. In
general, a modified driving pressure of <16 cm H,O
was independently correlated with a lower incidence
of PPCs, whereas VT <8 ml/kg and PEEP >5 ¢m H,O
were not associated with similar outcomes [34]. Hence,
individualized PEEP settings according to the driving
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pressure level may be rational during OLV to opti-
mize lung compliance and improve outcomes [35, 36].
Unfortunately, only a few respondents in this study
performed PEEP titration during OLV, and the burden-
some clinical task in mainland China and time con-
straints for driving pressure setting might explain the
unsatisfactory results.

Alveolar recruitment maneuvers can prevent pulmo-
nary atelectasis and improve oxygenation during gen-
eral anesthesia [37]. Nearly all respondents in this study
performed manual recruitment maneuvers during OLV.
Notably, however, alveolar recruitment maneuvers have
been associated with barotrauma, arrhythmia, re-expan-
sion pulmonary edema, and recurrent atelectasis [38].
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Fig. 9 Perioperative complications. A The proportions of respondents who experienced hypoxemia among different surgeries; B Complications

frequently occurred after one-lung ventilation
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Variables n (%) non-LPV LPV OR (95%CI) P P for interaction
No. of events/ No. of total )

Allinterviewees 543 (100.00) 128/177  277/366 1.19 (0.79 ~ 1.79) ——— 0.399

Title 0.131
Resident physician 116 (21.36)  29/39 48/77  0.57 (0.24 ~ 1.34) —_—— 0.198
Attending physician 241 (44.38)  54/80 119/161  1.36 (0.76 ~ 2.45) —— 0298
Associated chief physician 138 (25.41)  35/45 82/93  2.13(0.83 ~5.47) —_ 0.116
Chief physician 40 (7.37) 8/10 27/30  2.25(0.32 ~ 15.90) ——> 0416
None 8(1.47) 2/3 1/5 0.13(0.00 ~3.22) +~#————F— 0210

Gender 0.422
Male 283(52.12)  73/103 139/180 1.39 (0.80 ~ 2.41) ——— (.237
Female 260 (47.88)  55/74 138/186  0.99 (0.54 ~ 1.84) —_— 0.983

Age 0.834
25 years or younger 10 (1.84) 2/4 2/6 0.50 (0.04 ~6.68) ~——a————> 0.600
26-35 years 221(40.70)  43/66 110/155  1.31(0.71 ~ 2.42) — > (392
36-45 years 243 (44.75)  66/85 125/158  1.09 (0.58 ~ 2.06) —r—  (.790
Older than 45 years 69 (12.71) 17/22 40/47  1.68 (0.47 ~ 6.05) —_—t 0427

Tiers of hospitals 0.783
Tier 3 466 (85.82) 100/142  243/324 1.26 (0.81 ~ 1.96) ——— 0303
Tier 2 or Tier 1 77(14.18)  28/35 34/42  1.06 (0.34 ~ 3.29) —_—— 0916

Duration in the field of anesthesiology i 0.198
Less than 2 years 16 (2.95) 311 419 1.07 (0.15 ~ 7.82) —_——> 0949
2-3 years 23 (4.24) 10/11 712 0.14 (0.01 ~ 1.47) ~—=+———— 0.102
4-6 years 85 (15.65) 15/22 42/63  0.93 (0.33 ~ 2.64) —s—> 0.896
7-10 years 103 (18.97) 18/32 52/71 2.13(0.89 ~5.10) ——> 0.090
More than 10 years 316 (58.20)  82/105 172/211  1.24(0.69 ~2.21) ——— 0471

CT 0.906
Never or sometimes 203 (37.38)  48/66 105/137  1.23(0.63 ~ 2.41) —_———  (.545
Always 340 (62.62)  80/111 172/229  1.17 (0.70 ~ 1.95) ——  0.549

Blood gas 0.951
Never or sometimes 142 (26.15)  36/52 65/90  1.16 (0.55 ~ 2.44) —t— 0.705
Always 401 (73.85)  92/125 212/276 1.19 (0.73 ~ 1.93) ——— 0487

Pulmonary evaluation 0.689
Never 9 (1.66) 2/3 4/6 1.00 (0.05 ~ 18.91) ———&————> 1.000
Sometimes 142 (26.15)  34/47 77195 1.64 (0.72 ~ 3.71) —_— (.239
Always 392 (72.19)  92/127 196/265 1.08 (0.67 ~ 1.74) — 0.750

