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Impact of intraoperative
ventilation parameters on
postoperative outcomes in
thoracic surgery: a multicenter
registry-based analysis
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Objectives: One-lung ventilation (OLV) is a standard technique during thoracic
surgery, yet its impact on postoperative complications and ventilator settings
remains under investigation. The objective of this study was to evaluate the
impact of intraoperative ventilation parameters on postoperative outcomes in
patients undergoing thoracic surgery with OLV.

Design and setting: A retrospective multicenter cohort analysis was conducted
using data from the German Thoracic Registry.

Participants: The study encompassed 2,922 patients treated between 2017 and
2021 across eight German centers.

Interventions: Intraoperative variables analyzed included driving pressure (DP),
positive end-expiratory pressure (PEEP), maximum airway pressure (pMax), tidal
volume (TV) per predicted body weight (PBW), and ventilation mode. The
primary outcomes of interest were postoperative complications, respiratory
complications, and in-hospital mortality.

Measurements and main results: Postoperative complications occurred in
28.7% of cases. Elevated DP (>20 mbar), pMax (>25mbar), and PEEP
(>8 mbar) were significantly associated with increased complication and
mortality rates. Patients receiving a TV>5mL/kg PBW also showed higher
complication rates (p =.003). Respiratory complications occurred in 15.7% of
patients and were strongly associated with higher DP, pMax, and OLV
duration. Multivariate logistic regression identified OLV>60 min and pMax
>25mbar as independent predictors of respiratory complications and
overall complications.

Conclusion: Intraoperative ventilation parameters, particularly elevated DP,
pMax and PEEP, have been demonstrated to be associated with an increased
risk of complications and mortality in patients undergoing thoracic surgery
with OLV. These findings lend support to the hypothesis that lung-protective
ventilation strategies may improve perioperative outcomes.

KEYWORDS

intraoperative ventilation, lung-protective ventilation, mechanical ventilation, one-
lung ventilation, pulmonary complications, thoracic surgery
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1 Introduction

Lung cancer is responsible for a significant proportion of
cancer-related deaths worldwide (1). Annually, approximately
57,000 individuals are diagnosed with lung cancer in Germany,
and five-year survival rates remain low at 19% for males and
25% for females in 2022 (2). In light of the observed
shifts and the
and occupational

demographic mounting prevalence of

environmental risk factors, there is a
compelling argument to be made that the global burden of lung
cancer is poised to escalate further in the ensuing decades (3-7).

Despite the advances that have been made in systemic
therapies, surgical resection remains the mainstay of curative
treatment for early-stage lung cancer (8-10). However, thoracic

surgery is frequently associated with postoperative pulmonary

complications, which include, but are not limited to,
pneumonia, atelectasis, respiratory insufﬁciency and acute
respiratory  distress syndrome (ARDS) (11-13). These

complications are of particular concern following procedures
involving one-lung ventilation (OLV) (14, 15).

The most frequently employed method for facilitating OLV is
by means of the utilization of double-lumen tubes or bronchial
blockers, with the objective being to enable lung isolation (16).
While this technique provides optimal surgical conditions, it
imposes increased mechanical and inflammatory stress on the
ventilated lung, raising concerns about ventilator-associated lung
injury and hypoxemia (17-19).

Over the past two decades, lung-protective ventilation (LPV)
has become a cornerstone in the management of mechanically
ventilated patients, particularly in intensive care settings (20).
However, its intraoperative implementation remains inconsistent
across centers, particularly in the context of one-lung ventilation
in thoracic surgery (21).

Mechanical ventilation parameters, such as tidal volume (TV)
per kg predicted body weight (PBW), positive end-expiratory
pressure (PEEP), driving pressure (DP) and maximum airway
(pMax) have established as
determinants of postoperative outcomes. Nevertheless, the
optimal settings for OLV remain the subject of ongoing debate
(14, 22-26).