Location 0.310
Judging by experience 131 (24.13)  37/51 66/80  1.78 (0.77 ~ 4.14) — 0178
Judging by visual equipment412 (75.87)  91/126 211/286  1.08 (0.68 ~ 1.73) —_—— 0.743

Mode 0.453
Pressure control ventilation 125 (23.02)  43/53 57/72 0.88 (0.36 ~ 2.16) —— (.786
Volume control ventilation 391 (72.01)  82/120 206/271 1.47 (0.91 ~ 2.36) —— 0.113
Others 27 (4.97) 3/4 1423 0.52(0.05~5.79) +————> 0.5%

Tidal volume 0.268
Less than 4 ml/kg PBW 13(2.39) 8/9 2/4 0.13(0.01 ~2.18) +~#———————— (.154
4-6 ml/kg PBW 278 (51.20)  63/87 140/191  1.05 (0.59 ~ 1.85) —_—— 0.878
6-8 ml/kg PBW 168 (30.94)  39/54 88/114  1.30 (0.62 ~ 2.73) —_— (484
8-10 ml/kg PBW 14 (2.58) 416 58 0.83 (0.09 ~ 7.68) ——— 0872
Individualization 70 (12.89) 14/21 42/49  3.00 (0.89 ~ 10.06) _— 0.075

FiO2 0.421
100% 284 (52.30)  78/104 136/180  1.03 (0.59 ~ 1.80) —_— 0.917
Individualization 259 (47.70)  50/73 141/186  1.44 (0.79 ~ 2.62) —— 0.230

PEEP 0.346
Never 84 (15.47) 32/39 35/45  0.77 (0.26 ~ 2.25) —_———  0.627
Routinely 459 (84.53)  96/138 242/321  1.34(0.86 ~ 2.09) —— (0.195

SPO2 0.814
95-99% 34 (6.26) 712 1322 1.03 (0.25 ~ 4.30) —  0.966
90-94% 339(62.43)  73/103 182/236  1.39 (0.82 ~ 2.34) —_— (.222
85-89% 126 (23.20)  36/48 57/78  0.90 (0.40 ~ 2.06) —— 0812
Transient lower than 85% 44 (8.10) 12/14 25/30  0.83(0.14 ~ 4.93) —_———— 0.841

ETCO2 0.396
More than 65 mm Hg 21(3.87) 6/9 8/12 1.00 (0.16 ~ 6.25) ——— 1.000
56-65 mm Hg 189 (34.81)  42/59 102/130  1.47 (0.73 ~2.97) —_——> 0278
45-55 mm Hg 250 (46.04)  67/89 116/161  0.85 (0.47 ~ 1.53) —_—— 0.581
Individualization 83 (15.29) 13/20 51/63  2.29(0.75 ~ 6.97) ——> 0.145

Airway pressure 0.542
40 cm H20 or higher 14 (2.58) 4/5 519 0.31(0.02~4.02) —a————— 0372
35-39 cm H20 82 (15.10) 26/34 33/48  0.68 (0.25 ~ 1.84) — 0.445
30-34 cm H20 258 (47.51)  64/90 129/168  1.34 (0.75 ~ 2.40) ———> 0.318
25-29 cm H20 179 (32.97)  32/45 104/134  1.41 (0.66 ~ 3.02) ——> (.378
20-24 cm H20 10 (1.84) 2/3 6/7 3.00 (0.12 ~ 73.64) —_— 0501

Recruitment 0.846
Hardly 15 (2.76) 4/5 7/10 0.58 (0.04 ~ 7.66) —_——  (.682
Manual routinely 513(94.48) 118/165  263/348 1.23 (0.81 ~ 1.87) ——— 0326
Mechanical routinely 15 (2.76) 6/7 718 1.17 (0.06 ~ 22.94) +=——————— (919