This study aims to investigate the relationship between

pressure now been critical

intraoperative  ventilation parameters and postoperative

complications in patients undergoing thoracic surgery with
OLV, based on data from the German Thoracic Register. By

Abbreviations

ASA, american society of anesthesiologists; ARDS, acute respiratory distress
syndrome; BMI, body mass index; CAD, coronary artery disease; DP, driving
pressure; ECMO, extracorporeal membrane oxygenation; GTR, german
thoracic registry; ICU, intensive care unit; kg, Kilogram; LPV, lung-protective
ventilation; Mbar, millibar; mL, milliliter; NSCLC, Non-small cell lung
cancer; NIV, non-invasive ventilation; OLV, one-lung ventilation; OSAS,
obstructive sleep apnea syndrome; PAD, peripheral arterial disease; PBW,
predicted body weight; PCV, pressure-controlled ventilation; PEEP, positive
end-expiratory pressure; pMax, maximum airway pressure; SD, standard
deviation; SPSS, statistical package for the social sciences; TIA, transient
ischemic attack; VATS, video-assisted thoracoscopic surgery; VCV, volume-
controlled ventilation; TV, tidal volume; WHO, world health organization.
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identifying intraoperative thresholds associated with elevated
risk, the study seeks to support the development of standardized
ventilation protocols that may reduce postoperative pulmonary
complications, shorten hospital stays, and improve survival.

2 Materials and methods

2.1 Study design

The present study was designed as a retrospective, multicenter
cohort analysis conducted at eight German thoracic surgical
centers. The analysis was based on data recorded in the German
Thoracic Registry (GTR) between January 2017 and December
2021. The registry provides a comprehensive, standardized
dataset covering the entire perioperative course of thoracic
surgical patients, encompassing preoperative, intraoperative, and
postoperative information. All participating centers perform >50
thoracic surgical procedures annually.

The present investigation sought to examine the association
between intraoperative ventilation parameters during one-lung
(OLV) and the
complications,

ventilation incidence of postoperative

respiratory complications, and in-

hospital mortality.

2.2 Patient selection

Inclusion criteria comprised all adult patients who underwent
thoracic surgery with intraoperative OLV in a controlled ventilator
mode and complete documentation of the ventilator settings.
Inclusion and exclusion criteria are shown in Figure 1.

2.3 Ventilation and surgical parameters

The following intraoperative ventilation parameters were
extracted from the protocol:

o DP: Calculated as Pmax—PEEP
« PEEP

o pMax

« TV/PBW

« Ventilation Mode: PCV or VCV

The surgical variables that were considered in this study included
the type and extent of resection (e.g., wedge resection, lobectomy,
pneumonectomy), surgical approach [video-assisted thoracoscopic
surgery (VATS) vs. thoracotomy], duration of surgery, and
duration of OLV. These variables were considered as potential
covariates in the multivariable analyses. Airway management
was documented (double-lumen tube, bronchial blocker).
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German Thoracic Registry
Study period: 2017-2021
n=7868

Inclusion criterai:

* Valid entries for PEEP, pMax, respiratory rate,
tidal volume PBW, and minute volume

* Duration of OLV > 0 minutes

* Controlled ventilation mode (VCV or PCV)

Study cohort
n=2922

FIGURE 1

Flowchart of inclusion and exclusion criteria. PEEP, positive end-expiratory pressure; pMax, maximum airway pressure; PBW, predicted body weight;
OLV, one-lung ventilation; VCV, volume-controlled ventilation; PCV, pressure-controlled ventilation.

Excluded patients (serial exclusion of
cases)

- Ventilator settings not recorded
(n=4617)

- Did not receive one-lung ventilation
(n=307)

- Ventilator mode other than PCV or VCV
(n=22)

2.4 Outcome parameter

The primary outcomes were defined as the occurrence of
postoperative complications, which were characterized as any
deviation from the expected clinical course necessitating
medical intervention.

Respiratory complications were defined as a composite
endpoint including pneumonia, respiratory insufficiency, ARDS,
bronchial stump insufficiency, bronchopleural fistula >7 days,
re-intubation, non-invasive ventilation (NIV), extracorporeal
membrane oxygenation (ECMO) or unplanned Intensive Care
Unit (ICU) admission.

The secondary outcome was in-hospital mortality, defined as
all-cause death during the index hospitalization.

2.5 Data collection

The data were prospectively recorded in the GTR using a
data
subsequently extracted for statistical analysis. All surgical

standardized, pseudonymized electronic sheet and

procedures were carried out in accordance with institutional
guidelines for quality assurance in perioperative medicine.

The preoperative variables encompassed age, sex, body mass
index (BMI), American Society of Anesthesiologists (ASA) status,
smoking history, comorbidities (including diabetes, renal
insufficiency, cardiovascular disease, peripheral arterial disease,
cerebrovascular disease, obstructive sleep apnea syndrome, and
chronic pain syndrome), preoperative pulmonary function
parameters (FEV1) and laboratory parameters. Intraoperative data
included ventilation parameters, surgical duration, and airway
management. outcomes meticulously

Postoperative were
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documented until patients were discharged from hospital or died
during hospitalization. Information pertaining to preoperative
oncologic therapy (chemotherapy and/or radiotherapy) and

previous lung surgery was also collated and is summarized in Table 1.

2.6 Statistical analysis

A comprehensive set of descriptive statistics was derived for all
baseline and procedural variables. Categorical variables were
expressed as absolute and relative frequencies. Chi-squared (y°)
tests were used to assess the associations between stratified
ventilation parameters and categorical outcomes (complications,
respiratory complications, mortality).

For continuous variables, parametric and non-parametric tests
(t-test and Mann-Whitney U-test) were applied as appropriate.
An exploratory data analysis was conducted to identify thresholds
for increased risk associated with ventilation parameters,
considering both existing literature and clinical relevance.

Multivariable logistic regression models were applied in order
to identify independent predictors of postoperative complications
and mortality, with adjustments made for age, sex, ASA status,
surgical type (anatomical vs. non-anatomical resection), and
ventilation mode.

It is important to note that all statistical tests were two-tailed,
with a significance level of p<.05. Statistical analyses were
performed using SPSS Version 25.0.

2.7 Ethical considerations

The study was approved by the institutional review board of
the University of Witten/Herdecke (approval no. 64-2014). The
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TABLE 1 Demographic data.

T

Total patients 2,922
Gender Male 1,750 (59.9%)
Female 1,172 (40.1%)
941 (32.2%)
865 (29.6%)
1,116 (38.2%)
193 (6.6%)

Smoking status Never smoked
Current smokers
Former smokers (quit >3 months)

Preoperative respiratory <4 weeks before surgery

infection

Comorbidities Diabetes mellitus 383 (13.1%)
278 (9.5%)
430 (14.7%)
167 (5.7%)

152 (5.2%)

Renal insufficiency

Coronary artery disease (CAD)
Peripheral arterial disease (PAD)
Stroke/Transient ischemic attack
(TIA)

Obstructive sleep apnea syndrome
(OSAS)

Chronic pain syndrome

108 (3.7%)

140 (4.8%)
2,267 (77.6%)
386 (13.2%)

152 (5.2%)

421 (14.4%)

Preoperative oncologic
therapy

No preoperative therapy
Chemotherapy
Radiotherapy

Previous lung surgery

ASA—Classification ASA 1 37 (1.3%)
ASA 2 626 (21.4%)
ASA 3 2,008 (68.7%)
ASA 4 245 (8.4%)
ASA 5 6 (0.2%)
BMI Mean 26.69 (SD
5.08)
FEV1 Mean 80.95 (SD
21.04)

data were subsequently pseudonymized in accordance with the
Data Written
informed consent was obtained from all patients before
enrollment in the GTR.

General Protection Regulation guidelines.

3 Results
3.1 Total demographic data

The study was predominantly composed of male patients.
A considerable proportion of the subjects were former smokers,
followed by current smokers and those who had never smoked.
A small percentage of the
preoperative respiratory infection. Mean preoperative FEV1 was

sample had experienced a
80.95 (SD 21.04), indicating that baseline pulmonary function
was moderately preserved in most patients.

The prevalence of comorbidities such as diabetes, renal
insufficiency, coronary artery disease, peripheral arterial disease,
stroke or transient ischemic attack, obstructive sleep apnea
syndrome, and chronic pain syndrome was also observed.

The majority of patients had not undergone preoperative
13.2%
chemotherapy and 5.2% radiotherapy. Documentation pertaining

oncological therapy (77.6%), whereas had received

to previous thoracic surgery was found in 14.4% of cases. The
complete set of data is displayed in Table I.
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3.2 Total complications

Out of 2922 patients, 28.7% (n=_839)
complications. Several ventilation parameters were associated

experienced

with a significantly higher complication rate.

An increase in DP above 15 mbar was found to be associated
with a significant rise in complication rates from 26.5% to 32.4%
(p<.001). In a similar vein, when DP exceeded 20 mbar,
complication rates increased from 27.9% to 36.2% (p =.004).