PEEP setting rules during one-lung ventilation 0.358
Never 84 (1547)  32/39 35/45  0.77 (0.26 ~ 2.25) —_—— 0.627
More than 5 cm H20 338 (62.25)  70/103 181/235  1.58 (0.95 ~ 2.64) —— (.081
Driving pressure 28 (5.16) 718 15/20  0.43 (0.04 ~ 4.39) _—— 0.475
Optimized oxygenation 16 (2.95) 3/4 6/12  0.33(0.03~4.19) —=———F—> 0395
Optimized compliance 46 (8.47) 9/12 23/34  0.70 (0.16 ~ 3.10) -—-—%—* 0.635
P-V curve 31(5.71) 711 17/20  3.24 (0.57 ~ 18.38) ————— 0185
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Fig. 10 Subgroup analysis for the risk factors for hypoxemia during one-lung ventilation. A forest plot was constructed to compare differences
between respondents who routinely received lung-protective ventilation strategies and those who received conventional ventilation strategies
in terms of the incidence of intraoperative hypoxia

IS}



Liu et al. BMC Anesthesiology (2025) 25:7

Permissive hypercapnia represents a fundamental com-
ponent of LPVSs and was adopted as part of the ventilation
strategy by the majority of respondents in this study. First,
hypercapnia may potentiate HPV, augmenting blood flow
to the ventilated lung and improving ventilationperfusion
(V/Q) matching. Second, mild hypercapnia may stimulate
the sympathetic nervous system, leading to increased car-
diac output. Specifically, 35% of the respondents permit-
ted ETCO2 levels between 56 and 65 mmHg during OLYV,
whereas 46% adhered to a more conservative strategy,
maintaining the intervention threshold within the range
of 45-55 mmHg. A recent prospective, randomized con-
trolled trial suggested that the intraoperative target arterial
carbon dioxide tensions of 505 mm Hg and 60+5 mm
Hg significantly improved pulmonary oxygenation during
OLV compared with 40+5 mmHg, without a higher inci-
dence of PPCs or prolongation of hospital stay [39].

Moreover, up to 32% of respondents did not accept
LPVS during OLV, and most regarded LPVS as a com-
plicated and impractical ventilation strategy. Colquhoun,
DA, and colleagues reported no obvious difference in
outcomes as the application of LPVS increased [28], indi-
cating that the individualization ventilation strategy was
more rational for OLV during cardiothoracic surgery.

Airway pressure during one-lung ventilation

Barotrauma serves as a pivotal mechanism contributing to
ventilator-induced lung injury [40]. Evidence from numer-
ous studies suggests that lower driving pressures are linked
to a decreased incidence of PPCs [30]. In contrast, elevated
driving pressure contributes to lung injury during positive-
pressure ventilation [41]. Hence, airway pressure should be
maintained below 30 cm H,O, which is associated with a
reduced risk of death in patients with acute lung injury [42].
In patients with compromised pulmonary function, it is
recommended that peak airway pressures remain under 20
to 25 cm H,O [43]. Moreover, elevated airway pressure may
reduce preload and increase afterload to the right ventricle,
leading to hypoxemia and hemodynamic disturbance [44].
Notably, high airway pressure during OLV usually indicates
malposition or obstruction of the DLET [45]. Unfortu-
nately, the authors found that up to 65% of respondents did
not check the airway unless the airway pressure rose to > 30
c¢m H,O during OLYV, indicating a prevalence of undervalu-
ation of abnormal airway pressure during surgery. Given
the serious adverse outcomes, high airway pressure should
not be ignored and must be addressed immediately.

Hypoxemia during one-lung ventilation

Hypoxemia, characterized by a SpO, of less than 90%
or partial pressure of oxygen/fraction of inspired oxy-
gen (PaO,/FiO,) of less than 40 KPa (300 mm Hg) [46,
47], frequently occurs during OLV [6]. With advances in
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lung isolation techniques and anesthetics, intraoperative
hypoxemia has decreased significantly [6, 48]. However,
74.6% of the respondents in this study reported episodes of
transient hypoxemia during OLV, and 5.0-23.0% of them
frequently experienced intraoperative hypoxemia, suggest-
ing that hypoxemia during OLV is still common and war-
rants more attention in cardiothoracic surgery in China.