With regard to pMax, a threshold of 20 mbar was found to be
associated with an increased complication rate from 26.2% to
314% (p=.002). When exceeded 25 mbar, the
complication rate exhibited a marked increase from 27.1% to
37.9% (p<.001). than
30 mbar were associated with an elevated complication rate
from 28.3% to 44.2% (p =.002).

A PEEP level in excess of 8 mbar was found to be associated

pMax

Furthermore, pMax values greater

with an increased complication rate from 28.0% to 36.1%
(p=.008). In a similar manner, a PEEP threshold of 7 mbar
corresponded to an increase in complication rates from 27.6%
to 33.8% (p =.004).

Finally, a TV greater than 5 mL/kg PBW was found to be
significantly associated with an increased complication rate from
23.9% to 30.0% (p =.003).

Complete results for total complications are presented in
Figure 2 and Table 2.

A binary logistic regression was performed on 2,922 patients to
identify predictors of postoperative complications following thoracic
surgery with OLV. The model was statistically significant
((*(6) = 144.14, p<.001), of the
(Nagelkerke R?), and correctly classified 71.5% of cases. Significant

explained  6.9% variance

predictors included anatomical resection (p=.006), OLV duration
>60 min (p<.001), peak pressure >25 mbar (p=.002), and TV

>5mL/kg PBW (p<.001). Non-significant predictors were
PEEP >7 mbar (p =.065) and DP > 15 mbar (p =.303).
3.3 Respiratory complications

A total of 157% (n=460) experienced respiratory
complications.

Elevated DP has been demonstrated to be a significant
predictor of an increased complication rate. Specifically, when
DP exceeded 15 mbar, the complication rate increased from
14.1% to 18.4% (p =.002). In a similar manner, a threshold of
20 mbar was associated with an increase from 15.2% to 21.5%
(p=.020), and DP values greater than 25 mbar were linked to
an increase from 15.6% to 27.9% (p =.027).

Regarding pMax, significant differences were also observed.
A rise in pressure greater than 20 mbar was found to result in a
higher complication rate, from 13.8% to 17.8% (p =.003). Similarly,
pMax values exceeding 25 mbar were found to be associated with a
marked increase in the complication rate, from 14.5% to 22.8%
(p<.001). 30 mbar,
complication rates increased from 15.5% to 24.7% (p =.029).

Furthermore, when pMax exceeded
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Complication Rates by Ventilation Parameter Thresholds
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FIGURE 2
Postoperative complication rates in patients below and above predefined ventilation parameter cutoffs during one-lung ventilation. DP, driving
pressure; pMax, maximum airway pressure; PEEP, positive end-expiratory pressure; TV, tidal volume.

TABLE 2 Results of total complications in total cohort.

Parameter Comparison value (%) Complication rate (%) X2 (df=1)

DP > 15 mbar 2655 324 11.82 <.001
DP > 20 mbar 27.9 36.2 8.45 004
pMax > 20 mbar 262 314 9.53 002
pMax > mbar 27.1 379 21.24 <.001
pMax > 30 mbar 283 442 9.21 002
PEEP > 8 mbar 28.0 36.1 7.03 008
PEEP > 7 mbar 276 338 8.29 004
TV >5 mL/kg PBW 239 30.0 8.58 003

DP, driving pressure; pMax, maximum airway pressure; PEEP, positive end-expiratory pressure; TV, tidal volume; df, degrees of freedom.

Furthermore, PEEP demonstrated a noteworthy correlation
with complication rates. A PEEP level in excess of 8 mbar was
found to be associated with an increase from 15.3% to 20.5%
(p=.033). In a similar vein, when PEEP exceeded 7 mbar, the
complication rate increased from 15.0% to 19.0% (p =.021). The
complete results have been collated and are displayed in Table 3.

Increased duration of OLV and surgery also showed a strong
correlation with respiratory complications. Patients with OLV
durations >180 min had a 33.2% complication rate vs. 6.6% at
<30 min (*(6) = 156.6, P <.001). Similar patterns were observed
for longer surgery durations (4%(6) = 181.0, p<.001).

A Dbinary logistic regression was conducted to identify
predictors of respiratory complications in 2,922 thoracic surgery
patients. The outcome was a composite of major postoperative

Frontiers in Surgery

respiratory complications. The model was statistically significant
(£*(6) = 122.53, p<.001), explained 7.1% of the wvariance
(Nagelkerke R?), and correctly classified 84.3% of cases.
Significant predictors included anatomical resection (p <.001),
OLV duration >60 min (p<.001), peak pressure >25 mbar
(p=.001), and TV >5mL/kg PBW (p=.028). Non-significant
predictors were PEEP>7 mbar (p=.117) and DP > 15 mbar
(p = .468).

3.4 Overall mortality

Among the total cohort, 97.9% of patients were discharged
alive, while 2.1% (n=62) died during hospitalization. A number
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TABLE 3 Results of respiratory complications in total cohort.

10.3389/fsurg.2025.1749213

Parameter Comparison value (%) Complication rate (%) 22df=1) p-value
DP > 15 mbar 14.1 18.4 9.34 .002
DP > 20 mbar 15.2 215 7.85 .020
DP > 25 mbar 15.6 279 4.87 027
pMax > 20 mbar 13.8 17.8 8.90 .003
pMax > 25 mbar 14.5 22.8 19.52 <.001
pMax > 30 mbar 15.5 24.7 4.76 .029
PEEP > 8 mbar 15.3 20.5 4.53 .033
PEEP > mbar 15.0 19.0 534 .021

DP, driving pressure; pMax, maximum airway pressure; PEEP, positive end-expiratory pressure; df, degrees of freedom.

TABLE 4 Results of mortality in total cohort.
Parameter Comparison value (%) Complication rate (%) x2(df = 1) p-value
DP > 20 mbar 1.8 5.4 15.73 .001
pMax > 20 mbar 1.5 2.8 5.50 .019
pMax > 25 mbar 1.6 5.0 20.88 .001
pMax > 30 mbar 1.8 13.0 44.95 .001
PEEP > 8 mbar 1.9 4.9 10.02 <.002
PEEP > 7 mbar 1.7 3.9 9.84 .002

DP, driving pressure; pMax, maximum airway pressure; PEEP, positive end-expiratory pressure; df, degrees of freedom.

of ventilation parameters were found to be significantly associated
with elevated mortality rates.

An increase in DP above 20 mbar was found to be associated
with a significant rise in mortality from 1.8% to 5.4% (p <.001).

In a similar vein, elevated pMax exhibited a substantial
correlation with mortality. When pMax exceeded 20 mbar, the
mortality rate increased from 1.5% to 2.8% (p=.019). A pMax
greater than 25 mbar was associated with an elevated mortality
rate from 1.6% to 5.0% (p<.001). Furthermore, when pMax
exceeded 30 mbar, there was a marked increase in mortality
from 1.8% to 13.0% (p <.001).

Furthermore, PEEP has been demonstrated to have a
significant impact on mortality rates. The presence of PEEP
values in excess of 8 mbar has been demonstrated to be
associated with an increase in mortality, from 1.9% to 4.9%
(p=.002). In a similar manner, a PEEP threshold of 7 mbar was
associated with an increase in mortality from 1.7% to 3.9%
(p=.002). The complete results of the mortality study are
displayed in Table 4.

Longer durations of both OLV and surgery were also
significantly associated with increased mortality (all p <.001).

Results for total in—hospital Mortality are shown in Figure 3.

A Dbinary logistic regression was conducted to identify
predictors of in-hospital mortality among 2,922 thoracic surgery
patients. The model was statistically significant (y*(6) =29.24,
p <.001), explained 5.4% of the variance (Nagelkerke R?), and
correctly classified 97.9% of cases. The only significant predictor
was PEEP>7 mbar (p=.026).
included anatomical resection (p =.103), OLV duration >60 min
(p=.315), peak pressure >25mbar (p=.078), DP >15 mbar
(p=.146), and TV >5mL/kg PBW (p=.512). Results of the
Regression analysis are shown in Figure 4.

Non-significant  predictors

Frontiers in Surgery

4 Discussion

The present study demonstrated an association between
elevated parameters of intraoperative ventilation, particularly
DP, pMax, PEEP and TV >5 mL/kg PBW and increased rates of
postoperative complications, respiratory complications and in-
hospital mortality in patients receiving thoracic surgery with
OLV. The total cohort demonstrated a consistent relationship
between elevated ventilation parameters and complication rates.
Prolonged OLV (>60 min) and elevated pMax (>25 mbar) were
identified as
respiratory failure. Notwithstanding multivariable analysis and

significant predictors of complications and
adjustment for surgical type and ASA classification, these
findings remained consistent. However, the duration of OLV is
predominantly influenced by the surgical procedure itself, the
extent of resection, and the invasiveness of the operation.
Consequently, it should be primarily interpreted as a surrogate
marker of case complexity rather than a directly modifiable
ventilatory target.