No consensus has been reached on the optimal inter-
vention threshold for hypoxemia during OLV. Transient
mild hypoxemia (SpO, of 85-90%) may be acceptable, fol-
lowed by elevated cardiac output and hemoglobin levels
[49]. However, a dose-dependent relationship has been
reported between intraoperative hypoxemia (SpO,<90%
for more than 2 min) and postoperative delirium [50]. Given
that elderly patients with multiple comorbidities may have
impaired tolerance to hypoxemia, maintaining SpO,>90%
during OLV is generally recommended. In this study, a SpO,
of 90% or higher was accepted by 69% of interviewers, and
23% did not address hypoxemia until the SpO, decreased
from 85 to 89%. Moreover, a transient SpO, of less than 85%
was permitted in 8% of the respondents. Logistic regres-
sion analysis revealed that a threshold of SpO, <85% was an
independent risk factor for intraoperative hypoxemia dur-
ing pulmonary and cardiovascular surgeries, which may be
explained by several factors: (1) As the relationship between
PaO, and arterial oxygen saturation is not linear, pulse oxi-
metry cannot provide immediate warning of hypoxemia [51,
52]. (2) SpO, values lower than 85% during surgery indicate
several critical situations requiring urgent management,
such as DLET malposition [45], airway obstruction with
sputum, or severe V/Q rate mismatches due to increased
nonventilated perfusion [6]. (3) Compared with other tho-
racic surgeries, cardiopulmonary dysfunction often occurs
in lung and cardiovascular surgeries. Accordingly, frequent
hypoxemia was reported in 19% of respondents during OLV
in pulmonary surgery and by 24% in cardiovascular surgery
in our study. In contrast, only 7% of respondents frequently
reported hypoxemia during OLV in esophageal surgery,
suggesting that OLV impaired oxygenation function in car-
diopulmonary surgery.

Logistic regression analysis identified tier 2 hospitals
and conventional ventilation strategies as independent
risk factors for hypoxemia during OLV in esophageal
surgery patients. The relatively high incidence of intraop-
erative hypoxemia in tier 2 hospitals may be attributable
to staffing shortcomings, inadequate mechanical facili-
ties, lower professional levels, and suboptimal anesthetic
strategies. Michelet and colleagues demonstrated that
the LPV strategy can mitigate the systemic proinflam-
matory response in patients undergoing esophagectomy,
improve the PaO,/FiO, ratio, and shorten the duration
of postoperative mechanical ventilation [53]. Further-
more, the duration of OLV has been verified as a risk
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factor for PPCs in esophageal surgery, emphasizing the
importance of minimizing OLV duration and using LPV
strategies [54]. Based on these findings, LPV is strongly
recommended to reduce the incidence of hypoxemia and
improve patient outcomes after esophageal surgery.

Although LPVS is considered critical in the protective
effect on the lungs, the risk analysis revealed a negative
result in preventing intraoperative hypoxemia during
OLV. The authors propose two primary reasons for the
paradoxical results. First, the LPVS protocol was not
performed completely by the respondents enrolled in
this survey. The discrepancy between the “recognized
LPVS” and their “self-perceived LPVS” should not be
ignored. Specifically, more convincing evidence is needed
to support the current concept of LPVSs, and consen-
sus or guidelines with respect to LPVSs during OLV are
still lacking. Second, patients at low risk for PPCs after
thoracic surgery may not benefit from LPVS [55]. The
mechanical power, first described in 2016, might be
another novel key factor for PPCs and reflects the energy
transmitted from the ventilator to the lung [56].

There were several limitations in this study. First, the
data from the questionnaire-based survey were com-
pletely subjective, which might introduce bias into the
findings. Second, owing to constraints on the response
time, the questionnaire did not include more detailed
information, such as short-term and long-term postop-
erative outcomes. Finally, the number of valid responses
varied markedly among the provinces around China,
potentially limiting its ability to accurately represent the
current status of clinical practice in OLV.

Conclusions

As the second most populous country in the world, main-
land China had only 92,726 anesthesiologists, or 6 to 7
anesthesiologists per 100,000 people in 2018. From 2015 to
2017, the workload of anesthesiologists in China increased
by 10% [57]. Owing to their busy clinical workload, Chi-
nese anesthesiologists often accept convenient ventilation
strategies during OLV in cardiothoracic surgery. DLET
intubation is usually applied to establish lung isolation.
The majority of respondents perform low tidal volume,
VCV mode, regular low-level PEEP, and manual recruit-
ment maneuvers routinely during OLV. These findings
indicate that the VCV mode during OLV may be associ-
ated with a reduced incidence of intraoperative hypoxemia
in cardiothoracic surgery patients. A low SpO, threshold
of less than 85% during OLV may contribute to adverse
outcomes, suggesting the need for early intervention in
patients with oxygen desaturation during surgery. As the
conventional ventilation strategy might be an independent
risk factor for hypoxemia during OLV in esophageal sur-
gery, LPV is routinely performed in esophageal surgery.
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