These observations align with the established concept of
intraoperative lung-protective ventilation during OLV in
thoracic surgery, thereby largely corroborating current practices
in numerous high-volume thoracic centers. The present analysis
has added value in confirming these associations in a large,
prospectively collected multicenter registry cohort, thereby
strengthening the external validity and generalizability of
existing evidence.

Elevated pMax (>25-30 mbar), DP (>20 mbar), and
TV >5mL/kg PBW have been shown to be associated with
higher complication rates. This finding aligns with the principles
of LPV as established in intensive care and perioperative
research (17, 21, 27, 28).
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Mortality Increase by Ventilation Thresholds
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FIGURE 3

In-hospital mortality rates stratified by ventilation parameters. DP, driving pressure; pMax, maximum airway pressure; PEEP, positive end-expiratory

pressure; TV, tidal volume.
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FIGURE 4

Forest plot displaying odds ratios and 95% confidence intervals for predictors of in-hospital mortality. Only PEEP >7 mbar was a statistically significant
predictor (black error bar). Gray bars indicate non-significant predictors. TV, tidal volume; DP, driving pressure; OLV, one lung ventilation; PEEP,

positive end-expiratory pressure.
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It is evident that previous research in this field placed
emphasis on the utilization of reduced TV and the optimization
of PEEP and DP (3, 14, 22-24). Nevertheless, a potential
limitation of these studies was the omission of standardized
multicenter data collection shown in this study (29).

The in-hospital mortality rate of 2.1% is commensurate with
the expected range for thoracic surgery populations and is
analogous to rates documented in previous studies (1.1%-5%)
(30-32). However, the striking increase in mortality with high
pMax values—reaching 13.0% at pMax >30 mbar in the overall
cohort suggests a potential dose-dependent relationship. Given
the retrospective nature of the data, this association should be
interpreted with caution, as causality cannot be established.
A number of studies have previously observed an association
between OLV intensity and respiratory complications (14, 15),
the association between increased airway pressure and mortality
in OLV remains a subject of discussion (28, 33, 34). It is
noteworthy that in this study, PEEP>7 mbar was the sole
parameter that
multivariable mortality model (OR=1.90, p =.026), indicating a

maintained statistical significance in the
potential adverse hemodynamic or overdistension effect at
higher levels during OLV. While not all parameters were
predictive of mortality, their association with complications was
consistent, underscoring their clinical relevance even in the
absence of direct mortality impact.

The present study possesses several notable methodological
Firstly, the dataset

encompassing 2,922 patients enhances both statistical power and

strengths. large-scale, multicenter
the generalizability of the findings. It is important to note that
the data were derived from the GTR, a national registry, that
has been standardized to ensure consistent and high-quality data
This
standardized approach of data collection serves to minimize the

collection across participating centers. prospective
impact of bias in documentation and facilitates robust cross-
center comparisons. Furthermore, the employment of stratified
analyses and multivariable regression models enabled the
adjustment of key confounders, including surgical procedure
type, ASA status classification, and ventilation mode.

The present study is subject to several limitations. Although the
study was designed as a retrospective cohort analysis, it is based on
prospectively and systematically collected data from the GTR,
enhancing the internal validity and reducing information bias.
The ventilation parameters exhibited significant variability across
centers, potentially reflecting individual clinician preferences or
patient-specific considerations. Despite the fact that only patients
with complete documentation of key ventilation variables were
included in the study, the potential for missing data bias and
selection bias remains. Furthermore, critical intraoperative
parameters, such as plateau pressure and static lung compliance
were unavailable, thereby limiting the capacity to accurately
characterize mechanical lung stress. The study also lacked data on
postoperative ventilator settings and ICU care practices, which
may influence patient outcomes and complicate interpretation of
intraoperative effects in isolation. Furthermore, the preoperative
pulmonary function in the present analysis was primarily

summarized by FEV1. The multivariable models did not
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incorporate other spirometric indices, such as forced vital

capacity and diffusing capacity for carbon monoxide.
Consequently, it was not possible to formally assess whether
modified  the

relationship between intraoperative ventilation intensity and

impaired  baseline respiratory function
postoperative respiratory complications. Of particular note,
chronic obstructive pulmonary disease (COPD), a prevalent
comorbidity in thoracic surgical patients and a salient factor in
ventilator management, was not systematically coded in the
registry dataset. Consequently, it could not be incorporated
into the present models, an omission that may have led to
residual confounding. Additionally, the present study did not
incorporate stratified analyses according to specific underlying
pulmonary diseases, preoperative oncologic treatment, or
prior lung surgery. Nor did it distinguish between malignant
and non-malignant etiologies or between elective and
urgent procedures, as these variables were not available in
a standardized form across centers. These factors may
influence susceptibility to ventilator-induced lung injury and
postoperative respiratory failure, and future studies should
specifically address their interaction with intraoperative ventilation
strategies. Moreover, the data pertaining to inflammatory
laboratory values were absent, thereby rendering it impossible to
identify

ventilation parameters and systemic inflammatory responses. This

any potential correlations between intraoperative
also precluded the validation of pathophysiological mechanisms
such as biotrauma or cytokine-mediated lung injury. The cohort
comprised a broad spectrum of thoracic procedures, ranging from
wedge resections to pneumonectomies and including both VATS
and open approaches. Despite the fact that surgical type
(anatomical vs. non-anatomical resection) was included as a
covariate in the multivariable models, detailed procedure-specific
subgroup analyses were not presented. Analyses of this kind have
the potential to offer significant clinical insights, given the notable
disparities in respiratory and anesthetic stress observed between
pneumonectomy and wedge resection procedures. It is therefore
recommended that this aspect be given due consideration in
forthcoming investigations.

Notwithstanding the limitations previously mentioned, the
study identifies specific intraoperative ventilation thresholds,
such as pMax > 25 mbar and tidal volumes >5 mL/kg predicted
body weight, that are associated with an increased risk of
postoperative complications and mortality. The findings of this
study provide clear, clinically actionable targets and reinforce
LPV

protocols, particularly in OLV. The data support the use

the importance of standardized intraoperative
of individualized ventilation strategies, including driving
pressure-guided approaches, to mitigate risk in thoracic
anesthesia. Furthermore, the findings indicate that reducing
ventilation duration and incorporating recruitment maneuvers
or alternative modalities may prove particularly advantageous
in protracted procedures.

It is recommended that future studies concentrate on the
execution of prospective, randomized controlled trials. The
purpose of such studies would be to validate the observed
associations and establish causal links between intraoperative
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ventilation strategies and postoperative outcomes. In order to
elucidate the pathophysiological pathways underlying ventilator-
induced lung injury, mechanistic investigations incorporating
dynamic lung compliance

measurements, inﬂammatory

(e.g.,
required.

biomarkers, and real-time imaging techniques lung

ultrasound or CT-based aeration analysis) are

Furthermore, the development of real-time optimization
algorithms or artificial intelligence-assisted decision support
systems may enhance intraoperative ventilation management.
Longitudinal studies assessing the impact of protective
intraoperative ventilation on long-term outcomes, including
pulmonary function and quality of life, are also recommended.
In summary, this multicenter registry analysis reinforces the
pivotal role of LPV during OLV and identifies specific
intraoperative parameters—namely pMax, DP, and TV—that
independently predict adverse outcomes. These data strengthen
the argument for recent calls for consensus guidelines on
intraoperative LPV in thoracic surgery and may serve as a
benchmark for perioperative quality assurance. While further
prospective validation remains essential, current evidence
suggests that limiting peak pressures and TV and avoiding
unnecessarily prolonged OLV where surgically feasible, could
meaningfully reduce postoperative morbidity and mortality in

this high-risk patient population.

5 Conclusion

This multicenter analysis identifies elevated intraoperative

ventilation  parameters—particularly =~ pMax >25 mbar and
TV > 5 mL/kg PBW—as independent predictors of postoperative
complications, respiratory failure, and mortality in thoracic
surgery with OLV. These findings provide a robust rationale for
the implementation of standardized lung-protective ventilation

strategies that are tailored to intraoperative risk thresholds.
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